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SUMMARY' ' Page 1 oi 3

010

Module No: .
...

.

.. -

1: . 1

Module Title:. -

. .

,
.

.
.

Mathematics for OpdratOrs 0 .
. .__

Submodyle'Ti.tles: -
.

.'"

.

. ;
.

1. Review .

2.' Ratio & Proportion .
.

3. Graphs _____.
___

er
Total Surface a :

.

.5. Heat & Temperatur .

6. Metrics ' .

7. Hydraulic Loading .

(8. SolidLoading ..

9. Digesters
10. Chemical Addition
11. Activated Sludge :

i

Approximate.Time:.

.

.

42 -Hours -
.,

--,---4-.

/

/ ,
. .

. .

.

. .

Overall Objectives:
, I

,

4..
. .

Upon cohplein of this m , the learner should be able'to use the principles of .
'tichoi

mathematics of addition, subtraction, multiplication, division and to use'specific
formulas as apklied to water and wastewater treatment technology. .

, .

. . -

Instructional Aids: ---

,

Handout .

-

.

AV (Gerhead transparency) -,
.Calculators .
*

. ,

,. ..

. 4

.

.

InStructional Approach: -.

. .
Riscussio .

.-

.
.

Demonstra ion , .
. .

ExerEise I.
, .. 0

, i 1 , .
,

'''''',,,. . , ., .

References:
.

,

.

,

tOrkbsook, 8asic Mathematids and Wastewater; Processing Calculations, N. Y. Dept.
of Env. Conservation y

.
. f

Study Aid Workbook,'Mathematics for Wastewater_ Treatment- Plant Operators,
California Water.Pollution Control Association ' .- .'.

. .
. -,.., .,, , ,

. ..
.

. ,,,,. -

Class Assignments:. ,-* dr'

--.`,...,-,

.

1: Given -handoUts" to be reed
2. - Given exerciselay lems-to be solved .

3.* Given evaluation roblems to be solved ..

. - J
. . . e

6 ..4..... 4

0 4 -
0

' I .

'. i , .,, '

3....
I 41 . 4

'
a

0
f, i,cY

./.
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Page _2 ,of.au_

Mathem tics for Operators

Instructol, Notes:,

-

Give handouts of each
,,,..ftiubmodule title

. Al low .sufficiefit time for

exercise problems'to be
done.

3.. Review exerci a problems.

4. Give evaluation problems.

a

w

Instructor Outline:

a. Discuss/demonstrate -Using the student
handout how one calculates using the
basic principles of mathematics of
addition, subtraction, wltiplication
and division in

..
a. Ratio4 Prbportion
b. Metrics
c. Fonmulas.uscri in-wter & wastewater

technology'.

b. Discuss/demonstrate using the student
handouthow one uses formula as applied to
water and-wastewater technology in

a. Making graphs
b. Heat & Temperature
c. Hydraulic loading
d. Solid loading
e. Digesters
f, Chemical addition
g. Activated sludge

e

'

ide

N
a



Mathematics for Operators

Submodule

Review .

*7-

!age 3 of 173

ModuleModule No:

Apptox°. Time:

3 hours

Objectives:

Topic:

Review

The learner will demonstrate the abilfty to determine answers to problems. related
to:

1. CircuMferences
2. Areas
3. Volumes
4. Flow rates-
5. Sonversion.ofconcentration to. pounds

.

Inftructival Aids:

Handout

AV (overhead transparancy)

ti

InstrUttional *mach:

Discussion .

Demonstr-ation

.Exercise

t

-1

References:
.

., .

kiorkbook,'Basic Mathematics and'WaStewater, Processing-41.culations, N. Y. Dept..
.of Env. Conservation. ,,,,,,

. -----/

-. -Study AiOlorkbbpk, Mathematics for Wastewater Treatment Plant Operatdrs,
CalifornialWater\Poll tion C6ntrol Association.

Class Asignments:i

Given 10 exercise p

.

blems to be solved.

WV"

O
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Module No: Topic:

Instructor Notes:

2k-7, 1. Handout

N*-fi,

:he geometri c figures that
are -most highlighted irip
Water/Wastewater Technology
.are:

1. Rectangles
2. Ci rcItes

* Triangles

4. Py34amids (cones)
5." Cylinder

'.6'. Prism
7.* Trapizoids

;

4

I
Instructor Outline;

'1

1

,.....idL...
. Discuss/demonstrate how one calculates

typicalproblems related in:"

1. 'Circumferences
2: . Areas r-

3. Volumes

4. Simple flow rates
5. -Conversion of concentration to pounds

2. Give 10 exerette--problems--

.

t

O

.7e

.

ti
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P.age .5 of 172
. -

A review of several concepts and Mathematical principles would be very
helpful. . i i'.. ..

, ..- .. ,

Let us start by reviewing the use of our pocket cal.Oulator.
r . ,

,Find the answer to: .
.,' .

162 118 ., 123 -.' 110 - 0$31,.+ 6.5 - 17-.1- 4"
1st

Try mot to%use paper and pencil (pen). 'and maintain a ,continudus-processl;
Fin-the ansv/er to;

1. 1.55 x .05 x 1.9 -x--.-00-742,);896543

. -35 x35x8.5x31 4 x..48
2320 x 60

o

-

Let us review the principle's involve d insol\ring.for-one unknown.

The opposite signof ad- diti-On is, subtraction. A

b. The opposite sign of multiplication is division.
.

has
. ,. \

c. To iolve for an unknrown one
*

has fo place- the unknO'Ain by itself on eithesidee of the equal sign (=) makirrg's'L&e that the- sign of' unknOwn is
positive (+) or (X).

-,
. ,

. Mo- ve all other valueS' to the opposite side of the sign from thb'
unknown. *

Change all signs. cif the values that were coved.
.

. Perform calculatiOn.

Example: .Solve for X
0 .

X± 3 =1 -5

X = 15 3

9

X = 12
4

Example: c

1920 = W x 20 x8 die

? 1420 20 8 =11°

12'. I.(

or-W 12



OK.

.

Exercise

1. .0 = 4 x L

Where....1-=-- 20 f

. V=LxWxH
Where L = 3, H = 10

M =

When d = 9 & b>,= 6

A = f(L)2

.4

N

a

Pag-e Of 172

When L = 15
. ,.

Some formulas that need review that are important in determining -Ch'
cir,cumferences of geometric figures.

a. Rectangle/square

A= 2.(L + W).

L = length' and W7= width

Tri angle

A,= a b

Each letter (a, b, c) indicates the, length of each side of a triangle:

c. Circle
- /

C = 2x11,x R or TD

When = 314 anti R is the radius

_Exercise
) r

. .

/" - .

1. What is the area of a rectangle whose dimensions are length, 72 Fyds. and
width 12 yds. , ..

.. .

2. A square has a side of 26 ft. What iis the circumference of the square:,

3. A 'ci rcle ha etradi us' of 30 ft. What is the ci rcumference... ,.
4t,

'?-,G
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,
..*.

4. A triangle whose_sides are a '=-.20 ft., b - 15 ft. and c4= 25 ft.
What i s the ci rcumference? I .

The formul as for arelas,o
. .

a. Rectangle /squared ._.%

a.

- -

It=LxW
= Length and W1'= Width

e!,

. Circle .

A = x D2

= 3.14, R = Radius, D = Diameter

.c. Triangle

= k ,(1) x-h)

= base-and< h = 'height

Calculate the-areas of

1. A circl,e whose redius ilk- 30 ft.:

a

-

2. -.A tr?angle with fa base of 12 ft. and height of 6 ft.

3. A lagoon whose length is 320 ft. th of 160' ft.

The formula f6i- vol ume sofa

a. Rectangular solid

V=LxWxH
L = length, 14= width, and H = height /depth

Cylinder

V =:-Tc R2 x H or :785 x D2 x H

= 3:14, R = Redi us, -H Height/depth

c. Sphere

V = 4/3TjR3

R = Radius

)

M

.r

O

I
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Pag 72

. Pyramids

F
1. Rectangular based ,

,

V =1/3 L x W x Altitude

2. Trlangylar based

V..= 176 b x h x Altitude.`

t
3. Circular based (cone)

V 113,11R2 x Altitude

Remember that.in many units in water and wastewater'are bade up of 2 geometric
figures. Ex. water towers, settling basins, 'digesters.

141r.Exercise

1. What is the volume of a 12 inch water, main 3500 ft. king.

"."

0
settling basin has a length of 60 ft., width of 20 ft., a d depth -of

8 ft. What is the volume.
, r

Find the vplur,pe of a figure with the dimensions-(See 'sketch

1.

r

;

10

*3",

r
4

.

'12.16 f t.
,

2.R4 I
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Module No: 'nodule Title:

Mathematics fqr Operators,

Approx. Time:
I- c,

1 hoar

Objectives:

Submodule Title:

Ratio and Proportion- -,

Topics

Rati o

I
. . .

The learner will demonsirdte the ability,to calculate 'problems involving
ratios. .

Instructional' Aids:

Handout
AV (overhead transparaticy)

1

instructional Approach: 40

Discussion
Demonstration
Exercige

. References:
.-

Workbook, B as i cp,Mathemati cs Wastewater, Processing CalculaItons, N. Y.
'Dept. of Env. Conservation. %

.

.. -

-- Study Aid. Workbook, Mathematics r Wastewater Treatment Plant Operators,
Cali forni a 'Wat'er, poi 1 uti on Contr.°. As g laciati on.

.
A .

o
. k . 1

.'

Class Assigpmeksi
o

1. Read handout,' .

2. 'Given 10- exercise peoblemg' to be solved.
1 /

Li
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Nodule lio: Topic:

Ratio

.

Instructor 4otes':

handottt

t

The number mentioned firSt is
the first term and- the numb-e,
,mentTate-d- second is /the second
term // .2

A.

4

r.

.

1

Pages 40 of 172

Irt ructor Outline:
,

.,
. Define ratio - the relation between AO

quantitie'S or numbers which are of the,
same 'I4nd.

.
.

a. Discuss/demonstrate how one calculates
for, the ratio by dividing the first
term by the second term.

b. Given 10 exercise problems.

O

a

4.

ir

A

2

o

0

..

fi
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O

Ratto t.
, .

Rati o is the . comparing of quanti ties .

Comparing is done* division.

Division: ,ComOaring by divisipn one divides a quantity by another..

Example

If your 'flow today is 64,000 gallons and the next' day gong flow is 32,000

gallons, .then the ratio of 32;000 to 64,000 is:,
A

V°
327060 _ 1/2 times
64,000 .

,-. This mean -that the flow decreased by 1/2.'
. z.
or In setting .up ratio one has to remember what the. answer one needs to obtain., -

"
Refgr to the example. 'If one inverted the problem.

4

64,000
2 times

This means that the flow of the previous day was ttice the flow of today.
.. -.

IT IS'°:IMPORTANT THAT UNIT HAVE TO BE THE. 'SAME BEFORE COMPARISON. ,

J ,e,
,, Wi

Exercise 4 . -,-,-.
fr _.,

1,, Whit is the, ratio of 8 feet to 2 feet.

2. What is the ratio of 5..ml to 25 ml.'
f

-

.3. If you add to 20 m l of solution enough water to make 1000 ml._ what is
..the di l uton Oati o. -

,

4. WhatTs the ratio 9 24. ft. to. 120'ft.

s..
5: If lou 'add -4,2 ml o sample enough water to make the solution 25 nil.

, hat 1 $ the ,ratio of i uti on. \
4

, . v !°.
,..

. .

What iS the ratio of-6 gallon's to 5 cubic feet.-'

f '
. if a pump operates for 5 minutes out of each hour, what is the, ratio

' of Operating doe. r,4
.

. What. is the ratio o
..

f;.1 inch to 1 foot.

. , .,

. Vow- pl ant ,Vtue prints indicated that 1/4 inch represents I foot.' What. Is
r-,

the. ratio. of distance on tie3plari and thp actual distance on the ground., '0 1, .. ....,, .if:: . _ .
,. t

4:



10. If your plant blue prints indi
on the B.Wprints indicate a
feet doegrIkinches represent

. is 1/96.

't

14

Page 12 of 172

cater °a ratio of 1f94 and the
measurement of 151 inches, h
in *the..plantIblue prints if

F.

distance+
ow'many
the rati o

:.-
-

6,
4 O

O

la
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Page d13 of. 172

Modulello:

Approx. rime:

---10h1Cur

Module Title:.

Mathematics for Operators

SubrpOtiole Title:

R-afie and Proportion

Topic:

Proportion

Object yes:

The, learn,' will demonstrate the ability to calculate problems involvingi
proOortion. . 's-

...

4- k"V..... 4i

Instructional Aids:
.

' Handout

AV (overhead transparzaricY)

Instructional Approach:

Discussion
Demons t Teti orr

Exercise

f.

tAi r

References: .

WoYkbo0c, Basic Mathematics and Wastewater, Processing Calculations, N., Y.
Dept. of Env: Cdn$eevation.

( . .. .

Study Aid Workbook, Mathematics for Wastewater, Treatment Plant Operators,_

Cali forni a Water Poll uti on ,Control Assoc' ation .. . ., 4

I. ----

Class Assignments:

.1. Read handout

2. even 10 exercise problems to be solved.

15
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Module NR:' ' Topic:

PrOportion

InstItctor Notes: Instructor Outl in :

ry

1

Page 14

befi e proportion an expression sf
equ lity between two ratios.

. a. iscuss/demonstratg how one ,,dete mines
t eproportion of two ratios.1 The .rules
to use are:

- ..
1. The product of the means is .equal to

the product of the extremes.

.

b. Give-10 exercise problems.

2. The productf the extremes divided
by either mean ,g.i.ves the Mean as
quotient.

3. The product of the means divided-
by either extreme gives the other

...---extreme as quotient.

6

(
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Page 15 of '172'

I

Proportion'

A....proportion is

Example

6/12 = 9/18

4 . .

an indication tr1;t , two ratios are .equal .

Proportion is expressed as

6:12 = 9:18

This is read as follows

-4.

6 Is to ;12 as 9 is to 18

To make sure that the two ratios are equal set up the expression as. follows:

14. Extremes

6:12 - 9:18

Means

railtiplying the mean and multiplying the extremes the-Answers should be,
quaff . .

ercis

Are these ,ratios in prOportidn

o.

1. 3:36 = 4:48

2, 1:4.3 = 6.7: 28.81

3. 5._20,000 = 15: 60,000

Suppose one of the means was missing

Then,

6:12 = 3 :18

Since we know that the rule of product of the means =" Product of extremes,
Than

12 x x' 18

4,.
17.

4

0
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.

*.

'By' solving 'for X

.X = 6 x 18
12

= 9

Exercise'

X,= 4:48'v

.2. 5: X = 4545

3. 6: X= X= 54
0 s

4

If otie of the extremes is missing

6:12 =\9: X /j
Than the -product of the means' divided by the known extreme gi ves the other
extreme.

.

\

Page 16' of 172

,2

S.

.

x _12 x 9
6

= .18

Exercise

1. X:15 = 5:45

, ; "5:4.5 = 9:X

X:28000 5:156000

" o

, .

y adding enough Water to 15 gallons chloride. solution of 28000mg/1 to
s,,

make 156000 gallons compute the new, concentration.
.7.\

-
,

-k.. -.\ '''
. .

t

SA'

a

." ^

,18
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Modul Na: Module Title:

4,

Approx. Time:

X
Sjectives: N

MatheMati cs for Operators

Submodule Title:

Ratio arid. Proportion

EVALIJA-fION

The lear.ner will demonstrate theibility td -cleterfnine correctly the answers to 8 out
of 10 problems rel ate& to ratio and proportkon i.n water and wastewater technol ogy.

T F1.r 5.8 = 8= 29.0 = 40

2. 23:15 dij = 34

3., 4:36 x = 81
*

a. 1.7

b. 7Z9

C. 9a4

dl .56

x = 90 = 10:5

a. 1.8

. 45

180

d. .55 ,

. What is the length of water 'main to be purchaed if the blue print indicates'26
inches and the ratio is to 1 foot.

f

T- F 4

Air
47'

' a., 6.5 t.

b. 104 ft.

c. 1248 ft.
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-0,
01

-Page. 18 of 172

'What is the ratio o'f dilution if you add 5 ml. of sample .6620.611: .

of water.

a. 1/4

b.

c. 5

d. 4<

7. What i5' the new-cpncentration.of a 5 'gallon 46,00d mg/1 fluoride
solution when added. to 195 gallons of water.

a. 0,0217 .

b. 1125

c. 46.15

d. 1.7

t
,

.8, A water plant hat, a raw flow of 600,000 gallons from.a surface reserifoir
and. a flow of 20Q,000,gallons from 2 wells. What is the ratio of well
water to survace water.

,

9. 'The total ow
,

to a plant-is 1..8 MGD. .If .45 MGD of the total flow is
reci nculated what is the ratip- of recirculated to the total flow.

-

. a . 1/3' -;-

-,..

b. 3

c.

d. 1/i6

'20.

1
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q's

e

10. A ratio of recirculatSon in-a
plant. What is;the volume Of
is 868,000 gallons. e

a. 6700 gallons

107200. gallons,

2.

1

C. 67000i gallons

d. 53600 gallons

1

.
,,..

, .

, . Page 19 of 172..,,

s

.9

plant is set at 2/5 of th'e flow into the
recirctilation..if. the flow into tfie plant

r

1

.1:

O

1
.t

( -.

40,

A

ti



*q
4

O

vovvo.--ovo.v.vo

Page.' 20 of1.72

MOdule No: Topic:

jVALUATIQN

Instructor Notes: Instructor Outline:

1. Handout

Answers

3. C

4. C

5. C

B

7. B

8. A

9. D

10. 13

VP,
.

1. Dive-10 evaluation ptoblems.

-

o

22

ti

a
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Page; 21 °of 172

Module No: Module

Mathematics for Operators

Approx: Time:

.2hours

ObjectiveS:

Submodule

Graph

Topic:

Graphing

;4

1. The learner will demonstrate the ability to graph curves or line graph sets
of interrelated values onto graph paper. ,

ap

2. The learner will demonstrate the ability,to illustrate values` in simple
bar graph.

_

In'structional Aids:

Handoilt

AV (c4e)ead transparency) ,

Ilisstructiohal Approach:

Discussion
Demonstration
'Exercise

.

et.

References: .

-4... -.%

Workbook, Basic Npthematics and Wastewater, Processing Calculations, N. WI,-
Dept. of Env. Cnei-vation.

Study Aid Workbook, 'Mathematics for WasteWatIr Treatment Plant Operator5,'
California Water Pollution Control A$sociation: -. f

p -
.

Class Assignments:

1. Read' handout

2. -Given 2 exercise problems to be graph0. ts



Module do -: . .

t--Instructor Ito.fes:,
..-,..: .-

f. Ha Radii

I 5)

Topic:

Graph i-ng

s

61i
2.

4
hasi.s

, that several
an be pl.ertted on the same

graph, paper .to show the
relationship between

different parameters.

BOO k SS, Flow,
Total Soli ds or

Flow, Rain,

The axis of abfsci ssag.1
(the .horizontal

.

usually i ndi cater, time
(days , hours

I

4

F

Instructor Outline:

4tioz. p-'

liege ofof

)

. tisOSsidemons,trate how ones uses graph
pa er "to plot interi,elated al ues.

. D scuss/demons rate hew, one 'develops
/

,.. 4r graph. ;. -

....

Give Exercise problems to be graphed.,

24

r
t.
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,Graphs 4

Graphs are visual methods of presenting relations of quantities to each
other, -.'

.., .0 -,

1 , ..
Graphs also tend. to show' s trend in rigrameAers,;.' that is one'can see alot
easier if, say, the BOD in'fluent is increasing or (1'e-creasing.

.

Graphs are presented in many forms but the two types most used is
4,

A. Line graphs or curves

B. :8ar_graphs

1. Line gra phs

To construct a line 'graph one needs to hbe:"

, a. Gray paper
ti

Data needed to graph

`Y.

,

,To constrqet a graph choose a horizontal line called the axi't of
abscigSas;(X) .and.a vertical lime called the asis of ordinate (Y).
Where line (X) aiid (Y) cross ffie:point is called point of origin (0).
The spaces ,onithe graph paper are assigned values -according ,;to the

data supplied. "It is evident thenithat these values will vary !-

greatly and must be chosen to suit the requirement .of the problem -

wit4 . e'

Example

Const-na graph from ihe data available,:,
:Flow/1000

1

.

2

." 3

.4%
4

5

)4
It

6
0

.

7

138'

145

.129

148;

195

. .200

135
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;Page 25 of 172

001

Solution
;

On your graph paper mark below (X) axis, the datetk make sure- that
they are spaced.out evenly. (zero, 1, 2, 3, 4, 5 on your (Y) axis.)
.hark from zero to 50 and space them out evenly. (See Graph).

Using' the 'data provided ,find the-column that represents the Date 1.

Move up the column° and find the horizontal line that represents 138.

Place a dot` at that point.

Probeed to the co t represents the Date 2.-

Move up the column -and find the horizoptal line that represents 145.

Place a dipt at that point.

By proceeding through all the dates your graph

Now start with the dot that repr@sentT Date 1,
to dot representing. Dot 2,: Flow 145, and so on

will be full of dots.

Flow 13'8, and connect

After Connecting all the dots one will 4Potice a figure.
called, a line graph.

If one Maintains a graph on a continuous baSiS, one may be. able to

This is

alter.a.lot of data, project plant operation.

Exercise

Chart these data.- .

Time GPM ,Ti be ..GPM
O

ime GPM

110

12 2200 5 1206 6400
.

1 a.m. 2150 6 2000 11 7 ++0

2 1800 3500% 12'noon. 6600

3 1400 8 5000 11 p.m. 6400

4 1300 9 6000 2 6300

1
4.,
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.

Time GPM Time -QPM

3 .640b , 8.4 8400
'4,

4 6400 5000
-

67.00 10 ,3200

.7400 11' .2-800

; 7 9200

Bar Graphs

Drawing bar. graphs is much
horizontal axis and a verti
the data furniShed.,' Draw b

to- the amounts involved.

Date

,

like drawing. line graphs. Lay out a
cal axis and mark them according to
ars of a length that will correspond

6ow,/1000 GPD

r

18

135

.1 A
,142

'19 141

20 128

- 21 156 .
.1

22 1.58

23. 178

Exercise

Time ..GPM

12 p.m.- .

1 a.m.

2

3

#4
fir.

_5

6

Time . GPM

1: P.
m '2130

865 2170

866,, 3 2.320
.

600 4 2300

634 5 - 2740 -
V

1QQ0' 6 3070'

133Q .; 7 " 3330
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Time GPM Time

_..
8

_---i:--,
2670

'9 2000

10. 1330

11 1170-

7 1830------

2570

9 2500 .

10 ,2140

11 7080'

12 2170

30

ot.

b.
ft

;

4



Modlule No:

App

hour

Objectives:

Module Title:

Mathemtaqs for Operators

Submodule Title:,

Graphs

PaOe 29 of 172

Topic:

Meaning of Curves or line graphs

2

The learner will demonstrate the ability to obtain usable information fram
curves or line graphs 'illustrated.

o

Instructional Approach:

Discussion
Demoiistration
Exercise

References:

Workbook, Basic Mathematics and W-astewater, Processing Calculations W. Y.
Dept: of Env. Conservation.

- .

StudyAid Workbook, Mathematics -for Wastewater Treatment Plabt Operators,
California Water Pollution Control Atociation.'

.

I.

Class Atsignmeritsi

1. Read handout ,
%

2. Given 2 graphs as exercise for the ,obtaining of variousinforMation as

indicated by instruction. k4 i
49". 31
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Page 30 of 172

of Curves. or Line Graph's

' Instructor .Outl ine:

. HAndout 1. Discuss /demonstrate how one interprets
avai 1 abl e inforinati on from curves or
line graphs.

Give two ,graphs as exercises to be
interpreted :\

?g.

pj

O

-C32
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a.

Page ,31 of -172

Meaning of- curves or line graph Va.

Most graphs, are devel opedwi th the ability tq obtain information. Areas

where graphs are used to obtain 'Information that is useful in water or
wastewater/ technology.

sa. Pump performance

b. Laboratory analysis

(absorbance or transmittance)

sipp be able to "read"'a graph one needs to hOe:

1. A,graph

2. A valim on either the (X) axis or (Y) axis.

See figure 1

A graph having an (X) axis indicating concentration and a (Y) axis indicating
absorbance.

If one knows the absbrbance obtained from lab tests than by joiining the
number on ,the (Y) axis to the curve with a line paralleled to the (X) axis.

The point where the line crosses thecurve, join that point.with-the (XI
axis with a Tine paralleled to the (Y) axis.

Etxample

Using the graph in Figure I, :find the concentration if the absorbance is

1. 0,21

Exercise

1, 0.185

2. 0.2

3. 0.225

. 0.195

3.3
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Page 33 of, 172

Module No:- Module Title:

Mathematics for Operators'

Approx. Time:

1 hour

Submodule

-Grtaphs

EVALUATION

Objectives:

1. Given a set ordata, the learner will demonstrate the ability Jo pro
the data.

0

. Given a grlaph. the learner will demonstrate the ability to obtain valu s to
answer correctly to four questions.

. .In the determination of fluoride the three standards tested` provitid t e
following results: ..

,

.1

cone____- %
.,----,..-,..,..*...

-^-*

Absorbance .

: . .

J.8 mg/1 * . 0.23

/.0-m6/1 , d.21.

1.2 mg /l 0.19

I:iferminQ after plottinga graph the concentration.of a sample of fla.orid0 if
the absorbShce is Show your work on graph provided.

1\2. Using the graph marked PUMP CURVE

a. What is the approximate GPM if the-hedd is 80. ft.

1. 80 ,GPM

2. 10 GPM

3. 480 GPM .. 1....,----1 .
. .

. 4. 456 GPM
'.$

. This pump is pumping against- a head of 140rft.. Novi many maximum gallons per
, 'minute will it deli ver?: .,

a..

%

264

b. 24p

c. 140

d. 400

36

0
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Pag. 34 'of 172

. At what maximum head in fe°et will this pump, cleaver 320 ,GPMV

a. 127 ft.

b. 140 ft.

c. 200 ft.

, d. 30. ft.

5. This pump will deliver 560\4M's water at ahead (in feet) of 170 ft.
a. True

b. Raise

$

I

o
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Topic:

EVALUATION .711

ti , Page 37. of 172
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instructor Outline:

1. Give a set of values to be graphed.

2. Gi ve- a graph to obtain values.
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Module No:

Page 38 of 172

Approx. Time:

1/2 hr.

O

Module Title:
-

Mathematits for Opel-at:yrs

Submodule Title:

Total Surface Area ISA-

Topic:

Rectangular Solid

Objectives:

The learner will defflonstrate the.a.biliy to determine the total surface area

of a rectangular solid.

r a

sn

astructional-Aids:

Handout

,
AV, (oveillead transparancy)

hstfructiorial Approach:

Demons trati on

Exercise'

I

References:

Workbook, gasic,Mathematics and Wastewater, :Processing 'Calculations', N. Y. Dept.

of Env./ Conservation '

College Arithmetic, 2nd Editjon, W. I. Layton, Wiley & Sons.

Aid Workbook, MathematfGs for WtstewattF Treatment...Plant. Operators,

California:Water Pollution Control Association

Cla'ss Assignments:
4

Given exercise problems, to be solved .

41 -

I#
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Topic:

-Rectangular Solids

Instructor Notes:

\

'Handout

Page 39 of,t2

Instructor Outline:

a. Emphasis that the unit
val ues of TS'A is in

square ft. or square
yds; etc.

.
b. The unit values of the

length; width, and
height should be of the
same unit ft. or
yds'. or inches etc.,

1,

1. Discuss/demonstrate how one calculates' the
-total surface area of a rectangular solid
using the formula

:

TSA = 2 (1.. 14) + 2 -(L x H)

TSA = Total surface arep.

L = -Length of unit

W = Width of unit

H = Height/depth of unit

2. Give .4 exercise problems..

r

+ 2 (W ifH)
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Rectangular Solids

The total surface area(TSA) of a rectangulari'Olid4s .the sum of all six

areas of- that solid.

Formula
;..

,.. - -,:,
The TSA of a rectangular toclid is eq'tal to

TSA=2xLxV1+2 x 2kLH+xW
HI '-'''

If.
N,+ .1Total surface area .

= Length \'\
= Width

= Height or depth
ti

Example

A rectangular solid.has a length of 20 ft., .a wit of =10 -ft. and a..depth

of 8 ft. What is the total syrfaceaha?

L-

.4 3
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Solution
e`,

TSA= 2.;LxW-+ 2 xl.i1-1+ 2 xWx11 .

2 x'.20 x 10 + 2 x-20 x 8+ 2 x 10 k 8
ti

400 + 320 + 160

= 880 sq. ft.

Remember that this is an area and the unit value haS to be square.

exercise

1. A rectangt.ilar shaped clear.well has to be painted the dimensions of
length-40 ft., width 12 ft. and depth,.12 ft. What is the total surface
area of the clear well?

A cube has the dimensions of 15 ft.. What is the total surface area?.

3. A rectangular shaped_room needs painting. The length is 30 ft.,

width 13 ft., height 9 ft. What is the total° surface area of the
room?

A storage' ti3nk rectangular in shape with a length of'60 ft., widths 16 ft.
and depth of- 12-ft. needs painting. What is the total surface area.

1

r4

A'

. ;

4

S

+al

*

44
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Module No:

Approx. Time:

1/2 hr..

Module Title:

MatheMatics for Operators

Submodule Title:

Tbtal Surface Areas (TSA)

Topic:

Cylinder

The learner will'demonstra
a cylinder.

the ability to determine the total surface area of

Instructional Aids:

Handout

AV (overhead transparancy)

Instructional Approach:

-Discussion'
Demonstration
Exercise.

References:

Workbook, Basic Mathematics and Wastewater; Processing Calculations'; N.

of 'Env'. Conservation., .

.
.Colege,Arithffetic,, 2nd Edition,-W. I. Layton, Wiley Et. Soris.

Study A-Pd Workbook, Mathematic;-for Wastewater Treatment Plant Operators,

California Water Pollution Control Association

...

1

ClassAssignments:

Given 4 exercise problems to be solved

45.

4,

' A ,
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I 1. Handout.
r 1.; Discuss/demonstrate how. one calculates the

total surface area of a cylinder using the

, a. Emphasis. thatc,the uni t formul a p

values of TSAIs in
....-,

+4, fi- .square ft. or square yd TSA = 2 (71 R2) + (27 R x H)

°etc.

1 . /: or
b. 'The unit values of 4.-

radius and height.of_ ,. TSA = 2 (.785 x D2) + orD x H)

N

_. the cylinder should be
.

`\ of the same unit, i.e. T (SA = Total surface area
.. t,

ft. or yds. or inches.

. -

".

= 3.14

R = Radius of ci rcle, ,
..

H = Height of cylinder

D = Diameter of circle.

. Give 4. exercise problems

0

z

s



Cylinder

. Page 44 or 172

The total surface area of a cylinder is composed of

a. The top and bottom of the cylinder.

b. The side of the cylinder.

Formula

The formula used to determine the total surface area of a cylinder iS

TSA = 2 .x 1 I x R2 + 2 x Irx R x H-

.TSA = Total surface area

,
,,,,rkV 0

= 3.14

Radius of circle

H = Height of cylinder

NOtice.that R2 = Area of a circle and

21lk = Circumference of a circle

Another formula could be used:

TSA = 2 ,678$ x 62). + D x ti

)

. "



Example

4,

Page 45 ''of 172

Find the total surface area of a cylinder if the radius is 30 ft. and the

height is 8-ft.

Solution

TSA = 2 x. R2, + 2 xli-x R )(1-1

= 2 x 3.14 x (30)2 + 2 x 3.14 x 30 x 8

= 5652 + 1507.2

= 7159.2 sq. ft.

Remember that this is area and it's unit value is square.

Exercise

1. A cylindrical storage tank is 50 ft. in diameter and 20 ft. in height.
What is .the total surface area of the tank?

. A digeter hits the dimensioni of diamete-r 35 ft. .arid depth

What is the total surface area of the digester?
. 4

R. 3. Calculate the total surface area of a cylindrical tank. Radius 16 ft.
,and depth 5 ft.

cif 14 .ft.

440 steel drum is to be painted. What is the total surface area of the
."-drum if: the diameter is 36 inches and the 'height is 4 feet.

48

O
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Module 'No: Module Title:
L .

Mathematics. for Operators
0

Submodule Title:

Total Surface Area (TSA)
Approx., Time:

1 hr.
Topic:

Pyramids

Objectives:

The learner will demonstrate the ability to determine the total surface area

(TSA)- of

1. Triangular. based pyramid

2. Rectangular based pyramid

3. Circular based pyramid (cone)

Instructiogal Aids:

Handout 4

AV (overhead transparancy)

InstructionalApproach:

Discussion

Demonstration ,

Exercise
IAD

References:__ 11
#

.

Workbook, Basic Mathematics and Wastewater, Processing .Calculations; N. Y. Dept.

of EnV. Conservation .- ,

"College Arithmetic', 2ndEdition,'W. I. aytoo, Wiley & Sons

Study Aid Workbook, Mathematics for Wastewater Treatment Plant'Operators,
California Water Pollution Control Association .0 t.

Class Assignments:

Given-4 exercise problems to be solved

49 ,



Module No:

f
Topic:

Pyramid

Page 47 of, -172(

0

t

Instructor Note).: Insiruc Outline:

. Handout

a, Emphasis that the unit
values of TSA is in."
square ft. 'or'square
yds. etc.,
The unit values of the
base (b), .height (h),
circumference (a + b +
c) slant :height should
"be of the same unit,
i.e. ft.; or yds. or
inches etc. .4.4;,

1.

c. Emphasis the difference
between "height and
slant .pei ght

1%1 "
Handout

Emphasisn that then unit
values df i
Square 'ft. or s u re,

. yds. etc.
stq

b-. The unit values of tile
length (L) width (W)
and slant height
should be of the same
unit i.e. ft. or yds.
or inches

a.

c. 'Emphasis the difference
between height and
slant height

.

. Discuss /demonstrate how one calcUlateS the
otal surface,area of a triangular based
yramid using; the formula

TSA = (1/2 b x h) + (a + b + c) 'slant height
2- \

TSA = Total surface area

b Base of triangle

h. = Height of triangle

(a b + c)`. Circumference of triangle

Slant height = Slant height of pyramid

.

Discussidemortstnite how, one calculates the
total $urfa-4 area of a rectalligular based
pyramid using. the formula

TtA = (L x7 W) +'w) :slant height

TSA = Total .s drface area
P.

*" LI= .LenitEiof.:rec:tangle

W = Width of`re.otangl,e.
0

Slant height of ilyeami d.
,

.

I

4.
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Module No: Topic:

Pyra id

S

tio

Page 48, of 172

.instructor Notes:

. 'Handout -

a, EmphasIs twat the nit
values Of-TSA is
square ft. or squa e
yds.

Instructor OUtline:,

b. The unit values of he

radius or diameter .nd
slant height should be
of the same unit i.e
ft. 'or yds''. or ipche

c. Emphasis the.'differen e

between height and
slant height

4

Discusi/demonstrite how one calculates the,
total -surface area of a circular based,-

pyramid (cone) using the formula

R2 ('R) slant height
or ro

TSA (.78 x D2; 1- (1( D)..S1 ant height

TSA = Total surface area

ir= 3.14

R = Radius of ci rcle

D = Diameter of circle

Sland height = Slant height of cone

1

41.

V.

p
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Pyramid;

The total surface area of pyramids
pyramid,

a. Triangular based

b. Rectangular bas td.

Page. 49 of 172

is determined according to the.shape..of the,

c. Circulait: based (cone)

And the slant height of the pyramid. .

The definition of slant height (SH) is the shortest line from tife .aprx of
the pyramid (i .e. tip) to the edge 'of the pyramid.

NOTE: The corners of a triangle or rectangle are NOX the edge of the pyramid.

Triangular based pyrami d

The formula used
pyramid is:

to determine the total surface area of a triangular based

aq.

TSA = 1/2 (b x h) 1/2 (a + b + c) x slant

TSA = Tot' surface'.'area
I,

b = Base of the triangle

h = Height of the triangle 3.

height

(a + b + c) = Circumference of the triangle

Slant height = Slant height of pyramid

Ay.
S.- A 5t2

-

40'
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Example
.

Calculate the total- surface area of a triangufar bpsed pyramid if the sides
of the triangle.have dimensions of

a = 30 ft.

b= 30 f t.

c = 30 ft.

= 25.98 ft.

.slant height = 35 ft.

Solution '
TSA = 1/4 x h) + 1/2 (a + b + c) slant height.

= 1/2 x 30 x 25.98 + 1/2 (30..+ 30 +.4a.) 35,

= 389.7 sq:4t. 1575 sq. ft._

4.7 sq. -ft.

Exercise

2

3

a

'What is the total surface area of a rectangular based pyramid when

= 20

b = 20

c =.20.

= 17.32

slant height = 30

Rectangular based pyramid

.e

The formula 0 use to _determine the tota surface area of a rectangular
bas4.c1 pyramid is:

TSA;T; (L x W) + (E+ W) slant height

TSA = Total. surface area

= Lerlgth of rectangle

i4:= 'Width of rectangle

Slant height = sidrit height 135 3yramid
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P

n ,.

ectangular based Ry'ramidhas the dimensions of length 401.ft.,, wiscith 40 ft.,

a slant height of 19 ft. .109
o:

.

a

on

TSA = ( W) + (L + W) slant height

(40 20) + (40 40) 19 ft.

800 + 80x-19

= 8004 1520

= 2320

Exercise

1

A rectangular baseerectangle has the dimensions (4 slant height of 3.2
.

ft.,
.

length of 5 ft..and wip of 5 aft. What is the total_surface'area.



Circular eased pyramid (cone)
,

The formula used to determine the total surfact area of a circular based
pyramid (cone.) is:

.TsA = R2')+ -(1ix' R x slant height),

TSA =Total surface area

= 3.14

-R = Radi us- Of

Slant height slant height

/0*

j i
it

,Exainple.;
. ..

A Ow has a -radius
total.stirface":area.

Solution

of 25. ft. and s

.t

ant fteight of 25.5-1t.. Calc-late the

(Trx.,R2Y (Tix R x slant

= 3.14 x 25 X:25- + (3.1(4,x 2§.1-25.5) /
= 1968.75 -,f_.901.75

= 3970.5 Sq. ft.

41'

t

5.
'1
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Exercise

1.-- What is the total surface area of a cone that has a radius of 50 ft.
a slant height of 51. ft.

Calcul4e ?lie total surface4reaof-a-eirculer based-pyramid tf the
.diameter of circle is'60 ft. and the,slant height is 33 ft.

A

56'



Module Title:;

Page 511__ of 172

Submodule Title:

Total Surface Area (ISA)

60.

ext

AO.

Module No:

Mathematics'for Operators

Approx. Time:

1/2 hr:
Topic:

Sphere

9 .:ti ves:

The learner will demonstrate the ability to determine the total surface area
of a sphere.

Instructional Aids:.

Handout

AV (overhead transparancy)

Instructional Approach:

Discussion

Demonstration
Exercise

0

t.

- f.

References: ...

..
,

Workbook, Basic Mathematics and Wastewater? Processihg ealduia,tions, N. V. Dept.
of .Env. Conservation 4 Q. I.

-- Celiege Arithmetic, 2nd Edition, V. I. Layton, Wiley & Sonsl
1

.-

Study Ald'Workbook,'Mat4ematics for Wastewater,Treatpent Plant Operators,
i

California WSter Pollution Control Association
1

/ * i

Class:Assignments:
(

'1'.

Give'4 exercise problenI to be solved

t
i

-

57
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Module No: Topic:

Sphere

Instructor Notes:

1. Handout

a. Emphasis that the umft
values of TSA is in
square ft. or square
yds, etc.

0

Instructor Outline:,

1'. Discuss/demonstrate Flow one calculatesJthe
total surface area of a sphere using the

formula

TSA =4x4S
1'.

x R
2

TSA = Total surface area

11'= kadius of sphere

5 8

:

/ r I
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Spheres

The total surface area of the sphere is deteipmined

TSAR = 4 x 11 x R2

ISA = Total surface area

=3..14

FfIdi us

4

of the sphere-

by using the formula

Exam
1 .,

A sphere. ha a radius 0,130 ft'. What is the total surface area.)..
r &

Solu
)

on
i

,:

ISA -14 x-1-1* R2

F-1 4 x 3.14 x 30 x 30 -' ?

i

,

=111304 sq. ft. .
, i

-:

J

59
-1

t
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,

Exercise 4'-
? 1. A spheHcal gas storage tank with a diameter of 100 ft. needs painting,

What is the total surface area? .
;

What is the total surface area of a sphere -Kill of water ifthe radius
is 25 ft.. - \'

Page 57 of 172
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\

Module. No: Aviodule Title:

Mathematics .for Operators

Approx. Time:

1 hour

Submodule Title:

Total Surface Area

'EVALUATION
et

Objectives: \

. , . .

The learner will demonstrate the abilit to determine correctly the answers to
, 1

8 out of 10 questions:related to total Surface areas of:
. - ;

1. Rectangular solids
2. Cylinders
3. ',Pyramids'

A i'

4. Spheres

)

1. What As the total surface area insjde ia cylindrical digester if the radius is
18 ft. and the 'dept4h is 15 ft.

/ ; e

a. 2712.96 sq. ft. ,,

/* 4
b., 15260.4 sq'. ft.

4. e .1
5

c. 30520.8 sq. ft. ' I
1 1

f \
d. 3730. 32 sq:'ft. , ) ,-'''

.

2. 'A spherital water tower needs 1--5-Niniing. W4t is the total surface jarea.if the
, .

. i 1

4

'diameterof the sphere is 45 ft. 4'
\i , 1 i

a. 565.2 sq,.ft. : i.

\
) i b. 6358.5 sq. ft. .i i -

, \ .
.. ,

,

'c. 25434.0 sq. ft.'
34 ' e)

. ._. .' / )
1

d. 3179.25 sq. ft., ),I \.

3. ,A rectangular clear, well has a lenVth of 60 ft. ,\width 30 ft. and depth of 12 ft.
-,. \ .

4

1 )What is the total 'surface area?
,

\
't i .

a. 5760 sq. ft. :', \
\
\ , ,

b. 10800 sq. ft.

,

*c. .4.680 sq. ft. ,.

n ' ; ) \ , J J ft

d. 14200 sq. ft.

- .. . ,,...-.,

,,, ,-.., , , . , . ;
, / , , 1 , , ; \ 3..

. .
4

- 6
r r
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4. A cube has the dimensions of 32 meters. ',What is the.total surface
area?

3

b. j2260.8 sq. ft.

c. 6782.41.. sq. ft.

d. 194.2 sq,:' ft.

a. 32768.0, sq: meters

b. , 6144'sq.'meters

c. 40960 sq. meters

d. 3072 sq. meters

A ,Spherical gas storage tank has.a radius of 12 ft. What is the total
surface area?

. .:7234.56 sq. ft.

b ;1356 48 sq, ft.

1,
c. 452.16 sq. ft.

d. 4 808.64'sq. ft.
;

6. A con- has a radius of 12 ft. and a sl antl height of 15 ft. What is °the'
total surface area? a

11017:36 sq. ft. .

.

i. A angtil ar based pyramidfhas the dimensions of length 30; ft*:, width
:30 eft., and slant height of. 33 ft. What is. the total surfaCe area?

1

a, 28700 tq't ft.

)

4.
;880 sq,. ft.

d.

8.- A ctangulat bai I ding has, a length of 110
.25 .t. 'the total surface area?

.,

6800,

-b. 82500 sq. ft.

c 19800 sq`. ft.

d. 13600 sq. ft.

4

ft., width 30 ft. and depth
.
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. A sphere with a radius of 28 ft. has a total surface area of:

4923.52 szi. ,ft.

c. 9847.04 sq. ft.

d. 3282.34 sq.4 ft..

10: A cone.has a r4diu f,20 ft: an 'Slant weight of 25 ft. ttat is the
total surface area.

a. 2826. sq. ft.

b. 31400 sq.

c. 7850. sq. ft.

d. 1570 sq. .ft.

t'

m



"

410

Page 61 of . 172

Instructor Notes:

.. kilandout

Ans.

1.

2.

3.

d

b

a
6

4. b

5. d

.6. a

7. b

8. ,c

9. d-**

10. a

0.

.Instructor Outline:
4

1. Give 10 evaluation problems

V

4.

0

t .

.41
.00"

64
s

.
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Module flu:

.'

, '

.

Module Title:. . _
Mathematics for Operators

,...

S40module Title:'
.

Heat and Temperature
pprox. Time:

*

-..- -

. 1 hour

Topic:
.

TemperatUre

, -Objectives:
. _ _ .

.

The learner will demonstrate the ability to convert.: .

.

1. Degrees Fahernheit to degrees Celcius
..%

Degrees Celcius to degrees Fahrenheit . -

, .

.
.

.

.

. .
.

. , .Instructional Aids:
.

. -,

Handout,. . -,

.

arency) ,
.

.AV (overhead:transp

.

..

.. .

-

-.
.

,.

_Instructlional Appoach:
-

.

Discussion , e :
Demons ration .

,

-1.--
'ExerCise ,. .

- .
. .

.

.
. *

References: '- 1, imil&
-_

, 1

.

Physics for,Career Education, Ewer, Nelson', Sthurter,.M6Fadden, Prentice Hall',
Inc N.- J.

.

6. .

15.
.

,

...

-. .
.

.

.

i ,

.

c.
Class-Assignments.:

,
_

.

, .

.
, .

Given.8 exercise problem's to be solVed.
,,

.

._: .

. l,. : ,
..._

.

. § . .
.

1
.
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fIS t ruc tor Notes:

Temperature..

-I

' instructor Outline:,.

Handout

Page 63 of 172

1. Discussidemoisttate how one converts '4
to 0C using the formula:

DC= oF - 32
1.

0C a Degrees Cel ci us

= Degree Fahrenheit

O

2., ,Give 4 exercise'problems

3. Discuss /de4nstrate how one converts
to °F using the formula:

°F = (1.13* x .°C) + 32

oF = Degrees Fahrenheit

4. Give 4 exercise brobiems

6t;

4

ry

a

Oc
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Convgrti orrof De rees Fah enheit.to De rees. Celcius

convert °F to °C on can use the formula

C

.1.8

Where °C = Degree celciJ

°F 4 Degr es faftrenheit

xam le: Cha ge 72°F to °C

Solution-

PC =.0F =

1 .
.

= 72 32

= 40

= E2..2 °C

Eiertise

Change °C
:

1. 68°

1i8°f

3: -30d
F

.
, .

4. -56 F
1 \

Cony rton of )-grees Cel ci us to'
.
Degrges Fahrenheit

1 4

To con\ert °C to °F one can u,e the formule
4

°°E . (1. x °C) +,32, . .
..0 4 .

Examine. ,

Change .440 \ to .0: F
.,

4

O

O

a

lke

.0

J

A*

a

.

4
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Solution

NO (1.8 x °C) + 32

(1.8 x 46) + 32'

= 72 + 32
A

= 104° F

Exercise:

1. -20° C

2. 48° C

3. 100° C

, -50 .0

Change °C to OF

V.

4

.r

to

OP

, . .

0

6

.5

ti
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Module No: ikauleiTitle:-'
.

. -

.

. Mathematics, for Operators,
_

,
-Submodule Title: .

, , ,.Heat and Temperature
.

.Approx. Time:
L v

.

',Topic: ,

,

,

I hair British Thermal Units (BTU' )'

. .

.

, ,

.

. ,

_Objectives:Obj

'> ,

The` earner will demonstrate ,,the ability, to determine the amount of..heat (pTu)
needed to heat a specific amount (Lbs.) of water..

. ,

.
.

.. .

.

,
t

-

.

'..

. ,

.

. .

..

. - ....
InstructipnarAids: ,

.
..

..
.Handout

I-
. .

.
\ .AV (overhead transparency)

.,

.
.

.

.
.

,

,

In-struc./ionai Approach:
*

Discussion ..
Demonstration

. 41.

Exercise *

....,

li.

f ...
.

.. *' .
.

r.- r
. .References:

.,.

Rhysics for'r,Career Education, Ewer, Nelson, Schurter, McFadden, Prentice Harr
Inc, N. J...

wic

,

.
... .

j
.. . ,

.

.

Class Assignments; .

1
. ...i ,

.
.Give 6 exercise problems to be solved.'

;
i

,

.

.

.
,.

, .
.

.

..
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Topic:

BTU's

I Page 1L7 of>172.

Instructor 6tes: Instructor Outlne:

. Handout

Emphasis 'DT

DT being,the change in
temperature in of

1 Define BTU

2. Discuss/demqnstrate 'how one calculates the
amount of heat (BTU's) needed to heat -a
specific weight (Lbs.) of water to a
required temperature.

The +ormula to use is

BTU = DT ktieight of watdr

BTU = British Thermal Unit

DT = The change in-temperature in °,F

Weight of water = Weight of water iti Lbs.

3. Give 4 exercise problems.

.4

er
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BTU's

J The definition of B1111 (British Thermal Units) is that it is a measure of
0

heataenergy)and that if a person heats alb. of water and rsaisesNitihe
temp' rature F, the energy needed is 1 BTU.

Formula

The formula to Use to calculate the BTU's required to heat water or kludge
..

etc. is:
e te.

BTU = DT x weight in water
r

BTU = BritishThermal Units

DT = Change in temperature in °F

Weight 9f waer = Wei ght of water in 'lbs

Example

How many BTU's 'is needed to heat 40 lbs. of water if the water temperature
is 40. °F -arid it is needed at 125° F.

P'

Solution,

BTU = DT x Wt. of dater

DT = Needed item . - Starting ,temp.

= 12S° F - 40

= -85° F'

Therefore:

BTU = 85°' F x 40 lbs.

= 3400 BTU's

Exercise, f
40 44 . . , .

, .
1. How many BTU's is necessary to heat.the temperature of 600 lbs. of, water
... ,.60 -degrees., (Fahrenhei t degrees). .

Water.. supplied frob the main is 52° F and the prOtess needs 140° F water
temperatUre. How many BTU's is needed if-the volume of water used
'weighs ,650 lbs. -
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A tank has a vonme of 128000 gallons. If ,the tank lost a total of-
2° F how:many BTU's is needed to restore the original temperature.

. A cylindrical tank has thd dimensions'of 30 ft. diameter and 12 ft.
height. It.is filled with water that has a temperature of 56° F.
H 'many BTU's are needed to raise the temperature to 130° F. .

,,.

. e

4,4'0

a

.

4,1afr4 .

4

4

-

0

o

o

4i

4 r

a

z

a

o

N

IN

4
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Module NO : .
,,

Module Title:

Mathematics for Operators .

Submodule Title:

Heat and Temperature .
I .

=',-,-

,

Approi. Time:
.

ti. 1

1 hour .. 1

' Topic:: ,
, s .Calories

.: 7
' .

. ,"

. IObjectives?
.

The learner will demonstrate the ability to determine the amount of .heat
(calories) needed to heat a specific amount (Lbs.) of -water -

. .

. . .
4 :

.
.

..' 1,
-- ,

.-

Instr.ucticonal Aids:

Handout

AV (overhead ,transparency)

..

. ,,....

- ,
. .

, _
.

..

. - ,
. .

,
. ..

-. ,
. ,.., ...

, .

Instructional Approach':' .

.
Discussion . /

..
1

.

Demthistration . . ..
Exercise

,

. . . . .:
. ,..

References: . 1'
.iv . ... .

Physics for Career tdulcatron, twer, Nelson,. Schurter, M Fadden, Prentice Hall.
.Inc. N...J.

S. ,
,

.
.

.... . -,
.Clais Assignments: .

Give 6 exerciseproblems 'be solved:
v

. r -. . . \. . .. ,

,
.

.
.

. i . ..7.1

.

.

1,..
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Topic:

Calories

i instructor Outline:

Handout

Emphasis QT

DT being the change in

temperature in 0C.

J

°a.

te"

o f

4'
1. Define calories

At

DiscusspemonstrAte how one calculates
the amount of heat (calories) needed -.

heat 'a specific weight (Lbs.) of water
to required temperature.. The formula
to se is:

alories =.DT X Weight of water

Calories The amount of heat.

DT = The change in temperature in 0C.

Weight of water = Weight-of water in grams

3. Give 4 exercise problems.

74

.

1
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Calories

The definition of calories (a measure of heat) is that the. eneray \ f hZ
needed to raise the 'temperature of 1 gram 1° C. \
Formula ,.

.

Calories = x Wt. of water

DT = The change, in temperature in degrees celcius

Wt. of water = Weight ofwatii- in grams

Exa4le

The temperature of.a 30 gram weight of water is raised 30 degrees. What i
the amount of calories needed?,

Solution

Calbries = C5-1 x ,Wt. -of wOfer.

Exercise

= 30 x 30

= 900

,

;i

L. The'starting temperatUre
-
of vaier is' 10° C., The water ter i. needed is

80°C. If the -weight of the water is ino grams, wh'i't is the calories
needed? , .

2. In Problem 1, if the ,weight of the water is 1000 kilograms what is the
Calories needed. , s.. .

,3. A water tank has the'dimensions of '30 meters x 30 meters x'15 meters.
7 .,

, .

The t mperature of the water is raised 20 delcius'ilegges. .How many
ca i es di d the water absorb. Exclude any heat 1 oss.

. ,

I
if"

A water temperature was changed from. 54° C - 64° C. If 6'27000 colonies
were used what was the weight of thp water (assume the water absorbe'd
all the heat). ;

t..
75' ti

lr.7.°-
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Module No: ,Module Title:.

Mathematics for Operators

Sybm Jule jitle
Approx. Time: .Hea nd Temperature

1 hour EVALUATION
.

Objectives : .
The learner will ,demOnstrate the ability to determine correctly the answers. o
8 out of 19 problems related,tp:

.0*
1. Conversion of,°F. to. °C
2. -Conversion of °C to °F
3. ,Theamount of heat needed to heat a specific volume of water either in BTU's

or calories.

Change 20° C to F,'

a. 43.11° F
f

b. 36° F

c. 68° F

d. 42.4° F

. Change 210.29 F

aa99

b. 114.8° C

c., 320.76° C

d. 2,8° C.

3. !Change -12° C to

a. 11.1

'b. 10.4° F'

c. 3 6 ° F -

d. 4° F

to

0

oC

F

76

I

. 6.

17,

/-



,

t

4R

A

1

4. Change 497F to1ft

a. .55° C '4

b. 200° C ,0

. H.
.c. 50. C .

.
t ,

d. 28.0 C :

5. Change 72° PltoP C
' i

.

a. 20Q:q

b. 60.00'
,

c. 57.77° G,

Cd- 22.22- C -

4

6. Calculate the cal ies needed to raise the- temperature of 280 grams of
water- from 20° C to 36° C.

4 a. 10080 cahories

b. 4480 calbrtesr
ft

c. 15680 calor?

-

,

Page 74 of 172

:

d. .5660 calories

1,

7. The water temperature is c anged from 5.4° P to 160° F. If 627,200 BTU's
was used,'Nhat is be weig t of the water"? Assume the water absorbed' a }1
the heat.

)

,a. '66483200f.14s.

b. 11614.81 lbs.

'3920.00 lbs.

d. j591-698 lbs.

.

f
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3200 gallbris of raw sludge with a temperature of 16° C is, pumped to a
digester. How many BTU'stre needed to-raisethe temperature of the

./ 0sludge to 98° F (1 4allan .of 'sludge .= 8.34 lbs, YN , J.-;. ....
a. 1190400 BTU's

o. -.
.--;

b.. 1921536. BTU's -, .. ..

c. 992793.6 BTU's 'V ..
)

..i
d. 2188416.0 'BTU's -'

..
'I 9. How many BTU' k is los-to i f. 3-20, lbs. of Ater changllemperature from

120° F. to 90' F. - . -i i.

. 38400 BTU's

9600 BTt.Ps.

c. 28800 BTU's

d. \500 BTU's

10. What the minimum BTU/Day needed to maintain the temperature of sludge
at '98 F in a digester (full) with the dimensions of 25 ft.radius, 20 ft.
height. The'sludge loses 21fahrenheit degrees/hour. 1 Cu.' ft. of sludge

-wei`ghs 4.2 lbs.

'a. 121 BTU's

on BTU's

c. 1.9 mill' n BTU's

d. 30.2 million BTU's

,

6
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+lodule

.Evaluation

-Instructor Notes.: InstruCior Out lithe:

1. Handout

Answers,

1. .c

2. a c.

b

4. 43

5. d
k.

6. b
.

7. d

8. c

9. b

10. a':

Pt

et

A

,%

1., Give 10 evaluation problems.

79

0.

z

a

016

6
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Page 722. of 172
Module Ito:

.
.

,-)

74pdule. -title: .

Athemati\cs,' for Oper:itors

_
Submodule Title: 3 .. .t..k.
erri c Systems. .

. ... ..
.4-

1 Approx. Time:/
.1..

, .

k hour

.To c: .

Nomen latures ,
,

4 )

Objectives: __, .
\ - '4.

,

THe learner will demonstrate the .ability, to correctly identify multiples and, '
prefixes' in the metric system. . .,

01 _
.

...

.
,' ) ) .

'". i
. .

.....)
. I*

. ;I . 4

a if
. .

r
A

.
,

:

.
.

InctructionaVAids: ' . !.
.Handout . .

,AV.(overhead transparency) ...
....,..

.r
,-. .

.
-

, \. ..
,,.. .

....
. .- .Instructional Approach:, '

. . . .Discussion .
Demonstration
Exercise . . .

.

, .
,..Referehces , . . ,4 ,..

,kr* ., ,.....--r

Physics for Cafeer- Education, Ewer, gels Schurter, McFadden, Pre- ti ce Hill.Inc.,4.- J. -. -,
. -) ,

\
. .. " . .

0, v.
0

.
4001...."

0 %... .
0

,

.

.Class Assignmonts-:
. ,-

.
v

.
1:Giveh '10 exercise problems to be solved.

4%

%

.
. . ,

o
,. 0,

.11W.- -
.

.
.



'Module Ho:

Instructor motes:

.- Handout

Topic:

Nomeritij ature
,

.44,;

1.

Page 7§.._ of 172

(.1

Instructor Outline':

1. Defi-neHmetric systems.

2. Discussfilemonstrate the prefixes, symbols
and multiplicatiort factors. in the metric.
system.

3. Give 1Q exercise problem where the learner-
will practice to.detch symbols,, prefixes
and multiplication factoj's.

- ,

4

4

\,
o

4
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: .

_.: , . I
N, , /

. -,.

To be abfe to use. metric systems one should be able to identify the prefixes.
It is importantto remember that metric'systems are obtained by multiplying
the basic unit of (one) with multiples of ten. , I).

,MULTIPLES -AND PREFIXES SYMBOLS'

Multiplicatiot) Factors

.1,000,000,000,000 = 1012

,1,000,000,000 = 109

1, 00 0 , 00 0 =

1,000 = £03

100 = 102 1,

-10 -4/ 10

1,

0.01 = 10-2

0.001 = 10 -3

0.000 ,001 = 10-6
4

0.000,000,001 = 10 -9

0.006,000 ,000,0011P.

Exercise i

Indicate the prefix- of

1. 1-0)

2. 1.0-3.

3. 1172

4. 101

5. 10-3

6. 1000 ,

.

Prefix

Tera.

Giga

,

Mega

KILO '

Hecto

tADeka
.

(Basic Unit)

,pcf
Deci

CENTI
a

MILLI

MICRO

. Nano

Pico

is

N



7. K. Ill .

8. MICRO'

9. MILA -v% ;
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'49

Moth) le flo:". ..,i ,!,
i

-
.

, I

. .Module Title:
. .

.
, <,

Mathematics for Operators, , . .

Submodule Til'e:'. .

4 . .
! Metric Systems / .

.

1
ApRox". Time:, J

:), i

h. hour'

Topic: . . "
,,

..

.

Linear Measurements .
, .

. .

.

.Objectives: , .
, .

The ilearneri;wi 11 demonstrate the abillty to convert -to the main metric unit...
(metpr) measurement

1!- .) iii

a. Micrometer
b Pi 1 1 imeter , , ,.,

. ;Centimeer . . ,
. 4)(i lometer . . .

- .
14

-, .. .
. .

1111
.

.

.Inst uetional .Ajds: - .

4, . .

1
-'Hand ut

-\
4

AV ( verhead Transparancy) . ..
- . .

,x
.

,-

(
.

.

Ins t fictionaol .Approach: . . .
. . .

.,Disc ssion ' . .
Demo straii op . .

,Exer ise
4

;',-

,. , ., , -., . . . .

.

References: , - 1..
,...

Physics, for Career Education, Ewer, Nelson, Schu, tei., McFadden,. HallInc. N. J.
,. .

. .., ', I-
s '-' '..- -

.
, . .. ., .

. .
.

.

.

..

9

...

,.

1

.
, .

Class Assignments: .. '
i1 '
i

G,j,veVIO exercise: prdblems to be solved. , . IP

.
. .-. ,,,' 1

1
,. .

,-a
,

,.. .- - .

.

.

.
e
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Ins ru c to o t es :

.

Handouli--

t.

'T

4
Topic:

Linear Measurement

Instructor Outline:

ci

;

4.4

I
4Define the basic unit-of.thelmetric .

measurement system as the meter.

2. D;iscusVdemonstrate how one converts.
several linear metric measurement units to
the base unit the meter.

The units to change are:

41.

I

a. 'Micrometer
b. Millimeter
c. Crtimeter,
d: Kilometer

$

Gtve 10 exercise problems..

7

a. N.,.
t

t

,
f

t..
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e n metric unit for,. linear measurement (distance) is the Meter. -

ftr.

The meter has.a spi7o0 ortm) and since it is theI3AS3C UNIT if has a value...
of- ones (1). # -.

Let- us review the most frequently tted multiples, prefixes and.s'ymbols.

'1600 = .KILO = k

1 = Basic Unit m for,linear ftasurement

0.01, = CENTI= c,
. ,

.0.001 = MILLI = m

,

In dealing with linear measurements one 41'nm-remember two items:

1. The prefix and .

2., The basi4 unit

Eiample

.1.

KILO ME RE
L.; , 9 4.01011"

.

a

REMEMBER that in metrics ALL VALCES of_linear measurement have to-ea with
the basic unit the 'meter.\ .

'
.

- , , ,

The more common meiric, linear measurements that water
operators -use are: .

. 1

\:-1. Micrometer ( m) has a value of 1,000,0000.0' A meter

2.- Millimeter (Inn) h4s a value of 1000th 'cif ,a Meter' '`' .

\ ,

. \
3. `Centimeter (cm) has a Valuelf 100th of a meter

\*' e e

'4. Kilometer (km) has a value 'of 1000 meter

:.
i ,

, Example \\-\ .

and wastewater plant

,

onvert. mater to millimeter.

Solution 1i.
Since 1 milltmeter = 1/1000, of a .meter

.

Then 1 meter = 1000 millimete:x:s

-

.1.



e.

Example.

Change, 16 cm to meter

Solution

1 cm = 1/100 of a meter

,'Therefore

16, c = 16/106 meters .= 0.16 meters

-
Exercise

.r

Convert

1. 0.25 mm to meters

2. 6 -3q5 meters to km

'3: 428 cm: to 'meters'

4. 67 meters. tp:mm

3 cm 'to micrometer (4.m)

a.

..a

ti

9. 0.5.'em to meters

)
.10. . A sealing tank has "a length of 10 'mete

a meter aCross the width from the- end..

away prop the end. ,
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Module 11o:

.

.

....
.nodule Ti tie: .

,

.

. '. ,

MathemOics for Operators ' 4
.

Submodule Title: . .
.

.

.
1143,,trieSystem

I-A pprox. Time:
.,. ,.

;--!..
Ige.&tiA.14r, :

' . ..Topic: .
. . .

f Volumes ef. * .

Objectives: } 1
.-.

.... _

The ;learner will demonstrpte the, ability to-coniert to the main metric unit:-
measurement (1i -ter). -- 1`i

AO ,

.

a. Microliter .
/

,
'°

.b. MilliNter , ,
..c. Cubi c centimo4ter

-
,,-

. :
,

. . .
0. .

. ... . ,

....- '' .11cInstructional Air_ , ,- .., . ,
N.,

.Handout -.`' i .

...AV (overhea&transparancy). . ,
.

.. ...

.
. ._, * . .

. 'I: .. .

3 . ilv 0
.

..0
. .Instructional. Approach:

- .

Discussion
,

.

DemonStrat.ion
Exercise

-.

, -
- ..1

.

References:- , -. -
. ,

4

-Physics for Career Education,i Ewer, ifelson,, Schurter, McFadden, Prentice Hall:
inc. N. -0. a At 1P : ......, .*

..
.7.

. ...... . .- ,

. .,:,,, is'
e

.

No
, . 4

IClass 'AsSignments: ,-, _ ... . l
Given 10 e:Ief61 se, problems,' to sblVed, ,

.
.;..4, . .

.
. , ..- - .. .

. .
e. -

. 00 ,--. 4
-
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Module WO: Topic:

Vol Lines

Instructor i;otes : instructor Outline:

1. Handout:

b

II .

1. Define the base unit value of ,the metric
.system (1 i ter) .

2. Discuss/demonstrate how one Converts .

meric volume' measu4ement units to
the- base unit (the li ter)

The units to change are: -

Microliter
b. Mi,lli ter
c. Cubic centimeter

3. Giye 10 exercise problems.

4

.89

1.1

.-r-

!
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.. (.. , i' ,
Pie mein metric unit. f r volume,,Lliquid), measurement is the:liter:.

)
t

the literhas a symbol o (1) ,and since it 'is the BASIC UNIT it has,a value
Yof oni,-(1). .,' .

7, X

4 Let us, rev-few the most freque tly used multiples; prefixes and symbols..
1

1 = Basic Unit = 1 for voiles ..

0.001,= MILLI = m" i
i , ...I.

.

\....0*
0:1300001 = MICRO' = -4.

'Many a time one comes across linear measurement units expressing volumes.
.

Ex. Cubic centimeters, cubic metes indicating volume.-. i .. A .
In metrics a volume,,i of water of (1) milliliter occupies also a value of
1 cubic 'centimeter. So one can see thi possibilities of different values
used depending on *tIl.)e process and numb.ers... . ..

.
. 4

Exam 7(

Large'Volume.ss eitf,twit iAre recorded iri cubic meters (m3) rater than "Heater's.

i ..

1000 liters =1 m3 1, .

4
1 m3 = 1,000:gdo (c3).

. .
?

it
Small volumes' A weer 4ameasured in,-liters (1) .or mi lli tei's till )

14"

.1

= WOO ml ar
And extremely. small volumes of water are measured in micr9liters (ml)

1 ml = 1Q00 (ml&

'
or 1 ml = 1 /100Q. of a ml

. Example

Convert 5 liters to .mi I liters

Solution \,

Since 1 11-ter.= 1,000 ml

`:Then 5 'liters = 500 0 ml

! si

,
444444- 4.444

0
(t:

4
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Exercit
4.1

Converi;

4 4

1. 10 I i te rs to ml .

,1

2x 1000 ml, to liters

3. 50Q mi to liters
SP,

' i A
%

4. 2 m1 to microliters- (ml)

. , . 5: 80;000 ml to .(l)'

6. 50 ,ml to (cm") 0.

7. 100-m3 t o 1i to

8. 70,000 litersliters to m3-
4P

,
`4_

9. '60 ml7t9 lttrs
4

. i
10. 'A fettlIng,tank has the dimensiont.of 10 meters by,p m ers by 8 meters

41...
) ...-- .., 3

a. How-many (m ) of water does it hold and , ik,4, .

b. ''How rnatijje liters doe§ it hold.
'4

. .

.

4 ,

A.

,

.

1 .
:,

91- f3s4t.
i.
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/7-

Module bo:

Approx. Time:
z.

1/2 hour,:

Module Title:

Mathematics for Operators
NJ.

SubModuleTitlei

/ Metric System
6
Topic:

j
Mass (weight)

Objectives:
1 f

.
.

The learner will; demonstrate the abiltiy to convert, td the main metric unit
. _rmeas4rement (gram), , -7 .

At,/
ac_ Milligram /

.

b. -Kilogram
/

43

Ale A.
....

instructional Aids:

Handout

AV (overhead traniparancy) , e

Instructional Approach:

,Discussion..

Demonstration
Exercise

References:

.Nlysics:for Career Educatie;.twer,Tlelson
1pc. N. J.. .

4: 0

.

I

t

il

*.0
1

A

+.1

. 5

r)

Schuster, McFadden; Prentice Hal)
.ta

tk
rs;

ClasAsslgnn nts:

Given 10 exe cise
4
prOblems;to be solved.r.

- ti ,

2
5,
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Module No:
,

Topic;

Mass (weight)

Instructor NOtes: Instr.uctor Dutline:

1. Handout

0

9

sts

1. Define MASS as the "amountfof matter" in
an object or a speciffo-vdtume measured
in grams or kildgrams.

2. Define the- base .unit mass (weight) of the
metric sys-tem (the grab).

3. Discuss/demonstrate how one- converts- etric
weights to the base unit (the gr

2 -

The unit44to change are:

S

4

4

a. Milligram.
b. Kilogram

_Give 10 'exercise problems;
.

1



':

a

The main metric unit or mass (weight) is the gram.

Page 91 of 172

Tfie gram has symbol of (g) and since it is tho Basic Unit it has a value
..of .one (1).

ks,/
The- most 4rectuently used -metrirunits to express weighty are

.se

'a. Kilograw (kg) = has 'a value of 1000 grams

b. Gram (g) - the basis metric ,unit/of weight

c. Milligram (mg) - has a value of 1/1000th of a gram

d. Microgram (Mg) - has a value of 1/1,000,000 of a gram

,Exampfe

Con'vert 10 grams to mi 1 N gra*

Solution

1 mg = 1/1000 of a gram

Therefore 1. gram = 1000 mg.

10 grams - 10,000 mg

Exercise

Convert's

1. 250 mg to grams

j2.. 6,8 kilograms-to grams t
3. 4956 grams to kilogram

a.

4.' '23.5 grams ,to mi 11 i grams._

5: 0.2 'mg to grains

3

e

4 .

4

I

In metrics-theT is also a correlation to .volume 'and'-mass of pure water.
. 4'

1 milliliter of pture<Water weighs, 1 gram
\ 4 .-1

Example
ilasa

How-many grams does' 500 JO' of water weigh?

.r

4'14.
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Sol uti on

1 ml 1 gram

500b1 = ?

500 x 1 = 500 grams

C.Exercise .

.

, t
..,.

. ,..,
1 ',.. . t : .

1. A filter, paper weighs 0.002 grams. it8w man; mg does this represent?
. . t 1

.
. 2. How muchAoes 8.34 cubic centimeters' of pure at6r weigh?

.3. How many grths, of chlorine is added
m e a 60 mg/1 coiii;entration'.

4.
. .

Convert* 60, kg tymg

5. Convert 0.0005 g to mg

/

.rte

4 *

::95

. ,

0,000 liters of pure water to

_/

7--

I

(

J.,

N
a

t.
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Page 93 Qf.1724
. , .Module Flo: . Module Title:

.: ., , ). 1 4'
.

. t:*''' kathemati6s for Operators--t , 4 ..
Submodule Title: ... ---,

.,,, I
- ,-, Metric Sy$tems. _IAPprox. Time: ..

.1.4' Topic: , 0 ,

1 hour ] ConVe'rsiori
,4 -,

.
.

Objectives;
.. .

.
The l'earner will 'de:monstrate.th ability to c1nvert . a -

.-. .

ti"- .
1. Metric valuesr-to English values. ,

.

2. Eng Usti 4alues .to metric values.. . 4
.

44,
1 *o

0 '
.

/
4 .,r

0 .
s

- .
4..0 , .

6 a t

1 ns trudf-Tona I Aids: . 4..
. ,*N. ..Handout .. ,1 .

4
2 ,, .AV (overhead transprancy)

.

:

1 - ,.!
,

' d .

.
r

. ,,1 1. 1' .. ,
.

Instructional Approach:
:

,

.
,..

..?, ...
- s!

Discus,sion
-- 2 ,

IFDemonstration C- . ':

Exercise 4
t .. -.

i -: 1. .,
. ..References;

-
....- !

.

,I

. .

allE'hysi'ts for Career Educatibil, Ewer, Nqlson:,'Schurter, tic-Padden , Preni,'..
Inc. N. J. : _

.. °- .
).. .

.
,0 - . -,,,,,

. -
- 4

, -" , , -- .
t

- ,
Class Assignments: ,

Given 10 exercise problems to e Sdlv6d.
4

4 91;I gt

4v,



Topic:

Conversion

5;.

`

doe.

/
ir

'2

I
7

,

)

Module Ho:

Instructor'liotes:

2:

Handout

r

0.

a; Refer to. llodule No.t

Submodule Weight
(pounds)

Topic Conversion

b... Refer to Module

Submodule
Rate

r

Topic conversion

Instructor Outline:

Note: Il.is highly recommended that this type
of conversion be not encouraged.

Discuss/demonstrate how one converts:

a. Gallons to-9iters Using the formua:

Liters = Gallons x 3.75

b." Liters tolgallons using tile formula:

d.

r
Gallons = Liters

3.75

Lbs. to Kilograms using the' formul

Kg = lbs,
2.204

Kilograis to lbs. using the'formula:

Lbs. = Kg. x-2.204

2. Discuss/demonstrate how one-converts
concentration (mg/1) .to kilograms if the
volume of water is measured in million
gallon (MG) using the formula:

Kg =, Mg/1 x Q

= Ki 1 ogiam

'.Mg/1-= Concentration in Mg/i

sQ = Flow rate or voiume in million gallons
(MG or MGD). . -

k.

9 7

S5
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Th =converipn''of English units to metrics or metric units to English can be
attained by using conversibp factors. The simplest to use are:

1 inch = 2,44. cm'
1 gallon = 3.7,5 liters
2.204 pounds = 1 kg.

Example

Convert 15 lbs. to'kg.

Solution

2.204 lb. = 1 kg.

15 lbs. = X :kg,

15 lbs. x Hg

e

6.81 kg-
2:20A Tbs. ,e

,

A Special interestto water and wastewater plant operators is the cOnversibn-
of lbs/day to kg/day. -

J
.. ,,..- k

Example
/ : 4

Calculate the kg/day of solids if the flow of-water is 135,000.gallons and,t e

solid concentration'is 30 mg/1;

Solution

lbs./day = mg/1 x 8.34 x Q-
.

= 30:x 8.34 x .135

= 33.777 lbs./day

Since 2.204 lbs. ;-= l'kg

Then

33.777
2.204- *- 151 33 (giclaY

'Another method of ,converting concentration
day is tbuse the formula

kg/d4y = mg/1 x 3.78 x Q

98..

.4

(mgil) to kg/day.using Q gallons/.
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A _

If the flow is recordedin cubi c (m
3/day

in converting concentration to kg/day is

kg /day = conc. (mg/1) x Q .m3/day) x 0.001:.
'BxamPle .

The iformule to use

The flek to a treatment plant is 60,000 m3/day and the concentration of BOD
is 188 mg/l. What is the kg/day of BOD?

Solution /.
'kg/day = Lone. x'Q x .001

188 x 69,000 x .001

= 11280 kg7day

Exercise

1: Convert,165,000.gallons to liters.

2. Convert 155,000 .gallons to cubit meters

3. Convert'4 feet to meters.

4. Convert. 385 lbs. to kilograms

5. Convert 56,0003'mg to lbs.
,

6. How many Cubic Meters of _water does a
hold?

14 inch water main 20 feet long

, The'BQD concentration of a wastewater flow 22 mg/1. The. flow is
1$8;090 gallons/day. Calculate the kg /day of BOO in the wastewater.

Sow many kg

You need to
0..008 grams
for a day.

°

is a 150 lb, cyltnder- of chlorine.

feed sodi um flouride (Na .F), into yoUr water at/-a rate of
per sec9nd for 24 'hours. How 'limy lbs. of Na F is needed

,

i

How' many kg /day of chlorine -is .use:d-if 'the flow is?0,.2 MGD and the 'dose.concentration is 8-.2

.

9

1

Z
I
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Mbdule No:

Approx. Time:

1* hour

Module Title:

Mathemati c or Operators,

Submodule Tit

Metric Systems

'EVALUATION
r

ObjectIves: 4.' . .
Q.

, The learner will demonstrate the ability' to determine Correctly the answers to8 out of 10 problems related to metric systems.
4

r

1. Measurements .
2. ,Volumes
3. Mass ,
4. - Conversion , .

. 4.-

1

. .

1. Convert 6000 meters to kilometers

a. .6

b.. 6

c.. 600

d. ;60

2 . Convert 5 liters to mi I/liters

50

b. .5
0

C. 5000,

d."-, 500

3. Convert 26 grams to mg

a. 26000

b. .26

c. .026

d. 0026

1

N

;,

o



'

F

0

4.

C 1,

%."

.,4`

'Convert 0,0156 grams pe): litir to mg/1

'a.. 156 mgn

b. 1.56 mg/1

c. 15.6, mg/1

d. I .00156 ing/i

41

A

7.

Page- '98' .,of 172

5. *A flow to a treatment glantof 160,000 m../day contains 40 mg/1 Of
'calcium. How many kg /day of calcium-does the flow contain?

a. 6.4

b. 6400

c. 53.4

d. 640

.

1

6. The volume of waste*ater measured is' 289,000 gallons/clay. The chlorine.
applied to the flow is at a, dose of 12-.2 mg/l. How many kg of C12 is
used? \, .

41%

a. 13222 kg
4 ;-!'

b. 29.4 kg,

. c. 13.3 kg

4. 2.94. kg.
,.. -.

7. The dimensions of a tank is ,20 meters by 12 meters x -3 meters; It
is the volume of water, it cOhtains2

a. 7.2 m3

b. 4320 m3

c. 72000 m3

d. 720 m3

8. Y.oui4 laboratory requires a minimum of 6 lifters of.iample. HOW many
gallOns. does this represent?

a: .6000

15. 1.6

c. .16

s
16, 01 O
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9. Convert 2.2 MGD to m3/day

a.' 825 m3/day

b. 8250 m3 /day

c. 82500 m3/day

d. 2220 m3/day

1

s.

10. Conveft the cost of a i58 A lbs chlorine purchased for $70.00 to .611ars,...,
per kg.

.

a. 0.47 $/kg -

b. *1.03t$/kg,

c. .103 $/kg

$/kg

. 4

c

ro

6.

s..

..A
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Modu)e No:.

Instructor NoteS'

Evaluation

Page __ND Qf _17.2

instructor Outljpe

1. Handout '

Answers

, 1. b

c 2.

3. a

4.

5. b

6.

7.. d

8. b

9. b

10. b

S

1. Give 10 evaluation problems.

103

t.

t.

(
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Module No:

Approx. Time:
4

3 hoiiit

Module Title:

Submodule Title:
,

Hy aulic Loading

Ob3ectiyes:

Topic:

Hydraulic Loading
ve: N.

The -learner will demonstrate the ability to .calculate correctly the hydraulic
loading of a plant or unit process.

1. Hydraulic loading/surface settling rate
2. Weir overflow rate

o

Instructional Aids:

Handout
AV (overhead transparency).

Instructional 'Approach:

Discussion
Demonstration
Exercise

I
References:

,

Workbook; Basic Maaematics and Was, eweter,, Processing Calculations, N. Y. Dept.
of 'Env. Consefvqtion.

/
.

. . ,,,
.

Study Aid Workbook, Mathematics for. Wastewater Treatment Plant Opei'ators,
California Water Pollution' Ccd.ntrol Association.

Class Assignments:

1. Read bandOuT
Given 10 exer'''o a problems to be solved.

11 0,4 . e
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Module No:

=

Topic:

Hydraulic Loading

4 Page 102. of 172

Instructor Dotes: c -Instructor .butl ine:
s-

a

1. Give handout

Uni ts-

Gallons per day per unit
urface area .

Q = Gallons per day

Surface area depends on 'the
unit process

Dependivg On *the )nif process
HL has a value of:

1 Filters

a.( GPO/fta

b. GPO /acre

o. GPM/ft2'

. Cl.ari fi ers

L Dift2)

b. GPO/acre

Trickling fi 1

a. ci,GP 0 /ft2

GP DACr,*-'.

c. MGAD

j

1. Discuss and demonstrate how o ne ca.lcui ates
the hydrauli c loading using the formula:

HL = Q

HL = Hydraul it loading
a

Q = ow rate

SA = Surface area

I r

o

Scondary clarifiers.
. it,r 1,

-a a. GP ti/ft2

. b. GP.D/acre

'-

, i

.0

r

4
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Module `No: Topic:

Hydraulic Loading

Instructpr Notes: 1 instructor Outli e: 6

yr

A. ,pPD/ft2

,6. , Waste -stabili zati on ponds,

a. GPD/acre

b. MGAD

`Rotating
biological filters

The unit values 'are,:

WOR = GPD/ft.

GPD

WL .= Oft.

-1

2. Discuss and d
the weiP over

WOR= Weir 69

G

Q = Flow rate

WL =- Weir len

.1

0

.t

monstraterbow one calculat s
low rate using the formilla

rf64 rate

th

N.

4.

,

ti
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Module NO: Topi c:

fly6auli c -Loading

Instructor Notes :' : Instructor

Indi cate the di fferent types

and .shape's of weirs
o I

4

3.. Gi ve -exercise problems.

0

0,
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The hydraulic loading of.a treatmgt unit is defined e amount
applied to a specific. surface area.

. :

'..IT-:-IS'ALSO KNOWN AS,THE SURFACE SETTLING RATE:

That-is -if
'

'one adds
v .

5
.
gallons'of water on 1.square foot; they the

. hydraulic leading fs.5.gall/ft2 -

; ,/ .

TheOrpula to-use is
,-,

. v

; .. ,

HL T-. Q ,....
.

HL =Ftycii-ai,licloading.
.- n'

Q = Flow rate

SA ..Surface area,

Example .

1. : .
.

..
.

.

What is the hydraulic loading of a claritie'r if the flocis 600;000 gallons
per dotandithe surface area is 6-00 sq.. ft. , ,

N.
.z

.1.

S)b/2\lation

600;000
600

= 6000 dPD/ft2
. ,

.

This means that 6000 gallons of water per day is applied to one square
v
ft.,

I

a

I

i

.1

Hydraulic loading is used in many ditfferent operational units b operators.
It is'maihly a design'factor that one attempts' to maintain s as to get
good .operation.

The.'Units,that HL is used in are ,

. .,

a. Filters suckas_sand filters, pressure filters, .carbon.filte'rs, and
./ filters thing the upflow design. Rydraulic loading in -filtershas

..,
a val0e-,of . .`-'

1. 6PM/ft2"
,$

.

.

e.

2. GP0ift2 - t-,

. ,.

.

2; GPD/Atre



tr-

,
2. Calculate the hydraulic loading of a lagoon with an area of 9 acres and

a ;flow of 0.6 MGD, .Ans. in MGAD;

J

$ °

I,,ti. Page 106 of 172
c

...i' ., ,1

. CJ arikfiers/Settjing Basis/Seditientati on -units. Hydraulic loading values
,are;reported in .

, -
k, - .-

-.:1, : 4PD/ftg. -------L

2.. GPD /acre

c. 'Trickling filters/Rotating biological filters/ Waste Stabilization:'Ponds/
Polishing lagoons. Hydraulic loading valdes are reported in -

, ,
/ 4 .,

i1: GPD/ft2

2. GPD/acre

3. 1GAD::-

E VALUES OF Q (FLOW RATE) ANDSAISURFACE AREA) DEPEND ON THE \mix -OF
HYDRAULI&LOADING. .
Example

The value of HL is .GPD/ft2,/then Q = GPOiand SA = ft2
4

A

Exam0e,

The value of HL is GPM/ft2; then Q-4.---GPM and SA =

.Exercise .1

;1. A' settling basin has a surface area of 385 sq.=tft. The flow to thevbasin
is 24 MGD. _What is the_ hydrauli a%loading GPD/ft2

1

4

('Calculate the hydrdulic loading' of a primary clarifier 50 x 20 if thb
is flow is 1.3MGD. Ans. in GPDft2y

- 9A-

: -Calculate the surface settling rate of a clarifier 25°.ft. in radius and
a flow of 2 cubic feet/sec. GPD ft2

Calculate the upfow rate on. eviater treatment filtel. with a -rai us
of 12 ff. in, diameter' and flow rate of 340 GPM. An's, In GPM/ft-: -

...
-

. Asand filter 15 ft,:",x 6-ft,itceives a flow of'450 GPM. ;Calcillate the'
'hydraulo-Ic 'loading.., Ans. in GPM/ft2.4 . . -

. .

7. A trickling filter- 30 ft. radius and 6 ft. deep 'receives a fl'ow,ofc
f-155,000 GPD: ,.Calculate hydraulic loading in GPD/ft2

o..
7
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Wei r Overflow. Rate.

Weir overfl (WOR) is 'calculated by dividing the flow rate of water
by the length' 'c "the weir.

Weir overflow 'rate is also known as weirloading

IT IS IMPORTANT TO' REMEMBER THAT WEIR LENGTH IS "THE- .TOTAL LENGTH. OF WEIR
FROM WHERE WATER IS REMOVED FROM A UNIT,.

The forniula to use -IS .

WOR = Q
WE

clu%.
The usual unit. values- of;WOR is in GPD/ft.

WOR = Weir overflow ow rate

'Q = Flbw rate

WL Weir length

Example "L
_

a

f
The weir length of a circular clarifier is 157 ft. The flow

.
rate ;o theifier 117,750 GP.D. Calculate the weir overflow rate. .

WOR =.Q
PI:

= 117,750`
157

= 750 GPD/ft:'

'Exercise

A J.' A rectangular clarifier
The flow' rate is 11 GPM.
is thKough. the length-.
GPD/ft.

. A circular settling baSi
of ..123 MGD.. Calculate

-S.

40 ft. length; 20 ft. wide avid depth of 8 ft.
The direction of the flow through-the clarifier

Calculate the weir overflow rate. (Ans: in .

.
ri with a weir radius of 30' ft. 'and a flow' rate
the weir oyerflOw rate. r

O

3. A fl.occulator clariffer (See.sketch for details) receives a flow of
3 million gallons/dv: Calculate the weir 'overflow ate.

-110 ;4o
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Module : . Nodule Title:

Approx. Time:.

1 hour

Objectives:

Mathematics for Operators

Submodule Title:
Hydraulic Loading

VCLUATION

Y.

The learner ill denionstrate the ability to determine correctly the answers to
."8 out of 0 probleMs'related to hydraulic loading of a uni-t process related to
Water d wastewater technology.- .

A square settling tank. 35', x 35' x 7.5 (H) :receives a flow of 475 GPM. The
weir length is 140 :in:length. What is the hydraulic loading?

'a. 4885.7 GPD /ft2

Y. 7.5 GPD/ft2

c. 558.36 GPD/ft2

d. .13.57 GPD/ft2'

In Problem 1 what is theiweii. overflow rate?

a. 4885.7 GPD/ft.

'b. 7.5 GPD/ft.
.

c. 558,3 GPD/fi.

'd. 13.57 GPD/ft.
I,

The weir diameter of a circular clarifier. is 55 feet. The clarifier receives a
flow of 6.25 GAS, Calculate the weir overflow rate.

a. 3126.8 GPD/ft.

b. 113.7 GPD/ft.'

c. 227.4 GPD/ft..

d. 52.2 GPb/ft.

t-
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.0

In'Problem 3 what .is the surface 'settling rate?

a. 3126.5 GPDift2 .y*
b. 113.7 GPD/fta

c., 227.4 GPDift2.

d: 52.2 GPD /ft2
:

5. A-pressure filter 10 ft. in diarveter receives aflow of 300 GPM.
Calculate the hydraulic loading.

a. 3.8 GPM/ft2:

b. 1 :GPM/ft2,

c. 15 GPM /ft'

.d. 55034Mlft2

6. A lagoon- 50' wide and- long and 41deep. What is the hydraulic
loading if the flow is..5 M D.

a. 263 GPD/ft2

b. 357 GPDIft2

c. 0.75 GPO /ft2

d.: 3 GPD/ft2

A sandfilter 15 ft. x 5 ft. receives a flow of 350,000 gallons/day.-
, What is the hydraulic loading?

a. 4666.6-GPM/ft2

. 3.24 G7M/ft2

c. .15 GPM /ft
.

d. 5. GPM/ ft2/
8. A standaretricklihg filter with a radius of .38-ft.

200,000 GM), ,Calculate the,,hydraulic loading.

-v. a. 838 GPD/ft.

b, .4.44 GPD/Jt2

c. 419 GirD t2

d. 265 D/ft2

receives a flow of

3
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. A circular Clarifier has a diameter of 75 ft. Thd weir diameter is
72 ft. The flow fo'the day is 2,500,000 gallons. What is the weir
loading?

'a. 11058 GPD/ft.
,t 'e

b. 10615 GPD/ft.

c. 154 GPD/fl.

d. 3472 GPD/ft.

10. A clarifie;* 42 ft. long, .30 ft: wide -and a ft. deep receives a flow
of 1250 GPM. What is theNweir overflow 'rate if the weir length Is
30 ft.

a. 42 GPM/ft..

I 1,

b. 1429 GPM/ft.

179 GPM/ft.

'd; 44PM/ft..,

4 .

,

O

0

1 'IA

A 1

4.



.Instructor Notes:

Topic:

Hydraulic Loading

IC"

,, :

11° of.. 172

Instructor Outline:

'1: Handout.

Answers

1. c

2. a'

3. a

4. c

5. a

6. d

7.

9. a

10. a

/

*-roArz.

1. `Give 10 evaluation p'61ilems.

C

115
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Module No: 4

Approic. Time:

3 hours

Objectives:

ft

Y.

Module Title: .

Mathematics for Operators

page 113

\Submodule Titre:

`Organic Loading,

'Topic:

Solid 'Loading;

1. The learner
-
will demonstrate the ability 'to calculate the solid loading- of"
.

a unit process.

2. The learner will demonstrate the ability to cal5Ulate the pounds of BOD
loading to a unit process.

, .,

InstruttiOnal Aids:

`Handout
AV (overhead transparancy),:,

Instructional Approach: -

_Discussion
Demonstration
Exercise

4

z

ReferenFes:

Workbook ,..Basic Mathematics and Wastewater; Procesging Calculations, N. Y. Dept.
of Env. Conservation.

?Study Aid WorAook, Mathematics for WaStewater, Treatment Plant Operators,
California Waler'Pollution Cofitrol Association.

Class Assignments:

1.. Read handout
2. Given, 10 exercise problems to be solved,

1"

aim
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Instructor Notes:

. Give'handour

a. Indica,te the type 'of
' solids

1. Total solid's
Total suspended.
solids

Solid loading has a
unit value of lbs /ft.3

lbs. of solids obtained
from.mg/1 of solids x
8.34x Q '

V has a unit value of
cubic feet

'Instructor Outline:

1 , So) ids has unit vat] Je
gal lons/ft..4

,VOlu e ,of tank' has ,a Unit-
Value f cubic feet

% solids an e ither be
total solids or total
volatile

2. Indicate that this
formula is usually used.,
i n digester loading.

Organic loading has a' unit
. value of:

.

1.1A. of BOD per unit volume.

,lbs /1000 ft.1,
ltbs/ac-N-ft.
1-bs/ft.i

lbs. of BOIS is
from:

4

. Solids

I

to.

a, DiscAs and dembnstrate how one
Calculates the solids loading using
the formula.: . . ',_ (,

, . .

Solid Loading\.= aniount of solids applied
to a unit volume Q.

.

Mg/1 of solids: concentration of solids.
_

Q = flow rate

V volume of tank

Dis.duss and demettistrate how one c4lculat
the Voluke -applied to arUnit,
process using the formula:

Solids,=.volume of sludge pumped ,x
decimal %of. solids'

Diyfded by-volume of tank

3/
d f

. Discuss and demonstrate how one calculates
the BOD loading to eunit-value using the..,
formula:

,mg/1 x 8.34 x Q
V'has a,unit value of cubic

OL = lbs. of BOD .

V
.? #

OL '= Organic roidirig ;mo t of ROD
added to a volume\

lbs. of BOP.= pounds' of 866.

41
1117

V = velume, of tank
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ModullARo':

nstructor N

Indicate foi-mul a is

00 in:

1. Trickling filters
ACtivated sludges.;
Lagoons

.4. Rotating biological filteri
r--

5. Digesters

. Give exercise p
g, -

, ReVi w the exerci e problems.

I

4

I

/

1

.44-...44.

a

4

/ /

a

1 1

o

a

c,

4

I .,
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.

So3i.ds% Loading.

Solids :loading is defined as the amount of 'organic matter that is .applied to

specific vol ume. -- 4.
o

The Organic-matter can be in the form of:

a. BOO

b. COD

c. total Scikids

d. Total Suspended Solids ,

e. Total Volatile Solid\s

.

SOLIDS LOADING IS ALSO KNOWN AS '9 GANIC LOADING

The formula to use is

OL lbs.

V

I

The proces.ses where soli.ds loading is a design factor are:

OL.r= Organic Loading-.

lb. = lbs. of organic matter

V = Vol ume of tank

a.' Trickling Filters

. Activated Siudge' ,i.

. Waste Stabilization Lagoons ., .
$

. ,...
.

. Rotating Biological Filters

°
Diigesters

The unit values of solids loading 'are:.

lbs/ft ors:
. lbs/100 ft. dr

lbs/acre ft.

4 . ,119'
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Example

Calculate the sci : loiding of 13,300
a vol urne of 332 . ft...

.

Solution

'OL =

117-

= 13300
332500

0.04' lbs/cu. ft.

lbs of BOD onto' a tricking filter with

Example
.

Calculate the solids loading of 26500 lbs. of BOD into a trickling filter with
a, volume df-'332500 cu. ft. Ans. in 1000 cu. ft..

Solution

OL = lbs.
V

Since the answer has to be in 1000 cu. ft: then V hasc-to be in 1000 cu., ft.

So 332500 = 332.5/1000 cu'. ft.

01.2= 26600'
332.5 a ,

S -

= 80 lbs4./1000 cu. 'ft. ,. _...
s.

ExerExercises_e .. --7---- . . .

1; A standard rate trickling-filter with a diameter bf 55 ft. and a media
depth of 6 ft. receives a flow of .95 MGD and a BOD concentration off',125

m9/1.. Calculate the solids loading per 1000 cu. ft.
, o

2. -A digester 30 ft. in diameter 15 ft. deep receives, a volume of 5000 lbs.
of sludge'a day. Calculate the solids loading.

3. A high rate trickling filter 80 ft. 'diameter, 4 ft. media depth receives-
a flow of 1.5 MGD and a BOD concentration of 180-mg/I. Calculate the solids
loading per 1000 cu. ft.

4:. Two 'trickling filters each 100 ft. In diameter and a depth of 7;ft. The
flow applied to both is .5 MGD and the BOD concentration is 150 mg/l.
Calculate .the ,organic loading to the filte-rs. Ans. in lbs/acre -. ft /day.

120
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5. Two ttickling filters each' 50 ft. radius 'has a depth- of 6"ft: Each
filter receives a flow of .5 MGD and a 'BOD concentration of 175. mg/1.
Calculate the organic loading in .lbs/(1000 .cu. ft.

6. A digester with a diamet -r of 45 ft. in diameter and depth of 11 ft.'
receives a flow of 6000 gallons of sludge., The sludge tins a concentration
of 6% solids and the solids is 62% volatile solids.; Calculate the volatile
solids loading. _Assume 1 gallon of sludge = 8.7 lbs.

7. A two stage trickling filter process trickling-filter #1 86 ff. in
diameter and 6t ft. depth. Filter #2 75 ft. in diameter and 6 ft. depth. The ;
flow to the plant is 1.4 MGD. ,The applied BOD to filter #1 'is 260vmg/1. The
applied BOD to filter #22 95 mg/l. Calculate the organic loading on each filter.

8. A standard trickling filter 45 ft. x' 35 ft.'x 5 ft.,
th

receives a flow of
124000 gallons with .a BOD concentration of 152 mg/l. Calculate e organic

%)' loading in lbs/1000 Cu. ft..

9. In an activated sludge process the aeration basin has the dimensions of
12 ft.. x ,65- ft. x 10 .ft The flow. is 300,000 gallons per day with a BOD
concentration of 120 mg/l. Calculate the organic loading /1000 cu. ft.

10.-- In a conventional activated 'sludge pi-bcess the BOD influent is 400
The primary system 'emoves 18% of the 80D.. The- aeration basin has the
dimensions of 35 ft. x 18 ft. x 12 ft. The flow into the plant is at a -rate
of 58 GPM. Calculate the organic loading, of the aeration basin in lab/1000
:e u. ft. '7-

a"

r ^

o

4.
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Module No: . Module Title:
a

Mathematics for Operators

Approx. Tiie:

1 hour ...
. 41. EVALUAT ON-

., , ,

Objectives:

.8 out ,o -(16 problems related to solid loading of a unit process related to water,1
0

The 10, ner will demonstrate the 'ability: 4o determine correctly the answdrs to
... ..

, and Wasl,ewater technology. ",I. ,

11 'c'i I.
6..t <1; -. . . ,- - . - .

1. iffl&Rlbs: of BOD is applied to a trickling filter with a, radius. of 20 ft. and
, a rock depth of 6 ft. What is the organic loading? -*,.. . .

'a: 3'67 lbS/,1000 ft.3 - o . ... -

SubilodulerTitle;
Organic' Lo,ading IP

.

26- 115-5/1000 ft.3

c.' 148.6 l6s/1000 ft.3

d. '37.2 lbs/100, ft.3

. To a digester 25.ft. diameter and 15 ft. deep, volume.of, 400 gallons/days ;i9f.
sludge, 3% otal 41ids wi h olatile's.61111 content of 72%. COculate the .

gallons of volatile. solds,, pplied to the di ge'ster.

a. 39 lbs/1000

b.' 0.3 1bs/41000 ft.3
'q

c. 1.2 lbs/1000 ft.3

d. 4.8 lbs/1000 ft.-3
. . .

. Two trickling filters each 110 ft. diameter wi-th a Wdia dep 'h of 7 ft.. A flow
of 750,000 GPD Is split and applied to the filters. If the flow contains
120 -mg /1 bf.BC/D what ig the ,organic loading applied to each filter..

--ti,f .. 0

a, 386.6 -1b/1000 ft. 3 ,.
-.N.

>4

b. .100 lbs/1000 -ft:3

c'.- .0026 lbs/160 ft.3

d. 10.35 lbs/1000 ft.3

-122
.
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. An aeration basin with the dimensions of 35 ft. length, 18 ft. width and
8 ft.-deep receives a flow of 195,000 gallons and a BOO concentration of
285 mg/l. Calculate the organic-loading.

a: 82.1*.lbs/1000 ft.3

I? 92.0 lbs/1000 ft.3

c. .0.01 lbs/1000 ft./
d..,, 10.9 Ilbs/1000 ft.3

,

If 8600 gallons of 4%, s u is pumped per day to a digester 'with a
diameter of 40 ft. and a depth of 12 ft. Calculate the total solids
icrading per, day..

0.18 gIl1ons/1000,,St.3

`1:6 gallons/1000 ft.3-

c. 22.6 gallons/1000 ft.3
.

d.4, P.0.04 garlons/1000',-ft-.3

In a two stag7rickling filter process, trickling filter #1, 110 ft. in
'Y diameter -ate a deptii..of 4 ft. and trickling filter #2, 85 ftin diameter

and 5 ftg,/clepth receives a "flovi-of .1700 GPM. The raw BOO is'.610 mg/i.

-

If the priMry clarifier reduces the BCD by a 15% and trickling filter/
further reduces the BOO from the primary effluent by 35%, what is_the
pr;ganic ldading of truckling filter #2.

a'.40i5:24 lbs/acre-ft/day

b. 8.76 lbs/acre-ftiday

c. 242.6 lbs/acre-ft/day°
.

d. 10568 lbsLasre-ft/day
U

'A standard, ate trickling filter dimensions of 45 ft.rdiameter and a
media depth of 7 ft. receives a flow of 635,000 :gallons per day if the
B00 concentration is 121 mg/P. Calculate.the organic; loading.

'to
le a. 14.4 lbs/1000 ft.3:

3'
tr. 57.6'41bs110004ft.

:

c. ,0.016 lbi/1000 ft)
14, 14.441)bs0000 ft.3'.

410,

4( 123A.

_
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. A digester (see sketch for details") receives a volume of sludge of
2300 gallons of sludge with a 4.8%-total Olids Snd 69% yolati16-solicis
content.. Calculate the volatile solids lbading in gallons/1000 ft.

a. ,4.04 gallonse/1000 ft.3

b. 0.22 gallons/1000 ft.3

.c. 4.63 gallons/1000 ft.3

d; 18.5 gallons/1000 ft.3

a digester 301. in diameter and" 18 ft. deep a volume- of 1200 0

gallons/day of .sludge. le total 'solidcontent is 4% and volatile solids
content of 65%. Calculate the total solids Yoading-applied to.the digester.
(1 gallon of'sludge = 8.7 lbs.)

a., 32,8/lbs/1000 ft.3

b 0.031.1b's/1060 ft.3

/c: lbs/1000

d. 0mg lbs/1000":ft.3

10. ,A waste treatment plant wi.t
and-a depth of 5.5 ft.' The flow
BA Content 185 mg/1 . Calculate

s,

a. 500, lbs /acre- ft/day

50 lbs/acre-ft/day

c.b 2.8 lbs/acre-ft/day

d. 0.05 lbs/acrerft/day

8124

ri cklin9, .filtersea.6 95 ft. in. diameter
rate to the plant is 1.45 MGD and-has a
the, organic. loading to the filters.

y.

O

k
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Modul6 No:

Instructor NoIes:

1. -1-Indout

Answers

1. d

'2. c

3. do

4: b

Topic:

Solid Loading

Instructor' Outline:..

,Grive 10 evaluation proble s

o
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1.

0

c

Module Wit_

Approx.-Time;

i

1 hour

Module Title:

Mathematics for Operators

Page 123 of 172

Submodule Title:

Digester

Topic:

Digester Loading

Objectives:

The learner will demonstrate the ability to determine the loading of a digester
based" upon:

1. The total 'solid content of the sludge,

he volatile'solid content of the sludge.

J

Instructional Aids:

,Handout

AV (overhead transparancy)

Instructional Apprdach:

Discussion ,

Demonstration
Exercise.

Refereric6s; , ,

Workbook, Basic Mathematics and Wastewater, Processing Calculations,'N. Y. Dept.
of Env. Conservation

Study AictWorktfook, MatheMatics Wastdwater Treatment Plant Werators,
California44ter Pollution. Control Association ,

016

_

Class Assignments: ' .
,

,

GOen.10 exercise problems to be solved.. 1:''''''

0 t
3 .1. '-'411t L

a ' ,

126
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Topic:

Digester Loading

Module Ho:

1ntructor Dotes:

1. Handout

3. The %.Totas1 Solids
concentration is obtained
from laboratory tests.

5. 'The % Volatile Solids.
:concentration is obtained.
from laboratory. tests.

5.

a 11

- Instructor Outline:.

Discuss /demonstrate how me eai culates the
volume of "sludge pumped .5' a d gester using

a. Piston_Pu4

Volume of sludge = Volume
strokes-

b. Centrifugal Pump .°

of Pi ton x No. of 1

Volume of sludge = Pump capacity (zPM) x 60

x Total hours pump is in operati

2.
Give 4 exercise problems

r- /
3. Discuss/demonstrate how one calculates

the volume of solids pumped .to a - digester
using the % ,total solid concentration of

//solids in sludge. The formula to use ist

VoluMe
0
of solids = Volume.of.slUdge x

decimal % of total

44. Give 4 exercise problems

5. DiscUss/demonstrate.how one calculates the
v.olume of volatile solids pumped to a
digester using- the % Volatile Solid
concenraton in solids being pumped.
The formula to useis:

Volume of Volatile So.lids.= Vol,ume6f Solid

Decimal Of Volatile Solids
f'

ercise problems.6: Give 4

1-27.

1
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. Basic digester operation depends on knowing

I. The volume of digester

%
a. Cubic feet (ft.3 )

b. Gallons

2\ The.% total 'solids pumped to the digeste

3. The % volatile solids pumped,to the digester /
'4. The total gallOns of sludge pumped to, the, dfgester

0

. The vIlume of a digester

Usuallysthe digester is made up of ,two shapes

1., A cylinder V = ii R2^,x H ,

2. A cone V = 1/3 R2 'Ch.

. The % total solids and the % t tal volatile solids are obtained from
laboratorY'analysis.,-

. , ,

. Ilie total gallons of sludge p"umped to the digester is obtained from
daily xectcrds'. If such records do not exist, several ways can-be
taken to determine the volume of sludge depending on the type of pump.

. , ----......- .
, 1. ..

.

a. ,If a piston pump
Vol ume , of sludge

b. If a centrifugal
Vol ume of 'sl udge

x 60.

is used than calculate the volume of the piston.
= Volume. of piston x No. of strokes.

pumffts used than calCujate the volume of the sludge.
Pump capacity (GPM) x tote, hours pump operated

a progressive. cavity such as a Mo no Pump is u
used in calculating the volume of sludge pumped by

.
Example 1

ed the same principle
centrifugal pump.

A cylinder of a \piston pump has. a volume of 1/2 ft.3 The total number of
-strokes registered is 3000. , What is the volume of s udge pumped. \

,

,
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.s.

Solution

Vol; of sludge = of.pistor; x No. of strokes

xample 2

= .5 ft.3 x 3000,

= 1500 ft.3

A centrifugal pump has a capacity of 50 ,GPM., The.total hours the pump
operated is two (2).. Calculate the volume Of sludge.

Solution

Vol: of sludge =)3 p capadity (GPM) x Hrs. x 60 .

= 50 PM x 2 x 60

= 6000 gallbns

Exercise ro ,
'1. Calculate the volume of sludge pumped to a diaesler i-f We pump has a,

cylinder-capacity of 0.4 ft.') and the number Sf strokes is 2500.

2. Calculate.the volume)of sludge pdmped to a digester if the pump has a
cylinder capacity. of 3 .gallons and the number 4f strokes is 4184 1"164';-

3. Catculate the vol(de of sludge pumped if the pump has a capacity of
130 GPM and the No. of operating hours of 3.

4. Calculate the Volume of sludge pumppd using a pump with a capacity o
60 GPM and total operating time is 3.2 hours,

'Digester Loading

To be able to determine the amount of total solids added to .a digeste)4, use
;the:

Formula, ,, ,, , 1
t..

,

(Amount 'ofsolids'= Volume of sludge x Decimal % of solid concentration),....

12.3.

.
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a.

r

Example 1
0

CAlculate the amount of ids pumped \t. a di 9ester f the r cbncentrati on
of total Solids is 4% and the volume of udgd pumped is 11520 gallons.

Mir

Solution /

Amount of solids = Vol. of Sludgeix Decimal % of T.S.

.=.11520

= 461- gallons,

Example 2'

Calculate the amounif of solids puMped to a digester if thetotal solids
concentration is 6% and the vol#me- f sludge pumped is 1200 ft.3

Amount of,solids = Volume of sludge x Decimal % of T.S.

= 1200 ft.3 x0.06% ,

= 72 ft.3

Exercise

1. Cal eu the amount of total, soli ds pumped to a digester if the
concen ra ion of 'total solids is 5% and the volunie of sludge pumped
is 001 ga ons. °

4 ,e

2: The volume of ,udge -pumped to a digester is 7000 \gallons. The tab
reports the solids .concentration is 7 %' total solids. What, is the
amount of solids pumped to the digester?

0

f- .-
3: Calculate the amount of totaj solids added to a digest if the.
''''-concentration -is 4.5% total solids and the volume of,the sludge

added 5500- gallons.
,

-.

4. The vol ume of sl udge pumped to' a' digester is -9000 cu. k,ft. -and .the-,
per cent total solids is 3%. Calculate the amount of solids added
to the digester. -, .

.. .

1 ri:ik

. -1.3



Di gestei boading

Nit cy
.et

t'y

Since volatile solids, are very important
be able to determine the amount of volatii
diges.ter. This is accomplishedsby,knowing:

erV,

.The amount of total solids added
-4

The % concentration of volatile solids

Formula

`Page 1p of 172 ;.

di gester- operati on; -one 'should,
solids (V.S.) added to the

40

Amount,,,of volatile solids = Amount of total :solids x. Decimal % concentration
of volatile solids

/4

Example

Catcul ate the amount of volatile Solidi added to a diges:er if the % .
concentration of volatile solids is 60% and the amount of total solids
pumped is 100 gallons. ;
Sal uti on

T.S. x Decimal % of V.S.

= 100 gal. x .6%

= 60 gallons

Exercise

4

1. The % concentration of, 490 gal lon of total solids pumped 'to a digester
is 70%. Calculate the amount of volatile Solids pumped to, the 'digester.

,,
2. The amount of .total s'oli ds, pumped =to a di gestei V. 247.5 gal- ions: e The

- concentration ,of .volati le solids is '65%.- ° Calculate the amount of
vol ati le -solids madded to the digester. ,-

3. 270 cu. ft. of Solids with a concen4rati on ,of ,62% volatile sblids 'is
pumped to a digester. What i S the.amdunt of volatile sblids added to .
the' digester. .

- , .

,

is, ., .- i4, Calculate' trie,,alunt of volatile72§olids added to a. digester if the ,

amount, of solids4Ilidde-d is 15004 gall ons and .the % con cent rati on Of
Volatile solids is 7.3 %.. 4

Q

131

. .
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Module Ho:

.40

prox. Time:

1 hour

7

Module

Mathematics for Operators

Submodule Title;_

Di- freste

,

Page 129 of. 172

4- i`

Topic! . -

I % Volatile Solid Reduction

.1

eo-

Objectives:

The learner
reduction i

i 11 demonstrate the abili ty to determine the % a Vol ati le Wits
a digestion process. . tt6

Instructional Aids:

Handout
, -

AV (overhead transparan.cy)

r

4E,

o

ft

e

,

App.ro4h:

Discussion
Demonstration
Exercise

r
o-

References: /

Workbook, Basic Mathematics. and Wastewater, Processing Calculations, N. X. Del/.
of Env. Conservgtion _ o

to

Study Aid_ Workbook; Mathemati csjiir Wastewater Treatment Plant Operators,
California Water Pollution Control Association

\.

4

f
,

'V

Clas ,ASsignmenes:
,

- .

en 4 exercise problems to be solvea:a
,

.

32 ,
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4

Module jio:
.

Topic:

% Volatile Solids Reduction

Instructor Notes: Instructor Outline:

1. Handout._ 1. Discuss/demonstrate how one is able to --

determine the %.volatile solids redudtion
ies . in a digestion process using the formula:

*
> 4.

.

-40
- is P =,14 - out

x

100

4.;ii.. 14-4- 1"."41- t ..," 2 i ' 4 ; : r , in - in x out .. . _

ANA
V;INP2*-1 Vol ati le, So) i d - reduction

4".1,40. ."""

,41

oa.

in 7° Decimal ofeCalati IS solids added

`to tie digester. 1 co / .e
.01 . ...w,

.4,
o4ut = Decimal '% of Vojati fe.tioli ds .

remaining in4iested sledge °.
,.an,-. . vs. G.',

2. Give 4 exercise problems _

..*

0

e

S

ir

fret,, glry

13-3



's<

Volatile Solids .ReductiOn

Page. '131 of 172

Volatile so'lijpreduction is a Tre.thod.of determining the amount of volatile
'solids thatIave been converted to-gas, since the only material is a
4digester that haS any food value to the microora.nism.ls the volatile solids, \
'then by monitoring the' input and output of the latile solids into a digester
ne cpn,determine the reduction.

Formula -

The formula to use is very similar to the re lar e ficiency formula used
quite extehSivelY throughout wastewater treatme

v

P.= In -out 4° x 100
In-(In x out)

P = % Volatile solid reduction
. f, i

.I Decimal % of volatile solids added to a digester

Ou t = Decimal % of volatile solids. remaining in di lest

.

Example

d sludge

The volatile solids test shows 'a contepCof 68%. volat
. added toira digester. The test also shows that the v
of sludge added to a drying bed -is 48%. What is the

. ;. 0
1 y'...--4.Solution

.

'Ps = In - out x 100
.In - (In x out)

= .68 .48 x 100
.68 -' (.68 .48)

= :2 x 100
.68 - .38..

x 106
.35

5 7% t

Exercise
v

4

le solids, of the sludge

ati le soli ds content

reduction of the solids'.

1. The lab results indicate that raw sludge pumped to 'a digester hasThe

content of sludge appliethto the drying bed-is 62%; Wheys
'the volatile solid reduction.

134

4

f.
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21./: RA sludge pumped to a digester his volatile content of 69% an after,

'digestion the volatile content of the sludge is 48%. What per ent of
the sludge was ;transformed to gas?

G

Ara: Lab resillts indicate that sludge before digestion is 78%.vii1atile and
after digestion is 54% iolatile. What is the percent af volatile matter
deStroyed..

I

a

4.; A cylinder of a piston p4mp has a volume of 1/2 ft.3 fhe totafPnumber of
strokes registered is 3000. The lab tests.indicate the ,Usolids of
pumped sludge to be 4% and the Volatile solids to-be 60%. After
digestion the sludge had a volatile- solid content of 48%. What is the
-volume ih ,cu. ft. of the sludgedigested.

4

135
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Module No:

0

Module Title:

Mathematics for Operators
a

.ApproX.Time:

1 hour

Stibmodule Title:

Digester-
O

EVALUATION
.

I
A

Object'haes: Ip

,

The Jearn6r will demonstrate' the ability to determine correctly the answers to
-8 out of 10 problems relateed

1. "' Digester loading

2. % reduction in volatile solids

.. . . .

1.' A sludge pump has a capacity of 15'GPM. The sludge contains 2% solids and a
'volatile solid concentration of 65%. The sludge is fed continuously to a
digester. How many gallons of solids is pumped-Ao a 'digester everyday?

,

A. 180 gallons
B. 432 gallons
C. 43200 gallons,
D. 21600 gallons

-1 a

5

2. .1.0Problem No. 1 how ruariy lbs. of volatile solidswas primped to the digester
-ePer day., Assume.that 1 gallon of sludge weighs' 8..34 'lbs. ,

,.. a
A..-- 1170.94 lb,s.

-.-: B.. 2341.87 lbs.
C. 2 280-$0 ;lbs. '-'.
:0.--.48(1,8 lbs.

,

3, Lab- tests: indicate that raw
sludge Of 42%; What is the

A-7--Y42%

B. 72%
C.,, 58% .4

\

D`:" 21.6

sludge.has a volatile 'content of 72% and digested
volatile solid reduction?

,.

..,
-5..-

A digesterreceives 2000 gallons of sludge
i

with a total' solid 'content of 6% and
volatile solids of 70%. Calculate the amount (gallons) of vol'atiie solids pumped
to the digester. / . ... ,.

.

A. 461 gallons
B.:29 gal 11141S

./

C. $40 gallOns
0. 1400..gellons

G

"*.



a

., A Sludge pump +ated at* 2-.GP opeettes for 10hours/day and ,the sludge
° analy)is providesfthe resu s of 6.9% total solids anti 72% Volatile

o
/`

talcu.late the gallons _ortotaa solids pumped/vday:

L.

Page 134 of 172 '

A.'. 1192f )e

"Bil 496$ - ,-.,

. C. 3577' . ; :"..
D.. 83 ,.:

, .

. t y
,, . .

°A cylinder of a sl uge -pimp' has 'a di ameter of 8 inches -ah-cfa--s-trokeof
inche'S. The. pump is- operated for 1850 strokes a, day. The';solid.

k-..cpitderdiatton 1s 4.8% and -the vcyl ati le' soli d concentration is 73%.
Otee-dilge'StIon the volatile soli d con cen trati oti is 56%. Calculate 4 r
the .Velume (gillOris,the sludgepumped). Assume 1 cu. ft. = 7.48 'gallons'.

s:ss.

A. s-2414'-gallanst" r t
,B. 158 gallonv-

C. 7724kgallons .

`,.." D. ..9956gallons

,..... ..
N,

7: Its Problem'3 what i s thestotal volume of solid pumped tolthe digester?

A. 37082-gal I on§
.BB 16 gallons ,

C. 464 gallionS%
'Dri- 48 gallons %ft.

In Problem ,3 what is the volume ofrilatile
... .1, .-..

A. 362 cu. fl '41". , r

B. 45 'cu. ft.
C. 11 cu. ft. . .
Q., '15 cu. ft. \ . .,,,-

. . -, ,
9. In Problem 3 what is' the weight of the sludge that is digested.

S a 1 dS in ft.

1 gallon = 8.34.1bs:
r

A. 66 lbs;
B. 1197 lbs.
C. 374' lbs.'
D. 180 lbs.

,
10_ RaW sludge pumped to adigester.has -a volatile content of 68% and after

' digestion the volatile content of the sludge is 41%. What percent of
the sludge was destroyed. '
A. 86%
B. 67%
'C. 38%

D; 60%

1 3 7(

'



Module HP:

Evaluation

Instructor Uqes:

Page .535 of 172.

Instructor Outl ine:

I

1., Handout'

Answers

L b

2. d

3. b

4. c

5. b

6. a

7. b

8. c

9. c

10.b

3.

1. Give 10evaluation problems.

t

4

ti

I

t..
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Module No: Module Title:

Mathematics for":0 erators.

ApprOx. Time:

3 hours .

Submoduleqitle:

Chemical Addition

Topic:

ChemicarlAddition
0

Objectives;

The ;learner WM demonstrate, the ability to'calculate:
. / 7'

1. The amount (weight) of chemicals; added (dose), needed (demand) anti- residual
material in a specific process as appliedto water and wastewater technology.

2. The amount of chemicals needed to perform a specific process by interpreting
laboratory results. , i

The feed rate of chemicals, to a proce strealirto maintain.a specific
concentration .

Ar

Instructional Aids:

Handout
AV: overhead transparancy)

J

I

. a

Instructional Approach:

Discussion
Demonstration
xercise.

O

ReferenceS:

rkbook, Basic Mathematics and Wastewater, Processing. CaTculatiOns, N. Y. Dept.
f Env. Conservation.

O

tudy Aid Workbook, Mathematics for Wastewater Treatment Plant-Operators,
alifornia Water Pollution Control Associatioh. k--

Class Assignments:

1 Read- handout,
.

, . ....

..

. Aiven10 exercise problems to be solVed.
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o.

Topic: . 4 )
,

Chemical Addition

Instructor hOtes: Instructor.Outlihe:.

conc. is,in mg/1,

Q is in MG or MGD.

r o

A

It

a.

a. Disaus's and demonWate how gone
calCulates for,the amount of chemical
added to a system using the formula:'

= conc. x 8.34 x Q

lbs; = lbs. of ''chemical

conc. = eoncentration of chemiCal

Q = flow rate or volume of tank

b. Discuss and demonWate how one
calcUlates the afteunt of chemicals
needed if'the strength of the
soldte can only attain specific
perCentageousingtht formula:

lbs =.conc. x 8.34 x Q
decimal .% strength.

lbs, = lbs. Of chemical usually dry

conc. = concentration of chemical

Q Flow rate. or volume of tank

.

Dectma % strength The %
concentr ion of tisefuil and available

cheMical.
..

2. a. Discuss and demOnstrate how. one
caldulatesthe-concentration or amount
of chemicals needed,(dema0) using tht
forffiula:,

1 0

Demind = Dose - Restdual (need).

. -Mscuss and demonstrate how one
calculates the amount of chemicals
needed by interpreting. laboratory'

'resUltsusing the proportional
Tormula:
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Module No: Topic:

Chemical A

InstrUctor Notes:

d9itfon

Instructor. Outline: .

Concentrationx volume = concentration x.
vol ume

/

(N1 x Vi 7 Na x V2)

3. Fed rate usually. has a 3: Discuss and demonstrate how one calculateS
unfit value of gpm. the feed rate of chemicals to a process

stream so as to maintain a specific
Volume of, chemical solution concentration using the formula:

,,.
usually h5s 'unit value of
gallons. Feed Rate =' vplume of chemical solution

Time
Ti e usually h` s a unit
value of minut s 4. Give exercise problems.

f-=

5. Review exerci'se problems .

141

Of
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CHEMICAL ADDITIOg

The--ability to add chemicals to water or wastewater systems ini the right
quantities -is a very important function of an operator.3.

The basis for the ability to calc'ulate the amount of chemicals is

lbs =,Conc. (mg/1)A 6.34 x Q .

i . 1
..
.. -

. ,. ..
WheKt-Q Is the volume of the ater in MG conc.' (mg/1) is the desired
concentration. . '
Example 1 5 ,-. ,

How Many pounds of chlorine is,wieeded to make a 2 mg/1 concentrated solution
if the volume of water is 125,00'0 gal)ons.

..:,

''1

lbs. = mg/1 x-13-7134 x Q

= 2 g 8.34 x .125

= 2.085 lbs..,

One ,should remember tilt in the 'formulavt,

= mg/1 x Q

There arAthree VARIABLES and as long as one knows the Values of two variables
the third one can he solved for.

A. lbs:. = mg/1 x 8.34 x

B. mg/l= lbs.
8.34 x Q

Q lbs.
8.34 x mg/1

At times the chemicals that are addecimay not be 100% pure or that it may not
.dissolve 100%, then one has to make adjustments for -purity of the chemicai.

ct,
Exami5le

How many lbs. ,of HTH,--that contains 70% available C12 is needed to.make a
2 mg/1 concentrated solution if the volume of water is 25,000 gallons.

- t
.

Solution .
vor

Take note that it is the C12 that is useful.,

in solving the above problem one first calculates the needed lbs. of Ct2

142



lbs. = mg/1 x 8.34 x'Q

,

2 x.8.34 x.1125

= 2.085 lbs.

Page A.40 of.173

The C12 needed is 2:085 lbs.. which is obtaine frOM the HT . But the HTH
only has '70% available C12. Then,

70% = 2.085 lbs

10D% =

2.085
x 100 .2.98 lbs: of HTH

In solving for Problems pertaining to chemical addition one should realize
that the primary effect.that takes, -place when chemicals-are added is that;
a chemical reaction may take plate-With other chemicals id the water before
the main purpose for adding chemicals.

* 4,

Example

.,.: ... - 0 0

When one adds C12 fOr disinfection. (main purpose) first a chemical reaction
takes, place,. For example, with ammonia to make another chemical (mono - d$ -

or tri chloramides). After the chemical reaction is to lete then disinfection
takes place with any extra C12 left over.

. The amount. of. CheMi cal added is called the,60SE. The amount of chemical
used in the chemical reaction is called the DEMAND. The amount of chemical

. left' over is called the RESIDUAL.

Therefore

Dose = Demand 4 Residual.

.0

The flow from a plant is 125,000 gal 1 °V. Tests indicate that the chlorine
demand is 1 mg/1 and the residual is 1. mg/l. If you only -need a 0-.5 mg/3-
residual than how many pounds of C12 is needed to achieve the 0.5",mg/1 '

residual. '. .

-.
...

Solution

A. ne'. Demanti -I- Res i dual

The need is pose = 1 mg/1 f 0,5 mgJl

1,5-01g/1 '"

.13.1 . 143
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. lbs. = 09/1 x 8.34 x Q
-

= 1.5 x 8.34 x-.125

= 1.56 lbs.

Ekample

You are to add fluoride to your water system. Tests indjcate that'fluoride

present in the water systemvis0.2 m5/1. How many pounds of fluoride is
needed to make a 1 mg/1 solution if the volume-of water is 650,000 gallons..

A. Dose = Demand + Residual

1 mg/1 = Demand + 0.2

Demand = 1 - 0.2

0.8 mg /1 additional fluoride is needed

B. lbs. = mg/1 x 8.34 x Q

= 0.2 x 8134 x .65

= 4.34 lbs.

Exercise ,

,..: .

..
...

1. A clear water well 45 'ft. x 25 ft: x 15 ft. needs dfsinfection. Th

concentration should be 50 mg/1 for *per disinfectiqn. 'How Many lbs

of C12 isTheeded. ' i , f,
'''.;.-

lk

.....=

2. '14" water main 2,900 ft. long needs to have C12 added to a concentration

of 60 4/1: The only source of C12-is 65% HTH. How many pounds, of HTH

is needed. A

3. In the above problem (#2) how many pounds Of HTH .is neces-Sad, to give a

60 mg/1 C12 residual if the demand is 15 mg/i.
. ,

. vA water tank 1.25 MG needs to have a C12 concentration raised,frpm 0:1 .to
0.5 mg /i. How many lbs. of 70% HTH is needed.

.

5. In aliater system the F- level is .4'ing/i and the required levtl of
4

F-

is 1 mg/l. How many lbs. of FZ is needed if the pump is mfed,at 225 GPM
and the total hours of operation is 14 hours. A \,....

l'
O
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In some cases pRe has.to be able to citarge the concentration of a solutiqn.
The 'formul a' to use is a proportional 'formula.. 0

N1 x V1 = N2,x V2

,Where N1 = 'Concentration of solution -#1

V1 Vol uine of solution #1,

N2 = Concentration of solutiOne#2

V2 = Volume of s,blution #2

Example *

Liquid chlorine (15% bleach) has a stock.concentration of 150,000 `mg/.1 of
chlorine. How many gallons of the 15% bleach is, needed tb make a solution
of 100 gallons of.2800 'mg/1 chlorine solution.

Solution

'N1 x Vi = N2 x V2

, 150,000 x. V1 = 2800 x 150

- 41%.

VI.= 2500 x 100_ !
150,000

1.67'gall'ons

The formula N1 'x V1 = N2 x V2 is a very useful formula that

in the lab and in the plant.
,

Exercise
. . -.

1. 'A container contains 30 gallons of 60 mg/1 concentrated fluoride
solution. Yotkneed to %educe the concentration to 42' mg/l. How many
gallons of water should be' added. 4."

...

J

can.be used both .

'How many ML of 1.8 mg/1 stock iodine solution is needed to'make a
500 m1.0.0282 mg/1 working solution.

,rroir

3. How many ml of 1 normal- (N) sodium thiosulfate solution is needed to .make
250 ml of .025 ti solution..

145-
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o

4 .

. \What is the concentratibm of 18 ml solution being standardized with
1. ml 0.025 N pot'assium,BI-iodate.

, -

\,

Lab experiments indicate that the free chlorine resjdual in 2560 gal.
ttk i1.4.8 mg/l. How many gallons of water should'be masted anethen-
fr

\
sh Water added to the tank if you need. only a concentration of 0.5 mg/1

of free chlorine. ,

\ .

Feed Rate

Tn determining the feed"rat of -a chemiCal solution the formula to use

.

1st-

,

Feed RatR.=*Nolume of solution
Time ,_

On should -remember that there are many ways of dispersing chemicals to a

process stream.
,

a. Slakers -:dry feedetls

b. Solution'feedre$ .

eQ

.

c. Slurry feeders
. ,

One can adjust th eed Atie, or the concentration of solids in the feed
. ,.

solution. - .
1 . . i5;i

',

,
Example .t. 0 \' .,3i4aT,

(tV .

What is the'feed.rat,rof,a ohemica; pump if "he volume of.sdiution prepared

is 55 gallons and the.;',4,6pel-dtes for 15-tiours. ,
, 0 odours

,..-- .

: ,.. . . ,:.,, ,

Solution a °

I

I o o
a

,1. o,,

Feed rate = Volume of.solution %

1

i .

- "Time ,.
-4 % - ),, ,

,

.

pr
= 0.06 GPM-

,.

,Example

fp
A, chemical feeder has a rate of 10 ml per minute. .What is the minimum gallons
of solution (water) is needed if,the feeder'operates,fo 18 hrs. per day.

1

55

= 3.67 GPH'

Ail `S t\
:ifito

`4.

a

r

146 .
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.0%

SolutTO

feed Rat = Vol titre ,of solution/

Time

Volume .of s ution .= Feed rate x Time

L

.= 40 ml/min. x 18 x 60

= -10500 ml

C nvprt 10800 ml to pAllons

10 00 x 1 , 2,88,galions
MR'

Exerc se

1. 'Give

a. Feed pump rated at 40 ml/min.

. Water pUmp rated at 375 GPM

0. Operapng time.21 Hrs.

d. Chlorine dose is 2.8 ma/1

e

4.40it 4-

Calculate the minimum amount of HTH,solutiOn needed to sttisfy the

process.

2. A liouid feeder applies a 25% saturate0sodium.flopride solution to a
water system raisina(the level froth q.2 to 1.6 mg/1 of F-. At at

rate should the feeddf be set at if the water DUMD is- rated at 8 GPM

wid the 25% saturated flouride 0.1ution PrOvides ;es Available flux 0

(Assume the pump operates continuouslv. ) .

O

it
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Module No:

Approx. Time:

1 hour

Module Title:

41.

Mathematics -for Operators

Submodule Title:

Chemical Addition'

EVALUATION

Page 145 of 173

Objectives:

40* ,
The learner will demonstrate' the ability to determine correctly the answers to
8-out of 10 problems related to chemical addition as applied-to water and
wastewater technology.

. A water tower holds 0.85,million gallons. It needs to he disinfected' with C12

from 65% HTH to a concentration of 60 mg/l. Calculate the lbs. of HTH needed.

a. 654.4 lbs.

- b. 425.3 lbs

c. 33.2 lbs.

d. 276.5 lbs.

3,

4 .

. A 35 cm diameter water, main 610 meters long needs to have a 75.mg/1 concentration
of Cl2. Howipany kilogreMs of 70% HTH, is used?

.
.

a. 3.08 kilograms

b. 6.I kilograms s 11,

c. 4.4 kilograms

d, '1 kilogram

4 .

3: A tieatment plant with a flow df.138,000 GPD'uset 4 lbs. of C12.-oer day. After;
'.30 minutes contact time the free chlorine residual is 0.3- mp/1, ,Calculate
the demand.

'a. . 1 mg/1

b. mg/1

c.
.

3.12 mg/1

ds. 2.32 mg/1



ft

.. Given:

a. Feed pump rate at.20 ml/min

b. Water pump rated at 210 GPM
. _

c. Operating hours 14 Hrs.

d.. Fluoride concentration increased by 0.6 mg/1

Calculate the lbs. -of flub ride used.

, ,Page 146 of 173

a. .04 lbs.

b:' 5.8 lbs.,

c. 1.5-lbs.

I.

A !:

d, .0.88 lbs.
,

5.. A stock Solution has a toncentrgtIbn of 45,000 mg/1: If the working
solution is 40 gallons at 2800 mg/1 calculate the voluWof the stock
solution.'

a. .0 gallons

b. 2:49 gallons

c.- 37.51 gallons

d. 36.00 'gallons

.

In treating 235,000gallons
mg/l.

a. 8:4,

b. 16:5 m9/1

c. .0.23 mg/W

4:3 mg/1

ti

..

s.

i

with 8.4 lbs. of C12, calcglate the dosage in

-**

149
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. A liouid feeder,applies 3 gallons of 75% saturated sodium flouride
solution toj500;000 gallons of water. at is the F- dose. The
available fluoride is'45%.

a. 3.9 mg/1

b. 0.26 nigh

c. 1 mg/1

.

,.
,.:..

8. A Calculite the ,lbs. of alum needed to treat 812;000 gallons 0. Water with
a natural alkalinity of195 mg/1 to a concentration of 55-mg/1 alkalinity,
(1 mg/1 of alum induces:alkalinity by 50%).

a. 1320 lbs.

b. 2640 lbs.

c. 1896 lbs.
.

/
4

d. 948 lbg.
1---''

9. Tests indkate that .a 1 ml solution of-020 fpg!1 of c ul4pt added to 1000
ml of raw water provided the best results.- How mak bs. of coagulant is
needed to treat 1.3.millioTgallons.

a. 216.8 lbs.

b. 0.22 'lbs.

c. 2.17 lbs.

d. 5 lbs:

.

,10. A C12 rotameter tndicates a feed of 9.0 lbs/24 hrs. fe residual .test
indicates a concentration of .5 mg/1 in'a flow of 366ZoIPIM. Calculate
the C12 'dose.

a. 1.55 mg/1

b. 2.05 mg/1

2.55 mg/1-

1.0 mg/1

150,.
.7.
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Aodule No: Topic:

EVALUATION

InstruCtor Notes: Initructor Outline:

1. Handout

Answers. 6.

1. c

? a

3. r

4. d

5. b

b

b

. Give 10' evaluation questions
I I

`b.

1-

it

4
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Module No:
Page 149, of .173

A*,

Approx. Time:

1 hr.

Module Title:

Mathematics for Operators'

4

Submodule Title:

Act' vatecrSilidge

Topic

Sludge Age

Objectives.:

The learner wi11 demonstrate the 'ability to determine the sludge'age of solids
iwan- activated'sludge process:

4

u tional'Aids:

Handout

AV (over ead transparancy),
,

Instructional gpproac
:

Demonstration
Exercise .

;
...

. ,
-

ReferOces: .

Workbook, Basic Mathematics aneillastewater, ProCessing Calculations, N. Y: Dept.
ErivrConseevation. A ,

.

-- Study Aid Workbook, Mathematics for Wastewater,TreatMent Plant Operators,
California Water Pollution Control Association.

Cass Aighments:'

Given 4 exercise problems to be solved:
i
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Module No: .Topic;

'Sludge Age

Instructor Notes:

o

a.

Instructor Outline:

41110/1Ise

Handout

Refer to Modille-No.
S.

Submodule Title: Activated
Sludge /

Topic: Lbs. of solids under
aeration

Refer to Module No.

Submodule Title:. Activated
Sludge

Topic: .Lbs ."---of solids cinder

aerttion.

F

. DiscussidemonStrate how one calculates for
the sludge'age using the formula:

c.)

SA = Lbs, of MBStunder'aeration
Organic loading

11 0

SA = Sludge Aget(Days)

MLSS'- Mixed liquor suspended solids .

a. Lbs. Of MLSSUnder aeration is obtained,by:

Lbs.,=, Mg/1 Of MLSS x 8.34 xivoldme of
'aeration basin

)".

b---Organic loading (Lbs /day) is ob,tained by:

Lbs./Day = M6/1 of influent SS.x 8.34 x-
tp aeration basin

Cr= Flow rate:of influent faeration
basin in''MGD

I

Give 4 exercise problems.

15 . .4

O
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ACTIVATpSLUDGE/SLUDGE AG5

Sludge age is a method for controlling the solids in an activated slNge
mcess. The formula to-use is .. .

° g.'

SA = lbs. of MLSS under aeration
Organic loading

SA = Sludge age

MLSS = Mixed liquor suspended solids

Organic loading = lbs. of influent suspended solids to the aeration basin

Example
.

Calculate the sludge age if

MLSSconc. is 2600

b. Volume of aeration basin 650,000 gallons

c. Primary effluent suspended solids78 Mg/1-

d. ,Flod rate 3.5 mG

solutionl

SA = lbsi. of _MLSS under aeration
j Organic loading
) ,

lbs. Of LSS under .aeration = MS5 conc. x 8.34 of JbaSin

lbs. of ML' under aeration 2600 x 8.34,x..65
...,

14095 lbs. 1

Organtloaing = S.S.. ci c. 8.34 x Q

= 78
\
>:.8.34. 3.5

4

= 227 lbs,

SA = 260 x 8.34 x .65
78'x 8:34 x 3.5.

days

t

1 5

r-
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Exercise

1. Calculate the sludge age if

a. Aeraton
-

basin dimensions length 85 ft., width 37 ft., depth 20 ft.

b. Primary effluent suspended solids 11 0 mg/1

c. Flow -rate 1,540,000 GPD .

d. MLSS conc. 1800 mg/1

2. Calculate the sludge age of the solids in an activated sludge process
if 13,000 lbs. of solids are under l'aeration 'and 30501bs. per'day is
,being introduced to aeration.

4

t

3. Given:

a. MLSS 3200 mg/1

b. Aeration basin radius 20 ft., 14 ight 14 ft.

c. Influent susOefided solids 195

d. Flow rate 438,522 gallons/day

Calculate sludge age.

4. Calculate the sludge age of -the so ids in an activated sludge proc'ess
if 65,000 lb's. of splid§, are under aeration and the influent suspended

. solids is 245 mg/1 in concentration and a flow .of 523 MGD.

..

lb. = mg/1 x 8.34 x q

mg/1 =
8.34 i Q

sift

155
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Module No:
,

MOdule Titleff
_

Mathematics for Operators
,,,,

Submodule Title: .. . ,

. .
.

Activated Sludge
. ...Approx: Time:

1 hr. ,

-

Topic:

'Mean Cell Retention Time (MCRT)
.

. .

Objectives: ,

,
,

The learner will demonstrate the ability to determine the mean cell retention
time,(MCRT) in an activated sludge process.

',..
o '

J

.
. . ,

1 .. .
, .

, o , o

. .
. 4

A.. . .

Instructional Aids: ,

Handout .
.

..

, ,

Af(overhead transparency) ,
.

, .

a

. . .

Instructional Approach:

DiscussifOn\
. ,

.

Demonstration .

Exercise
)

.

,
, 2 ,

..-

References:
.

Workbook, Basic Mathematics and Wastewater, Prodessing Calculations, W. Y. Dept.
. .

of Env. Conservation. 1

. Di .

Study Aid Workbook, Mathematics for WaStewater 1;reatmentPlant Operators,
California Water Pollutto ontrol Association." - . '

1
',,. , ,.

. r <

't

\ .b.
,

.

Class Assignments:
.

Gfven 4 exercise problems to be solved. , .

.
.

* 156 ,
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Module No:

Instructor Notes:

Page 154 of 173

topic:

Mean Cell' Retention Time (MCRT)

Instructor Outline:

Handout

Refer to Module No.

.. . I-

,

Submodule Title 14etghts (Pounds1

Topic: ;Conversion

-Refer to Module No.

Submodule ;Title Weights .(Pounds)

topic: Con v.6rS i on

4 5

t ;

-

,

d4

;

,

lir Discuss and demdnstrate how one calculatei
the MCRT in an activated sludge process using
the formula;

MCRT = Lbs. of MLSS in total volume of system
Lhs. oftolids removed from process

MCRT = Mean cell retention time in (days)

,,,Lbs. of MLSS' = Mg/I of MLSS x 8.34 x -V

V-. Total vo1une of aeration basin + clarifier
in imp)

Lbs. of sojids'remove from process =
Lbs.' of sludge, wasted + Lbs. of SS in

cl ari figr' effl ueht.

ve'.4'."eKerci se 'A)robl

,

\ 7

4
7'

O

.40

1
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ACTIVATED SLUDGE /MEAN CELL RETENTION 1IME
'lb

Calculating for mean cell'retention time (MCRT) one uses the formula

MCR1= Lbs. of MLSS in total system
Lbs.- of so-lids removed from process

Lbs. of MLSS in total system is determined by:

Concentration of MLSS x 8.34 x (Volume of aeration basin 4-vollume of
clarifier)

r ..
.

Mote:, Remember that volume is lliin
4m

io>gallons.

Lbs. of solids removed from process i5 determined by:

I. The lbs: of'susoended solids in clarifier effluent.

2. The:lbs. of solids wasted.

Example

Calculate.the MCRT if:

a. Aeration basirl volume = 438,500 gallons
-

b. Clarifier volume = 220,000 gallons

C. Flow rate to rocess = 2 MGD

d. Sudue wasted= 0.35 MGD

qe. MLSS = 2,200 g/1 t

f. Ret n activa ed-sludge = 6,300 mg/1

,t

g: Final effluent suspended solids =1.211 1

SolUtiip
,

-MCRT = lbs. of L in total volume of sys em
lbs% of so.idsremoved from proces

MCRT = 2,20,0 x 8

6,300 x 8
,

= 12,682.2

5.93 days',

.

4 .438F
. 4 lc ,035-E 12 x 8.34 x

4

158 41-
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a
S.

- Exercise

Calculate the fs4CRT if

a.. Aer4tor volume =1.5 MG

b. Cl arifier4vo.1 ume = .7. MG

c. Flow rate to plant = 4.95 MGD

d. MLSS = 1900 mg/1

e. Return activated -sludge = 6,500 mg/1

f. Effluent S.S. =,31 mg/1
o

q. RAS rate = .1 MGD

2, Given: .

Aeration bts..in radius 22 ft. height 15 ft.

b. Clarifier basin radius 12 ft., height 12. ft.
. , )

c. MLSS = 1,800 -mgn

, .

d. ,Influent floW rate -= 5 GPS
.

,

e. RAS;i= 6,000 Mg/1

f. Effluent S.' S. = 23mg/1

g. RAS rate = -.1/05-MGD

Calculate r(CRT-

3. Given:

a.- MCRT =f6 dayS
- .

b. Total rolufne'i= 1.2 MG'

c. MLSS =',3,1005ilg/1 ,

d. Influent-flow Tate = .5 MGD

e. EfflUent..s. = 6.5 mg/l

f. RAS = f,200 ino/1

Cal cul ate 'the pAb 'wasted vol ume.

1159

4,

'
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.

In Problem 3 ca cul ate the _vce of RAS ;wasted in (MGD) if the, MCRT
should b ays.. jr

.49

0

s ,

V

O

/.1.

4

£
.s

- .

a
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Module No:
.

. _

.

.
4

Module Title: _

.

' Mathemaiics for Operators .

.

Submodule Title: .
. .

..

Approx. Time:

1 'hr.
.

.

;
Activated Sludge 4

Topic:- ,

Food - Microorganism Ratio (F/M). _ ,
. .

Objectives: .

he learner will demonstrate .the, abi 1 i ty to determine the food /microorganism.'
ration_CEMLusing_;' -

1. BOO as source of food
. .

2. coa as source of food
. .,

- . ,

.

. -,, . .. ...

LnStru.ctional Aids:, ' .

-.. .
1,

Handotlt ,
. _..

4T -I-overhead -transparancy)

. _

' ,
. -

.
. .

.

Instructiona) Approach: . , 1
. .
1 - _ ,

,,-- ., ,;.

Distussiori., s

".
Demonstration .

. .

. ,
Exerise. _ .

.. .
. . .

. , . . .
Re ferente-s

*

. . -
. i . \ , -I -

Workbook, 'Bask Mathematics and Wastewater, Processing Calculations, N. Y. Dept.

of Env. Conseuation. . k

Study Aid,WOrkbook, Mathematics for Wastewater treatment Plant Operators,
California Water Pollution Control. Association.

.

Class Assignments: 2

<

Given 4 exercise problems to be solved:- .

.

. 1 6 .1.
.

, .

\ , .. .
. . .

. ,
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Topic:

Food/Microorganisms Ratio (F/M)

Instrudtor
o

1. Handout

a

a. Refer to' Module Flo.

Submodule title:

Activated 'Sludge

Topic: Organic
Loading , t.

b. Refer to Module No.

Submodule =Tide:

Wei ghts (Pounds)

Cdnvers ion

1. .Discuss/demdbstrate how one-calculates, the;
4,

M =-Lbs. of food in influent 'to aeration
Basin

Lbs. of MLVSS under. aeration

F/M ratio. .

1

FM = Lbs./day/1 Lb. of MLVSS .

MLVSS =.Mixed liquor volatile suspended solids

Lbs. of food in.influent to aeration
either:

1. Lbs. of BOD

or

ba'sin is

2. f- COD,

Lbs/day = Mg/1 x 8.34 x Q (MGD)
)

MUSS in Mg/1-is obtained from lab results .0
(volatile' solids, of suspended selds).

2. Give 42exerciSe probl

2 - Using BOD

2 = Usi'ng COD

14

!

t.

1" .
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. -

ACTIVATED SLUDGE/FOOD.MICROQRGANISM RATIO.
.

Fooli/Microprganism 4tion (F/M) is calculated byi,,using the formula
, .

F/M = Lbs. of influent food applied to,xlieratiOn b.asin
Lbs-. of MLVSS ;under aeration-

..- t , ,

,

t.,

Lbs. of influent food applied ,t0 aeration basin is based *upon
. .

. .

-,
. Lbs. of -BOO -ot. ; ,

.

A
. q #°,

b. Lbs. of COD!,/
:,. ,

.

Lbs. of MLVSS under aeration is the lbs. ol'iiiixed liouor volatile suspended
solids. ,

F/M is reputed ill lbs/day/1 lb. of MLVSS ,

Example ,
....,,,, . %

i....

f, Calculate the 0M-,ttatio if,the CQD 1,.5.- 16n mg/1; the influent flow rate is

.655 MGD, the lbs: of"MLVSS is 1,700 lbs. .47 _
0 1

Solution

F/M =-lbs. of COD
lbs. of MLVSS

= '160 x, 8.34 ,i .655

0---

)

'= 0.514 lbs. of C0b/day/1 'lb.

, ,

. ,

Exercise -,- )

I :

1. Given
A 6

,

' 'a: Aeration basin - Radius 32 ft, 'eight 10 -4.

b. MLVSS - 2,400 mg/1:
,

c. COD - 216
, .

mg/1 . -

d.- Influent, flow rate ..'.8 MGD
.

'., . .

.: Calculate the. F/M. Rati o .-

)%

_ 1
..

, ,

'''N

5 '163'
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2.. Given

4.

a. Aeration Basin - Length 38 ft,, width 21 aft., height .13 ft.

b,. F/M Ratio of 0.5 lbs. of--5615/day/1 lb of MLVSS ..4

c. BOD- 1 lb. mg/1

d. Influent flow ratel1.2 MGD

Calculate the MLVSS.concentraiton

Given'

a: Aeration basin - diameter 70 ft., height 12 ft.

b. MLVSS - 2,050 mg$1

c. COD --115_mil

d. Influent flow rate, - . MGD

Calculate the F/M Ratio'

a. Aeration basin 2 Length 45 ft., widt4h 18 ft!,
.

Given

b. PBS - 2500 mg/1

..,

.

t. COO - 130 mg/1 ,;' ° .

a

d. Influent flow r tt 935,01O "PD.

. - 1 .. .

e. , MLVSS is 78% of PL5%.
).- 4:

Calculate the F/M R 1

. ,)

IP

or

r

4

height .11 ft.

r ii

.

N
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Module Ho: I-

.

Module Title:
. - . .

Matheinatics
)
for Operators

-

I )

,:

"Submodule Title: , .

;Activated Sludge . ..
.Approx. Jime:

.

- y'

2 hr.,
.

,
.Topic: . .

.

.

.
. .Return Activated Slue Rate :

.

Objectives:
\A.:..

The learner.will demonstrate;the
rate as:

1. Gallon per:4P.day'

2. ,Percentof influent

..

, -

.

ability td determine the return activated sludge.
. . i

4 1
.

-
.

flbw.
.

.

...,
.

.

. ...

. . ..

. .

_

Instructional Aids:
.

. .

Handout .
.

.
.

.

AV (overhead transparancy).:
-

44 ,
.

.

.

.Instructional Approach:
.

DiscAsien
. -

Demonstration ,. .

.

"Exercise .

. .

.

. ,

. ,

References:
Wdrkbook, Basic Mathematics and Wastewater, Processing Calculatiens,N. Y. Dept.

of Env.. Conservation. ---/
Ns

i
.,

t

Study Aid Workbook, Mathematics for Wastewater Treatment Plant Opei'ators,,
..

California Water Pollution Control Association. ,
. .

. .

.

.

.

Class Assignments:
. .

.

Given 4 exercise problems' be solved. .

.,.. .

.
.

. .

-' .1.6; ... , . .
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Module'Uo:

:Return, ACti ated Sludge Rate (RAS) .

Instructor 4tes:

1. Hand4ut

a. Explain combined.flow

b. .Expl'a4n influent flow

4'

s

1

..

nsfrucior Outline:

Discuss/demonstrate hoW one calculates the
return activated sludge rate using the

formula

RAS =)Combined flow - Influent= flow

Combined flow.= The flow added to the aeration
basin composed of influent

flow + return activated sludge

Influent flow = The.flow rate that pumped to.
the treatment plant,

2 Discuss/demonstrate how.one'calculates the
return activated sludge rate as %4of influent
flow using the formula

%RAS = Comb. flow - Inf. slow x 100

Inf. flow

%RAS = Percent return activated sludge rate
4

Comb. flow = Combined floW rate added to the
aeratilon basin composed of

influeAt flow rate + eturn
\-

,
- activated sludge rate

Inf. flbw = Influent flow ,rate to p ant.

3. Give 4 exercise .problem

r



ACTIVATSL6DGE/RETURN ACTIVATED SLUDGE RATE

Return activ-ated.sludge rate (RAS) is calculated by using the formula

) )

Page 164 ,ofof 173

N4
RAS .= combiAed flow - influent flow .

Combined flow is the sum of all the flow added to the aeration basin.

Inflbent flow the flow from the primary system or theplant influent.

Example r q-, .,

f.-The flow rate to the aeration tank is .568 MGDta04 the,floti rat? to the plant
Is .426 MGb.. Calculate the RAS. ...

i

Solution
2

RAS = combined - influent
4

= .568 - .426

= .142 MGD

The RAS is, usually reported y % floW of the influent.rate. The formula
to use is

% RASA- RAS x 100- .

Influerit Flow Rate

Example

What is the % RAS if the influent flow 'rate is .426 MGD end the RAS is
:142 riPp,

Solution

% RAS = RAS x 100 .

Influent flow rA!

= .142 x 100
-.426,

= 33.33%

Exercise

*a.

3,

4 ,

1. Given' the flow rate to the Plant at 500 ,GPM, calculatithe
rate of return. activated sludge is 105 GPM:

167_

% RAS i'f the"
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Y 7

4

.t
2. The flow' rate to-the aeration basin is. 1.8 MGD. .1f. the ynflUent flow rate

is- 1.5 MGD, calculate the % RAS. j ).

I'
. ,

. The % RAS is 22% of the influent flow, rate, .935 MGD vcalculate the
Z i..

comIlined flow rate to the aeration basin. ` x

..,. ,
. v ..

. The r RAS is 25% a 435,000 GPD influent flow rake. .Caldulae the ,RAS. ... :.,.
flow rate in GPM.. v

...,

- . r.-

t

,.

0 0

.4.
a

o

4

I 03 e

0

. 01 at. a
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Module No:

r.

4,pprox, Time:

1 h

Module Title:

Mathematics for Operators

Submodule Title: ,

Activated Sludge 1-

Topic:

Sludge Volume ilex (*I)

Objectives:-
(' . .

The leacie4r will demonstrate the ability to determine the sludge volume index

fin an activated sludge process.
31, .., , E.

ti

Instructional Aids:
i.

Handout

AV (overheadtransparancy)
1

1'

Instructional Approach:

Discussion
Demonstration

Exercise :.

Reerences:
1Workbpok, Baasicffithematicg and Wastewater, Process ng Calculaticins, N. Y. Dept.

of Env Conservation.
, a

rt

.

0

0

StudyAfd Workbook, Mathematics for Wastewater Treatment Plant Operators,
Cali for.ria Water pollution Control Association.,

-0i 4 f

,
Class Assignments:- .

. .

Give 4-exercise'p lems 6-be solved.
,

17. 169'

1.

fC



Module No:

Page 167 of 173

Topic:

Siu Volume Index(SVI/

. Instructor Notes:

(7/
1.. Handout

Instructor-OutItne:

r

ge

M

Discutqtemonstrate how.one calculates the
sludge olume index (SVI).

The formula is:
s,

/
tV = Volume of MLSS in a 1000 ml. sample x 10

Concentration of MLSS
, )

SVI = Slut vplume index

Volume tml) of MLSS in a 10 1. sample
obtained from lab test.

4

concentration-of MLSS = mg/1 of mixed liquor
suspended solids

Give. 4 exercise problems.

'

Q.

0,

..

0.
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ACTIVATED SLUDGE/SLUDGE VOLUME INDEX

,
Sludge volume index (SVI) is calculated by using -ehe formula

Page 168 of 173

SVI = Wume of MLSS/1000 ml sludge-sample x 1000
'Coneentration of MLSS

O

.,, ,

Volume of MLSS/1000 ml sludge sample.is obtained by placing 1000 Ml*of .-

pctfvated sludge in a 1000 ml graduated cylinder letting the solids settle
for 30 minutes. The volume of solids is the volume of MLSS/1000 ml Sludge

).

sample.
,

Example --'c.
The'conc. of MLSS is 2,500 mg/1 and the lab test indicates'a 2250 ml volume,.
CalcUlate SVI.

Solution

SVI = Vol. orMLSS/1000 Ml,
* 1,000

Conc. of MLSS.

= 250
2500

1 ,000

=" 1,000

.Exerc

.

1: alculate the SVI if the lab tests indicate a volume of 350/1000 ml
adaMLSS concentration of 2%100 mg/1".

N.

-2. Calculate the concentration of-the MLSS if the, SVI is'0.12 Aid the
settling test indicates kvolume of 190 ml /1000 ml.

436.

3.. Calculate the SVI if the solids in a 1000 ml MLSS Sample settle to'
450 ml and the MLSS concentration it 2,800 ml.

4. ,How many mg/1 of MLSS should be wasted if the MLSS.,conc. is 2,800,

- and the Settle "solids is 300 mg/1 but the desireq.05YI is 0.1.

a

171
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Module, -No:

Approx,

1 Hobr

Objectives:

Module Title:

Mathematics for ,OperatOrs

Submodule Title:

vated, Sludge

EVALUATION

/
'The learner will demonstrate the ability, to determine correctly the answers to 8 out
of 10 problems related to activated sludge procei

. Sludge Age444

Mean cell retention time

c. Food/Microorganism Ratio

"(1. Return Activated Sludge Rate

e. 'Sludge Volume IndeX

1.. Calculate the sludge age in an activated sludge process if 23,500 lbs. of solids,
are under aeration and '5.850 lbs/day of solids are being introduced to the:
aeration basin with a volume of 1.3 MGD:

a: 5 days

b. 3.09 days

c. 0.3 days

d.' 4 days

Calculate the sludge age of the solids in an activated sludge process if 45,000 lbs.
are under aeration and the influent suspended solids are 125 mg/1 in concentration
and a flow of. 3.2,MGD.

a. 11.5 days

b. 7 days

c. -13.5 days

`d. -0.07 days

,

172,

71

.4

4
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3. Calculate theequired lbs. of MLSS in an 4eratfon basin if desired

Sludge age is 6.5- days. The lbs. of Sblids applied to the aeration
. basin ,is 1,755 lbs./day.

a. 73;703.7

b. 11,47.5 lbs.

c. 270 bs.
3

d. 2,25 .8 lbs.

4. -Given

.Aerati in basin - ft. rdius,11ft..height

MLVSS,--2,100 mg/1

COD 154 mg/1

Influent Rate - :935 MGD

Calculate the P/N-Ratio

17 lbs-of COD/day/lb. ,''of MLVSS

. .0:0 lbs. of COD/day/lb. of MSS'

. 8 lbs: o COD/ay/lb. of MLVSS

d. 0 lbs^. of COD/day/1' of MLVSS`
. as

4Given

Aeration basin - 35 ft. radiuS, 12.ft. hei ht

MLVSS - 1,960 mg/1'

COD 1.125 mg/1 '

Influent rate - 1.2 MGD

MLSS ,800.mg/1 =

a

Desired P/M Ratio -.0.3 lbs' /COD /day /lb. MLVSS.

MLVSS
70%

MLSS

Calculate the of MLSS needed to be\#asted. 0

te 173

a

#41.
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X. A
3

_ lbs".

b. 4,1t9 lbs.

c. 1,500 lbs.

Page 171 of 173

200 lbs.

6._ The fl Ow. Kate to the aeration' basin is 4873 MGD and :the influent flZw
`rate to the plant,is ..863 MGD. Calculate the % return'actfirated sludge

rate. /

a'.

b.

mac. ,

The,informatiOn given is to be used in' Problem7, 8, 9; & 10.'

Given

Aeration basin- = 0.3 MG

Clarifier volume = 0.2 MG'

98.8%. 4

1.2% a

25 %'

38%

-) MLSS = 2,90Q mg/1

MLVSS content = 75% of MLSS

Settleable solids test = 360 mg /1,00Q ml.

Primary effluent BOO = 152 mg/1

.PrilliarY effluent Suspended olids = 90 mg/1./

Influent flow rate = 1.8 -MGD

.% RAW tidy/ rate *a 20% .

,
Using.the above information calCulate sludge age.

2
4V. 5.3

. _
b. 6.4

c. 3.2

. .5.3 '174

0

10
t,

ry
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8: Using the above information, calWate the syi

a. 00

b. 81

c. 124

d. 35

Ni9. Using the abov information,

lb: MLVSS)

%

calculate the F/M'Raiio (lbs. BOD/day/

a. .419 lbs. of 130D/day/lbs. MLVSS

b. 2.4 lbs. of BOD/day/lbs. MLVSS
4MIC I

c. 0.31 lbs. of BOOday/lbs. MLVSS

d. 1 lb. of BOO/day/lb: MLVSS

10. Using the above information, calculate the lbs. of MLSS wasted to

provide a desired sludge age of 5 days:'

a. 1,351 lbs.

b. §ob Tbs.

c: 8Q0 lbs.

d. 100 'lbs.

a

175
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N
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Module, h o: fiopi c:

EVALUATION

l'irstructorNotes:

Handout

Ans..

d

2. c

3. .b

4. a

5.

6. b

7. ,d

8. c

9. a

10. b

z.

6

4 -
"4

Instructor putl ine:

Give:.10 evaluation problems.

I

o.

S


