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- . ‘ SUMMARY' ' . " * Pace 1 o0f173
.. [oduTe or < | Wodule Title: | — .
- . Mathema%ics for Operators o ‘
. . - ‘ -
. - | Submodyfe Titles: - AR -~
" .- [Approximate Time:. LT : '
' 1.  Review O .
L i 2." Ratio & Proportion I .
42 Hours 3. Graphs - - :
! ™ —1—4. Total Surface a . _ —
~/’ 5. Heat & Temperatur . ’ A
Lo 6. Metrics * - . ' o
S S - - 7. Hydraulic Loading - T
" . . «8. Solid-Loading ) ‘
- 9. -Digesters
£ 10. Chemical Addition
' 11. Activated Sludge .-
. R ) $ .t ,
Overall Objectives: ( .

Upon complei\bn of this msdule, the learner shouTd be able to use the pr1nc1p1es of .
mathematics of addition, subtraction, mu]t1p]1cat1on, division and to use“specific

’ EAARy formu]as as apb]1ed to water and wastewater treatmént technology. >
Tnstructional Aids: - LT : S
"~ * Handowt .~ ' LN Lot
v .|AV (Qverhead transparanqy) , - X -
' 3 [Calculators Lo , v
. . - . . / .
Instructional Approach: - ~
LS x Discussio . o
-, ¢ |Demonstra 1on L ) ’
- Exerc1se -k h .
- . i oo L - . ’ . \
‘ . T _ R i A\
References:’ . . 4 ) ©
i s "W&rkbook Bas1c Mathemat1cs and Wastewater, ProcessTng Ca]culat1ons N. Y. Dept.
et 7 ef Env. ConserVat1on )
AN N N o
' v ’Study A1d Workbook,. Mathemat1cs for Wastewater Treatment P]ant Operators,
. P “Ca11f0rn1a WatersPollut1on Control Association - S ) .,
\“\: . . . | . « . - g . \'.. )M;’ ‘
. Class Assignments:, oo 2 .t -
R 17 Given. handout; to be read - T ) , K
- . [2. - Given exercise-prghlems to be so]ved
~ 0 Be leen eva]uat1on roblems to be solved
- K e \ “ . »
. - o~ . » ) '.4‘
\‘- - ) t * 3 Bl ® -
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- Module Ho:— ‘| Topi ' ) '
L o . — Matgzm\f1cs for, Operdtors < N .
K Iqstructdr Notes:. . | Instructor Outline: S - .
g P . P T i . ] L 4
. - \ 1. Give héndguts of gaéh a. Discuss/demonstirate using the student

T " vegubmodule title handout how one calculates using the
, o~ F e _ N ‘basic principles of mathematics of * -

water and wastewater technology in

e

‘Making graphs

7

w0 -ho oo To

N

Heat & Temperature
Hydraulic loading
Solid loading
Digesters

Chemical addition -

Activated sludge |

. * B

- 2. * Allow suffijcieht time for addition, subtraction, nu]t1p]1cat1on
] exercise prob]ens to be ~ and division in -
. ) . done. * . .. ' . :
- ) - a. Rat1o-& Prbport1on
3.. Review exercik problems. |~  b.: Metrics
Lo ' ' - |. . c. Fonmulas.used 1n~w§fér & wastewater
4. Give evaluation problems. . technology " - -
N . )
" N\ . .t T b. Discuss/demonstrate using the student .
o AR handout.how one uses formula as applied to

o

s
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Module Ho: - . | Module Title: ~ | ' o .
s £ 7 .| Mathematics for Operators o ' -

i v . - " P -

‘ Submodu]e Tltle L

. . Rév1ew : <

App¥ox. Time: ~ .
. . Topic: oo A\ ) Lo s

\ e E \ .8 T

3 hours . Review - . - . LY -

0b3ect1ves - .

- -

The learner W111 demonstrate the ab111fy to determlne answers’ to prob]ems re]ated
to:

1. C1rcumferences - - ‘

2. Areas . ‘ ‘ K - .

3. Volumes ~ “ i . ’ :

4. Flow rates- _ °. , ’

5. .Conversion of concentration to, pounds | .

". s M N 0 B »

— . 3 po — -

Instructignal Aids: . - . Co T

Handout = - LU _ .

AV (overhead transparancy) o : ' ,
. -> hd ) - . -

Instructional Approach:

Discussion . | : ' - - { '
Demonstration _ . L ' P . . . :

| Exercise . ,‘ . : o
. ) ‘ X

" — . ., : LN

. Réferences

Workbook, Basic Mathemat1cs and’ Wastewater, Process1ng Ca];u]at1ons, N Y. qut
.of Env. Conservat1on ] AN . \\\

N
P

“Study Aid,yorkbook, Mauhemat1cs for Wastewater Tréatment Plant Operators,
Ca]1forn1a 'Wateri\Pollution Cdntrol Association. , '

rs LS

.'Class Agsignme\nts:l ) fi“ S ot

G1ven\30 exarc1se prblems to be solved. S \ . ’
. . & oot . ,l . : @
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, ¢ |Module No: 1 Topic: “ . 3

- . - - ~

- . - . ] { . . .. . = -
|- oo I‘gstructor Notes: * { Instructor Outline: .. .
N - ‘ 7 _ . ‘_ . g \

Al | 1. ‘Handout . o . 1. -D1scuss/demonstrate how one calcu] ates
‘fi 3 La . ’ typ1ca1 prob]ems re]ated in: | W
R ST the geometric figures that : '

. Simple flow rates
‘Conversion of concentration to pounds .

<5851 % are-most highlighted in 1. ‘Ci rcumferences ‘ ..
S Water/Wastewater Techndlogy . 2+ . Areas : —
. ' arer -y . ‘ "3, Volume/ ' S o
. - - 4
5

.o | PR Bect?gg.les . .
. 2. Circles . : .o : .
' 3 * Triangles " T l2. Give 10 exercide problems”

4 ’ [ g
' 4. Pyramids {(cones) - ¢ . .
. 5. Cylinder by § . _
| -6, Prism e o ' et ,
R « 7. Trapizoids ) .. . ) . . »
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A review of. 'several concepts and mathemat1ca] pr1nc1p1e; wou]d be very ‘
helpful o S ., ¥ A D
| Let us start by rev1ew1ng the use of our pocket‘calculator { N ’
F1nd the answer to: < . o , e L ,
162¢11847123-110-0582/I-65-17+4 T
Try not to" use paper and penc1] pen) ‘and ma1nta1n a continuous process:
Find the ansyer to; - ‘ ) ‘ t' o ’ ‘
1. 1.5 x 05x1'91—.oo742x895543 IR :
2.‘-35x35x85x314x748""4,-‘ ( S
. 2320 x 60 . Lo oo

A
’-

Let us .review: the pr1nc1p]es 1nvo]ved 1n so]V1ng for one unknown,

a1 The oPPOS1te sign-of additien 1S_subtract1on. =, '5 oo \X
L. ' - , P . . * %
b. The opposité sign of muTtipTicdtion is di'vision.
? - . -~

. To so]ve for an unknown one has to p]ace the unknown by itself.on e1ther
side of the equal sign (=) mak1ng sure that the.s1gn of” unknown is’

pesitive (+) or (X) . . N -
d. Move all other va]ues to the opposite sfde of the sxgn (=)-from the-
unknown R v ] R .
‘éJ Change all s1gns of the values that weri/ﬁoved . t\
o RN . , e
f. Perform ca]cu]at1on ) ST T - | S
Examp]e: .Solve for X ', T - ' I - v B
X+3="15 . ( Lo e Lo
‘ : ) | ey, Lo ot
L X=15-3 .0 g . S PN
Cx=12 - A S : S N —
" Example: ¢ - . S
: - ! . “:7 o ‘ . ~ 0'9
1920=Wx20x8«,. . e e
" - -t - .. V- 3 B . ".(:
/1920 20+ 8 = p ;o ’ S .\
' 12\ = u ' . : - ) . i . 3§ . '._' A?' N « 0":‘ :;: . £ L
orH=12 e . T Lt T e T
e oy : sl : "-7 ':" E ) o, ) >
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Exercise b_ -, - C ST i é
1. C=4xL - - ‘
Nhere3L- 20 P
2., ¥ =L xWxH ' - :
Where L 5-4,W =3, H= 10 X
.\‘ ) -« A Y
M =§§' ‘ .
- \ ‘ @ . .
When @ = 9 & bv= 6 L ' ~ {
4. A=qL)2 : .
. [ 3
man= 15 - ’ '
N «

.- ] .
.Exercise ¢\

Some formu]as that need review that are 1mportant in determ1n1ng the . D

c1rcumferences of geometric figures.

ta x Rectang]e/square .
A=2(L+HW). .t
. : e T, '._ ] v \
L = length and W'= width " . -
b. Triangle ; |
l\,=_a.'+ b +-c . ’

Each letter (a, b, ¢) 1nd1cates the. length of each side of a tridngle,

.

c. C]rc]e ' "

c=2 T’IX Rorwp ¢
#hen =314 and R is the tadius

a

- .
I
—_—
. .

~ -

A

L 2]

4

-

-

. A ejrc]e’fj; v
o ” Q‘

» .
i
/ .

’

a‘rad1us of 30 ft.

- . rl

1. VWhat is the area of 8 rectangle whose d1nPns1ons are 1ength 72 yds. and.
w1dth 12 yds : . . Clﬁ\\ .

s . 0 - ‘x(\.\- ¥ '

2. A square has a side of 26 ft. " What.is the c1rcumference of ‘the squarea

What is the c1rcumference.

»
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‘e - 4, A triangle whose sides are a =20 ft. R b - 15 ft. and ca=,25° “ft.
o * What 1s the circumference? ' . o
- . % - . ., - . . . ‘ . 6&. o
The formu]as for areas. of- e "~ R : o
- . -
-a, Rectang‘le/squarep"'* \ v o -
R=1L xW N o ) : '
al “ o . . ’ ‘ . ‘¢/\
L = Length and W'= Width . — A L
’ & BN M . .
b. Circle L Yo ) . .
- > - L, ' . .
o A= Tr’ﬁrﬁs X . .
y = = 3.14, R = Rad1us, D = D1ameter &F
.C. Tr1ang]e _ T e . ' . T
N “ S
A = (b X h) T "6 .. \- \~“ W .% . R ‘ -
. s L. A
} b = baseand:h = 'heigh}: . N _ .
Calculate the-areas o.f . ‘ . i ’\
1. A circle whose m’drus 1,£ 30 ft.. . o )
5 " .2 A tr1angle with a base of 12 ft. and ’ne1ght of 6 ft
.-/— :; 2 - N
o 3. A 1agoon whose ]ength is 320 ft.
- The formula f6)r vo]ume of ‘
a. »’R\ectangular, solid - _ ;.
. » ~
V=LxWxH T ,
\ . I A o N ') . .
: L = length, W'= width, and H = height/depth Lo
'” b. Cylinder . - ) T . s ¥
Iov e o R
V-TszHor“’"785xD2xH - - _
3 14, R = Radi us,‘H ‘He1ght/dep’6h e ey
- ) c. Sphere C = .. ' B

. LN ._\ ..‘ Iy e 3 ) . ;. .' '.
= 4/37R% y R Ce e -

-'1'-{3.14)R = Radfus _ v r
- . H - S - .. . ) ) + - . o, " -
* i ’ o A;:‘
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Remember thatin many units in water and wastewater- are madé up |of 2 geometric |
figures. Ex.

1. What is the volume of a 12 inch water, main"ssoo ft. ]Ang

2.

3.

'-2.‘ Trﬁangp]ar based -

Pyramids © —
1. Rectangular based .

= /3L x W X Alti tude

1]6 b x h % A1t1tude

3. C1reujar based (cone)
= 1/3J7R% x Altitude
water towers, _settling basins, digesters. |

|
) ;

" Exercise . : e, .. \

A settling bas1n has a length of 60 ft. " width of 20 f%

8 ft What is the volume ) o

L4 °

Find the vplupe of a figuré with the dimensions-(See s

4!

| 1

k tch .

ahd depth of
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- Module Ho: HModule Title:. - - S sy
LT . N . . .. . ) . .
- a | Mathemadics fqr Operators, )
R ©+ 1 Submodule Title: " e : oo
. . Ratio and Proportion” | = == "
. . Approx. Time: : — :
-\ : v : Topic: e L.
e 1 hour . ' Ratio = o
. . ObJectwes: R ‘
. . : : > .
- - | The 'learner will demonstrate ‘the ab111ty to ca]cu'late prob1ems 1nvo'lv1ng
rat1os. . c .
L . '
. g3
L ~ - L " !
N . / : ) . . . .
. T, - 7 ‘ . R - - .
. Instructional” Aids: A y .
et Handout ) . L. .' .
\ | AV (overhead transparancy) - , - ‘ . . A
VT - ST ’ ) '
S ‘ — . * < D e .
’ } . . . - - - s ’ P * ] - N . = -
. Instructional Approach: & . ’ ) e o
. . Discussion . . RS . M -
. | Demonstration : S : ‘ ‘
.- Exercise . g
) " . : . . v Voo E -
e . ~ . . " i . . P . LI :lL,' R
’ I ‘, . . . g .
* . References. R o ’ SO SN . il :
, WOrkbo.ok Bas1c«>Mathemat1cs Wastewater, Processing -Calculations, N. Y. i
T ’ ‘Dept. of Env. Cdnservatwn. T K Ry T : N
- Study Aid Workbook, Mathematics For Wastewater Treatment P]ant Operaters, .
4 Cahforma 'Water Po]]utwn Control Assqcjation. o R
° N M . ‘ * o N 'h : N
.+ .= . lClass Assignments: . . O 0.0 T ‘ LT '
41 Read handout . T T e
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Module No: ! : Topic: . ) S
v LY - - .
: . / Ratio . © _ ’ . Vo e :
InstructorMotess -, L In/§t/ructor Outline: ‘ ' Co e
.. ¢ - - . 4 “a g
.‘ i D. t e 4 ~ )
Gjve handout S 1. Define ratio - the re]atwn bé&tween o~
. . quant1t1es or numbers whi ch are of the
. . . same kind. - . .-
Pl ' b - *
The number mentioned fjrst .s - a.- Discuss/demonstrate how one calculates
the first term and th nuriber~. )/ for the ratio by dividing the first
_mentioned second 1s the second term by the second term. _
t'em ',, ./ ( . . ' > )
pa © ] b. Given 10 exercise problems. -
- . ' K > » . . .
- . ~ ° - o -
. . ] N . L
. / ] 4 - Sy A} ' 9
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. o .“\ 3
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Ratio - “ - Y
Ratio is the. comparing of quantities. '
Compar1ng is done’Ey d1v151on " a .
Division: Compar1ng by d1v1s1pn one divides a quant1ty by another

" | Example v,

ga]]ons then the ratio of 32,000 to 64,000 1s

-

32—300

+

-

L .

-

'If your *flow today 1s 64,000 ga}lons and the next day gong flow is 32 000

“.

*

3

= 1/2 t1mes

64,000
This mears- that the flow deereased by 1/2.°

¢

\
. -

1 64,000
f§f7ﬁﬁf

s

=2tﬁms

3«

. -" ‘

| Refér to the’ example.

‘If one’ rnverted the problem.

L

.

A

In setting up rat1o one has to remember what the answer one needs to obtain.

¢

_IT IS IMPORTANT THAT

'Th1s means that the f]ow of the prev1ous day was twwce the flow of foday

Il$ HAVE TO BE THEvSAME BEFORE COMPARISON

9

' ~the ratio  of distance on t e3p]an and thg

e
s o 4w " ¥
LT -
.

S&7 -

o ‘:
' Exercise ’ ' ‘- N .
Ny B » ' -3
’ ”1, What 1s tﬁe _ratio of 8 feet to 2 feet I
S FWhat is the ratio of s.ml to'2s ml. ST
- ',3. If you add to 20 ml of so]ut1on enough water to make 1000 m] _what 1s
o \\Ehegg;lut1on ratio. - b
4. WhatTs the ratio g ‘24 ft. to, athrt. Lo
) 5: If you ‘add to-2 ml of sample’ enough witer to make the solution 25 ml.
. what is the rat1o of rJut1on ‘ v L -

-

..Yoyr plant . bitue pr1nts 1nd1cated that 1/4 1nch represents I foot.*
actual dlstance on the ground

l.—
..o - —,‘.‘ b R . . LY .
: et s . . L |8

e
P . >

6; what is the rat1o of 6 gai]ons to 5 cub1c feet.-
' $ -
- 7. If a pump operates for 5 minutes out of each hour, what 1s the ratto
" of Operat1ng time, < ‘
8 What is the rat1o of~1 inch to 1 foot R ' : . o

-

what 15
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10. If your plant blue pr]nts 1nd1cate\a ratio of 1796 and the d1stance»

“on the b.é@prmts indicate a measurement of 151 inches, how many
{blue p“r1nts if the ratio

feet does:

.
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Ifivggmches represent in t,he plant
. is 1/96. T
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Module Ho Module Title: .
. Mathenmt1cs for Operators S
' " [sogodale Title: -
- R&t10 and Proport1on e
Approx. Time: . i~ S
. . Topic. . Lo
1 “I=tiour , | Proportion
Objectives: : L N
"1 The learner will demonstrate the ability to calculate prob]ems involving -
-1 proportion. e ~
“F ’
- % . ‘ .
PO KR :
- ‘,g’%:" ’ ° - -y*l -7
5
y
¢
L ’
- \/N

Instructional Aids: f;

HandOJt ‘
AV (overhead transparancy)

: '. y
¥ .. .

Instructione};Approach: -

Discussion
Demonstrationm 7.
Exercise

’ o

4

. Workbo

» Basic Mathemati¢s and Wastewater, Process1ng Calculations, N. Y.

] Dept 0 Env. tdn$ervat1on

v

Study Aid WOrkbook Mathemat1cs for Wastewater Treatment PTant Qperators,
California water Pollution Contro] Asso;1atron.

s .

-~ . ' . 1

Glass Assignments: ’ o IR ,:X‘.

1. Read handout
2. ﬁ1ven 10 exerc1se prob]ems to be so]ved

-

.
I

15.’.1'0,'" ’.é.




Module Hpj' : - Topic:

Proportion

’

{InstWuctor Notes: |, a Instructor Outling: \\‘

.+ Defiye proportion - an exp}essibn f
. equality between two ratios.
1scuss/demonstrate how one’ dete mines
the_proportion of two rat1os.; The'rules
to use}are.n

«
.

"1, ¥The product of the means is equa] to
" the product of the extremes.

The product_of the extremes divided

by either mean gqves the mean as

“quotient. T

The product of, the means divided-

by either extreme gives the other .
s—extreme as quotient. 5 ‘

° r
Give 10 exercise problems.

s




s

» . ’ ” C L T ) ¢ M v
\ [ N B o LK \ < . .
Proportjont ‘ . - "
A proportion is an indication tﬁit.two'ratids are equal, :
caz .« ’ . v . ’
Example ~te - -
. P s . . T - <
| 6/12 = 9/18 - : . 3
. - [l ]
Proportion is expressed as oo . )
6:12 = 9:18 '
° - ’ ~p /L‘ »0 ! - @
This is read as follows NN v
3 . -
6'is to 12 as 9 is to 18 o . ] ‘

[y

. 4 v R : .
To make sure that the two ratios aré’equa] set up the expression

Extremes

<

‘ . . 6712 - 9:18 \
’ & 3
D Means -
By_ﬁh]tiplyiﬁg the mean and mu]f?b]ying the extremes‘theuﬁnswers should be,
qual. . e o Eze
; ‘ v e ' T -
Are these yratios in proportidn . RN » :
1. 3:36 = 4:48 . = : "
2. 1:4.3=6.7: 28.81 T P
3.. 5:20,000 = 15:.60,000 x ) A '
Suppose one of the means-was missing ¢
, T .t L‘\ h .
. Then ‘
6:12= 7 :18 " ’ -
.Since we know that the rule of product of.the means = Product of extremes
Than T T w |
12 x X ="6 x18 - S PO ' 3
oY e { -
, . . 17 T
‘e o« €, “ - >t - - . |



'_oX=

3.0
”:94

S

By solving for X

6 x 18
=

X.= 4:48

= 45415 .

X = X=54
[\

If one of the extremes is missing

6:12 =*9: X 7 . .

\. A
Than the product of the means divided by the known extreme
extreme,

’

y =12 x 9

6
.18

-+ Exércise

x 15 = 5:45

5 4.5 =

1.
9:X-
5 156OQO

X:28000 =
\\By add1ng enough water to 15 gal]ons chlorine solution
o make 156000 ga]lons compute the new. concentrat10n.

gives the other
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| Module No: Module Ti§je; .

&y

g . Mathemat1cs ‘for Operators

hd

Submodule Title:

| Approx. Time:

Ratio ahd Proportion v

EVALUATION

OBJect1ves ;g .

The 1earner will demonstrate the'%£111ty td detenm1ne correctly ‘the answers to 8 out
of 10 prob]ems related’ to ratio and proportﬁon in water and wastewater techno]ogy

\
1.0 5.8%8=29.0 = 40 R
,,2'. 23:15 = 8 = 34
3. 4:36 x = 81 °
T
a. 1.7
. .b. 729
€. 9E»
1= Hd‘.-' .56

. X =

5. What is the length of water main to be purchased if the blue pr1nt indicates” 26
. inches and the ratio is P" to 1 foot. .

r‘h i ~. .
v oa. 6.%/f€% < . S : T
b. 104 ft. - - : L

c. 1248 ft.

»
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. - " ‘Page._18 of 172 - .
" 61 'Wnat i§ the ratio of dilution 1f you add 5 ml. of 'sample to 20 ml:
.. of water. . . : -
a. 14 . .

e _,‘p. ) = . ’ : ‘ .
“ ‘b. ~-1/5,‘_ ."' - i ) .‘ . ) . ' A

) C. 5 ‘ ) " . ’ E o . -

o d el T S | (

7. What is- the new concentratwn'of‘ ab gaﬂon 45, OOd mg/] fluoride .
solution “when added to 195 ga]]ons of water . ;7*
‘2l 0.0217 . . v . X
b. 1125 . -

-c. 46.15. 0 '- Ve
e C \\ / 3
d. 1.7 - \ :
R ‘ A —_— b - .

.8, A water plant hag a raw flow of 600,000 gallons fromsa surface reserVoir .
and-a flow of 200,000 gallons from 2 wells. What is the ratio of/‘we'H
water to survace water. o ; o S

- . A . o
a. 13 . S - : \ Lo
c. 1/4 - - " * . X‘W@:
.d. 4} o L
9. '"The tota] f‘low to a p]ant s 1 8 MGD. If 45 MGD of the total f]ow is
: rec1 nculated what is the ratig of reci rculated to the tota] flow.
/
V- ~ : f”‘”‘- ) .,,‘;
b, 3 _' 3 ) g L
c.’ 6 ) b
d. 146 :
. \ .
R .S . ": .
- ) i / : ’ ? ) o .
, * h & 3
T 20 , S
P ’ 'z % : ' _\\: :’
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. 10. A ratlo of recn‘cu]at\ion in"a plant is set at 2/5 of the flow into the
. p]ant What is, the volume of recj rcu]atwn i, the flow into the p]ant
B, . . is 268,000 ga]]ons. ¢ ) r.
: . a. 6700 gaﬂons , T , T ,
£ . . ‘. ' P . i . .
X. \Ql . A 107200,93”0n5¢ L .0 , Ty e S ‘
: 67000« gallons - o R S
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. - |Instructor Notes: Instructor Outline: . .
- '..’ . . . ¢ o i g‘ ‘ i\*- B ‘ . ‘Q'_‘( a% ¢ ) - i .
. - |1 Handout 1. Give-10 evaluation problems.
‘ . ) ) ' * . IS ©? »
. + | . Mswers . ‘s P . ey
\‘ ? A - - ‘e . V{ . "‘:

LT, B DL

.

'
13, T S )
O o

13
o
o
“
10

o~
J .
: . i
Ca 9',, .V - . .
. . .
4 —
. . . B
‘ 10. .
- -
b - \ t - . »‘\o
. . « ™ R N
- ¢ -
.
( ‘ ! . #
- \
3 » PN L 5 s
M - » e
! . - ) .
.
f N < . .
o . . ,
'y . -~ » -
’ ’ = ‘.o . - N
¢ = .y -
¢ v R . - - .
' 1S
.1 - . ! , - * o
oy 3 N s"‘.’v . - . . - - -
e .
'R . .. ” N N I < .. ,
.
i e W, - v . .
1 . ‘ . A :
- ’
5 1 p— * . .- A ’ 2%
c N - _'? N
° és“)" N - 2, LY »
- ’ . - -
. \w - v;
b I 4
- REET - - N P S N, . r
) tor M ——
" 3 ’ N ' b * ~
. ,
+ et ORGET ’ - * .
TG LT &2 —_— )
R - ~ ; .
P
“ - * » . LS
* | %,
E : .
: S - - 22 e
\‘1 i ’ % . ’ 4
- » e . a . . . ” . .
. g e . zZ . - . A
Lot - ) . . . - L . L - - =
T . L e we, P . N =




L

““In%truttiqnal Aids:
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Module Ho: » | todulé Title: . . s e
Mathemat1cs for Operafors k
) N - 7 -
\ . Submodu1e Title. “ & -
- Graph , @ L .. s :
Approx. Time:: ) B,“ . " : —
Topic: - g . K ! :
.2h . . : o4
2 hours Graphing \ o
- N . K " .
0b3ect1ve$ NG - * . v, - ®
« 1. The learner will demonstrate the ab1]1ty to graph curves or line graph sets )

of interrelated values onto graph paper.

bar graph.

v

2. The learner will demonstrate the ability to 1llustrate va1Ues in s1mp1e

-

Y]

HandoGt - :
AV (overhead transparancy) .

.\ j} . 1

}ns@ructioﬁal Approach:
_Discussiop R
Demonstrat1on L ) R
‘Exertise

r

Refererices: , ' wi.

Dept. of Env. Congervation. 3 N
p onge » ,

Ca11ﬁorn1a Water Po]]ut1on Control Asso;1at1on

L) !’, )

“Workbook , Basic Nathematics and Wastewater, Processing Ca]cu]at1ons, N Vﬁ

.

Rogin
Study-Aid WOrkbook Mathemat1cs for Hastewaté? Treatment® Plant Op@ ators,

Class Asswgnnnnts. ) .
1. Read handout s
2. -Given 2 exercise prob1ems to be grapheg
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2o, Module Ho: Topic? . /¥
s ) . - ": * = .‘ e - -
[ e . Graphing . b \ .
I - . - i - »k_
P . 11 N R .. / (
i Y. Instructor lwfes:. o instructor. Outline: .
. A L= -, . SRS f A P
{v r ’ " " ) . / / “ .
j i ot < ~N ) . R ‘
S 1. Handout e, b1se‘uss/demonstrate how onesjuses graph
: éég Lt g S paer “to plot interrelated values. - .
A - & hasis’ that séveral graphg - . o
- «. » @an be plottéd on the same | 2. Discuss/demons rate l\ow one deve]ops
x , 0 graph. paper.to show the bar graph. R kTP o
L relationship between | : - - )
“di fferent parameters. - 'f P .
) ) : " "‘ ) Q ’ - \., ’
.. « “Ex. BOD & SS Flow, Ve . ‘ A -
$ - N Total Solids or L \ Co —*f .
i ,ﬂ . d"‘. N - 1 - ¥ . -
o F]ow, Ra_in' - o ‘ -
N o = . Y \ . e
h 3. The axis of abi'scissas 3. \Give Exerc1se prob’lems to be gra‘phed
.- - (the horizontal ‘axig). . v, a
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v 5

L 4 ~ d

[ 6raphs « _ : - ~ LT A

Graphs are visual methods of pfesenting relations of quantities to each
other, < : — . . ) . .-

~

., L} . i . - . ~. o . .
Graphs also'tend. to show'a trend in Paraméters. That is ofle ‘can-see alot
easier if, say, the BOD influent is increasing or décreasing.

5 - o ! :
Graphs are presented in many forms but the two :types most used is
. CE)

- ’ “ ' .

A. Lipe graphs or curves e, - ( N

B."Bar”graphs

- -

, .

. A Y

1. Line graphs T R
IS . ‘ . . ’

To construct a line graph one needs to have: \f?; -

o ! -

» .Ja. Gra paper S . ' o
y oo~ - .

'
< - N - . - . *,

b. Data needed to graph . . «

To constrgct a graph choose a horizontal line called the axfs,Bf -
absciésas,”(X) and-a vertical line called the asis of ordinate (Y).

... The spdces on the graph paper a¥e assigned values-according fo the
<" data supplied. ‘It is evident thenjthat these values will vary ~ *-

greatly and m£§t be chosen to suit the requirement .of the problem -
~' with, - ” - . ]

" Example " o - .
Cpnsg;zzf\a graph from ﬁpe éata available: p .

[

» A T 4
‘

' o4
ke % 3o - ’ . o= v, 2 - 3

1 IR : RSN

Date.  -Flow/1000 EPD
o i45 . T oo
129 .
— 148, 0
195

+
4
1
3
N R N R N

“Where -line (X) and (Y) cross the-point is called point of origin (0).

l“\
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Solution

~
’

0; your graph paper mark below (X) axis, the dates make sure that
. they are spaced.out evenly. (zero, 1, 2, 3, 4, 5 on your (Y) axis.)
. aMark from zerg to 50 and space them out even]y (See Graph). .

M

) Us1ng the 'data prov1ded f1nd the- column that represents ‘the Date 1.

.

Mové up the column and f1nd the hor1zonta1 Tine that represents 138.

° . .
LA .

Place a dot’at ;hat-po1nt.

] Proceed fq the co at\represen?s the Date 2.~ : oY
Move’ap the column and find the hdr%zogta] line tﬁat'represents 145,
Place afdgt at that point.

By proceeding,;hrough all the dates your gfaph will be full of dots.

Now start W1th the dot that represents Date 1, Flow 138, and connect
to dot representing. Dot 2, - FTow 145, and so on. &

After connect1ng all the dots one w111—ﬁ%t1ce a figure. This is + ~
called a line graph. . ) . e

If one maintains a graph on a continuogus basis, one may be.able to
alter.a lot of data, project p]ant operation.

. Exercise

rd 13
.

Chart these data.

* -—~/ . ‘ : . .n
12 2200 - 5 1208~ _1g
1a.m 2150 6 _200 1
2 1800 d " 3500 12"noon._
T3 1400 8 5000 11 p.m.
4 1300 ° 9 - 6000 - 2
/ ° A i
"l ¢ N r/ ,
- - J . - ¢ ’
’ I/ :) ' )

3




- - Rt . ¢ i . €
. % / - . . \I/ . .
h - . ! .
. .
. - . . : " vy - . _—
? . . N . w -
, .
o~ _ - ’ > ’ - .
~~ . .
| . - “ 3
W 4= ¢ 'y it o
. o . 2 - —
| . # . . .
| S ) . v ‘
e (Ve R ) - R 4 2 . - .
- N B t Y]
| . : { _— ]
| . @ . - ) ) .o
o ", . 4
., ® U 3 -b <
o . . . 3 8 - ’
[ ' .
° : ’ L o LRGS0 s IV G i IO TN ™! . F
) . o ’ ATy e AL R 4 T N '
. ! . pre SR N
- . * It S| ) - '
'
. 3 rrpepresies
* . . . L s, Yy N o hgk MY A, ..%
80 ) ! . .
_ _ , EE e
. 2’ . . FY! ‘ a0 a I L o~ (X%}
N - v i ] —m
g ”
{ . . * . - A ) Ty ASDNN - o . e
. ~ . 4, L~ o~ ‘.&J N 2
* A - ~ 1 Hwb 8 > . -
“ .’ v ! o 1 ; - B
- N o - s . RS i iyl R -
. . ) i ; citashm e i — o o - .
- " * , — 8l < -
o \ > ., > »
| ) : R R o
i -
p | oo . )
3 , . Y
a ’ i o T~ Yoo -
. " - i ™ i
. . N i
. . . . ! R
¢ - f
i - ' “ _ ~ — in ¢ .
- ) .
- 7y [ o K= o o .
- R . . (Vo) [2¢] ~ O wn m w [3V] -
) .. . — — - — — —t — —
. 3 h . - .
. ) & N ) - , . PR D . )
L - , . s . @d9 000T/MOA :
N - L . - . . . M
. - it N . A I
~ . 7 . » - ¥
) . J e A A
- . \ . o - . K ’
, ~ - s !
@DMW ) ¥ * i .
. S o, o o " - d N

1

s
?
.
.
:
.
.
:
4
.
.
.
g
.
-
:
N
.
Q
[AFullText Provided by ERIC
.

¢
-
L]
.
3
want

1)
'
4

S

s

v -




h‘:‘ - 4 ' . ‘a .%
-~ \\' . o »§
. » ) %
‘~ \ ), ' . ‘ . J
B ' . - Page _27 of 17 .
— 7 f . Fad .
N . h . .
. Time © GPM Time  -GPM
< ? . . : N .
V- "3 6400 . 8, 8400

~3
. ' . s 6700 10

o, . o - t -

6400 5060

3200

‘410 . . . . ’ .. ) _‘_‘
: S .6 7400 ' - .2800 . - ‘
ST B LB N L

1 9200 .-
2. Bar Graphs, v oL R
Drawing bar graphs 1s‘ much 1ike dra.wmg Tine graphs. Lay oqut a

horizontal axis and a vertical axis and mark them according to
the data furnished: Draw bars of a ]ength that will corvespond

866
» 600 °
634
1090

‘ }33@;.
.29

4 - . )

4 - 2300

2740

<

6 3070
a°,
- 3330

% 7nb

- -

3 2330

£ to- the amounts 1nvo]ved ’ ‘
' ‘. .- " Date Flow/1005 60 = -
17 . 135 \
. ~ ." ‘1 r
- = 18 142 .
%,‘ . - 19 141 -
i e
: : 20 128
- o 21 156, .
.. ‘ - V. » J?‘:.‘:
) ) ‘. 22 - 158
o 23 . 178 o ,
Exercise . o / -
Y - Time .GPM ‘Time . 'GPM '
o L4 12 p.m 933.._  Pp.ms 2130
:) 2 Ve L ¢ , — .
, SRR 1a.m 866 2. . 2170,
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‘|Objectives: L ‘ R T

Module Ho:

Madule Title:
Mathemtaits for Operators

- l .') '
h Submodule Titlex - : SR
- * , i G a h N ) . . . . i A
Approx. Time: rapns _ .. ﬁﬁr
' Topic: »

.Meah1ng of Curves or line graphs

-t

L amany

»

The learner will demonstrate the ability to obta]n usable 3nformat1on from .
curves or 11ne graphs "illustrated.
s e

€ . . [ +

7}

Iﬁétructional Aids:

Handbut a y o °
AV (overhead transparancy)

v ! r

. ‘ . e
. N . \ o™ -

Instructional Approach: b \\-’{

D1scuss1on //

Demonstration _ -,

Exercise _ ‘ - L S i
. .

References: T . : -

WOrkbopk Basic Mathemat1cs and NEStewater, Process1ng Ca]cu]atIOns, N Y.
Dept- of Env. Consenvat1on . A
Study -Aid workbook Mathemat1cs -for Wastewater Treatment P]ant Operatbrs,
California Water Po]]ut1on Control Association.’
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pﬂass Assignnnﬁtsé

1. " Read handout ' ‘ .
2. Given 2 graphs as exerc1se for the .obtaining of var1ous 1nformat1on as

1nd1§ated by 1nstruct1on = » L ' [

- -
e

do .
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Meaning of- curves or line graph

Most graphs._afe developed.with ;29 abi]ity”tq obtain information. Areas

where graphs are used to obtain
wastewater] technology. -

formation that is useful in water or
\a, Pump pérformance | “‘ ‘
b. s Laboratory!ana]ysis
(absorbance or transmittance)
- Jo be.able to "read"'; graph’one needs to have:
1. Axg}aph ’
2. A value on either the (X) axis or (Y) axis.

See figure 1

e : ‘ .
A graph having an (X) axis ndicating concentration and a (Y) axis indicating

absorbance.

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

The point where the line crosses the:curve, join Fhai point with the (X)

_axis with a Tine paralleled to the (Y) axis.

Example * - C .-

»

r

~

) axis.

7/

Using the graph in Figure I, $§nd the concentration if the absorbance is

i ~

1. 0.21 R . _ oo

Exercisel~ .

- 0,185
0.2

X ¢ ,
1. , ‘
- \ . .
1 2. - . L
(_3. 0.225 \'\ : .
‘4,

P ‘ SRR
R | N

0.195 - . . '.\y C S 4
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Mathematics for Operators

Module No:- Module Title: 7 _ //// <;-—:4

Submodule Title:~_ ~

.| Approx. Time: -Gr“a‘phs/

. 1 Sewy
hour EVALUATION

‘Objectives:

1. Given a set of data, the learner w111 demonstrate the ab1]1ty ;o pro
the data. ’

Given a graph_the learner will demonstrate the ab1]1ty to obta1n valuas to
answer correctly to four quest1ons . >

7
Ty -

% . ) j‘\,_.:i’
. «In the determ1nat1on of f]uor1de the three $tandards tested'provided the T
fo]]ow1ng resultS' ‘ ’

- . 1
A ————— T

conc.. g - " Fbsorbahce "
~v9'éymg/] 2 . 0.23.

1.0-ng/1 | . gL .o

1.2 mg/1 \'\* ’\b " S

Determine after plotting_a graph the concentrat1on of a sample of f]uor1dé if
the absorbahce is "Show your work on graph provided.

.

¢

Using - the graph marked PUMP CURVE
o a. What is the approx1mate GPM if the- head 1s 80. ft

1. 80 .GPM 3
2. 10 GPM

3. . 480 GPM
P

. 456 GPM

3. Th1s pump is pump1ng against a head'of 140*ft
. " minute will it de]1ver7“ ) o .
% , [ 4
a. , 264

>

b. A§4p
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a v / 4. At what maximum heaq‘ in feet will this pump, deliver 320 GPM? ]
) T ’ .0 . N - - ’ -
. N a. 127 ft. - _— T . S
, P : “ .
b. 140 ft. S v N
. N v ¢ .
. ' T c. 200 ft. ’ & ' -
. £} /' . 7 l
: i . d. 30 ft. . - ' :
% - . B . ;- ' L i
- — P Y R .- R 4 ¥ ’ .
Co 5. This pump will deliver 560\GPM's water at a head (in feet) of 170 ft.
. . - - '
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Topic: . ) P l B
EVALUATION - %, . A
ha s ‘l‘" ‘*‘- '-11 - = - M
- instruétor Qutline: SR
S0 <] 1. Givea set. of values to be _grééhed.
. . . . ";‘. ' > .
T 2. Give-a graph to obtain values.
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’ i ,.%Odu,le-rao:- Module Title: .
- 5 Mathemati¢s for Operaturs. .
re S, . R s,
T o Submodule Title: - _ N
_|Approx. Time: - Total Surface Area TSA- ' -
RN . S " . Topie: ‘
. . N .
1l W5 hre Rectangu’lar Sohd ) : y 5
. ‘\ . A ) * Co- N o
- ijeetives : ’ ‘ g
- . }The 1earner will demonstrate the ab1]1ty to determine the total surface area
U 4of a rectangular o] d - . .
. ‘ . &
: . . ¢ . ’ . \ * oo
o ) ‘ ° r \A ) . - - Q‘. .
- ) - v L - i
- .lﬂ ’Im{'ﬂ.“%,t/iona]-'l\’ids.: T , j -
~"™_ I Handout = - 2
.: g s . A:,...' "L : ’ *
S " | AV, (overhead transparancy) ’ )
. ' ' ’ * ) 4
a . ¥ s - ‘ ‘ s
i b4 * ! ' - :A:&’ ~
*-._9' . | .ﬁnstructmﬁal Approach : .
oL | Discussion .. - ! .
o : | Demonstration - ) ‘ .
. 4 Exercise - vy N L R
- ; ' ! .‘.-.‘ 4 ' ’ ' g-“ - _ ;9 3 )
. ‘ " |References: -+ o ! .
B . Workbook, Basic. Mathematms and Wastewater, Processmg Ca] culations$ N. Y. Dept
SIS of Env./ Conservatmn o :
k -~ CoHege Ar1thmet1c. 2nd Ed1t:|on, W. I“; Layton, wney & Sons.
h’!ﬁ f* b »
ﬁ . 2 Study Aid bJorkbook Mathemat1cs for Nastewatgf Tregtment Plant Operators,
RO .| California:Water Pollution Control Association ~ :
|Crass Ass1gnments. ’ e )
L - _ Given 4 exercise prob]ems to be so’tved : - -
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Mpdule No: Topic: ) l
‘ ' -Rectangular Solids
Instructor Notes: "{ Instructor Outline: <5 . "

.} 1. Handout -'.

a. Emphasis that the unit
values of TSA is in
guare ft. or s guare

yds. etc.

The unit ﬁh]ues of the
length; width, and

- height should be of the

same unit d.e. ft. or

or inches etc..

\ ) ‘

u§ing the formu]a
TSA =
TSA =
. L

Tﬁalsmf&eaqg

-Length of unit
W

Width of unit
H

Height/depth of unit

2. Give 4§ exercise problems

-

1. Discuss/demonstrate how one calculates the’
*tota] surface area of a rectangu]ar solid

2 (L x w) +2(LxH) +2 (U ifﬂ)

%
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Réctangular Solids + , K ~ N °
The total surface area (TSA) of a rectangu]ar sohd NS the sum of all six
areas of- that solid. . *
Formu]a " ' ) o Tt
——— H . - S »
The TSA of a rectangu]ar s0lid 1s eq| a] to ~ O
TSA 2xLxN+2xLxH+2xN H« (\
Tota} surface area o f"*% S, T '_" - B
: o
= Length - - . V™ : .
W = Width . AN
4. ’“ ‘.'
“H = Height or depth y Ty
- i
N, 1 '
) ; " 1 T
- i . ' ! . N
. _ ' hd ° B
. y i . ' . = ) .
> ” . "‘1 ' s .
i . . { .
] “o "/l-..—--——- I e S Se—
p ! V4 ) .
,_ 4 . L
- £~ -' /
C.. « . . < -
Example L cetton d ) ¢
A rectangular solid- has a 1ength of 20 ft., .a w1dth of - 10 ft and a. depth
of 8 ft. What is the total surface afea? v
. 4 4 ‘ L4
% - ° , <.
* s 5 R & _;, -
- ." Q43 N - » - T_ - ’
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Exercise

-~

.- Page ,41 of 172
‘ n T - ~ L
. .. T~
"|Solution - _ N ' =
TSA=2XLxW+2xLxH+2xWxH.
=2x2 x10+2x2x8+2x10 x8 : '
" "= 400 + 320 + 160 " : o
= 880 sq. ft. )

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

-

-~

1. A rectangilar shaped clear.well has to be p
length~ 40 ft., width 12 ft. and depth 12 ft.
. area of the clear well?

i

ainted the dimensiens of
What is the tota] &urface

width 13 ft.,
room7

A rectangular shaped_room needs pa1nt1ng

he1ght 9 ft.

needs painting.

2. A cube has the dimensions of 15 ft.. what is the tpf%] surface area7

The ]ength is 30 ft.,
What is .the total surface area of the

4. A storage tank rectangu]ar in shape with a 1ength of 60 ft., w1dth’16 ft.
. and depth of‘ 12-ft.

What is .the total surface area.

<
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., jModule No: Module Title: ' : - e
. . ) ) ) ) ] N , \ -
) . Mathematics for Operators * '
. _ Submodule Title: . ’
o Mpprox. Tir;xe: Tbta] Surface Areas (TSA) . T )
- - ‘ ' Topic: . . . A D
Y% hr. - Cylinder _ ' . = s . '
< o Jbisctives: ' e . . e
‘ 3 The “learner will' demonstra the ab/ﬁity to determine_the total surface ‘area of |
. ©* ta cylinder. s 7 ‘ . "
. h * R ‘ . »
E AN . , )
¥ " . i « .
s ) , - 1. “ 2
? Instructional Aids: ' SN o . v
,f -{ Handout . : . .
' AV (overhead trans_pafan(iy) ) . g o
0*' ’ ’ i N . . . ’
. —M ) o .
Instructional Approach: ‘ _ y ‘ ot
O .o D1scuss1on . “. o . A .
s Demonstration . ‘ L -
. Exercise. . " VR =
) ‘ : ) . ~. o i . ) €
+ . ° /
) . References: ° PR
‘o . Workbook, Basic Mathemat1cs and Wastewyater,’ Processmg Ca]cu]atxons, N. Y. Dept.
- of ‘Env. Conservatwn : ‘ A R '
N v - ~ £o]]ege ‘Ari thmet1c, 2nd Edi t1on w 1. Layton, W1]ey & Sons. e
. " Study Aid Workbook, Mathematws for Wastewater Trea‘tmen‘t P]ant Operators,
, v .| California Water Pollution Control” Association . .
% ° ‘ICrass.Assignments: . . T -
o, . . ) . . ) A "#o e
o | ‘Given 4 exercise problems to be solved ) . S
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Module iio:, " L "Top : ¢
° .1 Cylidder v
g Instructo,rfddbtg’s: - "{ Instructor Qutline: - >
1. Handout. “ 1 1.+ Discuss/demonstrate how.one calculates the
. : total surface area of & cylinder using the
.a. Emphasis-that the unit formula \ S * .
y values of TSA™s in
*  _.square ft. or square ydd.” - TSA =2 (ff RZ) + (2TR x H)
“etc. . : ) : o
1] Y . . - A~ ~ Yor - ' N
b. The unit values of <« . . 0 5 ‘ D
radius and height'of |- TSA =2 (.785 x D?) + (i D x H)
the cylinder should be T e
. of the same unit, i.e. ‘ ~T(SA = Total surface area
ft. or yds. or inches. | * ' B -
W.-3.18
N ' ~ o .
~ R = Radius of circle, . -
) T \ = - H = Height of cylinder
. . , D = Diameter of circle- "
) " ) 2. Give 4 exercise problems
. - A -
- ) \ L] - )
=. ¢ - > ' ‘é& -
. . ) e - 5 . ‘
- /‘( , ‘ .y N ’ )
. ' \HWE:‘ f,” 5
s N S .o Wy ‘
’ - 46 ! ST R
35 S ] "
e . . y .
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.Cylinder L 5 ’ 'i
The total surface area of a cylinder is composed of 1

a. The top and bottom of the cylinder. ) )

-» | b. The side of the cylinder. . ‘ . T . ‘H .

Formula * -, : 5 ; ‘ \.

-~ | The formula used to determine the totql‘_surfaice area of a éy]in‘der':is' . \
- 2 ' s - P . . \\

TSA=2x1lxR +2xﬁxRxH-‘ N .

el

., - 4 .
.TSA = Total surface area _ . (

T o=3.14 | : .

- ~ s :" s . . »' [
R - = Radius of circle . - N
. . [1%4
- . o - -
H = Height of cylinder . oo PR o

Notice.that R? = Area of a circle and AR R R

4
-

’ 2f R = Circumference of a circle PR : o DR
. Py - £ . : . ; .
Another formula could be used: . } - . 3
. - : / ‘ /‘ -
TSA = 2 (-:785 xDz).+ JIx D xH J - -
. . . ‘ . 1 .l j" ~ £
I3 ’ ‘ 75&
: y - .
" ' A .
M i E
-~ ‘V,qf,. <
1
» ‘ ) - ’

. .
- - R .
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Examg]e .. . ’

-«

Find the total surface area of a cy]1nder if the radius is 30 ft and the

height is 8- ft

te

So]ut1on

-~

re

e

e

TSA

2 X X R2 +2 xT xR X.H
2x314x(3o)2+2x314x30x8
5652 + 1507.2

7159.2 sq. ft.

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

Exercise

1. A qy]ind}ical storage tank is 50 ft.
What is.the total surface area of the tank? ,

2. A digester has the dimensions of diameter 35 ft.
What is the total surface area of the digester? )~

®

3 - Ca]cu]ate the tota] surface area of a cylindrical tank

and depth 5 ft.

©

»>

-

I

4

steel drum is to be pajnted. .

in diameter and 20 ft.

h’!“

.and depthx’of 14 .ft.

What 1s the total surface area of the

in height.

Radius 16 ft.

drum 1f)the diameter is 36 1nches and the height is 4 feet

.-

L4

-

-

A YR
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Module No Modu]e Title' o ' ) ~ © e
, . Mathematics- for Operators . C
T Submodule Title: ‘ « CoL .
| Approx._Ttmg: . Total Surface Area (TSA) . - . ! ‘o
’ -
. "] Topic: - . ; -
1 hr. -, R ' ) . o s
. ’ Pyramids ' Co .
Objectives: ' o - ot , M
The learner will demonstrate the ab1]1ty to determine the total surface area
(TSA)- of : . ) ' P
1. Triangular based pyramid ' ; ‘ L e -
2. Rectangular based pyramid . P
3. Circular based pyramid (cone) ; ‘
Instructioqa]lAids: . . _— - . Y A
Handout * s
AV {overhead transparancy) o
] -~ = ' ° .
"|Instructional-Approach: .
Discussion ) B ¥ . . o
Demonstration * . - . ‘
Exercise o .
D d ST ) .\
) - .
_ |References: _ o )

Workbook, Ba51c a&hemat1es and Wastewater, Process1ng Ca]cu]at1ons N. Y Dept

of Env.

Conservatiofi

’Co]lege Ari thmetic, 2nd-Ea%tion,'N. 1.

Laytor), Wi]ey & Sons

N

3

~

~—

Study Aid Workbook, Mathematics for Wastehater Treatment Plant Operators,

t

California Water Pollution Control Assoc1at1on

s &

2

-

. ey

é';Givgn‘4‘exefcise"problems to be solved

1

" - " i‘
" IClass Assignments: ‘ =
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Nodu}é No: Topic:

4

Pyramid .,

°

[ 1S

Instructor Nptg;: Instructbr Outliné: N R ( ‘ |
1. Handout 1. D scuss/demonstrate how ‘one calculates the

a. Emphasis that the unit
- values of TSA is in

square ft.‘or'square <
. yds. etc.
oo LI

b. The unit values of the
base (b), ‘height (h),
. circumference (a + b +
” c) slant ‘height should "
be of the same unit,
_i.e. fto of yds. or
inches etc. qp?\

c. Eu;;aSms the d1fference
between height and
slant - be1ght

3. Handout T ‘f2§o.

a. Emphas1 that the un t
©* values TS§. is, ?n <
square ft. or s u re,
-l _y tc . * fg',‘pl
- b;‘ The unit values of the'.

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

c. ;Emphas1s the difference
between height and-
slant height .,

<ot R .
A 3 .
ol

L pann
-

* Slant he1ght =

L

LN

2.,

*

i

et -
'R"[_

btal surface_area of a triangular based
yramtd using_ “the formu]a

- TSA = (> bxh)+(a+b+c) slant he1ght
W A\

TSA = Total surface area

b = Base of triangle - ST
h.= Height of triangle ’ }

o
(a+b+ c)'= C1rcumference of triangle }

Slant height of pyramid
[ .

-

.
e

‘.
D1scuss/demoqstﬁite how one calculates the -
total surfaé% area of a rectafigular based
pyram1d using the formu]a ¥ .

= (L- £%w) + 0+ w)
TSA Tbta] surface area

.'slant height -

Léngtqg of reetang‘re

- —— ., . -

wﬁdth of regtangle )
Sﬂant he1ght of ﬁyram1d .
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N Y .’ ]
Pyramid : : : D .
y 1 ~ i ) T i *;.‘“3
. - ' . ' B ~ 1
‘{instructor Notes: , { Instructor Outline: . v ° - |
T . T \ o ’ — 1
3. ’'Handout -~ - 3. Discuss/demonstrate how one calculates the: }
' oo total .surface area of a circular based- #
a, Emphasis tMat the Unit pyramid (cone) using the formula -
. values of-TSA is i L o ' ‘ ,
s%uare ft. or squate TSA = (ﬂR ) + (TR) slant height
' y S' ’ - ‘. OY' " ~ <o -
E TSA = (.785 x D?) + (WD) Slant height ;
b. The unit values of the - , 2. )
o - radius or diameter gnd TSA = Total surface area .
1 slant height should e I : )
" a of the same unjt i.e ﬂ'= 3.14 T ) N ~
ft. or yds. or ipche . .
) . . R = Radius of circle .. =~
> ¢. Emphasis the. differente i .
- ) between height and D = Diameter of circle 3
. slant height . oo . .
. ’ C Sland height = S1’ant height of cone »-
¢ - f -~ ' B ) .
i ' IRSZ
) .
- 4
] \ M
- ’ 5 A d
- @Q
, s Y
*,ﬁ’ » ’ I3 -
. L )
L . ‘ R
~ -.‘
N r .
’ f.’:'.’ 4 a, :k.
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r

eramid%

,’.*
pyramid,

Trianguiar based

NOTE ;

Tr1angu1ar based pyram1d

pyram1d is:
TSA
TSA

Toté] surface area

b =
h =

Base of the tr1ang]e

(a+b+c)s=

$lant height =

<

Heigh;ﬂo? the trtangle *

~

15 (b x h) # % (a +b+ c) x slant helght ' ] : SR

Slant height of pyramid . -

)
N

- - . [
¢ -

b. Rectangu]ah%based.‘ N~ i i o
-c. Circulaf based (cone) _
And the s1dnt ‘height of the pyram1d - . .

The def1n1t1on of slant height (SH) is the shortest line from the apex of
‘the pyramid (1 e. tip) to the edge of the pyramid.

The corners of a triangle or rectangle are NOI the edge of the pyramid

+

The formu]a used to determ1ne the tota] surface area of a tr1angu]ar based

»

-

'

N

]

Circumference of the tr1ang]e Ce o o

The tota] surface area of pyramids 1s determined according to the shape. .of the

a

e

3




txamgle

Calculate the total surface area of a triangufar based pyramid 1f the s1des
. ‘1 of the triangle have dimensions of:

) ~\.~ a 30 ft.e' . V '-.0‘ ’
: \\ : b = 30 ft. . o .

30 ft. .o

]

(o

. N \ h

25.98 ft. LoD T

.slant height = 35 ft. . . )

] Solution o

TSA=% (b x h) +% (a+b + c) slant height, ° y, o

15 x 30 x 25.98 + % (30,+ 30 +°3Q) 35, . ' C e

s, )T 273897 sqroft. 1575 squ ft.

£

. . . - N ""
\- > 4.7 sq. ft. | ' - . . . ;

Exercise”

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

-

ek e

-0'0

a

b

g
.

c

b

20
20

20, .

)
17.32

¢ . . s . “w

P

slant he1ght

30

’

Rectangular based pyramid .;

.

The formula sto use to determ1ne the total surface area of a rectangu]ar ﬂ

based pyram1d is:

TsA®

A

(L x W) + (C+ W) slant height

TSA

W

-

Total surface area e

“A,

Length of rectangle

Width of rectangle - . .
Slant ﬁeight =

Sidnt

-

-

\ae]ght qﬁ:?yram1d ‘

L

s, . Voo
/7 4 7 .

ey
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J y N AN -
. - ‘ . . . " p
. . "
T [ . " <
. ) , Te . S
= f
;‘\\' ,'. "
”
3 =S ‘ b
. - N « ‘
- . y
: E ample - ' ‘ _ oo . gl
. r AY ay ] é
. ’ A ectangy]ar based pyram1d has the d1mens1ons of length 40}lft., width 40 ft., i
and\a s]ant height ‘of 19 ft. . o® . *
, . » . &
" it & - - ~ . .
x W) + (L # W) slant height S . : o )
[- < 20) + (40 + 40) 19 ft L
. 3 . ¢ . * P N N
, =800 + 8 x:19 - - o : s
’ . . . ‘\‘ : v ' . L.’ v -
‘ = 800.+ 1520 ) o P ,
P ” / ’ﬁ?‘ .o T .
= 2320 T ' ) L /\3 L
- | Exercise ¢ T 7 : : : .
A rectangular based rectang]e has fhe dunenswns o% slant he1ght of 3.2 ft., )
. Tength of 5 ft and w1}h of 5 ft. What is the total surface area. ’
? . '

. ‘ ".‘-{ ' ’ - *
S * SRR { X y . >
. - . ! - . N ‘ o g o

. - - 5 - v i
USRS , GEETE L -
T N * ¢ '.k‘ - - E ,«‘ -



SR . ) N 3
. » S . »
v: L :?:n( | v . . .
R Circular based pyramid (cone) -, e~vr ™
R Y ST e The formu'la used to determme the total surfac‘b area of a circular based .., -
i - pyram1d (cone,) is: . o ]
. P) : ) TSA (/x R2) + (Hx R x s]ant he1ght) ne ' : - s
A TSA ="Total surface area ' ‘ "
- = 3.4 ! : | .
-PR= Rad1us— of circle ,o
| . S]ant he1ght -§s]ant he'ght of pyramid
4 \(\l , .
- - "g
) -
. . \
- T SR
‘ ) l‘.a .. ?; =~ h
Lo ) i
- ' 3
R Y ' - a
- v ] } ;« . A j
;"- . , ’ ) , f{) ; ’.
STy . . b
. RN L chosg, s g >
o f ,Exahg]e',‘ L ' 'f‘s; . ) }
" : A corle “has a rad1us of 25 ft. and slant hie1gh‘t of 25 5 ft Ca'lc 1ate the
.o total surface’ 'area. R . : . ? ]
L -Solution o v . \:j - . f T
v TsA. =" (% g2 )t (T’x R x s]ant height) . 1 !
' . ) )
N . H M [ . “
L =314x25x25+(3 wox2dg255 p ;
’ . N ' 3 ' PR
= g c . . T
o | 2 1968. 7\/12901 75 | | (, o o -
. 7= = 3970.5 &q. ft. . » - e/ S
".”3. . C b - ; ) '; . { p \,j
> ‘— ,?

v . -~ & e
S e .
AEE ” : ;
-é s
€ - L] A
H . . -
- : v ) .
[} * 3
) ?
b v we
- v - . -
. 1
* ~ . - . . v
. . R
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" | Exercise : ' . ' L. ' -
—_— P . ¢ .
- * 3| 1~ What is the total surface area of a cone that has a rad1 us of 50 ft and
a slant height of 51 ft. .. ,
e | 2. calculate the tota] surfacerapea—e#aﬁe-weular based-pyramid—if- thei
: - - diameter of c1rc1e is'60 ft. and the,.s1ant height is 33 ft. .
f / . >
Tl ‘
: \ f . s g
' L ! L4 , - . s . e ‘
N ' - - . z -t :
) 7 N 3 . 1; R : /\ 1]
. N A e . . . '. . » . .
; T - :
H . . i
% - . ~ - ) % > . i
H ./ . . N :5
H N 1 }
' . ] L /} ’ 1
4 4 .
Yoo 4 P R S . 3 1 .
: & 0" - N .}
, VR * o ‘ . - ; ‘
. K , i .} '4 . ‘ i ~
T -“? P .
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Mody]e Ho: .~ Module Title:;

Mathematics “for Operators

. Submodu]e Title:

Approx. Time: Tota] Surface Area (TSA)

3

Topic: .~
3 hr! . p

Sphere - .

/ﬁ

Ociectives: , SR

The learner will demonstrate the ability to detenn1ne
of a sphere.

4

*

N

PR

the total surface area

.
&

v
’
[

v « %

Instructional Aids:. o 2 :
Handout U T " -
AV (overhead transparancy) . " : % . i
- S, i i T
. i . i :
Instructional Approach: * . . R ; .
Discussion ‘. QI , {
Demonstration N .
Exercise . L ) ;.
N /: r ‘s t
& ;0 Sb“’ . . ; 1
' e - 1
References: g i - /*AY T o
Workbook, Basic Mathematics and Wastewater ?rocess1ng Ca]cuﬁat1ons, ‘N. Y Dept
of .Env. Conservat1on g ) . j .
Colﬂege Ar1thnet1c, 2nd Eﬁ1t10n W. I. Layton, N1]ey & Son?

S
Study Aid Workbook, Matbe atics for Wastewater Treatpent Plant Operators,

Ca]1forn1a Water Po]]ut]on Control Association } ,
-2 /‘ i " .
1Class Asswgnments* ' i ( i .
. ‘i"(
Give *4 exercise problems to be solved o 5 ¥
- } , . - : . .
A ) . .. ,% ;
+ ) = » ¢ :’ . g
’ ‘ - ; 57 . f - ‘S. .
v 3 . ‘; B
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! . Module Ho: Topic: , -
X - . 4 ™
. . *" »
- Sphere : .
.| Sehere | . s
- . - |lInstructor Hotes: Instructor Qutiine:r - a ‘
[ . . ' * \ . =)
h [ h‘
s . = - - - T~
- 1. Handout , -V |1, Discuss/demonstrate fiow one calculates 'the
total surface area of a sphere usjing the
. : a. Emphasis that the unit formula
‘ : values .of TSA is in : - :
’ — .. square ft. or square TSA =4 x ¥ x R ve 4
' yas, etc. - )
= — TSA = Total surface area
- e .. ¢ Y
) s 3 . o ~
M=351
« B2 .
- '... . . - .
. ’ ' R'= Radius of sphere
v “ k4
' < -~
4 P - b -
\ ' i T i -¢ !
. !
-~ b Tt eemm e — :
/ i 0
\/ » . N
’ T B ) . ,,/ o
-8 . *
> - S 0] " B 3 B .ll-—-"‘ ¢ Y N 2
, - ' o : 13 . ,
] i ¥ P . p
! . ¢ § ‘ o r - * ‘ .
1 I 1*” N
3 B . A - } 2 BN ] s
g e LTy D
; - s . Co < o
r.
‘. . - Wt , / ) A4 ~ * 1“., 1 \x )
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L Spheres ' :
. 1 - ., ‘ |
>/ 5 o ‘ . {
;g,:/,./ - - ‘The tota'l surface area of the sphere is deteﬁmmed by using the formu]a < |
\ RN : . I 3 . :
N - B - - v 1
- , TSA-4xuxR2 ‘ . |
. > :
. i
. i TSA = Tota] surface area ~ . . y i
.
N = 3, 14 h »
- ‘k *
R = R3d1 us of the Sphere . N
C N e, "/{ :
Yy .
\ g
\ (\?
> . - ' :3.
. :'}
L. ’
rd J N
s N \
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¥ ‘ e
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Exercise ‘ . ¢- , .o
1. A spherical gas s\tzorage tank with a diameter of 100 ft. needs painting,
What is the total surface area? SN

~

H

»

What is the total surface area of a sphere fiﬂ‘] of water if:the radius

is 25 ft. . . .

4.
4 . A
[
3 - >
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N A .
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¥ ¢ *
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‘Module- No: . |vMedule Title: ~ \
L ) -~ . . ' \\‘
Mathematics . for Operators _ \. |
_Submodule Title: ’ ’ ) \\
Approx. Time: Total Surface Area " ) ”\2 R \
i ‘ - o \ N ‘l ) £
1 hour 5 EVALUATION ) \ . .
bjectives: ' | ' ] i
The learner will demonstrate the ab111t§ to determine correctly the answers to
8 out of 10 questions ‘related to total swrface areas of: ‘-- ;
1. Rectangular solids ’ i . : o
2. Cylinders o ' ’ '
3. “Pyramids’ . : I K :
4. Spheres , o . )
‘. , i
1. What is the tota] surface area inside a cy]1ndr1ca1 digester if the radius 1s
18 ft, and the depfh is 15 ft. ° | !
P \ B
"a. 2712.96°sq. ft. : | !
. . § \
- ' M ‘ ' . &
| © b, S15260.2 sq. ft. TR \. \ L |
obew ” S > . 14 Qat . o ) v '..' ‘\ iae e o . e ' . ] .
‘. 30520.8 sq. ft. 0~ - \ L !
<, _ . ; ‘ . i
. 3730.32 sqeft.. . 3 \ O }
. . - 3 J < 3 -
2. °A spheri¥cal water tower needs\‘éqnt1ng Whet is the total surface ‘area.if the
'di ameter .of the sphere is 45 ft. \ N .
! o 1 - ey i
_.a. 565 2 sq ft. P \ : R .
& . [ \ ! 2
sb. 6358.5 sq. ft. 3 \ i 1.
- ~ . - Do, . ) s;‘
b, e 25434.0.sq. fp. i roA i "
R P ; .3 Yoo f f % 7
d. 7317025 sq. ., 5 Y B |
i oo ;0o

A rectangu]ar cleqr well has a ]ength of 60 ft. \W1dth 30 ft andgdepth ‘of 12 ft..

- What is the tota] surface area? Y " i
. . s » \\. I{j ~‘
% »® . )J .
a. 5760 sq. ft. S, 4 - \‘\ ) 3 §
- v T e
b. 10800 sq. ft. C ~ 4 i -
R , . 3 }.J . A .\?a
. ) - . 4. 4 ‘3}' '
‘c. .4680 sq. ft. . ! < N : 4 -
- £ A . N SR AEEVE DAL
*d. 14200 sq. ft. ) o - \ - .o
s e .. A * ° i
. ) . * , . \ . e
) / s o ! ;o 2N s 7 / \ 1 3:-‘
: 3
. LY ) ;
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" a. 129700 %q, ft. L ; . ]
.f. 5 ,‘,' ’¥’“M " . ?
: & izeao sq. ft. o } , ;
.§"‘ ! M » ’
T c {*3870Asq ft
%7425 ,sf.r“ft * ~
} } v 4 . . i
8L A cbanguTa? bai1ding has)a Jength of 110 ft., width 30 ft. and depth
25, -What 'is the total surface area? L . .
N - ) 3.
t‘ T ) ' “a >
a. és%&sq ft. [ o e . . N
b, } 82500 sq. ft. . . T i, o TN :
c.. 19800 sq. ft. . % A .
d., 13600 sq. ft. =~ e L
. § q T ; 62 ) ; o . ,
- : e n\\———’ .

d. 808.~54'§q._'ft. Sr T \
6.» A cen has a radius of 12 ft. and a s]antkzeight of 15 ft.- What is %he:
tot$1 surface area? _ . o

Ta 31017 %6 sq. ft.

~ " Y

A cube has the d1mens10ns of 32 meters ‘What is the total surface
“area? i

- f ° PR

a. 32768.0,'sq. meters

b. » 6144 sq. meters o fl . - " ’
c. 140960 sq. meters v o ’

d. ‘3072 sq. meters _ o : ' ‘ -

A spherlca] gas storage tank has a raé’bs of 12 ft. What is the total:
surface area? . B T

. ¢ . ’ . { S ..
a. 17234.56 sq. ft. :

11356,88 sq. ft. : - N
1. - ’ i
452,16 sq. ft.

b. izzso.a sq. ft.
c.x-j5782.41.-7sq. ft.

d%&itxzsq ft., - / . ' }
{.

arigular based pyram1d{has the dimensions of length 30: ft.", width

‘30 ft. s and s]ant height of- 33 ft. Nhat is. the’ tota] surfate area? ;
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b. 31400 sg.

c. . 7850. sq.

ft.,

ft.
- d.. 1570 sq.:ft.
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9. A sphere with a radius\of 28 ft. has a total surface are?rof:
a.". 4923.52 sq. ,ft. . - )
b.. 2461.76 sq. ft. - . ' * "o
c. 9847.04 sq. ft. . = :
d. 3282.34 sq, ft. - T
A P Q:* ) ° . \
10: A cone has a rédiug of 20 ft. andslant weight of 25 ft. Wyat is the
total surface area? - . ) - ;
a. 2826. sq. ft. !
i ° . 3
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- IModule No: ’ . ‘
Evaluadjon ' . A
— L7 N » P . v .
Instructor Notes: ’ {.Instructor Outling: - .
' . - . ", T N -
e - ~
- . A3 - - - »
+ | 1.. Handout " - 1. Give 10 evaluation problems _
© - . ) . B : ‘-‘ }
Ans. . ¢ . -
1. d i e A .
r . p
2. b - o
-~ 5
’ 3. a . y
. R ' _ - R
4. b .
y _ \ . e /
5: d ) v 4 ) 4»
- 3
6. a ¢ . o _: a
_‘_*“’p . * ‘g;«"‘“- <§.' !
’ 7. b ) ¢ ‘; .
' . * : { B
y » » H
8. ¢ - A % - i
W 9. Cw= . . '\_. J/}’l {i*;
. T ‘y PR o - [ ,g: -
10- a i R _ . f’
- | ' R . : ' ' 4.
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N Module Ho: =\ Hodule Titler - - )
' el ' '}' Mathematics for Operators ‘
. ' : - - Supmodule Title: s
: ' ' 4 Heat and T rature - )
. _#gprox. Time: _ , t a emperature n
M 8 Topic: - L. .
R * 1 hour -| Temperature
" .. [Objectives: B - ’é
o The ’léamer %wi.H demonstrate the ability to convert.: «
S ‘ 1. Degrees Fahernheit to degrees Celcius o !
. " \/2'. Degrees Celcius to degrees lt'ahrenheit‘ v . 4
- < 1

4.

- 5 ~ A } T

g Instructional Aids: ‘ - '
3 Handout.. O
:

§

AV (overhead transparency) - , - . co o,

[

';f! - ° .‘w‘ﬂ

Instructional *Approach: : . ' )

e } . ) §
,

i

.| Discussion \ - K ' ¢
_..| Demonstration~~ . | . A kS
- Exercise . - - V 7 .
- - ° s 3 B B . R ( . °
. 4 i -
-~ - . N ~‘ 7 - -
- Refererdces: - ’l " , L \ roo- -

/Physic's fort,,Care’;er Education, Ewer, Ne‘Jsgr/, ‘Sthgrt_:er,.Mq}Fanen, Prentice Hall » -~

: Inc. NI ‘ . RO
. R i . 6 3 ’ v
. |, ) ’ () j‘ ‘ . * i i’ ) "
: - ? R i v i . A R
7 L L5 . ;" = * ~ N PR . —i"
- . 7 ’ ’ ' ¢ | . .
\\ - ey B * . ) . - - d
\ des i s . . e,

.~
:
- i L]
. [ 3 N N
AR G| e o S Mot ke S MWWL‘\&

s

Given.8 exercise problems to be solved.

>

bass -Assignments: : ‘ . - . :
C’. ss ‘Assignments: , o A : . .
¢
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IModule 1o: **

~

.y
..

Togi c:,

Jemperatire,

?llx§‘£‘ruct()r liotes:

<
-

“-X
.

~

instructor Qutl iné:_

. Y

1., Hapdout

/.‘i

1.

N

Discuss/demodstrate how one converts OF
to OC using the formula:

" oc

oC
OF.

2., Give 4 exercise‘problems

3.

D1scuss/dem$nstrate how one converts °C
. to OF using the gformula.

-

OF (18x°c)+32

OF = Degrees Fah‘renheﬁ:
4 exerc1seJ:rob1ems

e
P

®

-

.

b

St g st iy s it g
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*o - Conversion o Degrees Fahrenheit-to Degrees- Celcius
N Dy . - rd
s N .
‘To convert OF to OC ene/can use the formula . ‘
C=0F =3 .
> -
- 1.8 . ,
A LA i‘ .
Where OC = Degree _ce]cn% ;e :
4 * _‘ * ° ..
, OF 2 Degrebs fafrenheit b a .
o " e ; ’, -
xample: Chafige 72°F to °C X
f_r_L p § , . .
. ¢ * : o«
Solution. ..~ < U .
OC - v 5 i; ' -
Y i »*
v 1 -} H
\\ = W 3 . o
- ~ '5 y 1
A ! e ? .
- \\ . = p' +F ° * Q“
’ \‘ 103 S,‘ “ - .’
i \\. ° N . Q; ; . ) 'i bl -
Y =320 - R : R -
. ,.\\ . o ) e ) 4 ° .Z S. {’\é ‘4
} \ Exercise ~ . . ¢ - .
- ° - ’Q ‘ 1 N
* - \} Change o °¢ S . \ :
. P . \\ 3 < -
. . ~ \ - o ° )
: , \1. 68° F s - - oo
IJ{. - ’ ¥ . o 0 v . ° ;o s \ , N i ‘\
| @, 1187 . . . 3 >
X N 0. & S . . g * ;
« \ . - s - ’ » c ‘g:
- ) - § '?‘\30 . - ’ )’ : . \ o | I TS
[ A : & ' 5 ) 3 % ' N . \ gy
- 4,\-59 F ’ . \ s '
'i . xx N N oeo . , Q;a; o
—‘i - ° I’ +
- . Conversion 'of begrees Ce1c1 us to Degrges Fahrenhe1t .- i .
4 s . K )
g o0 AN § T
SR To con\(ert oc to OF oneo can u§e the formu]a < \ . ;
L . o - : B .
3 ) OF= (18 x %) +32 IR S g
. ' ¢ o - -2
s 1 s . @ 1 3 ° e ) -; car
‘ !(/ Exagg}g'le. o ’ R )
PR . \ i\ B $ N . I
. i 3 -
: . . ﬁ Change -40° C\ to O F i . , - SR
- o -
. ' - e i . )
. ¥ ) . ; - .7 - e 5 N 19 . “?‘ \
o . ’ . T .
- (€] ‘ L . - R - , , N
-‘EMC . oo .. . . .6% o > - " - )S:f - ;
* . ~ 3 - AR 0 .
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Module Ho K HModulef Title:- . L .
.. e Mathematics, for Opeér‘ators - . \
PO Y ¢ o[ Submodule Title: | . ' ’
N , , -~ H » at r .' . ’ s 5 .t . . .
. | Approx. Time:®. eat and Temper ure | .
- ..o M Topic: : s 7 .
'liéhou‘r . j‘British Thermal Units (BTU's) . ]
Objectives: R . ‘ : -
] [N
. |The Mearner will demonstrate the ab111ty to determine the amount of-heat (BTU) 1
needed to heat a spegific amount (Lbs. ) of water..
i - R . - / .
i ' Seot !
[ 4 t\' ) ’
» . » ’
g : N -
Instructional-Aids: 3 \. ) o ' - .
-~ ’ A 4 N 3 ‘/
Handout _ : ' . ). .
- > - . \
AV (overhead transparency) , » ’ ' )

* o . ' s ) - ' N
mstruqmonal Approach: -~ . : - #
Discussion i, .. . -

L Demonstration . . »
o Exercise | - -
~ .
". ﬁrﬁeferences: ‘ <. AR ’ ’ PR
: Phys1cs for'!Career Education, Ewer, Melson, Schurter, McFadden, Prentice Hall -
! Inc N. J. N - - . -
‘ ' - . . ~N

T.‘ . _' j - _,.\/' T . .

) R e ’ S, . - P - - :

/ . {Class Assignmentss L - - o \

] Give 6 exercise problems to be solved. - ) . L R

,[ ""W.‘ * ‘c \ N .
- ‘;;‘W‘ «: :; N ;?“ A\
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" |Module i% ) Topic: i Y -
’ ' BTU's . ; :
° . e i
Instructor Liotes: 4 instructor Outlin'e: . : - . gor )
e ‘ > y — , -
1. Handout 1. Define BTU i ) . .
¢ , ! t \ - : .
Emphasis DT 2. Discuss/demgnstrate how one calculates the
T amount of heat (BTU's) needed to heat -a
.. DT being the change in specific weight {Lbs.) of water 'to a
temperature in OF requiréd tefmperature. ‘
T . -The tormula-to use is .
’ BTU = DT X:}Jé'ight of watér
; ~ BTU = British Thermal Unit )
- DT = The change in-temperature in f’.F
2 3 . . 3 ) ‘
g . Weight of water = Weight of water if' Lbs. .-
. ’ 3. Give 4 exer%q,jse problems. +
- 4 -y
¢ 7 1 ’ " -~ . .,
. 3
)
, %
. ¢ 7 E .
tol . ‘e , :
. \\.\ ' - y .,
. ' . Al ! ] ty .
[N . . \' . .~ '
- A, 3
1 ‘ . -~
Ly K " - oy )
. \\ 3 5 .
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BTU's TV ' » ’ - ‘1

The def1n1t1on of B%U (British Thermal Un1ts) is that it is a measure of
heat&!energy) and that if a person heats a lb. of water and raises“ghe
température 10 F, the energy needed is 1 BTU. ~ _ \\\\;
5, o ) . . 73
Formuia ) - : .

~

The formula to use to ca]cu]ate the BTU's requ1red to heat water or sludge

etc. is: - _ L .
i 2 ' V‘ l.

BTU DT x we1ght in water o .

BTU = Br1t1sh Therma] Un1ts ‘ ) ‘ . K

DT = Change in temperature in OF . K .

Weight Qf‘wa er = Weight of water inflbsf

- _Example

How many BTU's “is needed to heat 40 1bs. of water if the water temperature
is 400F and it is needed at 1250 F. ' :

So]ut1on

BTU = DT X Wt of Whter

DT = Needed tem .- Start1ng ‘temp. ‘ . ,
= 1280 F - 40 o Q
=-85° F ‘ . :
Therefore - y :

BTU = 8s° £ x 40 Tbs. ',\\
= 3400 BTU's " .

Exercise. =~ ° . . ‘ ‘ , 4

~

—a ’ . e ‘.

1. How many BTU s is necessary to heat the temperature of 600 ]bs of.WEter_ ‘
.60-degrees. (Fahrenheit degrees). . ‘ '
'M' g . "ﬂ * »
2. Water<supplied from the main is 52° F and the process needs 140° F water
temperature. How many BTU's is. needed ifthe yolume ofewater used
‘weighs 650 1bs. - . . . .

L
N
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"3. A tank has a volume of 128000 gallons, If the tank Tost a tota] of -
- 20F how many BTU's is needed to restore the ori glna] -temperature. ;
4, A cyhndmca] tank has the dimensions’ of 30 ft. diameter and 12 ft.
he1ght It-is’ filled with water that has a temperature of 560 F. \
H many BTU's -are needed to raise the temperature to 130 F. .
* : ’ o
"_ - r\- ‘
< h. < ‘ .
© . ' d [} ¢
.t
. *1 . LX)
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Module Ho: _ﬁodule Title:
Mathematics for Operators

Submodule Title: - .-

£ ture
{ Approf.d Time: Heat and Temperature

Ny ' ic: -
) ﬁq TOp\;._:

1 hour Calories

By

Objectivesq )

‘The Tearner will demonstrate the ap;11ty to determine the amount of heat
(ca]or1es) needed to heat a spec1f1c amount (tbsv) of water .

"'7"?‘_"" .‘., - 8 ‘. R PO

lnst}ucﬁ“onal Aids: .
o, . * .\*
Handout

AV (Qverhead transparency)

°©
°

&

-
. £ -

lnstructwonal Approach
Discussion <L
Demonstrat1on :
Exercise ’

Refenences

Physrcs for Career Eduhat1on ‘twer, Nelson;'Schurter, ﬁ Fadden, Prentice
. Inc N..d ) - . '

Class Assvgnments

G1ve 6 exercise prob]ems to be 501Ved
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Module ilov . ToPic:_ | Vs j_ _ He 7 -
‘ Calories ' : .
Instructor Lotes: i Instructor Outline: ~ . N \
P : - . ‘*.s.' ——
1. )Handout 1. Define calories . ®
. Emphasis- QT ) 2. Discuss@demonstrate how one calculates
the amount of heat (calories) needed -. ‘
_ DT being the change in heat a specific weight (Lbs.) of water
température in ©C. to B required temperature. - The formu]a
! to jise is: ‘ -
- . »
- ' alories =.DT x weigb% of water .
Calories = The amount of heat: . i
. DT = The change in tehperature in °C.
‘ o -
- Weight of water = Weight -of water in grams
s - o

'

3.. Give 4 exercise problems.

~ -
.
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The definition of ca10r1es (a measure of heat) is that the energy 6f heat
needed to raise the temperature of 1 gram 10 C.

<

»
_Formula . .

Calories = DF x Wt. of water

DT = The change. in temperature in degreeS'Ee]cius
Wt. of water = Weight of'watdd in grams
Exaﬂé]e

The temperature of-a 30 gram we1ght of water 1s raised 30 degrees. ‘What is
the amount of ca10r1es needed?- *o

Solution i
Calbries DT x Wt. -of water
30 x 30

- 1«

900 "

[

Exercise ~
LXErcise ,

3 ‘¢ . .
é § ;

1., The’ start1ng temperatUre of'water is +10% C.. The water teMp needed is
3 800-C. If the we1ght of the water is IGDO grams , what 1s the ca]or1es
needed? z . : -
;2" In Problem 1, 1f the we1ght of the water is’ 1000 k1109rams what is the -
calories needed. o ) ' i

3. lA watertank has the- d1men51ons of ‘30 meters x BOQQeters X 35 meters.
The' t mperature of the water is raised 20 delcius’ deg;*es How many °

i€s did the water absorb. Exclude any heat loss. - - . -

i . ' .

A water temperature was changed from 54° C - 640 C “If 627000 calories
were used what was the‘we1ght of the water (assume the water absorbed
aH'meh%t) X - T e

N
8




The 1earner will demOnstrate the ab1hty to determ1 ne correct]y the answers ‘to
8 out of 19 problems related to:

il .
1. Conversion of<CF to- OC g : -
2. “Conversion of °C to °F - ) ’
3

or calories.

1.- xC'hange 20° C to ° F' . S-a
2. 4310 F a
b. 36°F L ~
c. 680 F : o . o

d. "42.40 F v . .
2. Change 210.2° F to °C '

- b s . S — S e
.. 320.76° C '

‘v ¥ ~

. « d. 28°¢c.-

0%

3. fchange -12° Cto O F  ~ . L
TS VIS SRS , . ' -
b 10,40 F | '

- ! N '
.?' o ) - )
! i - p
3 . .‘ . . ’ - . -
X oot ) Page 73 of -©1R -
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Module No: .-Module Title: . o ] .
B N Mathema—t-ics for Operators
\. \ ‘ . L _ .
~ Sybmodule Title: . e
APP"OX T1me ) .Hea*\nd Temperature - . ! -
1 hour | (EVALUATION . ‘
bbject:ives -

The amount of heat needed to heat a spec1f1c volume of water ei ther in BTU's _

ag 990 : . ‘

c. 36°F. - o ‘
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. ) A
’ 4. Change 4%F togge C. K \ -

a. 1 .55° ¢ 3 s . -
N - .
- ' 0 * . . ‘
b. 20 0° ¢y L .
- . )1 . . N ) Il
< } 2\ i _ " e
-C. 50- C - 3 ’ ‘
\ . ,)f ~ . .
d. 28.0 C o . - -
. | 5. Change 72%\Pito® ¢ L e
- { . : N .
‘4 a. “p"xc
) b. 60.0°C\ . . '
. 43
] - e 5770 .
¢. 22.22° C - ’ : Ty
> ) ' - \ ,,} A /
6. Calculate the calopies needed to ra1se the temperature of 280 grams of -
water from 20° € t 36 c. -
4 . a. %0080 ca}lmﬂes » J ) '
b. 4480 cal%m'-es/ o e T . .
. o . ) ‘ . .
. 680 calori )
.. K 1568 C&AOY‘]&, . , | .
d. 5600 calories ' ; . ’
: , ‘ - L)l -

= | 7. The water temperature is canged from 54° F to 160° F. If 627,200 BTU's
' was used,"what is the weig t of the water? Assume the water ahsorbed all

the heat.
a. '66483200%1bs. )y e
% ! N T
' b. 11614.81 1bs.
] ¢, ‘3920000 s, - o T\ e - ;
d. 5916.98 Ibs. :
ol d. p91%, 3! - . -
Lt S - e
] [3 s . ¢
S o , .
\l
\\ } ! ¥ - . Zf. . - -
» . 3 " N
A '7/‘ :
s “-‘:'ML‘ L
¢ s * ,

g e
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8. 3200 galldris of raw sludge with a temperature of 16° C is. pumped to a
’ digester. How many BTU's are needed to-raise” the tgnlperatur:e_ of the

. sludge to 98° F (1 gallon of sludge = 8.34 Tos, N L RNY
c ., - . - ‘ L

a. 119040.0 BTU's - - S
- R * . B
] . b.._1921536. BTU's |
c. 9927936 BTU's - ¥ R

d. 2188416.0°BTU's - ' ' .

9. How ”r’nany BTU's is- losteif 320, 1bs. of vlatér: chang‘e;npé'rature from
. 1200 F, to 908 F. oo a o
a. " 38400 BTU's

N F 9600 BT's. : . T

-y

.. 28800 BTU's - ° \' ;
A [
d. \§Soo BTU's

Ry

10. What s the minimum BTU/Ddy needed to maintain the temperature of sludge
T at "98% F in a digester (full) with the dimensions of 25 ft.radius, 20 ft.

height. The*sludge loses 2,fahrénhe1't degrees/hour. 1 cu.” ft. of sludge
“weighs }5\4.2 1bs. ., . e ‘ -

. AP - . ) . e{ ™
a. 121 milkion BTU's o e <«
o * . ° . . ) . ' ~ L‘i
: “br—5.million BTU's ) >
.’; c. 1.9 mi1ljon BTY's _— * : SR
. d. 30.2 million BTU's - v '
* / ‘ \ . -~ ~
. g .
:\“’ 4 L) v -
. COUA ) .
. * a -
- . N
- « S > o . 3
) . v N_/
N
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"
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1. Handout 1. Give 10 evaluation problems. .

Anéwers,
L 1. C
2.

3.1

. 4.

':"(""EK

B A Fultext provided by ERiC
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Mathematfts'for Operators

‘Subquu]e Title: - -

et ¢ Systems.

Approx. Time:

I?Hour

e

| Objectives: ' :\ ' ’.- Y
THe learner will demonstrate the ab111ty to correctly 1dent1fy mu1t1p1es and,
pref1xes in the metric system. ,.

\3)

~

LN

‘InStructional Atds:,
Handout , - -
AV (overhead transparency)

4
Ve

Instructional Approach: .
| Discussion
Demonstration

Exercise

'

References: /~$

Phys1cs for Career Education, Ewer, Ne]s
Inc. N.-J. e

-

- 4Class Assignments:

. .. . v . )
Giveh '10 gxercise problems to be solved.
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| To be abTe to use. metric systems one should be able to identify the prﬁﬁ'xes.
It is important.to remember thaf metric‘systems are obtained by multiplying
the basic unit ofm({one) with multiples of ten. . ] 1
©© " MULTIPLES-AND PREFIXES . SYMBOLsgg
Multiplication Factors .° -- ‘ ) Prefix ; ,
1,000,000,000,000 = 1012 * 3, Tera 3 v
.1,000,000,000 = 16° ‘Giga : . ‘
- ‘ ) 6 . - A ) N - . " e
1,000,000 = 10 . ’ * Mega
. AR = 4 . - » .
1 1,000 = jo3 ™, - ©OKILO & ko fe
4 ‘ . ! - . N . e o
100 = 102 ., R Hecto r
104 108N T, e.Deka - L Vo s
| A : AN : )

#’1/ B ".\ : s (Basic Unit) S 6
for >l - e

A : \ -
0.01=10"2 " ", ¢« ' o O CENTI , » - gpo—
a PN B : . U il
0.001 = 1073 MILLL | mo

0.000,00% = 108
0.000,600,001 = 10-9
‘ ; s 1012
,0.000,000,000,001% 1p°12

Exercise v

€

| Indicate the prefix of | N
[ .l . v\ . AN
6 . N o N
1. o N y
. - 2 10"3‘ ° . " ‘ | ' e h = “\\‘ .
] o R T | | N\
| 4. 10t - SEREN N
' . et :" . s . . -
5. 1073 : . "
3. 6." 000", * .
' - h =
—-— \\ > * ‘k
i \ L e 08 RN
“ .i\ L W ; ) ’ o ‘;‘l ‘z.i'
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. [What is &he multiplication factor of & : K ,
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L3 c. _5
Appé ox. Time: i~Metric Systems - . o
I ~ . Topic: , Coa, : I :
. | A hour- Linear Measurements . ° . . T
. . @‘ Ed . — - . L] - ' -
% Objectives: - | . o . ' ‘
The i'ieamer will demonstrate the.abﬂ{ity t0 ‘convert to the main metric unit,
N . (metpr) mea%urement ‘ - . . )
- a. M1crometer o
be Millimeter - ' . “
'g:DQCentimeter .o A s ’
-4 1d. Kilometer . cg . _ : \
B SRR . - X A
% LR * - . -
i R N LA .
B ' . VAN :
. 1

S Inst uction,a?l Ajds:

- Handput ~—© — = 7% T :
' AV (pverhead: Transparancy) B ; . -
R j \
3 j A |
- - o T o
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Module “02; . = | —Topig: ) J. | .
. Linear Measurement = T <. %’ %
’ - - e — = - T
- v |Instructprliotes: - instructor Outline: - . o i
' - N - (;L CYSr— . . . = - N ,‘{.—
- .|1.; Handou#™- - IR b Deﬁne the basic umt.of the Wetric %7 Tw
. ) . measurement system as the meter. - ool
A . - ~ »
) - 2. Djscusg/demonstrate how one convepts.
o several linear metric measurement umts to
- " - the base unit the meter. ) T ‘.
— 13 ) « N A4 A X = \ ..
, : . The units to change are:
. o . . N U ¢ (] .
. , y o a, "Micrometer ' ‘
’ . " : . b. Millimeter - . . ~ - R
‘ ’ NP c. ntimeter, ° p
' ‘ 5 S d. Kilometer
” . N ‘ - e .- -
- . . (ii've 10 exercise problems. 3
N . . -4 C
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- S e}mn methc umt for 11near measurement (chstance) is the meter. . -
‘ The meter has.a sym(‘m) and since it is: the BASLC UNIT it has a values
- _ofones (1) S s ,
Let us review the most frequent]y used mu]t1p1es, preﬁxes and s.YmboTs. ;
\‘. v * - Q “ - ae ° > .
.. ] 1000 = KILO=k . - SN
;™ 1= Basi,c Unit'z m for Tinear iheasurement T ‘ \ '
Lo el Measyren N - -
. - > . » ~ . .
0.01= CENTI = c. - . ,
\" P ‘ 7 * . s e
R - «0.001 = MILLI = . 2 :
i U=m . . .
"% “. In dealing w1th Tinear measuréme‘hts one sboﬂl‘d’remember two 1tem5'
. . T Dot . C .
. - 1. The prefix and : ' ’ )
\‘\ - 2.. The basi¢ umit . I LT
N - - © 3 5, N . v N i R SECSAE -
) Example > - O S
N e wetee L e o T
-, \\‘ o - —é——— t - P K ) M
- ? . .
X | REMEMBER that in metrics ALL VALOES of. ’hnear measurement have t6 end with ", ¢
: \" ¢l the bas1c unit the meter. - - CE . ‘ '
) " The more common metric, linear meas uremerts that water and wa%tewater plant -
v . ] < 4
‘ e _— operators use are ce ‘. .
) \\-\—1. M1crometer( m) hias a value of 1 000,000ths of a meter .
. ‘\ o £
. 2.\' Millimeter (mn) has a value of 1000th " 6f a meter’ - ‘Qr, .
s . . 2 :
3. “Centjmeter (cm) has a va]uegf 100th of a meter . "
."' .V | - . . ’ . f “:"--
S ) Kﬂometer (km) has a va]ue of 1000 n:etef“s “b' T N e
{ '__m\ T AL
. ' I ",, -, N Y ! . :_-4,
.+ o+ FrTonvert'l mater to millimeter. ] ) . C
i ~ " P . . S - > - ¥ . "J“‘
‘4 -+ -} Solution -',- : . T TN i
“Since mﬂhmeter 1/1000 of a meter o e ' et ;
g s Theh 1 meter .= 1000 mﬂ'hmeters ‘ L e L
»‘i '1 , ) N .. o -_ N ‘ .\‘ ., . ) . . ) -.\{5
. J,,-f © 0 . SRy ’ I

s,

.
. R . . , .
~»vl—’mw'zr‘w~s&lnwm—p»“, ey e
[ N
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Example.
Change 16 cm to meter;

.
-

» o .

So]utwn .

y cm = 1/100 of a mete?‘

Tberefore 3

16c = TGTIOG meters = 0. I6 meters

Exerc1 se

‘v

* Convert ' .

I, 0.25 mm to me’térs
2. ' 6385 meters to kl_n

7‘;3'.# 428 cm' to 'mete'fs“v- CTan

3§ 4.. 67 meters to mm
i:" A ) L‘, 3 i\
“*5., - 3 cm to m1crometer (um)

- v X
: 6. 4 km'to meters - A
I

7. "2 km t8%m
. Co N I
8. ,0;2' an to mm

te

£y . a meter across the width from’ the end How many cifi” e bafﬂe p]aced
) away Tron the end. T U PR

9. 05cmtometers 'Z . .
10, . A settling taik has 3 length & 10 méters. A b'affrggj s2placed 0.09 of
is’ th

PR
mﬂ“‘,‘ 5%
,,»MM~M«-.J'
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Objectives: . ) v p I ‘- L

- _..|The Jearner will demonstrate, the, ab1hty to-convert to the main metric unit-

t e

- ' measurement (liter). = . 7 ‘ . o e
A . . ~ ' «ea . N
o a. ' Microliter. \ ©l
b. Milliliter . . R
c. Cubic centimater- -
* . - . : 5. 3 -
: . T S , T TR X

e s Instructlona] Aidsa. - 70 a LT

Handout - - ~°°° ; ‘.
AV (overhead' transparancy) ‘

5' S S—— - - * _ e
A ‘ ¥ —— — —

4 - \ Instructional.Approach: R , ]

. * .~ |Discussion'. . ' N : R
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- <L Handobt&,x« : h 1. Defirie the base unit® va]ue of the metric .

N - o g system (liter). . o
f - i 1 +
o e ©|2. Discuss/demonstrate how oné converts> -
’ ' - v 3, 3 metric volume: measu,gement' units to .
' L .. L . & the- base umt (the ]‘iter) :
e o , ‘ The units to change are: - .
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AV g, a7 Microliter
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The mam metrlc un1t for vo]ume thmd) measurement is the Jlter.

\

13
The hter has a symbo] oR (1) and s1nce it 1s the BASIC UNIT it has .2 va]ue
Sof one (1), 4. % ,

i : - / -
$

4 Let us review the m_ost frequently used mu]tiples,—pr:eﬁxes and s_yrﬁbo‘ls.'
g .
1 BaS'IC Unit = 1 for vo]q&_r_\

3 ) ‘
g 001*- MILLI = = . : \ : L -
e | 3 A T
it o‘b00001 MICRO' = : ' - . : ‘
;. ‘Q . R ° .
38 Many a time one comes across linear measurenent units express1ng volumes.
M .
,‘:\{ Ex. Cub1c cerLt1meters, cub1c meters 1nd1cat1ng vo Tume .- .
‘ M ) PN fi ¢ - :
wits 17 In metrics a volume\g of water of (1) milliliter octupies also a value of ®
1.A¢ 1 cubic ‘centimeter.. So one can see the poss1b1ht1es of d1fferent values
; used dependmg ‘on t?e process and nembers.. , - -. é .
£ N PR
% ; Examgﬁz oA 3 T . !
A | 3
wo H Large’ volumes df.‘{vaiebyare recorded i cubic meters (m3) ratgler than 11.ters.
ine A R po. o ) . -
; " 1000 Titers =1 m° {7 - | . ~ )
. 3 ) Ll t : . L. L e
103 = 1,000,000 (c@3) . . !
I T . v '
CRE B Sma]] vo]umes o? waéer ar’eﬁneasured in Hters (]) or mﬂ'htef‘s ('m])
b ru=00gm ¢ ST - e
! H ) ‘ ' £y C A e »
% "And extreme]y sma]]}vo]unes of water are measured in mi cmhﬁers (m})
¥, . °
W gl ml = 1000 (m1) K o |
i “ . . - . 2
p 3orlml 1/10000fam1, o . AR

> Since' 1 Hser.

1000 m1 %rg . £ -
596‘0 m o C o 3 <

<.
o

Then 5 hters
q B

M
M

. . T W

- EX&mE.]e " ,«‘ ’ : « 4 _ '4 . / \ \ - 'r
— S \l . a % ‘ ( X : 7 - . RN o
Convert 5 liters to'milliters B N -
.o\‘! M . N . p e - L M [N
Solution N\, - : g .- Lo : . )
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Exercige « e - ' . X k
38 e — SR o N
P N .. .
Convert; : : ~ .
s 0 F T . -
1. 10 liters toml . 5. . . : -
"& . A ~ [

3

a0

= 'S,

*000\"

2% 1000 ml* to 11ters L e R

7' [ B . . ’ -
SOQ ml to liters * )

o
I '\

2 ml tm mmrohters (m1).’

80000 ml fo ay .

v

50"m] to (cm )

3

100m ‘l:o T‘ateki — ' _. "’ .'
70, ooo hters 3 .7 ‘ . ' .

to'm

60 m] ,te h’gérs

&

N\

“A 9{ett]3ng tank has the d1mension§ of 10 meters by 3 meters by 8 meters
How;;man} (m3) of water does it hold and ~ %g
b. ‘I’How:man): Titers does it jhold. |
:\ ; yJ R L ‘ ' . -
Gl Y ' o o
Bty - ’
i T - . :
. i 3& '. , T ) -
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Module Ho: 0 Modu'le Title: | . L= -

SR - e Mathematics for Operators /. ] )
: ' * . * - \/ — £ -— g
) P * o Submodule, Title: . /o LI
C C Co /L : : .
- * | Approx. Time: Metric System . N - v
SO 0 T Topics o - e N ot
4 3% hour.’ .| Mass (weight) // L . .
e . ; T 7\ T R
T - Objectives: . ‘ ,/ . » -
. The learner wﬂl demonstrate the abﬂvty to convert to the main metmc un it
measyrement (gram) N ~ /. : : / 1
/ . -
o 13, Milligram L PR . L ‘
‘ - b. -Kilogram < : y . Y
* . (/ ‘f. . - 3
/ . - ;&g‘ o , 4 . .
R o s sz ! // ; \;’» ¢ L4 .
* ’ . . * N T
: ’ Instructwnal A1ds. L ) . ] ¢ S - 5'_ o
- . / o s " . .
_— Handout . "o L BT
. . AY (overhead transparancy)/ RN oot E e i
. - : o ' ) . - [ %_ .
- -y . -t R s . .
S ’ ‘ , ) 4 -
v ' . . ' ’ R ' % -
v 4 ) . e . , S ) . * Tt : o,
- Alnstructvonal Approach: L T e : ' ; o N
. .» * |Discussion- o /.—3: . s v - : L
Demonstration = ° - # . T s e . P s .
. » i S . . o L3 , - ..
R Exercise R & . ? S -
’ ~ ( N - ’ % z . - * T S“;} N . -
) % ! . b4 ." 0 . - . LJ
. . 9 " ?’ .*g-,. - . o ] .l i . -
. - P - & - AP
.. # , |References: ? S e e » . ‘: : S
. - ~ * @ -- r o W
. . . }’hysns .for Career Educatw\Ewer, Ne]son Schurter, McFadden Prenthe HaU
. "l Inc. N .J 2 o N : , : ‘ L.
5 e o o tﬂﬂ & L . £ ﬁ'i. ¢ \
- ' + ' ' : e ! - € * - < ' é:’ ‘i‘ij‘f - ’
. . 4 e L M . . 3 .
R R . @. . . -:;’1 X ) . » ‘5‘5 . . .:; -
5 “_‘t Lol (,\3 —*,, . . ’ g 13
’ . [ T 4 L r
b ' - :‘\ " . = . . %} # . é,?' t’, . / .
f \{ - . R . ,‘ . - . —¥ - e . [
ClasS"‘Aswgnn nts: jr g o P Lo .
. ¢ LA A e TR < BV
‘ ‘ @ . -
: , 1Gi ven 10 axe c1se problems to be ngved = T e
e m:
,4" ; C o u : f ("‘. . :
- ", ’ ) 4‘.

SERICT




./ - p [ - ’ “;—
> /. |Medule ilo: Topic: ) ' ,
: " L Mass (weight)
7 o - 5 )
Instructor lidtes: instructor Outline: *
f - 1. Handout . 1. Define MASS as ‘the "amountgof matter"
' . ' - ~—an object or a specific votume measured
' | ‘ : P k \ in grams or kildgrams. -
s Sl s
) co A * L 2. Define the base.unit mass (we1ght) of the
<o . metric system (the gr .
. . \'
) .\‘ * {3. Discuss/demonstrate how one~conver s-metric
‘ ‘ - we1ghts to the base un‘it (the grd) &
[ N ~ - -
L ] hd £ e ‘
‘ N, - The units¥to change are:
. - A . : - .
- a. Milligram. ‘ _ .
- I N 77 %[ b Kilogram - m o
T N . v A
3 . 4. Give 10 “Bxercise problems;: | .
P i . . ° ' “ 0 ~
P ' R . ‘ ‘
~ ¢ K. ¢ N -
. 3
.. ¢ ) ¢ % ’
* & -
. : . s - T‘ > -
. - ’4, ) : . ° ; = ‘ >
| ! Lid - } ' <
/ . ’ ) M * ’ . ) ’ .
- * .
° * v «
T, v - . ' N {
foree e - - - - ‘ﬁ'k_&‘ f - ’ B ’ (
.. g ~ . . .
- — N . cr . ‘ ’
‘u ’ . - 1 - - R X - '\ . : .
AN e ¢ - E ‘ ' ~’\\ - -
v - . ~ ' i [ ‘
_9;. . 1 i - I A 4
- -. A ‘,.' X s ~ ~ » . Y N
"§'§'J'/ | . 02 L, , - <
- - , ‘ % <o 4
T . Tl . = A ) M .U
< . . N —, ‘\' P ‘{ - = iy
Fa N s R : ok o
” . - ~ _”' % b, o s oot e st e s =T e Rt Sabedinalipas A d
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P Tﬁe" main \metricﬁit}qr mass (weight) is the gram. . E ~ A\
The gram I)1as 2 symbol of (g) and since it is ti}e Basic Um’t it has a value
* | -of one (1 _ , . )
— /f - . k
. The most'#requent'ly useek metr1c umts to express we1ght' are”
. “a. K1'lograg| (kg) = has ‘a value of 1000 grams L ‘ %\\
b, Gram (g) - the bas1s metric unit’ of welgh‘t . ] ’
. | e’ - - .
c. Milligram (mg') - has a value of 1/1000th of a gram g \',
", d. Microgram (Mg) - has a value of 1/1, 000 000 of a gram e
Example ’ N ST - -
. . Convert 10 grams to milNgragg , T R
: Solution o, Y e _ T _
, ] : _ : : ’. 2 Sy
Py CF " 1mg = 1/1000: of a gram . ST .
: . ° / ? . . . t N ~ ) ,’ '~ . : . o ) . 3 ) ;.’ ] ,\ ?‘: ": ,-’”: . ., :
- x + Theréfore L gram = 1000 mg. | - L o ‘ toos
v N ] ‘ . . . ' . ’
R 10 grams - 10,000 mg ‘o o .7 ‘ e,
. | ’ ’m' . N . o
. . Exercise . . . Y
) Y . ’ ‘ ) )
& ) ‘Convert" . N : .
= ’ 1. 250 mg to grams ™ o <. . -
(e ’ \ /2'. 68 kilograms” to grams [ : Ty O _" SR '_ :L
U "3. 4956 grams to k1'logran§k " ot e,
.ok ) ‘ 23 5 grams to m1'l'l1grams. \:; ‘ S e ) }
w 5 0 2 mg to gr‘ams T ; o . < j
) T . In metrics therg. 1s afso a corre1at1on to \ro'lume and“mass of pure water. {l
’ ‘ “ - . (3 _r.
. 1 m1'l'l1'l1ter\ of pure swater weighs, 1 gram v T ' g *
NY ’ . LI : .. . N . A '
. M_ ;~, . ‘ M v ! . . LN . . ".
. How many grams poes 500 Jnl- of water We1gh? £\, ~ )
, L _’ * l B ,,,r v A v ) ‘1,/ . .. / * .
N ” oo . ' N . . | . "I . i
M - . ‘ ” ' N : > ,\.. v ;
M . .‘\.,i-‘ ’ -Q H }‘
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~ . + - . i L
. . )f’. . ° | }:
Solution =~ - R .
—_ Ry © 4
- 1ml --1gram - = “ .

’ s s N “ i c 4 . ' O
. psogler s e S o

2 0| 500 x 1< 500 grams . -
> ) . . .
. e Exerc1se ) o f . ;;" s - S, .

Al O -,

, ' '1. A falter paper we1ghs Q. 002 grams. Hﬁw many mg does this represent7
. . . ’ - %
- - 2. How much does 8. 34 cubic cent1ﬂetprs of pure atér weigh?

)

. 3. How many grahs of ch]or1ne s added ﬁ% 20 000 liters of pure water to
. <5gke a 60 mg/1 cofventration. T ‘

A ' 4. “Convert’ 60 kg tgfmg :f - ;ﬁ; .
o S )
R e 5. Convert 0. 0005 g to mg 9 -
\‘~- . 4 — . . ‘\:' 3 '] -

. \: 9 * "s’-.: ‘

'(/‘ . ? Yo ’ -

f . - ' ‘ { ) .

- — .

.~
» ~ . [y
. K K Ty ¢ O S
- _— . 2 & ~
> N ] .
g L2
», Y " "' A .
. . £ . .
. e %
» “ . . ®
' -
» . v -
. . I Y > -’
M a - hnne .
:
[ - N . ’ S.
» "‘. 4 ~ o ¢
» ' ~, ‘ N Y : s
- N
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4 &
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. ~ X, ’ -
LY \ a3 . : - : ~
Lo @A .. -
« P ’ - . A v . \ 2 -
-, P
v * . g;‘“ 7" El . ¢ 0
P . B °
A ¢
4 4 -7 f ] ! ‘ v - * vy t
* - 3 A 7 ‘ . . ~ b - . -
. . :
Ve - “ , = o . ' .
S . ’ . .
. N . -
< . ! 1 N r '
. t
O N ;, . - 4’4
¢ - .

= ERIC
‘ A

— — - B L o R T T




i' ¢ - - PREES . - ‘ E) ' ) * - k
.
. ‘; - . e ‘ ¢ 1) S 5 © . .
.. . [ pr— . . . .
- : ) * ’ -‘ ] ) s Ed ‘\
- /r N N » ‘ ' - J
. .
. ) . . . e
{ " C, . Page 93 of 172 .
. I P H ‘¢ - N
“\ Module Ho: o | Module Htle: - ‘
o, . ’ ! . kY < M ‘_. e
L B Mathemgnés for Operators .
.- - ¢ . .
- 3 ) - g . ¢ -
» : Submodu'le ’htTe. « = <
. . ) 4 ;-
. L4
Approx. Time: .= Metmc Syétems . -
‘4! Topic: i . . S
)
1 . 1 hour Convers1on N
- ° N
B e {Objectives: T I
. The ]eamer will demonstrate th ab1'l1ty to c?nvert \ <
. - g
, 1. Metric va'lueS/to English va'Fues._ - . Co
& g - }2. English %alues to metric values. . T ) ‘
. . & !’ L . ~
‘ - ’ ) i < ° j
K i j } ,,._\ ’ ‘ ) s
- . A ) ¢ ‘s e i > i ' - -c-. . ¢ ;
LIS re v N o T‘/
Instrucﬁ»onal Aids: ] . ’3 - PR
~ ‘ . . oo , 1
T , riandout / % 3 Sy
. \ ’ . A - i
: Ay (over‘hea°d transpx‘arancy) . : - ¥
- ? - ™ ~' . ‘2 &8 : '\2 c
. . 3 v i . 4
\ 3 - i 4 . LA
N . ) 22 " , ’ 2
- 3 ¢ .
= ., Instruct:}onal Approach RS ?;ﬁ : ; N %
’ - ] Discugsion . REY 3§ . : -—24\».’. . o
* . |‘Démonstration . S ot T I :
Exerc1sq . i A ' A .
: 3 . / » ; v. i.' ‘r ‘A .': - ot
\.. — . .. i 3 J" , ' - -“. N
. . R B G 3, \ ——"a D s T,
‘ [References; - - ” ! N
. Physi's for Career Educat1%n, Ewer, Ng]sgn Schurter Mcf-‘adden,,Prent all \
. InC N J - “ ., ; s N . . \ C [ . ° 3 ’ : '-
».- y ! . v - , - . ) - ‘ \ i& . - ; .
- I. \ " ) S ‘-l" A ! 1 - ! 0\
- N . M 4
. » “ .
’ [ > .
. A ~ - ‘ T -
- LU R . . Vot . J )
* ECN & ! - LI, . . el : -
% » ot . - A
Class Ass1gnman*s. .o : . -
) . . - - 4 - Sy
. ' : Gwén 10 exerc1se prob]ems to be sohved e e
K s - R . o .. - S i ‘ - _%\/\. = M . s . ’. )
Yl . . - . " 3 ‘\ . N - . ‘ -' .
" s, o = i - i -
y - ' i b ) /o 4 C ! , - . -~ . . -
) . . Do Ty L o s - ..
."" . ;\ ‘. 95 @ . l_&" . -\ . 4 ) \ "
EMC . LN Y] . ® , ~ ’) . 4 -
LRI '"M"ml"v‘"" . ' s o ‘ L - ,!‘,/ ) ’\ ?('\ ; S 3 y d ' ~ % y - i
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_ "+ [Module Ho: - . Topic: . X
IR " : : . Conversion N,
) - . . |Instructor’liotes: i instructor Gutline: ST \ ;
o N ".‘1_' - 1. " Handout .-, Note: I¥ is h1gh1y recorrmended that th1s type
’ . conversion be not encouraged. :
n ' }« D1scussfdemonstrate how one converts:
o \ ) ’ . ; a. 5§5a110ns to™liters dsing the formu]\'a: -
s . ) Liters = Gallons x 3.75 )
. ’ : b.;'. Liters ®o‘gallons using the formula:
. ’ / ; Gallons = Liters
_ - ‘ 3.75
) ’ N "-cs Lbs. to Kilograms using-the formula:.
. ' Kg = 1bs.. - .
S i : | ‘
) \: - .. d. Kﬂograms to 1bs. us1ng the® formu]a'
v : Lbs. = Kg. x-2.204 . ,
* |20 a: Refer to, idodu]e No.. 2. Discuss/demonstrate how one*converts .
. P concentration (mg/]) to kﬂograms if the =
- Submodule T1t]e' Weight volume of water is measured in million .
7o (pounds p ‘ i gallon (M) using the formula:
R Topic conversion g = Mg/17x 3.78 x Q . ‘4
j': — . \ ‘ . - . . . e‘
“ b.. Refer to Module - I(é’ = Kﬂogram R
NI N X - K s
‘“ . . R Submodule Title: E]ipw Mg/] Concentratlon in Mg/i '
° L ’ . - Rate H I
. B3 PR : ‘ Q= Flow rate or w{ume 1n mﬂhon gaHons
- s Jopic conversion - (MG or MGD).
- o . ‘. . Pl *
’ - A. . /’;. \ -, - ¢ v
n .’ :. il .- N i ’ - .
. a I, :
. i e ” . A
{ be €5 o )




o C . Page 95_0f 172 :
¥ _ ' o . . . ' ‘:

>

, Tht‘conversgon ‘of English un1ts to metrics or metric un1ts to Eng]1sh

1 1nch 2,54.cm* - S o
1 galion = 3 75 liters ,
2.204 pounds =1 kg, - .
Examg]e ' - ; 5 ) A )
- AN . ]
Convert 15 Tbs. to'kg. e e
Solution ! o :
5;2?4 1b. e 1 kg.- o e . | : \
15 1bs. = xkg S . o Co H
135 Jbs. x 1kg _ : - :

—7.20% Tbs. - - 6-8Lkg - T S :
“ g ’ M ', . . N ¢ i \,
A special interest’to water and wastewater plant operators is the_cbnver@ibn'
of }bs/day to kg/day >\ s . Rl ’
Example / ‘ C{ oo C ot ' ," )

-

can be

atta1ned by using conversion factors. The S1mp]est to use are'

4

Calculate the kg/day of so]1ds 1f the f]ow of- water is 135, 000 ga]]ons and the

} solid concentration-is 30 mg/1."

-

Solution ) - ’ . T
TR o o & ) . f"

Tbs./day = mg/T x 8.34 x Q- ‘ -
« ¥ . -.»‘ R

= 30x 8.34 x .135 ' )

= 33.777 lbs./day - o -
Since 2.204 1bs. = 1°Kgs . .wopoe

+ s . . ,4. . . ) , \ “\“I . . .
,Then ) . | , . . ) ..
%%g? -1533k9mw . - T

'Another method of - convertlng concentrat1on (mg/]) to kg/day us1ng Q 1n ga1]ons/
] day is to-.use the formula

. s Lo i , M .
kg/day(= mg/1 x 3.78 X Q . . > L o
‘ : / - C.
[] ° . hd . - : _;:
S - e ‘£ A
s ":A
‘. : . T it
’ A b -
A 98 . * :
O VP E S A R
| we -
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s / ~
If the f]ow i's recorded-in - cub1c meze{s‘/da_y (m /day)
Jin convert1ng concentration to kg/day is
A

kg]da_y = conc. (mg/]) X Q .m3/day) x 0.001 -
- ExamE]e ' - S :- ‘

L

is 188 mg/] What is the kg/da_y of BOD? -
 Solution
'kg/day .

% 188 x 60,000 x .001 & .

= 11280 kg’]da_y

: s
= Lonc. x'Q X 001

} Exercise’ : ' .

The yformula to use
¢

r

J w0

Al

1.

Convert 165 000 gaﬂons to ]1ters

..
(e

/Convert 165, 000 .gallons to cub'nc meters
. Convert 4 feet to meters ’

Convert_385 1bs." to kilograms - ~
- L : ~ .
. Cenvert 56,000-"mg to 1bs : ',

A

ho'l d?

.
”

1 188,000 ga]]ons/day

) The BAD concentrat1 on-of a wastewater f]ow 1S\22 mg/]

. How many cub1c meters of water does a 14 inch water ma'nn 20 feet long

L

" The. f]ow is
Caflcu'late the kg/day of BOD in the was tewater.

The flow %o a treatment p]ant is 60,000 m3/day and the concentratwn of BOD

How many kg is a 150 1b, cy’imder of ch]orme. .
9.." You need to feed sodwm f]our1 de (Na-F) 1nto your- water at/a rate of °
.. 0.005 grams per seccind for 24 ’hours How many ‘1bs. of Na F is néeded
T for a day. " ' / -
.,J e 1 - Py ' ) N -
-10. How‘ many kg/day" of chlorine 'is .us'e';d“‘if'the flow is70.2 MGD and the ‘dose-
conCentratwn 1s 8. Z’mg TR o o
- - r'; . . W q ‘ - !
il I e . ‘
o j . \E(./- . -v, K ., . ,/ ) \\ . - . .
1 Shet Ty ' e, ' -
[ v l‘: . . - . R
: . Lo ';__.{ ‘» 3 . -_99 :‘ 2:“, y . - . m b
RN R
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.Y ) .
N}bdule No: JModule Title: / . |
/ . ; . ’ & /
.- .- ‘ . . o ; |
. Mathematicé{or Operators /. /
. cENQr Operators } > /
/ ‘ Submodule Tit\e: T / * ;o
“| Approx. T"',’e:,. . Metric Systems. . k! / /
-y ' . - g , e |
S : i . ‘ / @
1 1 hour _EVALUATION : ! . |
. . \ . 1 : |
. Objectﬁ‘«es_z R R ; - '
The Tearner will demonstrate the’ gbi'lity* to determine éorreét'ly the answers0 to
8 out of 10 problems related to metric systems. / -
N3 « . “ -
“ | 1. Measurements ) < ' . e B
2.  Volumes v e e
| 3. Mass » - : . . . , i )
4. -Conversion = - - . . S { "
PN o’ ’ ’ ' . 3 ‘r v ’ ‘
1. Convert 6000 meters to ki]ometerg . .
a. .6 - : :
-) .I }} *
b.. 6 T i , - .
- 3 R ' o~
"c.. 600
. - . .
d. '60 . . .
‘ . rres ~ T - - [
2. Convert 5 liters to milliters . : \
\ﬁa‘. 50 ' T : ) N =
b. .5 , - ' 7
c. 5000 S
d.~ 500 - ) S :
3. Convert 26 grams to mg \ o . J
. a. 26000 T ¢ ' SN
b. .26 A ‘ :
s 'E'\ Lt y
: c. .026 ) . . . o , .
. P ) 8 . . . °
' d. ..0026 : ‘ _ ] _ .
. - ] /
oy - —,- . ] . ’ ‘ R " S . ‘v ’, ..
) " o - . . i : . .
1 . . - , . .
, - ( ] \: . ‘: . ","" . -, -l
’ , ’ Y o T I‘OO ) o’ . ) s ‘,,
- * s / 7 o ,1 . t e 4 '



©

b

o

6. The vel uge of wastewdter measured is 589,000 ga]]ons'/Qay. The chlorines

. ~, \ ) . — °
4.--Convert 0,0156 grams per liter to mg/l  , . ° ) - o
“a.” 156 mg/] ' ; S A '
¢ *,; . N

b. 1.56 mg/1° - ’

"¢ 15.6 mg/1
d.{.00156'mg/} - - |

-\
"_ \
) . . S U '
5. +A flow to a treatment plant of 160,000 m3/day Contains 40 mg/1 of .
, caleium. How Tany kg/day of calcium-does the flow contain?

a. 6.4 C '
b. 6400 T
c. 53.4 L 3 L
/ \ N - S

s -~ 3 L

d. 640 .

v k3

applied to the flow {5 at a dose of 122 mg/1. How many kg of Cl, is
used? |, | oo e ; o
N N

a. %22 kg . 2 ) | ‘ .
b. 29.4 kg “
T e, - 13.3 kg i .

v

d. 2.94 kg ' L 1

7. The dimensions of a tank is:20 meters by 12 meters x -3 meters: What -

is the volume of water, it contains?

. T t A 1
a 7.2 m3 . . . * N . K - -
b. 4320 m3 : o I
T N S, - - : : !
c. 72000m3°, - g :
d. 720m3 . -
"8. Your laboratory requires a minimum of & 1jters of.sample. How many
. .gallons. doeIS‘tm‘s represent? ' ’ . .
. L ’ s
a>.6000 - VI ‘
. . . b ‘%‘ . - ) 4
. ?\.:-"e. - - B
*g%.é? . \(
b 4 %
- ‘ ﬁt"‘”.“r v =
& A %’“: - ’ H -




{1 9. Convert 2.2 MaD to m3/day

1

. a, 825 m3/day *
b. 8250 m3/day

»

C.

d.

82500 m3/day
2220 m3/day - :

10. Convert the cost of a 58 1bs chlorine
per kg. . N

a. 0.47 $/kg
b. '1.03t$/kg
“c. .103 $/kg

.. d. 8.6 $/kg -

:
v

purchased for $70.00 to dollars__ .

e A
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Instructor liotes*

3

E»va1uat1'onL

-

instructor Outljnes -

1.

Handout:

1. /Give‘ 10 evaluation problems.

Answers

1. b

. . . . .
.
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oy
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Module Ho o Moduie Title L e . .
_* |Mathenatics for Operators . A .
’ 2 ] Submodule Title: - | /// ;
] i : " .
) T § " H lic Loadi T -7
Approx. Time: - ° %;{‘au ¢ -oiadmg ‘ ] 3/
-4 . Topjc:'_ﬂ C- . .5\§§
. 3 hours HydrauTic Loading : '
. ’ —t * A ~
. — > i
ObJectives S : b o N

The Tearner will demonstrate the ability to .cglculate correct]y the hydrau]1c
loading of a plant or unit process

1. Hydraulic 10ad1ng/5urface settling rate
2. Weir overflow rate

- o * " ) v ' - (: ‘ -
A ’ _ ' .
Instructional Aids: ' : J o .
Handout ‘ '
AV (overhead transparancy) ( S )

.
, - . . . . \
L4
N . ) .
- ’ s . i N
‘o N * ' -
.-
0

Instructional Approach:

of 'Env. Conservqt1on : , ;e /”
p 2 >t - j’/’.. ]

Discussion '
Demonstration i o sy )
Exercise - A ’
| .
{References: , (

Workbook, Basic Matpemat1cs and Wastewater, Processing Ca]cu?at1ons, N. Y. Dept.

Study Aid WOrkbook Mathematics for Wastewater Treatment Plant Operators,
Ca]1forn1a Water Pollut1on Cdntrol Assoc1at10n
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€-- o I PO : v .
. : Instructor liotes: . . - {inst %:tor.buﬂine: s,
b~ 1. Give handout 1. Discuss and demonstrate how one calcylates.
. ) - the Hydraulic 1oad1ng us1ng the formula:
- Lo HL = Q '
4 - . v ’ ¢ .
Y o Unq.tS' \ m ! \ ¢ g 3
= . s ’ t . “ . - -
; ‘e 31‘; GaHons per day per umt = Hydrauli% loading ) I
! durface area N . . o R
) ot ' . ‘ o ’a-) . - ¥
1Q = Gallons per day ’ Q= Fgow rate \ .l
" Lsurface area depen’ds on ‘tthe SA = Surface‘fa%r‘ea R
?umt process ’ o
~ ¢ t e l(
.. ) Dependmg on the)mt process ' ) - '
. . HL has a value of: 5‘ . - ® e )
L T _ 1_. Filters ‘ EEN \ . » R
. 'a.( GPD/ft% . S . . :
’ I / ‘b, GPD/acre - / L .
L c. GPM/FtZ e, : L
. ) | ] -
/ 2, Clarifiers N ' ) o
g 2. GpD/ft? : ~ . -\ Q /’
b.- GPD/acre y . - “ o Do .
3 . » r\‘ " e -~
- N 3., Trickling f‘i]&grs o ’ L . :
S a. c;iiu/ﬂ:2 ' . . ‘.
a .ot o . .4‘ ' Fam ’ )
GPD/ ergs A ST 3 .
T2 MGAD . © % ot . . : *
. 0" % N W3 . e . o 1Y ,
b ~ - B
4. chondar_y clamﬁers T | W K : .
r. B . %’I\ 2 “‘, I < . . . 4 | .
4 - a. GPO/FLS . Teae b ¢ . . : -
. LR N » t; \ . ‘ R y . .
1. o T B r . { %
.. ’b.. GPD/acre - DR B .o R
"'\ . . ',Q' ‘ . - - ~" ¥ . ‘. "Q\ \
.,N-‘ xi. ’ . - . .- R ’y . “0 R
- -..," < ’. T o - ’ 10 5 e t o A ; % .£mi
';}‘ y e N \ i v ., ’ et ’ . [
e e e e B N IR L - e RSN RTINS )




) Module “Ho: . | Topic: | ‘ ‘
: e , ' - Hydraulic Loading : =~ - k . '
. S Instructor liotes: D*' instructor Qutline: . |+, )
Y, . . To. . : . ‘Tl!'

©" - | 5. “Rotating bjological filters| .

! s . PRty o . - ‘ \ ; :° 4 . . . v .
- “et . ., 2 . . b -— . I v . . ~-
4 ‘ a. cGPD/ft . _ \ - . . @. . ) .
i 6., Waste -stabilization ponds, ‘ . ’ . coL
“@',‘ 4 " A ', oy . ’ . . . ’ ' -‘_ ,
X .. |° .a” GPD/acre- RS N R .
. - IS DA . - . ',
T 1 b. MeAD L l :

-+ 1 The unit values 'are: ',‘ N 2 Discuss a\nd d méhst&'afe;how one calculates -
. . ' . the weir qverflow rate uging the formyla

. ‘s Jwor=epD/ft. "< O = Weir otarflitw rate o
. ‘ N t * E

’

N

‘L. _ * . ’ . B ‘-'_
o~ . Q = GPD : -, . . Q=Flow rajce -
* . - . ' . . ) ! -~ N N ;.'o M
‘ WL .= #t, \ .. (WL = Weir length ¥ ' :
—— . N . . >
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**| Hydraulic Loading

.

Instrugstor Notes:'’

~N

Iﬁstructor\butldne:*

N -

- - \ ~
- — 3 L] -7 A > -
' . O\’ .' \\

Ind1cate the d1fferent types 3. Give 'exercise problems. . .
and,shapes of weirs S . .
.’ 4 » ) ’ ' - N
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+ The hydrau'hc 1oad1ng of .a treatm&it umt is defined as. Kamount
applied to a speci f’IC surface area. « -, . N '
T IS ALSO KN OWN AS THE SURFACE SET'TLI'NG RATE . ’ &’\/
That--is 1‘F‘one adds 5 gaHons of water on : square foot," then .the .
. hydraylic Teading is. 5 ga] Jfte . 7 , et
‘ s . ' . - . .o
The;;f'ormu]a to use 1s : // . ‘ o ‘ " ‘ .‘3‘553_ L.
HL = QK w o : Hyd’rauhc 1oad1ng :
S S \
. \/\,\/ Q= F]ow rate
- . SA = Surface area,
xamp]e X ) . . e . .
what i's the hydraulic loading of a c]ar1 Fier if the f%u is 600; 000 ga'ﬂons
< per day »and i1the surface area 1s 600 sq.- ft \ <
$o1ation o -‘ S o ' ‘ S T
HL=9_ - U f R T
. SA " ‘ s . . SR N
. . R . . PR - s S 1t
= 600,000 ., ) . .~ , e
600 . - o _ X . o : i
= 6000 GPD/‘ft ‘ R o g
'ﬁns means that 6000 ga]]ons of water per day is appHed to one square ft
{ 3 “ . . -7
Hydrauhc loading is used in many di"fferent operatzona'l units b operators
"It is'mainly & design’ factor thdt one attempts to ma1nta1n so-as to get
good opera.twn. - _ ,// e
The’ un1ts that HL is used in are - « S Lo P LT, '
a:‘ Fﬂters such, .as sand f11ters~, pressure filters, .carbon fﬂters, and
! filters 0sing the upf]ow design. - Hydraulic 1oading in ~filters-has. - h-ﬂ
a valte ;of o o P S
'J ‘L. GPM/ft2 ’ s S .« - / }E“‘v .’/;’:_:" . . "\.
.7 " v ) ,‘& ) . ] . . ) m,{:/ o ;I i e
2. ePp/ft2 - o = o b T T
3; GPD/Acre Tt .
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-

,\5;' Calculate ‘the upflow rate on. a“Water treatment filtep with a.ra ius’
tfof 12 ft in, diameter and flow rate of 340 GPM. Ans, in GPM/ft< " ..
6. A sand filter 15 ft~ X 6 ft.. rece1Ves a flow of* 150 GPM
‘:hydrau]1c ]oad1ng.‘ Ans.-in GPM/ft2, ¢ : .o
1 ¢ 13
7. A tr1ck]1ng filter 30 ft. radius and 6 ft. deep rece1ves a f]bw qf<
155,000 GPD Ca]culate hydraulic ]oad1ng in. GPD/ft2
- -5 . .:-é? ., .}’.ls
+ i '., Y
O & 1 :‘«'l? - 7 ’4“
- - S o ‘09 4 ‘; A\ ﬁ\ ' )

(1 ‘ i .- .«' s - ' rl ‘

b. CJar}frers/SettJ1ng Bas1s/Sed1hentat1on un1ts Hydraulic loading values

.are; reported in . ) 2\
b .":.,,/ =:. .
1, .@Pp/ft.a ) T
o2 GPB/acrg% - L -

. . PR -

1 c; Trﬁck]]ng f11ters/Rotat1ng b1o]og1ca1 f1]ters/ Waste Stab1]1zat1on Ponds/

. Polishing lagoons. Hydrau11c Toadang values are reported in

L

1. 6PD/ft?

[}

2. GPD/acre

- '3, MGAD-

bl

E VALUES OF Q (FLOW RATE) AND SA (SURFACE AREA) DEPEND ON THE VALUE‘OF

HYDRAULIE LOADING.

S

[
/ /
. , .

. [ §
» _fi!
H
. {f
3

i
y‘

-

RS

b

_Exercise

1. K sett]1ng basin has a surface area of 385 sqf%ft

#

Example . . )
The* value of HL is GPD/FtZ, then Q = GPD,and SA = ft2
) « . .

Exame]e ' L

The va]u,e of HL is GPM/ft2 then Q\ GPM and SA = ft2

DR oy

F
'l

° .

_is 24 NGD.”_What is the hydrauhc Joadvng i GPD/ft -

2.

Ca]cuTate _the hydrau11c toading of a 1agoon w1th an area of 9 acre§ and

<a f]ow of 0.6 MGD.

_Ans.

in MGAD

¢

.y 3 . Tied

s =, -

3. fCa]culate the hydrau]1c loading of a primary c1ar1f1er 50 x 20 if the -

“Ans. in GPD/ft2

-Calculate the surface sett11ng rate of a c]ar1f1er 25 ft.
*oa flow of 2 cubic feet/sec. GPD fte :

g f]ow is 1 3 MGD

-

in radius and

-

Ca]culate the™

4

The flow to the‘bas1n -
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We1r Overflow. Rate. s v .

.

3 ’
Weir overf]gg§;ite (WOR) 1s ca]cu]ated by d1v1d1ng the f]ow rate of water -
by the Tength’ d?*the we1r . . g

N
' AN
) We1r overflﬂw rate 1s also known as we1r --loading

- _FROM WHERE WATER IS REMOVED FROM A, UNIT\

IT 1S IMPORTANT TO' REMEMBER THAT 'WEIR LENGTH IS gHE"._To"TAL LENGTH. OF WEIR
P REIR

The formula to use'is . - L l o \

°

P

L ‘ e Q= F]ow rate .-\\ \ .
L HL- Weir length

The usual un1tava1ues-of WOR is in GPD/ft

Examg]e = e ‘f P ‘ -

The weir 1ength of a circular c]ar1f1er is 157 ft. The fiow rate to the
lfler 12\117 »750 GRD Ca]culate the weir overf]ow rate.

1
PR LI

WOR = o ' .+ WOR = Weir overflow rate

. 2

157
750 GPD/ft:-

.

& A rectangular clarifier 40 ft. tength, 20 ft. wide and depth of 8 ft.
The flow rate is 11 GPM. The d1rect1on of the flow through- the clarifier
is th(ough the Tength Ca]cu]ate the weir overflow rate. (Ans! in
GPD/ft %¢ ey . .

‘Exercise - PR C B - 5
s 3 @

/i

C oo ’ - ) ‘ ~
A c1rcu]ar sett]1ng bas1n W1th a we1r radius of 30-ft. and a flow rate
of .. 123 MGD, Ca]cu1ate the weir overf]ow rate. e,

. A f]occu]ator c]ar1f]er (See sketch for deta11s) receives a flow of
3 m1J]1on ga]]ons/day Ca]culate the weir overflow ate. -
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Module No: . Module Title: 7 3 o K

*

¢
-— . . -

Mathematics for Operators - SRR

1l

SubmoduTe Title: o T K

Approx. Time: Hydraulic Loading

1 hour EVALUATION . B St T . . i

A vd. 13.57 ceoyft, B S ?

4+

2. 1p,Prob]em 1 what is the/weir overflow rate? o : L

OBjéctives:

The iearner4i1l deronstrate the ability to determine correctly the answers to

d wastewater technology.:-

.- 8 out of A0 probleins‘related to hydraulic loading of a unit progess related to

water
: 4 A . . .

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 . : S .

. ¢. 558.36 GPD/ft2 '

. &

d. 13.57 GpD/ft2" - ' ' e

. -a. 4885.7 GPD/ft. ‘. ST s

‘b. 7.5 GPD/ft. - ' o : .
¢, 558,3GPD/fL.

3. 'The weir diameter of a circular clarifier is 55 feet. The clarifier receives a
- flow of 6.25 GPS, Calculate the weir overflow rate. 0 ’

y a. 3126:8 GPD/ft. ;/,_,,' e _ .

T b, 113.7 GPD/Ft. " - ' R . | '
c. 227.4 6PD/ft. . Co T -
. : T S~
d. 52.2 GPD/ft. N
o . » . . ,
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-

4,
Ry

Vs

f,43 In P;ob]em 3 what 1s the surface sett]1ng rate?

a. 3126.8 GPD/Ft2 :S“ I ’

b. 113.7 GPD/ft2 - - \W v
e 229 4 GPD/fté,"

d: s2.2 ePD/ftl -

5. A- pressure f11ter 10 ft. in diameter: receives a f]ow of 300 GPM.
Ca]cu]ate the hydrau]1c 1oad1ng

a. 3.8 GPN/ft? T L
b 1-GPN/FEE _ S .
c. 15 6PN/ Ft2

d. ‘5503 g Py Ft2 |
6. A lagoon 350' wide and 375 Tong and 4' deep What is the hydraulic
" Tloading if the flow is.5 MGD. . .

a. 263 GPD/ft2
\ [ B T
" b. 357 GPD/Ft?

c. .0.75 GPD/ft? " - 4 ‘ . 1
{;‘“ ' 2 . . . \ -
N d.;\ 3 GPD/ft ’ T ‘ N ) /

)

7. A sand-filter 15 ft. x 5 ft. receives a f]ow of 350 000 ga]]ons/day.

What is the hydrau11c 1oad1ng7 '

. . g
~ a. 4666. 6~GPM/ft2 : ! . ~
b. 324GW&2 S -
c. 156 M/ft2
: h R
d. 5. e/.PM/ft2 : , : : S

8. A standard’ tr1ck11ng filter with a rad1us .of 38‘?t. rece1ves a f]ow of :

200,000 GPD. Ca]cu]a;e the. hydrau]1c 1oad1ng

' 838 GPD/ft. ¢ " B " ,
b., 44 GPD/f¢2 N L -
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. . - - . ' . ‘. . . ?

9. A circular clarifier has a diameter of 75 ft. The weir diameter is -
72 ft. -The flow for‘the day is 2,500,000 gallons. What-is the weir
]ogding?' ) - ' oA ’ , .

"a. 11058 GPD/ft. : T
Yoo~ e : ’ # i

b. 10615 GPD/ft. " . e
c. 154 GPD/ft. - ’ | Sy
d. 3472 GPD/ft.

0. A clarifier 42 ft. Tong, 30 ft: wi de -and 8 ft. deep receives a flow °
of 1250 GPM. What is thewweir overflow rate if the weir length is
30 ft. - :

4

La. 42 GPM/Ft..
b. 1429 GPM/ft. e

. -

e 179 GPM/t. . K.

4 {
s vy - 2 " o : I
d.” *30 GPM/Ft.. N
a8 E Y & « - -
. - ,
2 ® \
. N
* » . 3 - S
51
‘- -
- . -
T reow %
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+ | Module No: + .. .| Module Title. - .o R ‘e
; N Mathemat1cs for Operators i R _
’ ’ "Submoduie Title: v
. ‘
: ] . Qrgan1c Load1ng . , . .
‘ Approx. Time: - ’ —— ,
’ Topic. .- . : K
M L]
o u T S
: .3 hours So]1d ‘Loading* ‘
Objectives: - ,f o . L ' f

1. The 1earner W111 demonstrate the ability to calculate the solid Toading of ~

a unit process. ’

2. The learner will demonstrate the ab1]1ty to_ca]&ﬁ]ate tﬁe pounds of BOD
Toading to a unit process. ‘ ' : T " N
. - : v
, ‘,‘ » _';n
Instrdttiéhal Aids: . . o= h ; ;

Handout € _ T L
AV (overhead transparanqy) v » 7 , o e R
- \ ' ‘ ) , .. . < - . . . ' b

- . i . ) }‘n . ”

Instructional Approech: AEU ' ’ ) y )

.Discussion . o I ) ' ST
Demonstration N S pe 4
Exercise . . . ) . S T

: ! 4 . ' . . : \- -

Y ® ., ‘ o -

References: e
Workbook ,..Basic Mathematics and Wastewater, Process1ng Ca]cu]at1ons N. Y. Dept
of Env. Conservat1on. .

Study Aid Workb ook, Mathemat1cs for WastewaterrTreatment Plant Operators, .
Ca]1forn1a Water- Po]]ut1on Control Association. re ‘

C}ass'AsstgHEents{ . ' , o . . ‘\\. . ’
" 1.- Read hadout ... - . v v \>¥:: L~
2.. Given 10 ‘exercise prob]ems to be scived e e e T

wee ‘/ o " ) ; vi;’*" AN : R )




Ysolids

i.]pmlsduﬁ
2« Total su$pended.
solids *

- ’

Sohd loading has a
un1t value of 1bs/ft. 3

]bs of solids obtaﬂned
from.mg/1 of solids x
8. 34-x Q ‘

V has a un1t value of
cubic feet

1“S€hdshasg|mjtva]
) gai]ons/ft o
Voluke of tank has a un1
value \of cub1c feet

% solids can’ e1ther be
total solids or total -
volatile solids. '

2. Indicate that this -
formula is usually used.
. in digester 1oad1ng

Organ1c loading has a‘unjt
. va]ue of:

. Lbs.pof BOD per unit volume.

£x. ,1bs/1000 ft.3
. Lbs/acr§~ft,

" bs/ft.
of BOW is .obtained

mgi1x834qu\ .
-V'has a_ unit vaTue of cub1c

1bs.
from:

wfeet

e

I,

.'sﬁ Q -

2.

V=

11y

\- . e \: . ’ ’ 2
- e e .
kN . i By
. ) 7.
) ) ' : . ’ . - g "
, . . Pag? 1141 Of %7?‘. ’:i
- 3
Module No: TOp]C T el ' vy
So]1d\load1ng AR )
v . - ., > v B ‘:—L), R
‘I Instructor Notes: “ " ¢ Instructor Outline. .
- - , . . : o [
s - . - /7 .« 4
1. Give-rhandout™ . 1. So]1ds _ . e }
a.- Indicate the type'df P D1scdss and demonstrate how one,

~calculates the so]1ds 1oad1ng us1ng-
the formula: , ¥ (

Solid Loading,.= amount of so]ids'app1ied'

to a unit vo]ume -

Y] -
Mg/] of solids = concentration of solids.
flow rate V

V= volume of tank.

Vv"n -

- )'xe

Discuss and deménstrate how one cghculat
the vo]umevof.so11ds -applied to attnit,
process us1ng the formula:

So]1ds .vélume of s]udge pumped X -
decimal %- of soT1ds .

o

o

Divided | by~ vp]ume of tank &

"

7 - -
4 f

Discuss and demonstrate how one ca]culates
*« the BOD Toading to a®unit- value using the,w
fprmu1a ?saﬂ* N L
OL = 1bs. O‘F BOD ) S s B
'h‘—"v Rl -7%‘ - ‘ \ .
oL = 0rgan1c ]oad1ng } thé amodnt of, BOD

“ -,

e coL AT
Tbs. of BOD = pounds of BOD

- . L : .
P £
N
k.-‘)‘ v ”
. ; . .
. .
«
O

added to a vo]ume\

ve]ume,oﬁ,tank‘
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-~ oL Sohds?Loadmg/ - <y ‘ ,
S : 3 .- . "Z - P %
N Instryctor N\o\tegzj R ructor OutHne o s T :
o~ * « e : \‘ N .u M ' »
- Indicate t(nat this' formula is /| 3. GWe exermse pKoble
- . A & . - . - —
) ysed in: N
d ‘ . 4, Rewf_w the exercige prgblems. -
- i. Tmcang fﬂters , . oy
‘2. Activated s]udge” K o - .y .
. . -1 30 Lagoons ) . S .
: : -4. Rotating b1o]og1ca1 fﬂters - :
5. Digesters o O . R ?
N ' | . %o ’
T o :
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iy . Solids Loacﬁng L
s Sohds 1oad1ng is def1ned as the amount of organic matter that 1s apphed to
A T speci fic vol ume . - 3. . Y
01 7
’ ’ The orgame‘matter can be 1n the form of: Y.
¢ - ]l .a. BOD R
e "lIb. cop ) )
: 0 -t Total sslids '
-« | d. Total suspended Solids .
!
o -e. Tota] Volatile Sohd\s _
SOLIDS LOADING IS ALSO KNOWN AS 7‘§‘GANIC LOADING /.‘ -
9 \/ The formula to use is | ] s
' / OL =" lbs. " OL;= Organic Loading.
. V. 7 AN )
. -1 - 1b. = Tbs. of organic matter
. o, 4 . V.= Volume of tank
PSS ,Qe proceé'ses where\so]i.d% loading is a design factor are: .
3 ) . v B . . N .
L a. Trickling Filters ' . .
-~ + 1 b, Activai‘}ed‘ Sludge . ] 7
o c. Waste Stabilization Lagoons . S, . ‘.
b ‘. oF ; !
_ , d. Ro‘tating Biological Filters -
J L okat
g ' . 'e. D1gesters ) A
! > ) The umt va]ues of sohds 1oad1ng arer - Y
{ S s M
. : a. IbS/ftB Or__s R .\. :
b. 1bs/100 ft. or | d .
Q._.. 1 c. 1bs/acre ft _ o e : 5
6‘%:‘: ) ; " '3 ~ ‘
; _\.::.; u" ., " . 1‘1 9\
4 . “~ ’ ’

“
v
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Examg]e

.

»

Y

X,
?

_Calcu]ate the so{; 1oad1ng of 13 300 1bs of BOD onto a tr1ck?1ng f1]ter wrth
a volume of -332 . ft ol o !
._ Solution -. = - IR

oL = 1bs: " N Toa .

= 13300
332500 .

= 0.04 bs/cu. ft. : : S N

Examg]e '

Calculate the so]1ds Téading of 26600 ]bs

of BOD into a trickling filter W1th

a, volume of—%32500 cu. ft. Ans. in 1000 cu. ft. ;
Solution | o : . S , -
OL = Ibs. S T Ty
VL _ N L } :
Since the answer has' to be in 1000 cu. ft then v has to be in 1000 cu ft
~So 332500 = 332. 5/1000 cu ft.
L= 26600° R - : e
332.5 . ' : . , - g -
. - : ' - T
= 80 1bs./1000 cu. ft. . : Co . A

- TN

.

Exercise L e

SRy A

1;

A standard rate trickling filter with a diameter of 55 ft. and a media

mg/l‘

depth of 6 ft. receivés a flow of .95 MGD and a BOD copcentrat1on o? 125

Ca]cuiate the solids 1oad1ng per 1000 cu. ft

AN

2. A digester 30 ft.
of sludge-a day.

in

. s
diameter 15 £t. deep rece1ves a vo]ume of 5000 1bs

Calculate the so]1ds Toading.

3. Ahigh rage trickling filter 80 ft. ‘di ameter, 4 ft. med1a depth. receives-

Ca]culate the solids

‘a flow of 1.5 MGD and a BOD concentration of 180 mg/]

load1ng per 1000 cu. ft. s

>

4..

Two trickling filters each 100 ft. “n d1ameter and a depth of 7*ft

_fhe

flow applied to both is

.5 MGD and the BOD concentration is 150 mg/1.

Ca]cu]ate the organic 1oad1ng to the f1]ters Ans in 1bs/acre -, ft/day.

. . . ‘. * !
. . . . )
* . e
B Lo '~§ . B - i N - S . -
[ . . . N
- - A N . 1e ]
. 3 .
LT <0 . - ‘ . . ~
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o

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_ 1bs/1000 .cu. ft. R :

? 4 ) . * . .
.J6. A digester with a diameter of 45 ft. in diameter and depth of 11 ft.’ )
receives a fiow of 6000 gallons of sludge. The sludge has a concentration’
of 6% solids and the solids is-62% vol&tile solids, Calculate the volatile °
solids loading. .Assume 1 gallon of sTudge = 8.7 1bs. -

7. A two stage ttjckiing‘filter process trickling filter #1 80 ft. in,
diameter and 6y ft. depth. Filter # 75 ft. in diameter and 6 ft. depth. The
flow o the plant is 1.4 MGD. .The applied BOD to, filter #1 is 260,mg/1. The

applied BOD to filter #2 95 mg/1. Calculate the organic Joading on each filter.

8. A standard trickling filter 45 ft. x 35 ft.'x 5 ft. receivesa flow of
124000 gallons with a BOD concéntration of 152 mg/1. Calculate tlie organic
loading in 1bs/1000 cu. ft.,  ° - s :

t

9. In an activated sludge brocess the aeration basin has the dimensions of”
J2 ftex 65°ft, x 10.ft. The flow is 300,000 gallons per day with a BOD
concentration of 120 mg/1. . Calculate the organic loading /1000 cu. ft.

\ . ' . - . .

10.- In a conventional activated sludge process the BOD influent i 400 my/1.
The primary system yemoves 18% of the BOD., The aeration basin has the o
dimensions of 35 ft. x 18 ft. x 12 .ft. The flow into the plant is at a -rate
9f.5$ GPM. Calculate the organic loading of the aeration basin in 1ab/1000
\..CUo .t' - . PO " . o . 1—-—..“ N

~ . N > D - - ’
Fe - . : : - - 27
o s ~oa N ~ -
. ~ » -0 . )
\
. S
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N - -
. . - T a .
- —_— 4 L4
- -~ W
. - 4 _ -
° - R .
v . . e
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S Module No: -, | Module Title: =~ - e . : /
. : , - - ~ L -
. e -t . - Mathematics for Operators ' ..
) Ve ) - had ) i - : . - - = 3
i, : Submodule Title: ‘ . ‘ *
. :| Approx. Tige: Orgamc Loadmg - - : ot
_ . . . .
N 1 hour i , ' ‘ F—_—
Tt e hay .. EVALUAT O;L . .- p .
, T Objectives: - - . _ '
The le ner m T] demonstrate the ‘abfihtyéto determme correct]_y the answérs to
.8 out .of 210 problems related to solid )oa&mg of a unit process re]ated to water.
) and wasi;ﬂegwater technology. ~, . ° . ‘ .. _ -
.\\ . % o . P e
;Sg*é :é'. ~, . “” -
e 1. gf%&g]bs‘ of BOD is applied to a tmckhng filter with a radius of 20 ft and
Ca a rock depth of 6 ft. What is the organic 1oad1ng? -7
S ar 37 ]bS/IOOO fr.> to, 7 o \
. » B e
P N zms/looo ft.3 . —~
i > ' S T
| . ¢t 148.6 1bs/1000 ft.3 Lt . g .
‘d. ‘37.2 1bs/100-f£.2 . L N
. L 2. -To a digester 25° ft di ameter and 15 ft. deep, volyme of, 400 ‘gallons/days ®f
. - sludge, 3% {otal splids wi volati‘le $o¥d contént of 7276 CaTculate the .
.- 9allons of volatile. sohds pphed to the digester. | N . )
N . .. “x e .
( - . i 39 1bs/1000 Fw3 L '
o '_Q.b."031bs/41000 oL RN '
d “ . . ‘
: c. 1.2 Tbs/1000 ft. 3 : -
’ 3 ’ ) i \,‘:--) )
d. 4.8 1bs/1000 ft. A ’
o o] 3. Two trickling fﬂters each 110 ft. d1ameter with a med1a dep h of 7 ft..” A flow
. of 750,000 GPD “is split and applied to the filters. ,If the flow .cOntairis o
T . *1 - I110- mg/] of 'BOD what ig the orgamc 1oading applied to each filter.. . T
: 3 . ] , » ) . .”
L 3. 3866 1bg/ 1000 ft.3 | « -~ U0 SRR |
: A b. .100 1bs/1000 ft:3 s T e
‘ - ¢ L0026 Tbs/100 ft.3- S " L |
{ | d.710.35 bs/2000°7e.3 - L N T N
s e N Ki!" AW . ) . . )}
- ; X . . -~ . . ~ » &
. + ? oo, .-
$ O \ . < ) .
) zq‘i - < ~‘.‘1'2"« s . - '/\> N .
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4. An aeration basin with the dimensions of 35 ft. 1ength 18 ft. width and

» 8 ft. “deep receives a flow of 195,000 gallons and a BOD concentratwn of *

285 mg/1. Ca]cu]ate the organ'ic 1oad1ng .

. ./

a. 82.7'lbs/1000 ft.3 .~ * |
b.*92.0 Ibsyi000 ££.3° . L
c..0.01Tbs/1000 ££.3 . R .

~
a

. d... 10.9 ‘bs/1000 ft.3 . -

5.. If 8500 gallons of 4% s uo is pumped per dajl to h'digester ‘with a
, dlameter of 40 ft. and a depth of 12 ft. Calculate the total solids
'loadmg per day. ) 7

N

a. 0.18 g&]?ons/1000ﬁ.3 S

b. ‘676 gallons/1000 ft.3 o L.

c.. 22.6 gallons/1000 ft.3 LT e g

2

ds°0. 04 gaJ]ons/lOOO .3 T

.«

6.- In a two stag{l tr1ckhng filter process, trickling filter #1 110 ft in

”d1ameter-a¢+d a depth. of 4 ft. and trickling filter #2, 85 ft..in diameter
and 5 fts depth recervgg a flow-of 1700 GPM. The raw BOD is’' 610 mg/1. . -

" If the primary ¢Tarifier reduces the BOB by a 15% and tri ckling Filter
further reduces the BOD from the primary effluént by 35% _what is. the ¢
e orgamc loading of tr1ckhng filter #2. ..

) a. 5.24 1bs/acre-ft/day . .
1 b. 8.76 Tbs/acre-ft/day
;. €. 242.6 lbs/acre- ft/day

“d. 10568 1bs/,.cre -ft/day - "'l
g7. ‘A standard &ate trickling filter dimensions of 45 ft./di ameter and a
v media dept’ﬁ of 7 ft. receives a flow of 635,000 ga]]ons per day if the -
"BOD concentratwn 1s 121 mg/P. * Calculate the orgamc.-]oadmg -
A . ¢ R P % ! ,
Y a 16.4 Tbs/1000 f£.3 -7 '
] . 3‘ & -
| = 57.6f-1‘bs¢/10gg¢;ft. . -
c. 0.016 1b§/1000 _ft'.3 I e )
T, - * 100 3 . R & v '
- 1.}4;&Jbs‘/.1000 ft.x - ' .
4 ‘ S e AR ‘ ’ . ‘ t"i o
-, . o { e - ) , .y R
n - gt‘ ‘ ' "‘

3

1

L
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8. A dﬁgéster (see sketch fo; details) receives a volume of s]udgé of
2300 gallohs of sludge with a 4.8% total solids and 69% _vo1atné-soyds
. content., Calculate the volatile solids loading in gallons/1000 ft. »

a. 4.04 ga’]}ons«(mod_ ft.3
"b. 0.22 gallons/1000 ft.3"
.C. 4.63 qal]ons/lOOO.ft.Q‘
"\'d 185 gallons/1000 t.3 1
S T - 12416 fL.

. °
,/ L4
. k
~ » . . * M’-.[—J\
~ ( ) Co . - 2.84 11.
. 9 \‘

[}

. a digester 30\¥¢. in diamétef and 18 ft. &eep a volume of'IZDO" .-
gallons/day of sludge. THe total'solid-content is 4% and volatile solids
content of 65%. Calculate the total solids Toading-applied to-the digester,

(1 dgallon Bf/s]udge é.§:7 bs.) = . . .
a. 32,8 bs/1000 f£.3° -0 T g '\ J L
'b.0.031.165/1000 ££.3 .7 e 2
" “cs 121.8 1bs/1000 ft.3.. . N -~ .’ /_\%/;
"d. 0.1g2 1bs/1000°Ft. 3 R o - ;
g P , _

10. .A waste éreatment plant w{zk.g'tri&k]ing fi]ters/eaEB 95°ft. in. diameter
‘ and"a depth of 5.5 ft, The flow rate to the plant is 1.45 MGD and-has a .
_ BGR';pntent 185 mg/1. Calculate the,organiC']oading‘to_the filters.

2

a. 500 lbs/acre-ft/day

©

1 - RO ‘. T . Ty )
.+sb. 50 1bs/acre-ft/day |- : ’ o L T e : ,ﬁ’)
. “' , ) ‘. e, \ ‘)
~  c.« 2.8 lbs/acre-ft/day PG )
d. 0.05 1bs/acre-ft/day . S -
‘1 , P \ e, -
o , _ ; B ¢ ‘3 @
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1. “Handout = ‘1, G%ve 10 eva]uat1on prob]e S

Answers

¢




ek

based" upon:

The learner will demonstrate the ab1]1ty to determ1he the ]oad1ng of a digester

1. The total solid content of the sludge,-

The volatile solid content of the sludge.
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Pad

Handout

1.

. ?- m
Yoo, .

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

5. 'The % Volatile Solids-

.concentration is obtained,:

from laboratory. tests.

2.

L g

. 11"

3.

Discuss/démonstrate how ope eajculates the-
- volume of Sludge pumped a djgester using

~

a. Piston_Pump

., Volume of éludge = Volume of Piston x No. of
strokes - .

b. Centr1fuga1 Pmnp .

Volume of sludge = Pump capacity | (GPM) x 60
x Total hours pump is in operat1

G1ve'4 exercise problems ,
Discuss/demonstrate how onefgélculates

the volume of $solids pumped.to a-digester
using the % total solid concéntration of

//se]1ds in sludge. The formula to use iss

Vo]ume of solids = Volume -of sludge x
decimal % of total solids. "..

> .

. Give' g exerc1se,pyob]ems

Discuss/demons trate Jhow one calculates the
volume of volatile solids pumped to a
" digester us1ng the % Volatile Solid
concentrat1on in solids being pumped.
The formula to use™is: ‘
/ d
Vo]ume ‘of Volat11e So]1ds

i
: B

Volume‘of So]1ds
DeC1ma1\§ of Vo]at1]e SoT1ds : \ )
Give 4 e erc1se prob]ems L

¢

T T




»
-2
n

B B
¢
: .
AW
. Basic _diéester operation depends on knowing >
1. The volume of diges’ﬁer" ; - . ) S .j/_
\ _a, Cubic feet (fj:.3)- _, . i B P
b. Gallons T g C ; - / 7
. . . , ‘ y4 -
2\\ The % total 'soh’ds pumped to the digeste ) /
3. The % vo]atﬂe solids pumped to the digester //
e s
4. The tota] ga]"lons of sTudge pumped to, the d1gester e " ;
1. The vdﬂume of a di‘gegter '
Usually the- digester is made up of jtwo shapes . .
1. AG,thder' V=°¥TR2”.pr‘ . C s ra‘
2 2. Acone e -1/3’TR2x‘h , S T vt
2. The % total solids and the % tXtal vo]atﬂe solids are obtamed from s
]abOratory ana]ys1s ,
. e . N
3. "The tota] gaHons of sludge pumped to the dlgester is obtai ne,d from
daily records. If such records do not ekist, several ways can-be
- taken to determme the volume of s]udge depend1 ng on the type of pump.
)
q.,/If a piston pump is used than calculate the volume of the p1ston. e
Vo]ume of sludge = Volyme of p1ston x No. of strokes.
b. If a centm fuga] pum&ns used than ca]cujate the volume of the s]udge
Volume of 'sludde = Pump capac1 ty (GPM) x total hours pump operated
x 60. “ o
c..~If a progresswe cav1ty such as a Mo no Pump is used the same principle |
used in ca]cu]atmg the vo]ume of slugge pumped by centmfuga] pump.
e .‘ o \ ';
Example 1 e . , i
. e N ﬂ"“/l,*/
A cylinder of a p1ston pump has.a volume of 4 ft. 31 The total nurber of f“ é;’
strokes reg1stered is 3000. \What 1s the vo]ume of s udge pumped 37 ’
- . \ . L. ¥l,f‘“’{f:/
>l - P 5;;’5
¢:& ‘L /';

T e

. =
. - . R o,
. N . !
' 128 : - ) : i
‘o [ E . . s, 4
R e
R . RV
° - o, 54
. b “o oAy " . - . ;.



PO

§b]ution,

Vol: of slidge

‘xsmgle 2.

Vol of ,piston x No. of strokes
.5 ft.3 x 3000
1500 ft.3 ¢

N

A centri?uga] pumpzhas a capacity of 50,GPM.,‘%he.tota] hours the

. Operated is two

") .

(2).

Calculate the volum

e of sludge.

)

Solution

.

A

pump

. “Digéster Loading

.(Amounf'of‘so1ids‘= Vo] ume of s]udgé

Vol. of sludge = Pymp capacity (GPM) x Hrs. x 60 . 5

50 \6PM x 2 x 60 -

-

pumped to a digester +f thé& pump has a,
and the number bf strokes is 2500.

. 6000} gallbns

n

Exercise ",

“1. Calculate ‘the volume of sludge
__cylinder-capacity of 0.4 ft.

cylinder capacity, ef 3 gallons and the number af_strokes is 4181,

‘3. Calculate the volume of gludge pumped if the pump has a capacity of "
130 GPM and the No. of operating hours of 3. ‘ -

4. Calculate ‘the volume of s]udée pume;d-using a,pump'w{th a capacity
60 GPM and total operating time is/3.2 hours, ° o
N~

e Lot
- R }l

To be able to determine the'amount of total solids added to.a_digestefl use

the: ™ ‘ °
PR . N N ) s <
’ . : . » : Iy
Formula, A . ]
T ' [y

. . . | ‘
X Decimal % of solid concentration) .

N

-

4

2. Calcu]bte~the vo]ume)gf sludge pﬁmped to a digester if the pump has‘g%;

&)

of//—‘-

.s"

s
'

3
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A) >

B § Example 1 < . - - - o
. = . .
Calculate the amoust of

0lids pumped\tela d1gester.1f the 4 cbncentrat1on
of total solids is 4% and the volume of 'STudg pumped is 11520 ga]]ons
\ \ o

=~ oy, ST
Solution ’ Ty ) . .
_Amount of solids = Vol.. of sTudge’x Decimal % of TS, . , )
. o - 11520 0,082 o ‘
E S . ) \ \/
R = 461 gallons, R ‘ \.'
.. Examp]e 2 ~ .

“ &

Ca]cu]ate the amounf of so]1ds pumped to a digester 1f the -total so11ds

¢ B )

Tﬂﬁﬁbn - J ' . T

e M . -

Amount of_solids = Vo]ume of s]udge x Decimal % of T.S.

. ' = 1200 ft.% x 0.06% = .

B PR R e
) o : ‘ . A
Exercise T }
8 [
1 1. caleu the amount of total. solids pumped to a digester if the |
concentration of ‘total solids 1s 5% and the volume of s]udge pumped
52000 gaNons. - e ‘

2. The volume of sJudge- pumped to a digester 1s 7000 gallons. The Tab—
reports the solids .concentration is 7% total so11d What:is the
amount of solids pumped to the d1gester7 s ‘ n

3, Calculate the .amount of tot I solids added to a d1gestéi¢1f the
concentration is 4.5% total so]1ds and the vo]ume of the s]udge
added 5500 gal1ons , -

4. The volume of s]udge pumped tora digester is-9000 cu. ‘ft and the,

' per cent total solids is 3% Ca]cuiate the amount of sol1ds added _
to the digester. oy ) . .o

. ,‘.ﬁ»’i ‘
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Digester Cbad1n9 ‘ T '

- . - ' R \' R .
Since volatile so]ids,are‘verjimqutanf ig digester-operation, -oné should.
be able to determine the amount of volatil® solids (V.S.) added to the

digester. This is accomplished.by knowing: e '
. .The amount of total solids added r - .- .
. The % concentration of yolatile solids A e
. { " e, *
. " . ‘ . - . . : . ‘;‘\ ® 3
‘Formila © . o AL . ) .
Amount_of volatile solids = Amouazsof total solids x Decimal % concenfration
. : of volatile solids : ,
! PR “a .
’ - N N 12 . ’
EX_M Fo ° . . Y
Calculate the amount of vo]ati]e_§o]idé'added to a diéesi%r if the % -~
concentration of volatile solids is 60% .and the. amount of. total solids
pumped is 100 gallons. ~~ - oL © ST
. . ‘ ' o7 . A . .gh
Solution ’ -
}g = T.S. x Decimal % of V.S. _ u : o, -
=100 gal. x .6% . - . ) = _ P
- =60 gallons S < o ‘o
4>‘ ./ .‘ ’ .°‘ - . . ' “‘ _’,}
Exercise =~ - : . 2T <o =R
1. The % concentration of. 490 gallons of total so]jds pqmpedatoisxdigéEfer
. is J0%. . Calculate the amount of volatile solids pumped ta the digester.
’ -_ . R o o g , g . w0y - . " M
2. The amount of ‘total solids, pumped ‘to a digestext*k_247.5 gallons®* The
. .concentration pf.volatile solids is 65%. °Calculate the amount of o
~ volatile-solids jadded to the digester. R -Sﬂ
_ 3. ;270 cu. ft. of $olids with a'gqncentnétionﬂof(ﬁz% vp}ati]é solids “is .
©  pumped to a digester. What is the<amdunt of volatile sblids added to -.
the ‘digester. . } . R T
‘ o . .o
4, Ca]cg]ate-tﬁeﬂgwggpt of.volg%i1ej§o]ids added to a digester if the -
amount. of solids#dded is 1500-gallons and.the % concentration of
- Vvolatile solids is 73%. . ' ST : S
. _,',Q. L ¢ < S e T
s N - - ¢~ ; . T Lo ]
e A L. - * - o - ;

E
|
4’
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Module Title: * . S ’ C =
Mathematics for Operators . N - Il S
- 4w v
. Submodule Titley R
. . Lo Digesger o ’ ‘ -
; . %J‘ox. T)me:/r , . R .
-, o ‘ Tépfci‘ . s T
'/»i/ , 1 hour ./ % Volatile Solid Reduction - . S
. ) - . . . . &

v T e ¢

Objectives: |- .
<

- - -
>

The learner 1]1 demonstrate the ability to determme the % of ‘Vo]atﬂe Sohtds

‘|reduction .in a digestion process. . ° - & s
% A ‘ R . . /'& = e
- \.i ’ r 9 s@-“ -’% v “ b
e .7 L s -
- . o) . .,
. . . & v Y
. . 0)4, \"_( - g*, (.
BN . ’ ‘ “w N
\ . L T T, .. o
VL : : — — e
\ Instructional Aids: , -~ ' . 8 Co .
‘ r ’ @ Y. ~ ,
— ’ ' . Lo o N
Handout - . ° o . g 23
. r.',- } . e - - L . ,i . M -
AV (overhead transparancy) . O e S -
. s . .. . o .
R, T : , - oo R S
‘ ' TN e G
& ’ ‘\" - N © N * -41\;; P
. Instrugtional Approgch: " ~ , .- . X =
' . . ) .“ e . \' “ \ I R
* | Discussion . . ' , Tt e Y
"~ | Demonstration R . A i ' .
L Exercise . i B T s
o & 1 " -.,) . .
P . ) . ¥ b - .
- o ~ -
References: co e o -7
Workbook, Basic Mathematics: and Wastéwater, Processmg Ca'lcu]atwns. ,N. -\(: Dept. |
. of Env. Conservgftwn ) . . ;o g
. e e 1 S .
- Study AuiWorkbook Mathemat1 cs_wfbr Wastewater Treatment Plant Opérator's, :
Cahforma Water Po'l'lwtwn Contro'l Associ atmn AL §° .,
: . - L. \ . i v e
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Modulﬁjlo: "

Top1c.

% Volatile So]1ds Reduct1on . S .

Instructor liotes:

13

-
.

instructor Outline:

v -~ * - S

1. Handout.f'

2

11.

h- g'

D1scuss/demonstrate how one is ab]e to -
determine the %- -volatile solids reduétion
in a digestion process u$1ng the fonnu]a.

1

P = in - out

ln - 1n X out

X 100

o

’

Ve

\ﬂr‘ﬁﬁﬁ‘% Volat1]e,So]1dareduct1on

in 7' Decimal % oﬁ;vo]at1T! solids_added
‘to the d1gester

R ¥ X4
“. fg‘ - b . . o.
7 ot = Decimal "% of Vq%at11e ss0lids
rema1n1ng 1n<g1 ested s]udge ]
s v s ~
2:$?% ve 4 exerc1se grob]ems -
— T ’iz
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‘

‘Volatile So]1ds Reduction - "' S : . CT-
.' . . v o N
Vo]at11e so'lids reduction is a method of defermining the amount of volatile
'solids that have leen converted to'gas, since the on]y material s a - A
ed1gester that has any food value to the microordanism is the volatile solids, \
"then by monitoriag the input and outpyt of the vplatile solids into a digester:
ne can determine the reduction. :

v

Formula -, . .

Ay

The formu]a to use is very similar to the fégul;;\e ficiency formu]a used
quite extehsively throughout wastewater treat

p-= Invout"
In-(In x out)

x 160

>

= % Volatile so]id reduction

't

In = Decimal % of volatile solids adéed to a d1gester

e

Oyt Dec1ma1 4 of volatile so]1ds rema1n1ng in di est d s]udge . <

xam91e

The vo]at11e solids test shows a contegt of 68% volat 1e solids of the sludge
. added to*a digester. The test also shows that the vdlatile solids content
of s1udge added to a dry1ng bed-is 48%. What is the reduction of tge solids.

s

¥ - . $ . 1) ‘ ¢
So]ut1on 7 . N .
: .n‘}. :
P =1In- out " x 100 JA -
In - (In x out) o s \
-"% . P [4 " - ’ ;_ N
=.68~-.48.. . x100 LA g
.68 -'T}Gan .48) < ; . ’
= 2 sx100 T -
.68 - .33, . T - oo T ]
s52 x 1007 X . . T C
.._E . . " . . ] .
7, P wro ; |
: IR B ' , |

Exercise .

o)

1. The 1ab results 1nd1cate that raw s]udge pumped to a d1gester has
olatile content of sludge applied-to ‘the dry1ng bed is 62%. whdtqis
‘the volatile so11d reduction. .

{\ ( . » ) g ’ ' . e
. - ’ / »
> L. 134 ) . .
‘ - 2
’-:'ln - ‘- . : .

. . ,
» . J ~ , . o
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L3

k!

2% Raw s]udée pumped to a digester has volatile content of 69% an

aftef

d1gest?on the volatile content of_the sludge 1s 48%. What perzent of
+the s]udge was transformed to gas? - - .

Lab results indicate that s]udge before digestion is 78% voﬁat1]e and

after d1gest1on is 54% vo]at11e
- destroyed, -

What is the percent of volatile matter

e
R4

ft.2 fhe total number of -

. A cylinder of a p1ston pump has a vo]ume of 4
strokes registered is 3000. The lab tests. 1nd1cate the Jesolids of N
pumped sludge to be 4% and the volatile solids to-be 60%. After 3
. d1gest1on the sludgg had a volatile solid content of 48%. - What is the N
“ ¢ -volume ih cu. ft. of the s]udge d1gested !
3. . - 4
2 4 “
. \ \ ﬁ
< ) - M PO ‘\-V :
N v ) o ]
o -'~f
;..-. ~. ] .(v'
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+ | Module No &| Module Title: - = . - ° )
B EER A S @
. " d " Mathematics for Operatqrs C o - |
A A - B
> SR " Submodu]e Title: . |
. .ARPPox.ﬁlgmgz &| Digester “ ° .
- Lihour o 7 .| EVALUATION o s . |
- _ _ ' 3 ’
_Objectives: : “ s : R
[ 4
The learnér wili demonstraé; the ab1]1ty to determ1ne correctly the answers to
-8 out of 10 problems relatéd to: - CL < & \ AR
. 1. D1gester ]oad1ng o R | .
2. % reauctioﬁ in volatile solids ’ 7 .
) . T . . . -
1.~ A sludge pump has a capac1ty of 15 'GPM. The sludge contains 2% solids and a
volatile soldd concentration of 65%. The studge is fed continuously to a
digester. How many ga]]ons of solids .is pumped_to a d1gester every day?
A. -'180 gallons -, | : C S , R
: B. 432 gallons - . ' / o .
C. 43200 gaTlons - ey -7 - e N\
D. 21600 gallons . ° T ' . .
- \ - A .
2. In_Problem No. 1 how many 1bs. ofavo]at11e so]1ds was pumped to the d1gester
“ber day Assume.that 1 gallon of‘s1udge we1ghs 8.34 1bs. . C
A ' L]
A.s 1170.94 Tbs.\ - * . o ‘ | . \ |
. = B. 2341.87 1bs, - " o - ’ .
C. . 28080 1bs. AR L. ¢
= 4—3»—~%89=8 1bs. ) x5 ‘ ] .
V 3. Lab tests}1nd1cate that raw s]udge has a vo]at1]e content of 72% and d1gested
- sludge of' 42%. What is the volatile so]1d reduct1en?
- . '. \
O S A B . e
_ . B. 72% /*, N _ o I “HN K ’ T
C.;.' 58% " " ‘<“ s t
«D 21 6 ' , & . ] ‘ . *
4, A d1gester receives 2060 ga]]ons of s]udge w1th a tota] “solid ‘content of 6% and
volatile solids of 70%. Calculate the amount (gallons) of voTat14e so11ds pumped
. ) to thg d1ggstqr to. . -
Ly A 61 gé]]§ﬁs . ‘

B. ® 29 galTéns
€. 840 gallons
D. lﬂqoxgallons * .
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. ‘ R f’( » 13 x N - ,. b _
- ) 5] A s]u&‘ge pump rated at~2 GPS operﬁtes for 10° hours/day and the sludge ,.'
[ * analydis provides: sthe resu s of 6.9% total solids and 72% vo]atI]e
toy. : s“ohds g ’Calcu]ate the ga]]ons oatotas] sohds pumped/day
i‘\:\; ‘.‘ n-\“’[‘ . A" 1192§/ ) .. . ‘;7‘ - ) 9:\’ L3 . , 3 .
NG~ . "Ba 4968 ° Lt S - : :
RN ‘ €. 377 vom T : :
N D. 83~ . 4 .. - .
AN \ L) a F
w}" o A cyhnder of a sluge pump‘ﬁas“i"dl ameter of 8 inches and—a—stroke—o‘f
T \Z.Q inches. The pump is-operated:for 1850 strokes a day. Thersolid’ -
. onnentratmn s 4.8% and-the valatile solid concentration is 73%. :
X "wz After *questmn the volatile sqlid concentrati off is 56%. Ca] culate ° -
A ¥l the .voTume’ (gaﬂonsq the sludge pumped) Assume 1 cu. ft. = 7.48 ‘gallons..
3 ‘ T . -
& ) A. 2414 ga]]ons 9 . Y N * R
.« Y. ,B. 158 gallons’ A ‘ o R
. g C. 77243 galions T c ‘ o ¢ ’
L s .\;’ D. .9956 ga'l'lons . N . i . 2
3 st} 7. In Prob]em 3 what is the total vo]ume of . so]1ds pumped to!the d1gester7
e T P . . \ .
Tl J P . A 3Bgallons - . ’ - A
. -G & By 416 gallons . w - s
o , C. 464'gal¥onss .. . v . . o
o and “D¥ 48 gallons &} . & T
' b 8 In Prob]em 3 what is the vo'lume of vo'lat1'le so'hds in cu ft. 4 ’
i @, . . VT
; S 362 cucft. L ® T ; . : |
- - - B. 45°cu. ft. - . T : - g
S C. Meu ft. = - - ... g |
° D. 15 cu. ft. \ - SRR :
o ‘9.. In Problem 3 what is the weight of the s]udge that is d1gested
_ . 1 gallon = 8. 34 1bs* 2 .
S A 66 Tbs; F ”"‘”&W R R, )
e  B. 1197 'Ibs‘.-. S S aeTE .
e C. 374 1bs. P o ~ . .8
°';.",( .’ D 180 ]bs ‘ i \T '“t "/‘ . ‘“ .. o, ‘ .
S R P - .
E 10, Raw sludge pumped to a-digester.has -a volatile content of 68% and after
; : * digestion the volatie content of the s'ludge is 41% what percent of - .
i . . the sludge was destroyed. . _ o . 1
RN -~ - | . ' . - e . D
-* N a Aa 86% [ . ‘ _ L. - <
B. 67% v, . - C )
e » .. 'C 38 LT : R a '
o E .~ D. 60% . 7 : L e
5 :".‘ o - - . ' ‘ » :
e 137 o .
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T Module Ho: ’ - ’ . ! %
. @_ . Evaluation - 1 o
‘»\ Y ) ; . - . . - . *
) f : ' Instructor liotes: . Instructor Qutline:
”IQ ) e : — N 1 o, : i ) ' ]
> - LY »
. - 1., Handout . 1. Give 1l0vevaluation problems. //
f' . - ‘a - .‘ .. o~ .
Ry Answers .o -
-~ {1.b ot - : . . 4
3 . L . . ‘ - . . ~
\1 2’ d . P - s
[ ; ) )
, 3. b . h =2
. ‘ he !
4,.¢ e .
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ModuTe Ho: . -] Module Title: - C I . .
' Mathematics for”Operafors .- . C
- . . SubmodulesTitle: r -
. * . > . ’ B - e‘: _________.._..
. . : Chemical Addition - . oLt . S.
Approx. Time: . - _ :
-TOpiC: BT < . L ee ‘. - _‘v—:
3 hours . , ChemicaT'Addition S R e
Objectives: c. : . . )
The Jearner will demonstrate the ability to-calculate; o ‘ : o e N
. ) Y o . “ ‘ LA . N d - . N
1. The amount (weight) of chemicals added (dse), neéded (demand) and-residual |
material in a specific process as applied-to water and wastewater technology. -
2. The amount of chemicals needed to perform a specific process by intemreting |
- laboratory results. -, . ‘ S y L 5
3. The feed rate of chemicals to a progegs streamto maintain,a specific
concentration . . %{5 ‘ *»/e - T
. [ "2 , . . " \ ] B . ) _ L :
: L ‘ y . . :
Instructional Aids: ’ T P, : . - By '
. . ‘& R T - _
Han?out ) ’ ' — g ' - R
AV.(overhead transparancy ) S : s
. , L .
Instructional Approach: .- LI = i o ]
- ~ -~ ‘ . < K 4
- [Discussion o : . . _ L
_ [Pemonstration - R ST . - ]
© Exercise . . - . )l o B \
s . a 5 ., , B . . ]
References: ° . = o ) . .
rkbook, Basic Mathematjcs and Wastewater, Processing CaTculations, N. Y. Dept.
pf Env. Conservation. - _ y S ]
__btudy Aid Workbook, Mathematics” for Waétewat%r Treatment Plant Operators,
- Lalifornia Water Pollutionh Control Associatioh. - v
Class Assignments: ) o L. R o ]
N SN . ) . ; -3
117 Read handout - ) : L = . ]
2. .Given 10 exercise problems to be soived.. A R
. S ! ' ."‘ l 9 ‘ v - . '.
o L
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Top1c. y . %
Chem1ca1 Add1t1on

")

P 4

\

\

AN

,
\\f ‘

1Instructor Notes:

Instructor-butlihe:'

5

- . ‘e

7

o

. ‘conc. is in mg/1]
. Y

K ; 1(.

. Q is in MG or MGD.

-

1bs -

chiemical. -

‘5Demand =

a. - DisCuss and demonstrdte how ‘one

caléulates for,the amount of chemical
added to a system using the formula:’

1]

conc. x-8.34xQ

1]

Ibs: = 1bs. offghemiéa1\

conc. = eoncentration of chemical
AN _

Q = flow rate or volume of tank
Diséuss and demongtrate how one ¢
calculates the amount” of chemicals
needed if the strength of the

soldte can only attain specific

percentageous1ng ‘the formula:

conc.‘x 8 34 x Q;

1bs"= :
- decimat % strenath ’

Ibs, = 1bs. of chemical usually dry

concentration of chemical

»

Flow rate. or vo]ume of tank -

conc. =

The %

Decfma % strength
1on of usefuﬂ and ava1]ab]e

contentr

Discuss and demonstrate how- ope -
calculates .the concentration or amount
of chemicals needed (demand) using the
formu]a'

Dose - Residual (need). S |

Discuss and demonstrate how one
calculates the amount of chemicals
mneeded by interpreting laboratory -

»

‘resulTts- using the proport1ona]

fformu1a~
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Modu]e No: Topic: _ \ o \ N
s Chemical Adgition =~ . . R
- ’ . . -
Instructor Notes: ) Instructor Outline:- . ., o o«
’ ) - - G - '} -
. T + . Concentration x volume = concentration x
- \ A . : volume | : . .
' . \\\ ] \ : ) o ¢
: \ : (N7 x Vi s N2 x Vo) -
1 D . | r Ehex
. “13. Feed rate usyally_.has a 3. Discuss and demonstrate how one calculates
unft va]ue of gpm. . : the feed rate of chemicals to a process
o » stream so-as to maintain a specific
L . Voﬂume of. chem1caJ solution concentration using the formula: .
’ \ usba]]y h&s unit value of | : . ..
. ga110ns. ; Feed Rate =' vplume of chemical solution
. _ . - . Time - .
T1 e usually has a unit . ‘ ‘ ,
value of m1nut 4. Give exercise problems. : :
o **, 5. Review exercise problems. ’ N
) \ . " : * . .
———
> - . A . ‘ ) *
. S “ ) - .
% ::zﬁ;"'? ~ “ ’ .
\ . +
. ' * . - ) © AL @
[y ’ . » -~ N
ks =
- - \ [ - b
. 1 - -
4 ® . $ .
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CHEMICAL ADDITION e ‘ SO : *

Y

The—ab111ty to add chem1cals to water or wastewater systems -im the r1ght
quant1§aes is a very important funct1on of an operator.. - mTw R

The basis for the ab111ty to ca]cu]ate the amount of chemicals is

“lbs = Conc. (mg/1(’§\8 ¥xQ e ‘ A S \\\

Whe(ﬁ‘o is the vo]ume of the\water in MG conc. v(mg/]) is the des1red
- concentration. o

Examg]e 1 )’ . > o R .

How many pounds of chlorine is needed to make a2 mg/] concentrated solution
if the volume of water is 125, 000 gallons. .

mg/1 x‘BTSQ x Q < ¢ ' -
2 %8.30 x .125 |

2,085 lbs. b \ ' A

. 4’ . % - . . . "
One ,should _retnember t‘t in tthe ’formu]a\ . : o i
mg/1x-8.3¢ x Q_ - ' ,

There ard@three VARIABLES and as ]ong as one |
the third one can be so]ved for.

A. ~1bs = mg/T x 8.34 x g .
B. mg/1'= 1bs. : a
] 8.34 x q ‘ - ,
" C. Q‘;_lbs. * . .
X mg .

*

e

At times the chemicals that are added may not be 100% pure or that it may not
d1sso]ve 100% then one has to make adJustments for pur1ty of the chemical.

. -~ . . Qo
Examgle ’ - L e L .
- How many 1bs. of HTH-that contains 70% ava11ab1e Cly is needed to make a
2 mg/] concentrated so]ut1on if the volume of water is 25 »000 gaTlons.
¢ & :
So]ut1on ‘ .
20ution - I - . .
. Take note that it is the Cl, that is-useful.s ) ‘ \ ' . -
~ . , R . : »
‘In solving the above problem one Tirst calculates the needed 1bs. of Cl,
¢ * ' - =




7 e

()‘: .

1bs.

mg/l x 8.34 x°Q o .o®

2 x8.34 x.:125 i
2.085 1bs.

L

\
A J

The C]z needed is 2.085 1bs..which is obtained\from the HTH. But the HTH
only has 70% available CTa. “hen, ) i

70% = 2.085 1bs, - .

100% = ? X\\ . C A
\ N

. \ \ . *
g%%§§ x 100 =-2.98 1bs. of HTH ' )

- ‘ . \ \ i N "w . . 0y

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 place-with other chemi‘cals ir the water before

the main purpose for\adding chemicals. : : ‘ A

-

Example _ : _ (

[ ) s R . P )

When one adds Cl, for disinfection.(main purpose) first a chemical reaction
takes place. For example, with ammonia to make another chemical (mono - d¥ - -
or tri chloramines). After the chemical redction is complete then disinfection
takes place with any extra Cly left over. ’ Pf; *

-
.

*
Peene

The amount of, cheriical added is called the BOSE. The amount of chemical -
used in the chemical reaction is called the DEMAND, The amount of chemical
. Teft'over s called the RES]IDUAL, ) ) ’ L

I3 . v . Y
. R [ 4 -
Therefore , . ) - T J ‘
.. ¥ ) -
‘Dose = Demand + Residual: ) - e
) s - ~

- -

The flow from a plant is 125,000 gallong. Tests indicate that the ch]brfne
demand- is*1 mg/1 and the residual is 1.mg/1. If you only.need a 0.5 mg/l-
residual than how many pounds of Clp is needed to achieve the 0.5=mg/1
residual. ’ ' .

. s P .0 R
‘Solution ) . -
’ . . v
A. Dose = Demand + Residual

n

™~ ’ ’ ., . &~‘5‘,mg/]

‘ . " . v . .
. - -
. . . ‘
:
A » . .- . '\;ﬁ‘
S SRS I X
‘ B . . . - ‘ .
. . e . > .. . )
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"B, lbs. = mg/1 x 8.34 x Q
= 1.5 x 8.34 x 125 ) T .
156 s, - -

= You are to add fluoride to your water system. Tests i;djcate that'fluoride
present in the water systemvis-0.2 mg/1. How many pourds of fluoride is -
needed to make a 1 mg/1 so]ut1on if the volume-of water is 650 000 gallons.

A.. Dose = Demand + Residua] . 5 i E - N N
1 mg/1 = Demand + 0.2 ) /’: <
Demand="1-02 ' ' -

. 0 8 mg/1 add1t1ona1 f1u0r1de is needed . 2
"B, lbs. = mg/] x 8 34 x Q N~ . _\
- - 0.8 %830 x .65 T \C T
=4.3¢ s, o R
Exerc1se ° -‘ | % - ' ,?&;3 ) N -a.jﬁg-,ﬁﬁ :

-

1. A c]ear water we]] 45 ft. x 25 ft: x 15 L. needs d1s1nfect1on " The
concentration should be 50 mg/1 for proper d1s1nfect1qn 'How many 1bs .

of Clp is needed ’ b i

2. Agv water main 2 ,000 ft. long néeds to have Cl, added to a concentratien
of 60 in The on]y source of Cl,-is 65% HTH. "How many pounds of HTH.
is ne 1 ' - o

3. 'In the above problem (#2) how many pounds of HTH- 1s necessany to give a
60 mg/] Clp residual if the demand is 15 mg/1 ] /

nﬁﬁag ‘wA water tank 1.25 MG needs to have a C12 concentrat1on ra1sed from 0.1 fo

0, 5 mg/} How many ]bs of 70% HTH is needed . R

5. In a~water system the F~ Teve] is 4\mg/1 and the requ1red level of F-
is 1 mg/1. How many 1bs. of FZ is needed if the pump is rﬂped at 285 GPM -
, and the tota] hours of opeiration is 14 ho?rs A NS “J
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In some cases ope has-to be able to change the concentrat1on of a. so]ut1on ;
<1 The' formu]a to _use is a proportional. formu]a.. ) . ° . A

,N1xV1—N2xV2 Lo e

Where Ny = Goncentrat1on of s

¥

¥

. - = -2
N N
1} It b

Example

2. Volume of solution #1

= Concentration of solution‘#2 -

Volume of splution #2 -

2

lution #1° . RS

Liquid chlorine (15% bTeach) has a stock concentrat1on of 150 ,000 ‘mg/. of
chlorine. .How many gallons of the 15% bleach is. needed tb make a solution
v of 100 ga]lons of.2800 mg/] chlorine solution. .

Solution
Np x Vp= Mg x
‘1. 150, 000 X Vp =

V2
2800 x 150

v

Pl

2500 X 100.

Vi.=

i = 1.67 gallons l -
: .

The formula Nl X V1 = Ne X V2 is a veny useful formu]a that can.be used both .

A X

- in the lab and in the plant.

>

~ } Exercise : . . ) ot ,

1. °A conta1ner contains 30 gallons of'60 mg/1 concentraféd f*uor1de

. -, solution. ' You,need to geduce the concentration to 42 mg/] How many
ga]]ons of water shou]d be’ added. . - .
2. ”How many ML of 1. 8 mg/] stock jodine solution is needed to make a
o 500 m1-0.0282 mg/1 working solution. T . g
. - o o -
* .-} 3. How many ml of 1 normal (N) sodium th1osu]fate solution is needed to make
REY i E 250 m} of 025 N solution.. : \ o
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What is the concentrat1on of 18 m] solution being standard1zed w1th -
\15 ml 0.025 N potass1um,BI 10date.

\
.

. ﬂéb experiménts indicate that the free chlor1ne residual in 2560 gal.

- ta k T§’4 8 mg/1. How many gallons of water should be wasted and-then-
fir sh water added to ‘the tank if you need. on]y a concentrat1on of 0 5 mg/1
of free chlorine. .

Feed Rate ' o 2 : . .
Tn determining ¢he feed'rg;é‘of-a chem1ca1 so]ut1on the formu]a to use sz
: . o
Feed Rate:=wVolume of solut1on ) J
Time ., . . “j hatd . .

-

One should remember that there are many ways of d1spers1ng chem1ca]s to a
 process ‘stream. .

’ . . N
. - ‘ N t

.a. Slakérs -;dry feeders -

* - . s _
b. Solution'feeders P _ .o . g
{ \ ‘ . ]
. \“”’N_»‘ . . e . R ’ ‘
c. SJurry feeders | _x v 3 Lo L o
One can~adjust th eed r§£e, or the concentraf]on of so]1ds in the feed W
so]ut1on. - SN PR I
- . ,}l-ss 5 -{“‘ o / -
ExamE'l.e -y - q.& ¢ M T - L . ‘ ’ -
" e
What is the: feed. ratg” f a ehem1caT pump 1fY$Be voTlume of so]ut1on prepared
1s 55 ga]1ons and the operétes for 15 hours. o \
L L DI : “
So]ut1on i Y s f,;“.' .
’ : SR S ; R \ J
Feed rate = Volume of. solution ' . : h = - -
: . Time -*‘-"~~——f»~—-~8: G e e
z ' = o . >
= 55 ﬁal. y : ~ . . .
. R o ’ anﬂ\;i;g S . .
v * gy L ¥
1 - = 3.67 GPH’ . ‘f R . jﬁ» . . . L
or - U T . S . -
= 0.06 GPM" " | . [ . SR
)oéxamgle ) L ) . : _‘f : L o

A chem1ca1 feeder has a rate of 10 ml per minute. What % the m1n1mum dal]ons
of solut1on (water) is needed if.the feeder operates for 18 hrs. per day. .
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/
s
= Vo]dmeﬁéﬁisdlutiog}~ , Rl
Time . )
/ . N 5 +
is = Feed rate x Time .
) .= 40 m1/min, x 18 x_60 - ¥
Y : . .
T = 10500 ml
L] ' L ’ i
a. Feed pump rated at 40 ml/min. / ‘ |
b. Water oump rated at 375 GPM e " :>/ ; _ e
2. Oﬁera;fng time .21 Hrs. . ; -
d. Chlorine dose is 2.8 ma/] - - e

" A liouid feeder applies a 25% saturated .sodiume flouride so]ut1on to a

Ca]cu]ate the minimum amount of HTH soﬂut1on needed to s$t1sfv the
process.

. -

- P

water.system raisina fthe Jevel froh n.2 to 1.0 ma/] of F-. At what
rate should the feede¥ be set at if the wager pumd is- rated at €18 GPM
. and the 25% saturated flouride solution orovides JSV available flug de.

(Assume the bump operates continuouslv.) -
T o - ’ ! w?,
- \ - -
O . ..
< . , ‘;:‘ .
‘ . - “ : 7
& Y ‘
— - . -
Y Ah - B
.' P - - b4 B
\ - - £ ) ’
e 'y . t -, 3
y ’ S 1 Lot b
o 14% . -
i 3 . ' * O o
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Module No: Modu]e T1t1e o o o ,
2 - : : - - .
C e Mathematies for Operators
R ] /__| Submodule Title: _ :
Approx. Time: Chemical Addition’ - ) ‘
- -1 hour Lo ' ' S
Lo EVALUATION SRR ‘ .
’ Objectives: : . . S, , .
i ~/ g .

The learner will demonstrate the ability to determine correct]y the answers to '</'

8 out of 10 problems related to chem1ca] add1t1on as app]1ed to water and

. wastewater technology.

1. A water tower holds 0.85,mi]1ton gallons. It needs to be disinfectéd with Clz
from 65% HTH to a concentration of 60 ma/1. Calculate the 1bs. of HTH needed.

£y

. © a. 654.4 1bs. . ’ . .
- b. 425.31bs. L. ) ., “
. c. 33.2 Tbs. ‘ ] i
’ . . ‘ . . h . .
\ d. 276 5 1bs. R . . :
~ 2. A 35 cm.d1ameter water main 610 meters ]an needs to have a 75 mg/1 concentrat1on
: of €1,. Howrany kilograms of 70% HTH is used?
‘ a. 3.08 kilograms o ST - - -
wle. b. 6.16 kilograms ' T Y :
s - . o ) v ) \ . - *.
+ C. '4.4 kilograms - * ‘
I oy S , ’
.d. "1 kilogram - ., _ . . S ot
Ca 3’ A t;eatment olant with a flow 0f.138,000 GPD uses 4 1bs. d% Clo- per dgy. After:
. " 30 minutes contact time the free ch1or1ne residual is 0.3-ma/1. Calculate -~
T the demand. . o o K
.o . a..lm_a/1 PR o ‘ ) N , ' /
y b. .59 mg/1 o S o '
, g/ - - Co L
L 3. 12 mq/1 y : L .
d. 2.32 ma/1 S . S *
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- ‘ ' a. Feed pump rate at. 20 ml/m1n . °
- N b. Water oump rated at 210 GPM )

I h C.. 0perat1ng hours 14 Hrs. - : . ‘

\ ' “od F]uorlde concentration 1ncreased bv. 0. 6 ma/] .

- ' Ca]culate the 1bs. - of f] uori i'de used. o T .

i ' a. .047bs. o Lo
. by 5.8 71bs. . S e
" “c. 1.5°1bs. ~ ' | ‘

d, 0.88 1bs. K ’r\

5.. A stock solution has a cqncentraﬁ"on of 45 noon mq/] If the work1ng
solution is 40 gallons at 2800 mg/1 ca]culate the volume-of the stock

oo, solution.’ . e «‘ '
. a. , 4.0 aallons o . .\; " . ‘ * .
‘ ,«é'" b. 2749 g'aﬂo;ls . ST ‘ .
. + v c.” 37.51 gallons o t \ \

d. 36.00 vallons - o o A )

' ‘ f;g ‘\' 6. rm;/’lcrea’fn.lg 235 000 qa.lio;ms wit;}<§.4 ]bs of ,C]Z_{. S:a]cu,lajce the dosage in
i p a. 84wyt - _ Lot X
;.‘ . ’ b -;16.,5"19/} | .* - . ; .- . .

- - '~‘ - c. .p.23“mg/]'h ’ RN __A . ‘ . . ;

" Iodgemmn I

" | L3

ERIC. , -
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7. A liouid feeder applies 3 gallons of 75% saturated sodium flouride
.. solution to:500;000 gallons of water. -Wkhat is the F- dose. The
available fluoride is 45%. , . ] T s
. - Al R - . P . . .’~ IS - )
e?. 3.9'1nge/'l? | 9 ; ° . : -
_ b, 0.‘2‘6 ma/1 ~ e -
. . ’.\ <
c. 1 mg/1 ’ > g
A4 74 mg/1 : SN
.1 .8 Calculate the Jbs. of alum needed to treat 812,000 galléns of water with
» . amnatural alkalinity of.195 mg/1 to a concentration of 55 -md/1 alkalinitv.
- (1 mg/1 of alum induces. alkalinity by 50%). . -
‘a. 1320 Tbs.
b. - 2640 Tbs. . ‘
c. 1896 Tbs. ) L DR
. d, N b., s . . v‘\‘\ N . '.
: 9481}5 /-—- A " ,
9. Tests indi‘gate that a 1 ml solution of-20 mg/1 of coagulant added to 1000
ml of raw water provided the best results. How map s. of coaoulant is
needed to treat 1.3.million gallons. - o . o |
. : " . ® ; . T
A a. 216.8 1bs. » ' & -
- b. 0.22 Ibs. - ' |
. . . - ° - . 4
| c. 2..17 'I'bs. ‘ : - LN
“d. 5 ]BS‘. > \ . RS o
Iy . ) ) . . ) - L . Pl
:10. A C1p rofameter indicates a feed of 9.0 1bs/24 hrs. f%e residual. test ‘
indicates a concentration of .5 mg/1 in"a flow of 365 BPM. Calculate e
the C1, dose. t e ~ . ‘ )i‘
a. .1.55 mg/1 i . ) ;1
" b. 2.05 mg/1 ‘ ", 5
. . ).
~ .. 2.55 mg/1~ . ' \
d. " 1.0 mg/1 o | :
’ ‘ . \{ . ¥ J )
ce \‘ T \'1.50‘ - : .
edin e- e - [ e . s X4 ”;‘:::H
P . . ] TR
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. Module Ho: Module Title: ) ) *
. - Mathematics for Operators ) '
, " Submodule Tifle: .. L ~
| Ao Tine: Activated STudge o - im
o Topic: N — - s
1 hr. Sludge Age - C I
[Objectives: . RN i . ;

-

The learner will demonstrate the ablllty to detenn1ne the s]udge age of soT1ds

1n-an'act1vated s]udge process. - . o
X N . 5 .
A Y »
4 ; : ; ‘ |
- . - - « y —~— ;
1; 2 - Y ' . 3 ¢ . - ";
Indtructional Aids: T, o
. P “ 1
Handout _ R y %
- ’ R : . ;
AV (overhead transparancy) . ‘}
8 S "‘ . . . o
. . - ?
Instructional Approach: K
Dscussion T
Demonstration - - < _ g ] :
Exercise . ) 2 , , -
. . ., \z’ ; . .
L T : : : :
Referpnces - ’ . - E 3 '

Workbook, Basic Mathematics and Wastewater, Process1ng Ca]cu]at1ons, N. Y Dept o
Env: Conservat1on. a

.- 7 . R ..
¥ . .

" Study A1d Workbook, Mathematics for wastewaterﬁTreatment P]ant Operators,.
i Ca11forn1a Water Po]]ut19n Contro] Associat1on

) : . + - - ‘ '
1555 Ass1gnnnnt5' ' ’ 4 : — -
G1ven 4 exercise prob]ems to be so]ved . ’ .
J { b i /

3

- . .
- L
N s . . -
- . .
. « " . - *
- ~ - ’ - . « Y
- ; . . - 1 [ . , : . .
. .
Pt N .
: .

. .. .
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N ~ | Module Ho: rTopic: = . )
. - 'STudge Age ' ‘
: |anstructor Noges‘: | . "\ 7 Instructor Dutline: "
- Handout g '1. Discuss/demonstrate how one calculates for
o ) " - the sTudge age uding bhe formula: o
RE Refer to Module-No. o < .o
Y B ’ - . SA = Lbs. of MUSS! under aeratlon .
g Submodule Title: Activated v Orgamc 1oad1ng - . o
; Sludge s = B ’ |
) > : . . BRI SA = Sludge Age-(Days) . —_
Loon Topic: /| Lbs. of solids under , oL Tl
. aeration 5 MLSS* - Mixed h'qué»r suspended solids . -
K Refer to Module No. a. . of MLSS under aeration is obtamed by
i L LT . L
o Submodule Title:. Activated Lbs. Mg/] of MLSS x 8.34 x.volume of
| e Sludge : - aeration basin in.{(MG).r .
%{544 .J,”Y - . ¢ ) 3 .
C’ y 1 Topic: .Lhs. of solids ander - b.-- Orgamc °road1ng (Lbs/day) is ohtained by 5
) aeratian. .. i
o .Y : Lbs./Day M§/1 of influent 3 x 8.34 ﬂw
—_ i : tb aerat1on bdsin _
. : ’% ) * - Q= Flow rate of influept to- aeratwn ”
N . I / . < ' basm in: MGD , .. ’
B 3 — 3 - N “ N
_ / 2. Give 4 exermse{lprob]ems. . e
v o) y . f 3 ’ . 35 i 3 . - 3
o g' /0', ) y' ” *u::’“
. , ¢ he. - ‘0’\ . j
. ‘ 7> o % : " o
2 s a, ‘ o bt .,
il - . : . % t - “._
- ,\. = - Y % —— -
N - [N :
. : ‘
s s e

. 3
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SA = Sludge age e

Examgle

.
N

ACTIVATgD SLUDGE/SLUDGE AGE . *
Sludge age is a method for contro]]1ng ‘the sol1ds 1n an activated s]ﬂng
process. The formula to use is . .. ) ol

1 e

. SA = 1bs. of MLSS under aeration .

Organic loading

Y

-

MLSS = Mixed 11quor ‘suspended so]1ds _ ' ,' . e

Organic 1oad1ng = ]bs of 1nf1uent suspended solids to the aerat1on bas1n

.
¢ -
.. s . N

-

Ca]cu]ate the sludge age if : T

.a. MLS% conc. is 2600 : j

R S

. Volume of ‘aeration basin 650,000 gallons

H 5 x
c. Primary effluent suspended solids- 78 ig/1~

! 1 . : - .
d. F]oﬁ rate 3.5 MGD- - \ : L v )

\

SA = 1b9. of MLSS uhder aetation = «
‘ i 4 GrganiC']oading \
| .

So]ut1o& \ . . : F,‘ /

»
<

MLSS conc. X 8 34 x“Vol. of aeration basin

-

1bs. of LSS under aerat1on

under aeratiof % 2600 x 8. 34 X- .65

y e ,

14095 1bs g
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1. cale

t

b.
c.

d.

Exercise

ulate the sludge age if

Primary effluent suspended solids 110 mg/1 .

Flow rate 1,540,000 GPD .
MLSS conc 1800 mg/1 ¢

‘,;‘

’
/

1

‘*——~a———AeratTon basin d1mens1ons length 85 ft s w1dth 37 ft

?

depth 20 ft,,

.

2.

Calculate the sludge age of the’ solgds in an activated sludqe process

if 13,000 1bs.
be1nd introduced to aerat1on

of solids are under‘aerat1on ‘and 30501bs.

per 'day 15{

>

’

3. Give

a.

C.

d.

n:

MLSS 3200 mqll

Inf]uent suspended solids 195
F]ow rate 438,522 gal]ons/day

Ak e

.
O A e

3
3

Calcu1ate sludqe age-

b. Aeration bas1n rad1us 20 ft., hf1ght 14 ft.

P \> ,
Ca]cu]ate the sTudge age of‘the soﬁ1ds in an activated sludge process
if 65,000 1bs. of solids are under§aerat1on and the influent suspended

s011ds is 245 mg/1 in concentrat1oﬁ and a flow of 5’3 MGD.

Lt

4o o’
G 1b. = mg/] X 8.34 x q 3 j.o
Sy mg/] 1bs. ' . 1 : ‘
" . B, WX . , .
; 3 . - N ;
- ] 3 ;
b S —
. A {
F ; N I
i | g .
I d ; ~ 3 - b
o 1 .
1 hY . :,"! . g : -
. o L o
SR 155 4 :
. v % t .. ’
\:..?.. . \‘: - " é‘ .
. - | \ s

\
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. - | Module Hfo: Module Title: € -
. sty Mathematics for Operators .
| ‘ ' -7 Submodule Title: - = PR R -
- 'Appmx,'lﬂme: . : Activated Sludge ‘ o
g - ‘ X Topic: ) p
_ . : o
) o Lhr Mear Cell Retention Time (MCRT) T
' Objectives: : o o <o
” The learner will demgnstrate the ability to determ1 ne the mean cell retention
t1me L(MCRT) in an actwated sludge process. :
] . i ) ’ .
~ ‘. '{ 4
1 P - , ’2 ‘v f.r
. / . X . R "'\}':
¢ ’ » . . e N
B S s . - A . ' - f s 2%
i : "Iinstructional Aids: ! ' L
?\\ﬁ“ - Handout B - N
o ey/(overhead transbarar]cy) ’y " : g . g
. . . . i .
s b ‘ ; ’;
3 - ¢ r
) Instructional ApproacH: A { ) 3
Discussidn, - .o
. Demonstr,at%on : A
X _Exercise . e ] R 1
- ’ 4 ; =t '\ ,f, - AN
i L K L
) References: L
Workbook, Basic Mathematics and Wastewater, Proéessmg Ca]cuTatmns N Y Dept
L - of Env. Con.,grvatwn. ’ ;
A = : . 93 ; ’ .
- Study Aid Workbook, Mathemat1cs for Was tewater Ereatmenta Plant Operators, .
. “ - ¢ California Watér Pollution ontrol Assoc1at1on. ~ . . “
. P ” - [N ' - #.” ' 3 d T ¢ 7.,
” . ‘\ o g ? ;
’ {Class Asswgnments . » '
1 Gwen 4 exercise prob]ems to bé& solved. | N
O .‘ : B . - '
[MC ; ; ~ . 15() - %, 5

’ -~
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Mdﬁu]e No: -

Y T

~ Topic: - e . g :
Mean Cell Retent1on Time (MCRT) .

~.Refer to Module No.

s

b

Submodu]e Title Welghts PoundSJ"

MCRT

]

" Lbs. of solids removed from process

Lbs. of MLéS in total voluge of system :

Instructor Notes: - o Instructor Outline: = ’

‘ - - P 'j‘ \;;I‘ '\ : ) )
Handout s | ¥ Discuss and demdnstrate how one calculates
- e 7 the MCRT in an activated sludge process us1ng ;
Rerer to Module No. i‘ the formula: . :

T0p1C’ Convers1on S . L . ~
v e e‘MCRT = Mean ce]] retention time in (days) g

,_Top1c.

. N
- )
-~ * x
&
v »

) -
a .k
. .
. -
bl RS
- s
k. PR
&
. W
o, .
/3 -
A
- . s
¢ f
EY » >, N
4
v\, Dt
“
. .,", ;
L:.,""-«"ve i % &
.
~ 3
.
] 0 £
»
S ¥
- .
hY ~ g
v .
¢ i
oo )
s
i J ’
- i
. i,
. .)th‘-',Q
kd o -
.ol
.
P 3
§ .
vy <
”
£
-4
oy

Submodu]e;T1t1e We1ghts (Pounds) . - '§

Convér51on

R | : Lbs. ‘of MLSS = Mg/1 of MLSS x 8.34 x- v

Total vo1ume of aerat1on basin + c]ar1f1er

..'?" v
i o{MG) ..

¥

Lbs. of soJids “removed from process =

o ~* "Lbs. of sludge wasted + Lbs. of SS in
L. | 7 clarifier effluent. . oo 3
- t o ] ';‘ T . ( . v & ‘ - -~ N R » ,
L 2. Give'.4.exercise problems. )
?& N , d - '
s » - s
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ACTIVATED QLUDGE/MEAN CELL RETFVTION TIME

iKY
Calculating for mean cell retent1nn time (MCRT) one uses the formula

MCRT = Lbs. of MLSS in total svstem ~ - -
Lbs. of solids rémoved from orocess T

-

Lbs. of MLSS 1n tota] system is determined by::

* 4

Concentrat1on of HLSS x 8.34 x (Volume of aerat1on basin + volume of

clar1f1er) . . r . - -

Id

Note:, Remember that volume is inﬁ%i]]idhjﬁa]]ons.

Lbs. of solids removed from process is determined by:

1. " The 1bs.” of susvended solids in clarifier effluent.
~1 2. The.lbs. of solids wasted. . "
Exemo]e‘ . ‘ | .. ‘
.Calcul'ateeth.e MCRf if: - ' . 3 \
" a. Aeraticn bqsiz volume =:438,500 gallons . ;'E o
’b.. Clarifier yo[émé = 220,000 gallons ) ~— ‘ i
c. flow rate to rocessj= 2 MGD _. ' : i
d. _Shidge wasted|= 0.35 MGD ) g
. &. MLSS = 2,200 o1t - - - i '
' | Re;;ln activated s]udge = 6,300 mg/1 ” ) f;v ~
.' g, Final eff]ue; SUSDE?ded so]1ds ="12.mg 1 . .
: . So]ut1gn L 2‘: o ! e e 'f°° ) ;)
, ‘.jMCRT Tbs. of MAﬁé in tota] volume of system B ;ﬂ i
“ Tbs'. of soq1d§‘remoyed from proces i
MCRT = 2,200 x 8:313 (.43'85’,&‘:.}‘22). . ‘*‘7 - - i 3
o 5,300 x 8.34 % .035 + 12 x 8.34 X 2 ' -
T - 12,082.2 71 L v IR
2,030 L - / . ;
R AN . Y e e e RN
gL 5.93 days?‘ % L ‘\\‘ S
L A g - 4'155{3 . ' ' e

-
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“Exercise ) j
1. Calculate the MCRT if - oL
a._ Aerator volume ='}.5 MG ) S
AR - . i
b. Clarifier=volume = .7.M& |
c. Flow rate to plant = 4.95 MGD %
~d. MLSS = 1,900 mg/T ) X \ v
e. ‘Return activated studge = 6,500 mg/1 .
f. Effluent S.S. =,31 mg/1
g. RAS rate = .1NGD R '
. . : N e z . é
T2, Riven: . ( _ 3 !
' Nrat’ion b'as.in radius 22 ft., ,height 15 ft. i .
.. ; | ¥
1°* - b. Clar1f1er bas1n radius 12 ft., he1ght 12 ft ° ) =
. 3 o ; M
- MLss = 1, aon mg/q .o ‘, ;
d. ,Inﬂuent ﬂow rate = 5 S ; e
. . .
| . RASt- 6 000" mg/] b ; -yé.
, g B ™
f. Efﬂuent s. S = 23'ma/1 - . R
: s i
g. RAS rate = éos MD g q , 4{
Ca]cu]ate MCRT- 1 , - S?\\ , e .
: R : SN A
3. Given: A R 5 |- ‘-31
e ) i !
a. MCRT —46 davs R R I
t 2 e H e { .
"b.  Total %o]umez- 1.2 MG~ L {}
‘l . “’k |<l . ;
c. MLSS <~3 100;mg/1 . o S ;
. : * & -3
d. Inf]uent f]ow‘rate .5 MGD : i‘ ,;;
e Efﬂuent s...S. = 65 mg/] B : .
f. RAS = B, 200 mo/] . Y
. - A [
- Calculate ithe RAS wasted vo]umel I
-; oo ’159 e ot
1 . . , )
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R 7 [Module Ho; ) 1 Module TitJe: - . ‘
. . - ' Mathematics for Operatois ) K , e
o " . | Submodule Title: - ] .
i ' : Approk-. Time: " Act1vated STudge e N ‘.
’ov".i‘:. ; . . , .
: Topic:: °© \ :
- - 1 hr. ) _Food - Microorganism Ratio (F/M). . '
. - o [Objectives: o ' S
) The learner will demonstréte. the ,ability to determ1 ne the food/mu:roorgamsm ?
. ramnn_(EM)_usma. I o
. N\ -
. 1. BOD as source of food Co
R " 2. CO'D as source of food _ ' R . e . ~\
= . o ’_/{f . _ - B . ’

N, ) M A ' * o N o
e Inétructwna'l Aids; : . . .
. . |Handodt - o - S v
- “JAv-(overhead -transparancy) i . * S,
- o v , 3 g i v K . . " :. - -
f; . ’ Instructional Approach: oo - - g :'
-\‘E_‘: ) ’ . - . - ’ . - !-‘ ./ ’ ) l ’ |
: - |Discussion. ] A R
Ty , ‘Demqnstratwn , T : :
o Exergise. S L BN
Tea Lk v 4, O )
e, T Referen\:es : o e - - )
) \\‘} - \ . .{ , - - -
< Norkbook Basitc Mathemat1cs and Wastewater, Processmg Ca]cu]atwns, N Y. Dept
_I\,S T o ‘of Env. Conseryation. . ,
oy o Study Aid -Workbook, Mathematics for wastewater Treatment Plant Operators,
R . {California Water Pollution Control Assomatwn |
. R B R : t LT
. o . : = . ] . ' . :
- {Class Assignments: ‘ : ,
G1 ven 4 exercise problems to be solved: N ) - T

. . N . 5 A
O . 'I( ; ) . N 16
. - PR . . s 4
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Module Ho: " | TFopic: ’_T' ‘ - c . R
i - Food/M1croorgan1sms Rat1o (F/M) L, ' ’}‘é
) Insfructor Notes: : ’ Instructor Qutlxne S SN . |
T T, . 8 . @ b }
1. Handout - - - l’ ' 1, D1scuss/demonstrate how one'calcu1ates the
L F/M ratio. L . .
a. Refer to Module No. f T LT
i , FM =Lbs. of food in influent ‘to aeration . .
% - Submodule title: =~ + Basin N 4
" Activated ‘Sludge - . Tbs. of MLVSS under,aefatibn & - - |
Topic: ‘Organic |  FM= Lbs./day/1 Lb. of MVSS . .
Loading . & A P
o MLVSS M1xed 11quor volatile suspended solids

b. Refer to Module No. .-
' ) NI BN Lbs. of food in_influent fo aeration basin is ;

Submodu]e?tjtier- i either: ' N
Weights (Pounds) ™ : N . '
. } .. 1 117 Lbs. of BOD

:__Cdnversion -

. ! . ”
’ vy - bes/day Mg/1 x 8 34 X Q (Meor )
! -
- ] MLVSS in Mg/1-is obta1ned from lab resu]ts .
S , g (volat11e solids of suspended se]rds) ;
N d . e~ s v -
v e ; G1ve 4 exerc1se probleins . ;
| 3. ~ . \‘ o -
A 'f 2 -"Using BOD ., |
- . H : S
4 i 3 ’ ; . : i
. 2 - Using COD ; e L
} . : % ) e R
'gl\ . ) 1 . - . T B 'i‘ - . . - . ;1;
3 _ } R ; {
1 . - e J
é { T « f ‘é.“ % 4
] ~ ! e j. fl
‘i‘ : 5 ‘* . . P
e g z ';2: .t
. M RN I N - . ’ ’ _ .
K ‘{ | i ()?) Lt At:‘ Y .. .j ) . I’ '-
K S T PR
. ,% ./'?' SR ] _»___—e___w . ) RS )
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ACTIVATEQ'§LUDGE/FOOD MICROORGANISM RATIO. . )
‘ K
_ . Food/Macroprqan1sm Rat1on (F/M) is calcu]ated bv ousing the formula
) "_' N | F/M Lbs. of’ 1nf1uent food apnlied to\aerat1on basin ‘ .
A . Lbs. of‘MLVSS under aeration- ) .
o j*g%fgg i lb . of 1nf1uent food apolied .o aerat1on bas1n is based upon
oz A
o . a. Lbs. of»BOP of f} . *
se- o 74 b tbs of%'

solids. |

>
T 2.
v 1
.

S—

—_—

.

-

-

F/M is reparted in 1bs/day/1 1b. of MLVSS
Examg]e

4
Ay

,

*Ca]cuTate the F/M Ratio if.the COD is 1AM md/l
.655 MGD, the 1bs. of MLVSS is 1,700 1bs
* Solution

’

4 .

)Lbs of MLVSS under aerat10n is the 1bs. of i xed 11ouor volatile suspended
®,

4

S
?

) >
o ) A}
the influent flow rate is
¢§ .- - N\
- i h
o F/M =-1bs. of COD - I !
TBS of MLVSS N :‘ . !4 { Q Y ;
=160 x,8.34 X .855 - "y . :
1 -.AG s - S .7. 3 ’ ? 3 )
. , R -
' = 0. 514 'lbs. of cob/dav/1 Tb. Wnbxgss\ TP
i v Exerc1se - P - - e
H ,;i ] : . . i . . . ! A ’
o 1.- G1ven o ‘ B ;, . f'; R
b ' 3a% Aeration basin - Rad1us 32 ft,%_he1gh{ 10 ft " i s '§Q:”
- y » s 3 ,’ . ars . . L O
L MLVSS - 2,400 ma/ . "
N ;\:' A A ) ) N ’_ A : T - A3 - A
c. COD - 216 mg/1 T {ﬁ S
. ; d. InfTuent flow 3rate <8mgd 1 - ‘g" SR
e Ca1cu1ate the.F/1] Rat1o L ‘ - -
. ’ ? b ’
2 ) = " ;S .
T e
v ° ¢ 4 ‘ 2y

’e .
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. ; . ¢ : i
. Y - ' . ) - . - ' i
! 2.0 Given - - L L
' ¥ 2], _ 2. Reration Basin - Lensth 38 ft., width 21 ft., height 13 ft. i
\ . Q - . ’ X i
L e b F/M Ratio of 0.5 Ibs. of-B0D/day/1 Tb of MVSS . - "= ;
- ) . e D ’ e e —— e —— _ - .;
: ' c. BOD -1 . mg/1 - ) !
. Y-, ' : .
) o, d. Inﬂuent £low rate\1 2 MGD " o, .
. ] ot . . <0 A
N Calculate the MLVSS. concentrat1on .
. ‘; 34 Given® ' . .
‘ a. MAeration basin - 61 ameter 70 ft., height 12 ft. o -
T h. MLVSS - 2,050 mg/], i ) L -
o c. COD--I15ma/l 5% . .y
: ' ‘. _ : , N —
d. Influent flow rattg - .7 MGD S T . \
I Calculate the F/M Ra?Jo ' ' T - - ’
. 4. Given W ST .
\ ,r - - “ -
o) . a. Aeration basin - Length 45 ft., w‘ldth 18 ft., hei qht 11 ft.
. \ o - ¢ »y ) .
\ * b. - MLSS - 2500 mg/1 ; .5 ST
- e CO0-130mg1 I T v :
A . d. - Influent flow r%tje 935,000 GPD" © s . " o
Y - N t. ¢ _ N Y . ‘ i , @ .
e T e.. - MLVSS is 78% of Mss, - o -
4 e V] K A - , . *
, P : Ca'lcu]ate the F/M Ratjo : ? N
. iy oo N LA ? R B .
e ) "Q“?’:f;) ’ P . e e -
" 2 . i/—\;t\ S .’3‘. ‘: '}b" \ e -
: SN & . 3 . ‘; ). -: - ’ “ . i
.“ ‘b 1 . - i ] P : o .' .
0 . . ‘ . s o |
. . . . ‘ . . 4 i . - . o
4 :{:,“n\ ., A o 4 . ({\k B "\ \ .*\; 2 4 '
- . . ‘ C . "4
"o , - LY . , ' -~ .
v Je v [T P "‘4, ‘ ‘,“‘4 7 . '.1764 ) * 1\ O e, 7 jJ - ", - .
| SR R N . ~
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» * '|Module Ho: " % Modu]e Tit]e ' . -
.o ' . Mathema‘t1 cs, for Operators \! v
- "Submodule Title: a L ) '
; ' . y ’ . ;oo
. “ Approx. Time: i-Activated Sludge . )
- ./'/ LIS ° ‘Top-icj: . 3 . . . A
1, hre Return Activated S1Udge Rate . @ . . 4
LN\ . . - - . [
* [objectives: i . ' . <
s
N The learner.will demonstrate\ the ab1hty to determine the return actwated s]udge.
rate as: : o A
.3 } . _— ' . L
» . . -
1. Ga]]ons Rer da_>/ R )
2.+ Percent,of 1nf]uent flow - . ' ‘ - , ]
N R o
. . B \ . e . — . A
- . ot \/"‘ . A - . . ,
. M Ta - 4
m,/: . Instryctional Aids: - ¥ SRR ' / -
» - @ h * \‘ “ ‘
Handout } \\ .
¢ ’ - . - ! - N ! ®
AV (overhead transparancy).. i ’ ion \ . ‘
‘ . S, S ’
. - -, - [lInstructional Approach: t ¥ A .
. Discussion _ - -
- Demonstration . ; e ) \ R
" Exercise. L . ‘ . ’ -
& N o . T ’
. - References ¢
L Workbook, Basic Mathematics and WasteWater,_P‘rocessmg Calculatmns,'N Y~ Dept.
. 3 of Env.. Conservatwn. .\/ } 3 . NN | ‘\
_ Study Axd Workbook, Mathematics for Wastewater Treatment Plant Opef‘ators, .
-} California Water Po]]utlon Control Association. - .
L 4 . - . i U - , e
e - : - v ‘
M;I. ‘ - Class Asswgnments : R ' — S .
; S | Given 4 exercise problems’ f,o be so1ved .
;j "'o . - - ) . ) . -‘A § - e
“ERIC ~ - c . o165 g "
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Module No:

-Topice

P

IS PN s

‘Return Act1\ated S]udge Rate (RAS) .

}nétructof liotes:

-’

3
Jhsfructor Out]ine

AR ™

N 1. HandQut

a. E;p]éin combined, flow

b. .Explajp influent flow

AR
/

st

1. D1scuss/demonstrate how one calculates the
return activated sludge rate using thé

fmmMa .

¢

-

RAS -JComb1ned flow - Influent flow

Comb1ned r]owo

The flow added to the aerat1on
basin composed of influent

" flow + return activated sludge

. A

Influent flow =

-~

The .flow rate that pumped fo |
the treatment p]ant. r

A

12, D1scuss/demonstrate how . one ca]cu]ates the

return activated sludge rate as %g0f 1nf1uent
flow using the formu]a

ll

%RAS

“Comb. flow - Inf. flow

P

x 100

%RAS

LI | B

. Comb.

’ [

Inf. flow = Influent f]ow\rate ﬁé pjant . °

3. . Give 4 exercise probjem

-

Inf. flow .

Percent return activated sludge rétg‘

flow = Combined flow rate added ?Q the
aeration basin composed o

. 1nflﬁ}§t

\\ -activated sludge rate

flow rate + eturn
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effhe flow rate to the aeration tank is

_Exapple ° ‘ . ".

E ¢ . 2)
: —
v oy . ’§
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ACTIVATEB SLUDGE/RETURN ACTIVATED SLUDGE RATE 'j
i

Return activated. sludge rate (RAS) is ca]cuﬂdted by us1nq the formul%
RAS 2 conb ried flow - influent flow . - .

Comhined f]pw Ts the sum of all the flow added to the aeration basin.
Inf1ldent f]ow.fe the flow from the pr%mary_system or the plant inf}ueni.’.

Example IS . e

.568 MGD -and theflow rate to the plant

s .426 MGD.. Calculate the RAS. , RS
Solution .. - . - .
-— . - ¢ &

RAS = combined - influent

L4

= .568 - .
142 46D

426 o

The RAS is. usua]ly reported 3§ % flow of the influent rate.

The formula
to use is . ‘.

%RASK RAS x 100" . ,
TnfTUent Flow Rate 5

What is the % RAS if the, 1nf]uent flow rate is .426 MGD and the RAS is

.182 MGD. : ; N L /
Solution L I o _ - " - oy N
. - s 3 - / ) - NI v 77 " . 4
% RAS RAS X 100 ) o R )
Inf]uent flow rake '
= .142 x 100 . o 1 : . .
-.426 T / - '
= 33.33% T e ;' | : ..
Exercise. . T - .
2T . b -~ ) !
T. Given the flow rate to the plant at 500 GPM,. ca1cu]atq.the RAS #f the.’
.- rate of return.activated sludge is 105 GPM. oy .
. ,//
L4 ' » ‘\4 /

S L



) * b " ‘a N
L. - e ’ B [
i - ; Froo
- : T .
? . Jr‘ kY « T‘-
)2 T:‘ i
. ’?c L e ’ . . 2 ."T‘:‘ N . i; .
o ¥ . . Page 165 of 173 -
: . T KA B
The flow rate to-the aeration basin is. 1.8 MGD. If the rnf]uent f}ow rate
is 1.5 MGD, ealculate the % RAS. -éx

The ¢ RAS is 22% of the in%lueﬁt flow. rate,

comb1ned flow rate to the aeration basin. ¥ . 0
. ,‘ ™ . -
The % RAS 1s 25% df 435,000 GPD 1nf1uent flow rafe. <Calculate the RAS
flow rate in GPM. S i ) UL
) : 71 . cot -
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| Module Ho: Module Title; » '~ ) ]
, \’;'4 e - | Mathematics ‘for Operators . ) e
a0 ... =
; _ Submodule Title: - S o
: e - Activated Sludge + . - N s
A}pprox.. Tmf. _ . _ _ ‘
o _ Topic: o : _ 1
B R Sludge Volume Ir’iex (swr)
Objectives: - o . Lo ‘ 3
. { . :
Y The 1ear20.r will demonstrate the ability to. determme the sludge volume index .
' ;xn an activated s]udge process. . ; |
, - .- , : 4
H ‘ ' \ ,\. : . j
3 ) , \ >
" fonte %. "
instructlonal Aids: - . .
Handout : ' _ IR
4 toe : - . PR _ '
AV (overhead- transparancy) R o : R
1 2N . - . O . ‘~“ ) « °
‘ . : o . . ¥
. fInstructional Approach: . o
- Discussion ‘ ' SR _ ,
Demonstration - NI ‘ " .
- Exercise ;. .~ oot ‘ )
L, N F ? . *, I . :
. *\ LN L o
Refe}‘ences - ' ’
Workbook, Ba~$1ci4athemat1 c§ and Wastewater, Process ng Ca]cu]atwns, N. Y Dent.
- of Env Conservatwon. )
Study - A1d workbook Mathemat1cs for wastewater Treatment P]ant Operators,
California Water Pollution Control Agsociation.. .
> ; i\{ ‘ ’ -?’)‘k‘,’z‘ ! 7
) ~
G1ve 4 eXerc1se pr 1ems to be soh(ed . S
169 R
T ¢ ’o. Vo
- L3 - - ( ) " oL . . .L 7
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Module No: . \\N;;__ Topic: = " -
* -gihdge Volume Indexv(SVI) ’

Insgructor Notes: AN Instructor 0utT1ne.
) .. ) =4 :
) " —
‘Handout « - . Discusséﬂemonstrate how .one calculates the«
: ’ studge vo]ume index (SVI) .

8

The ormu]a is: .

Vo]ﬁme of MLSS in a 1000 ml. sample x 100
‘Coqcentration of MLSS . "
N

)

SVI S]udée vplume - index

) , o ,
Volume &m]) of MLSS in a 10
obtained from lab test.

-s . -

Loncentration-of MLSS = mg/1 ‘of mixed 1iqhor
- . o ’ * suspended solids

-~ - N4
.

-

2. Give 4 exercise problems. .

EK

= et Provided by ERC

&

* i

eyt
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ACTIVATED SLUDGE/SEUDGE VOLUME INDEX ’ - S
N, - * . -/'

S]udge vo]une 1n¢ex (SVI) is calculated by us1ng the formu]a Ty I

2

SVI = X;lume of MLSS/lOOO ml sludge-sample x 1000
.o ‘Concentrat1on of MLSS ’ o

*

Volume of MLSS/lOOO ml sludge samp]e is obta1ned by pTac1ng 1000 ml'of .
activated sludge in a 1000 ml graduated dylinder letting the solids settle
for 30 minutes. The vo]ume of so11ds is the vo]ume of MLSS/lOOO ml s]udge
sample.

r H

Example Lo
-—F—%l—- .

The' conc of MLSS is 2,500 mg/1 and the lab test 1nd1cates a 250 m] vo]umel
Calculate SVI.

+
. . . 2

3

i So]utjon

e

a

SVI = Vol. of MLS5/1000 ml, - , .

, Conc. of LSS. % 1,000 . -
=2%8x10m T s
= ‘1 ,009 ‘,'. ,,

Exercfse” - oL : 4 .
(

P - a d a MLSS concentrat1on of 2,100 mg/] .

2. Caleulate the concentration of ‘the MLSS if the SVI is'0.12 th the
sett11ng test. 1nd1cates a, volume of’ 190 m1/1000 ml.

3.. Ca]cu]ate the SVI if the solids “in a 1000 m1 MLSS samp]e settle to*®

i‘**mm* . ‘;*

450 m1 and the MLSS concentrat1on is 2,800 ml.

4. ,How many mg/1 of MLSS should be wasted -if the MLSS .conc. is 2,800,
- and the gettle’solids is 300 mg/1 but the desired,SVI is 0.1.

. . ' Ty
» . . .
- N ) \ ’SP,) \ -
- / o 3 .
.
s
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Objectives: ‘ I e e

‘The learner w1]1 demonstrate the ab1]1ty‘to determ1ne correct]y the answers to 8 out :
of 10 prob]ems related to act1vated sludge procei/, C o

» ’ L . ®

. KL $1udge Ageadﬁ .
| "b. Mean cell retention time .
R 9&. Food/Microdrganism Ratio -, . . b
d. Return Activated S]udge-Rate h ) h . ' ' -
| e. 'Sludge Volume Index {Q . : ) - 6

1.. Ca]cu]ate the sludge age in an act1vated s]udge process 1f 23, 500 ]bs of so]%ds,

are under aeration and 5,850 ibs/day of solids are being 1ntroduced to the-

aerat1on basin with a volume of 1.3 MGD: o . - © ]

ol a sdws L

b. 3.0? days

. N c. 0.3 dayé

. . . - l-
- d.” 4 days \ ' : : .
e 12. Calculate the sludge age of the solids in an activated sludge process if 45,000 1bs.
. are under aeration and the 1nf1uent suspended solids 5re 125 mg/1 ip concentrat1on
' T and a f]ow of. 3 2 MGD., ° - 7 - o
. [ 4 - . - ? ! “ bl .‘&‘ » ' J‘(
//’i: a. 11.5 days L g ' .€3 - s
Y K3 . 3 @ iv . . . ) ) .
" . b. 7 days - T e " : L - '
Q . e vt . . R
c. "13.5 days f
T ‘d. -0.07 days | e . -3
7 i - 3 . ‘
- " “ ./ ) . f\\
- Kig - . ¥ \‘af
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L ' 3.' Calculate the®required 1bs. of MLSS in an aeratwn "basin if desired -
. sludge age ts 6.5 days. The 1lbs. of §bhds applied to the aeratwn
, . basin jis 1,755 1bs/day. ’ . . ! :
0 . ' Y ;
a. '3,703.7 1bs, ’ . - j
- Q A ' =, N 1 \ -
b. 11475]bs 3 . |
c. 270 bs. 3 -
. - d. 2,251.8 1bs ’ ‘ S
4, -Given 1 S ‘ .
- %, - ) o, "
' "} -7 . Peration basin - 4(\ft. radius, 11 ft. height ;
- ¥ . \ ' - 3
Sk MLVSS -"2,100 mg/1 .
/L © P e con o 156 mg/1 ‘ S
s “" Inflient Rate - (935 MGD '
d . . -
’ ' Calcu]ate the F/M"Ratio .- ’
4 f
N \\ 0,17 1bs- of COD/day/1b. of’MLvss .
. o 0 bsi of COD/day/1b. of MLySS ) o
‘o 3 ‘ : N
# c. Ibs: *COD/day/lb of MLVSS -~ .. . I
: ‘. R T I
: ‘ e d. o 1bs. of COD/day/l of MLVSS : . i
. - é
P 5, G1ven - . }1
- _ ' feration basin - 35 ft. radius, 12. ft. height  °
A ’ B v% s B . . ) - ’ 2ot , “w / }
' & F 7 MLSS - 1,960 mg/1 i "
A I i*_aizs,m'g/a ot =
. ) o n,.,_—"ﬁ" < vo
o Inﬂuent rate - 1.2 MGD
“w MLSS 2 z 800 ,mg/1 ,* ‘ -
Desired F/M Ratio --0.3 ]bs/COD/day/]b MLVSS, - U
Ry Ce =L . “ r : .';;L
: : ' ﬁ—~“t§§5 S ‘ G
W . . .. . . ' v ’ .,
R .Calculate the “lbs. of MLSS ngeded to be wasted. ¢ - '
Q . . ' ¢
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e .U & . 2,100 Ibs: - ] =
I b a9 abs. T S S S
S i’,soo ibs. ) ' . ]
? LN * 5 : ] '
. : d:, 200 1bs. . Lo -
) 6. The fldy. rate to the deration basm is .873 MGD and ‘the influent flow
< - “rate to the p]ant As . 863 MGD. Calculate the % return’activated s'ludge
‘ ! 7 rate‘ / . -
w 2. 98.8% A -
' . b .;a{ . ’ . ’ !
Tt b, 122 BT
. ' - }
. q\ tﬁC- . 25% . . ' 3
,_;\'d. 38% - ) - .
. I'd
< - - The,information given is to be used in Problem 7, 8, 9y & 10. -
. ' Given _s P o ) "3
oo / * Aération bas‘inAvo'lﬁ"mé = 0.3 MG oy
' " Clarifier volume = 0.2 Mg/ o
ot 1 . § v
, " MLSS = 2,90Q mg/1 ) e
) MLVSS content = 75% of MLSS P .
} Settleable solids, test = 360 mg/l,Od_Q ml. * ’;.)
i Primary effluent 80D = 152 mg/1™ | R
o ; , . ' ‘ A ~
.). ' ‘Prifnarjy effluent suspended s0lids = 90 mg/1~ ~ g
- . o ‘ ~ , ' . ! .’ o
T ' . Influent flow rate = 1.8 MaD e
% RAW flow rate = 20% . - L A
70 Usmg the above' information ca'icu]ate sludge ageb .
2 ‘o / N R N *
“ & 5.3 _ .l . i :/ ’
. 4. A,
b. 6.4 - . ' |
. c.* 3.2 . - ) (' w / ) '4"’1
. a X S AR
: d.A 5.‘3~ | ‘174 , . A o ;
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8. . Using the apove in

a. "100
b, 81 '

-

*

)

c. 124

»

. ) * < g
o 9. Using the ;;;:B

a. -.419 lbs.
b. 2.4 Tbs.
L c. 0.31 1bs.

10.

d. 3 |

of ‘B0OD/day/1bs.
qf BOD/day/1bs.
‘of BOD%day/]bs.

- * ¢ ® k
ST~ | - of B0D/day/Tb: MLSS

x -

\

information, calculate the F/M‘Baiio (1bs.

MLVSS
MLVss  *
MLVSS

Us1ng the above 1nformat1on ca]cu]ate the 1bs

v prOV1de a desired sludge * age of 5 days.”
. 13
a. 1,351 1bs. "
. * ¥y : N \\ ‘R
18 b. 500 lbs VoS W
c. 8Q0 ]bs '
B d. 100 bs.
{ -
: \
. -
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formation, caltulate the SVI.

«
-

BOD/day/

et

.

I

qf MLSS wasted to}n
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