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SUMMARY'

Module No: Module "ftle:

Advancdd Mathematics

Submodule Title s:

Approx. Time:

14 hours

11411M....1.
Page of _65

a. Review
b. :Statistics_

Total ,head
d. steady flow in pipes
e. Flow measure. ent
f. Pump motor power and efficiency

bjective:

Upon completion of this module the learner should be able to use the principles
,of TathNatics of 'addition, subtracV on, multiplication, division and to use,
specific 'formulas as applied Co water and wastewater technology.

instructional Aids:

Ran dout
AV (Overhead transparency)
Calculators

.......*.....woorm-,sr*.
Ins tnuctioiia Apr-each: .`

Discussion
Demonstration
Exe/Pcise

Retergnces:
synnn.,-7,...re-..

Manual of.Water Utility, Operations, 'Texas Water Utili ties. Association.

MathematicS for Water and Wastewater Treatment Plant Operators, Kirkpatrick.,
Ann Arbor' Science;

(

Klass Assignments: 40

1. GiVen handout' to be read '. , -,

2.: Given exercise problems to be, 'solved
.1 3. Given eialuati on problems to be solved:..

1
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Module No:

Instructor Notes:

T c:

Advan ed Mathematics...,,
;

1 Give handout of each
submodule

. Allow.s uffici-tht time or,
ftercise pro5lemg to' be
solved.

r

A

Page of

.Instructor Outline:

. Review exercise _problem ..

:Give evaljatfon problems.

p.40, -ver ., 1.-{,neles,

Discuss/demonstrate using the studerits handout
how, one uses formulSS as applied to water and
wastewater technology in

a. Statistics

b. Total head

Steady' flow in,.pipeS

Flow measurement

e. Pump and motor,efficiencY

a

or
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Module No:

.

Approx. Time:

2 hourts

Objectives:

The learner will demonstrate.thd ability to determine the answer to problems
related to

:

Module -

Advanced Mathematics'.'

! Page 3 of 65

21111Tfter.a....0-1:4.110.701011,G0 /20.11.1511a.ralm

Suhmodule Title:

Topic:

,Review

4

4

(00.**=.1.-r0r.......... .0mr.Orsaer

- 13

1. Detention time
2. Hydraulic loading
3. Organic loading
4. Efficiency
5. Conyersion of concentration (mg/1) to pounds/day

0

Intructional Aids:
t.

Handout ,

AV (overhead transparency)

vInstructional Approach:

00-

Discussion
Demonstration
.Exer'cise

N7ye ....m.,
(erences:.

.°
\Fanual of Water UtilAties'Operation, Texas Water'Utilities Association.

Mathematics for Water and Wastewater Treatment Plant Operators; Kirkpat' ck:.
Ann.Arbdr,Science.

I

Class Asslgnr,:ents: 2 .

..

'Given exercise ,problems to be solved

flo-,,,a



Instructor Notes:

'Re view

Page 4 of 65

06./.% ,..............,/

Instruct& Outline:

Q.- flow rate
Indicate that Q could also be
volume of a tank.
Unit value of Q TT MG

Indicate that solids could be
430D

b. COD '

c. TS. S.
..d. T.. VSS1
e. Ts.

f. TVS

(.7

Discuss/demonstrate the use cf formulas

1. Areas,

a. Ci-rcl e 1R2

b. Rectang/re/square L xW

c. Triangle 1/2 b x h

2. Volumes

aj Cy,linder /I R2 xH

b. _ Rectangular solid/cube t. x*W x H

c. Pyramid/cone 1/3 {x.R2 x H

, \--,..
3. 4 Conversion of Concentration. (mg/1.) to

pounds/day . te .
lbs/dky =

4
mg/:t. x y4 x. Q

4, Flydraulic. loadin§

HL = Q

6: Organi.c 'loading

O'L = lbs. of solid

Volkse of unit1

6. Percentage = Parts -cif 100' parts

7. Efficiency = in out
x 100

In

'a
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Module Ito:

o Page 5 of' 65

Instructor Notes:

Topic:,

Review

Instructor Outliine:

Ans.'

DT = 2 Hrs

SSR = 1,202.94 GD/ft.2

C

HL = 344 GPD/ft.2.

OL (T.F.) = 61.18 Ths. BOD/
1,000 ,cu. ft. .

Lbs. of C12 = 101.84 lbs /day

BOD Eff. = 93%

Si. Eff. 92%

it

.11,3

Give- one exercise problem that combines several
of the principles disCussed above.

I'

t?,
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REVIEW

I. Areas.4_

, .

Page ;6 of 65-

A: circles: The are-a Of a circle is

_ A = Ilx R2
,..

a

x

. N

ir= 3.14

I)

- R= Radius of the circle-._.

B. Rectangle/Square: The area of a rectangle/square is
.A=LxVI . L = Len.c)th

W,= Width

./Triangle: The area of a triangle is

A.. 1/2 b x h

II. Volumes
,

,

b = Base
, .

h = Height

A. Cylinder: The volume of a' cylinder is
V llx R2 x1-1 / Il = 3.)i4

.

..

R = Ra-di us of ci rcle

. H = Height or length of cylinder
, .B. Rectangle Solid/Cube: The volu e of a ractangu,lar/cube is..

V'=1_ xWxH L= Leingth:

Y.

I
0

W =Width

.. .H = Heighor de.,pth
1

C. Sphere:' The vol ume of a sphere i s ..._
V = 4/3//x R3

4.

b

r.

.
IT = 3.14.

-

R = Rdihs--of sphere t
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%X.nrserxakso

D. Pyramid: The volume of 'the pyramid is determined by the

V =.1/3 area of base x height

1,

The most comon pyramid used inTravrefdrrolTivastew_ater teehnology. .is a tone. The .volume ona coneis

V = I/3x Trx R2. x H i = 314

R = Iadi us of ci role

H = Height/depthof cone -*

g';

III. conversconversion of concentration (mg /1) o paindsgtay. The forMula to use is
lbs/lay = mg/1 x 8.34"X Q . Q = Flow rate

...

'1 ..

(

IV. Hydraulic lading: . The formula to usefor hydraulic loadihg is

HL = Q
1

HL =-- Hydrauli cfr_loadipg
SA

Q =
17

Flow rate .
1

, ,. .

SA = Surface area of Unit
, . i . .

. Organic Loading: The formula to use for' organic loading is r
,

OL = lbs. of organic. solids
Volume of unit

OL = Qrgaiic Loading . ..

Lbs. of organic solids.= lbs. of (a) BOD-or .

(b) COD or.

(c) Suspended solids or

(d) Volatile_ suspended solids or
f, ,

.
(e) Total soli'ds-r-

.

Volume of upit = Volume of processlunTio

vol ati.le soli ds

ttal.
)

m ,

9
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VI, 'Percentage: jercent is defined as. portion of -100
0

Ex. 3% = 3 parts of 100 parts or

60% = 60, parts of 100 parts

II. Efficicfncy:. In water and wastewater technology, efftcie cy. -(1n most
cases) i s an indication of the %, removal of "pollutants" in a. \process.
The formula to use is

% Eff.'= In - Out
In

x 100

In = Amount of "pollutants" in influent tg Ile 'unit .

Out = Amount of "pollutants" left in the effluent from the u it

44e,
ExercisP

Given

4

a.

Flow rate - 1,200 GPM for 24 Hrs. ,

BOD influent - 300 mgAl
r

primary effluvit - 150 mg/1

final effluent 2 20\mg/1

Suspended solids (SS) intfuent - 250 mg/1

primary effluent 1'00 mg/-1
.

_final effluent.- 20 mg /1

Chlolsine - final effluent

dose,- 7.1 mg/1

residual- 0.5 mg /1

Primary clarifier

Length -54 ft.

Width 2-27 ft.

Height -= 12 ft..

10 .

V

e.
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Page 9. of 65,...
Trickling filter

Diameter. - 80. ft.

Media depth - 7 ft.
Deterinine...

,aot
12. Detention time in primary ElaHfier hrs.,

;

2. Surface settling rate in primary clarifier FPD/3ft .2

-3. Hydraulic loating on trickling filter
It

4. Organic (BOD)" loadi-ng on trickling filter lbs. ,B OD/1,006 cu. ft.

5. Lb.'of, C12 neededper day lbs./day

BOD efficiency of the p1.6t %

7. S. S: efficiency of the plant . - %

41 /.

a

01.
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Module NQ:
.

. .

.
Modult Title:

.

Matilematics ,

_ , _ .

'Submodule Title.: . .

.

..

Statistics,
.

.

..

. .

Approx.` Time: -

2 hours . t

......

Topic:
. 1

Geometric Mean
.

,

.

.-

.

.

Objectives:
, . .

.,;

The learner will demonstrate the ability to determine, the-geometric mean of, a
group of numbers using logarithm and anti-logarithm tables.

.

.
.

. .

. . -

,-,.
,

. - N.

, '
. 4 . .

*4 .$

w
$ ',

0. .

,

.

,

.
',Instructional Aids:

-

.

a% .
.

,. ,.
.

. .

Logarithm tables P,

%.,

. 'Handout ,
. , , ,.

-.
.

. .AV (overhead trwsparancy) .
..-%

.

.
- . . .

:,,
. * .

.
. ..

-
,

.

,- '

.

Irtstructional Approach: ' ,..
.r .Dicussion. .

Demonstration
.

.
..,' , ., # ,-ExerCise , .

.,

.
. .

..

.., . _
.

.

.,- r--

References: .. - , .

, ...
.t . . , . .

.

- /

Handbook or Mathematical Tables and Formulas, Handbook Publtshers Inc.,
Sandusky,_Ohio

$
.. .

. .
.,

. , ..
.

.5 . , .
f

.
5,

Pt f

.

Class Assignments:
.

.

.

.e. .

4
Give 13 exercise problems to'be solved _ ' ,

-

,,-
,

.

.

1 2 , , .
O
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Instructor Rotes:

9 .

Handout

Topic:

Geometric Mean

a. Explain

.

1. Characteristics
of a number

2. Mantissa

b

Instructor Out) the:

Page' 0'165
C

Discuss and demonstrate how one calculates
geometric mean of a grbup of numbers, using,
natural Thgarithums

Formula:

Determine the antilog of the value obtained
by dividing the sin of logarithums of group
of numbers by the number of groups.

2. Give 6 exercise problems.

1 3

kti

*I`

(to

O
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aNICO,r671119ATISCRIMIL

ommon logarithms of number-I
.

.L. 0 2 3 4 5 6 7 8 9

le 00 000 90-432 00 840 01 284 01,703 02 119 '02 531 02 938 03 342 03 748

11 04 139 04 532 04 922 05 308 05 690 06 070 96 446_06 819. 07 188 07 555
12 07 918 08,279 08 836 08 991 09 342 09 691 10 037 10 380 10 721 11 059

13 11 394 11 727 12 057 12 335 12 710 13 033 13 354 13 672 -13 988 14 301
- -

141 14 613 14 922 15 229 15'534 15 836 16 137 16 435 16 732 17 026 17 319
15 17-609 17 898 18 184 18 469 18 752 19 033. 19 312 19 590 19 866 20 140
16 20 412 20 683 20 952 21 219 21 484 21 748 22 011 22 272 22 531 22 789

17 23 045 23 300 23 553 23 805 24 055 24 304 24 551 24 797 25 042 25 285
18 25 527 25 768 26 007 26 245 26 482 26 717 26 951' 27 184 27 416 27 646
19 27 875 28 103 28 330 28 556 28 780 29,003 29 228 29 447 29 667 29 885

20 30 163 30 320 30 535 30 750 30 963 31 175 31 387 31 597, 31 808 32'015

21 32 222 32 428 32 634 32 has 33 041 33 244 33 445 33 648 33 846 34 04.4

,22 34 242 34 439 34 635 /34 830 35 025 35 218 35 411 35 603 35 793 3$ 984
23 36 173 36 361 36 549 36 736 36 932 37 107 37 291 37 475 37 658 37 840

24 38 021 38 202 38 382 38 561 38 739 38 917 39 094 39 270 39 445 39 620
25 39.794 39 967 40 140 40 312 '40 483 40 654 40 824..-40-2.9.3 41 169 41 330
28 41 497 41 664 41 830 41 996 42 160 42 325 42 488 42 651- 42 813 42975

27 41°136 43 297 43 457 43 616 43 775 43 933 44 091 44 248 44 404' 44 560
28 44 716 44 871 ,45 025 45 179 45 332 45 484 -15 637 45 788 45 939 46 090
29 46 Q40 _46 389 46 538 .466S7 46 835 46 982 47 129 47 276 47 422 47 567

31

34

35
36

37

38
39

40

41

42
43

44

45

48

47

48
4a

69

47 712 47 857 48 001 48 144 48 287 48 430 43 572 48 714 48 855 48 996

49 146\ 49 276 49 415 49 554 49 693 49 831 49 909 50 106 50 243 50 379
50 515 50 651 50 786 50 920 51 055 51 188 -51 322 51 455 51 587 61 720 A

51 851 51 983 52 114 52 244 62 375 52 504 52 634, 52 t63 52 892' 53 020

148 53 275 53 403 53 529 53 656 53 782- 53 908 '64.033 64%58 54 283
54 407 54 531 54 654,54.777 54 90Q 55 023 55 146 55 267- 55 388 t5 509
55 630 55 751' 55 871 65 991 56 110 56 229 5§ 348 58 467 58 585 68 703

56 820 56 937 57 054 57 171 57 287 57 403 57 519 57'634 57 749 57 884
57 978 58 092 58 206. 58 320 58 433 58 146 08 659 58 771 68 883. 58 996
59 106 59 218 59 329 59 439 .59 550 59 660 59 770 59 879 59 981K'.60 097

GO 206 60 314 60 423 69 531 60 638 60 746 60 853 60 959 61 066 61 172

81 278 62 384 61 490 61 595 81'700 61 805 61,909 62 1014 62 118 62 221
62 325 62 428 62,531 62 834 62 737 62 839 62 941 63 043 63 144 63 246
63 347 63 448 63 548 63 649 63 749 63 849 63 949 64 048 64 147 64 248

164 345 64 444 64.542 64 640.64 738 114 836 64 933 65 031' 65 128 65 225
65 321 65 418' 65 514 65 610 65 706 85 801 85 896 85 992 66 087 66 181
68'270 66 370 68 464 68 658 66 852 66 745 68 839 68 932 67 025 67 117

67 210 67 30.2. 67 394' 67 486 67 578 67 669 67 761 67 852 67 943 68 634
.68 124 68 215 68 306 68 395' 68 485 68 574 6§ 664 68 753 68 842* 88 931
69 020'69 108 69, 197 69 286. 69 373 69;461%69 548 69,036a 69,723...69.810

69 897 69 984 70 070 70 157 70 243, 70 329' 70 415 70 506 70 586 7Q 872

N. L. 0 1 2 3 4 5 6 7 8

tt

ssamascsmon

;.;

ft
4

TM 5-236
War Department July 10, 1940

11
I
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Common logarithms of numbers--

N. 'L. 0 1 3 4 5

10 69' 897 69 984 70 070 70 157 70 243 70 329

51 70 757 70 842 70 927 71 012 71 096
52 71 600 71 GM 71.787 71 850 71 933
63 72 423 72 509 72 591 72 673 72 754

54 J 73 239 73 320, 73 400' 73.480 73 560
55 74 038 74 115 74 194. 74 273 74 351
66 74 819 74 896 74 974 75 051 75 128

75 587 75 664 75 -740 -75 816 75 891
4**" 58 78 348 *76 418 78 492 78 567 76 641

59 77,085 77 159 77 232 77 305 77 379

71,181
72 016

6 7 8

70 415 70 501 70 586'

71
.72

265
099

71
72

349
181

71 433
72 2(Z

9

70 872

71 517
72 348

72 835 20,6 72'997 73 078 73 159

73 640 73,719 73 799 73 878 73 957
74. 429 74 607 74 586- 74 663 -74 741
75 205 75 282 76 358 75 435 75 511

75 987 76042` 76-118 78 193 76 268
76 716 78 790 78 854 78 938 77 012
77 452 77 525 77 597 77 670 77 743

60 77 815 77 887 77 960 78 032 78 104 78 176 78 247 78 319 78 -390 78 462

78 533 78 604 78 875 78 746 78 817
79.289-.29 309 79 379 79 449 79 518
79 934 '80 003 80 072 80 140 80 209

80 818.80 686 EC 754 80 821 80 889
81 291 81 358 81 425 81 491 81 658
81 964 $2 020 82 086 82 151 82 217

82 607 82 672 82 737 82 802 82 868
83 251 83 315 83 37$ 83 442 83 606
83 886 81 948 84 011 84 073 84 136

78 888 78 958 79 029 79 099 79 169
79 688 79 657 79 727 79 796. 79 885
80 277 80 346 80 414 80 482 80 550

80 956 81 023 81 090 81 158 81 224
81 624 81 690 81 757 81 823 81 889
82 222 8.2 347 82,413 82 478 82 643

82 930 82995 83 059 83 123 83 187
83 589 83 632 83 696 83 759 83 822
84 198 14 261 84 323 84 386 84 448

71 84 510 84 572 84 634 84 696 84 757 84 819 84 880 14 942 85 003 85 065
71 85 126 85 187 85 248 85 309 '85 370
7 2 86 733 \85 794 85 854 85 91 85 974
73 86 332 86 392 86 451 86 510 86 570

74 86 923 86 982' 87 040 87 099 87 157
75 87'506 87 564 (87 822 87 679 87 737
76 88.081 88 138 88 195 88 252 88 309

/74 88 649 88.705 88 '762 88 818 88 874
78 8 9 209; 89 2 6 5 8 9 321 89 376, 89 432
79 89 783 89 818 _89 873 89 927 89 982

135 431,, 85 491 85 552 85 612 85 673
86 034 86 094 86 153, 86 213 86 273 ,
86 629 86 888 86 747 86 806 86 864"

87 216 87 274 87 332 87 390 87 448
87 795 87 852 87 910 87 987 88 024
88 386 88 423 :: 480 88 538 88 593

88 930 , 8 8 9 8 6 89 042'89 098 89 154
89 487 89 542 89 597 89 653 89 708
90 037

1
90 091 00 146 90 200. 90 25,'

81 90 309 90 383 90 417 90 472 90,526

81
.82
83

84
85
86

Fit
-83

90 6.81),. 90 634 90'887 90 741 90 795'
90 849 90 902 90 956 91 00)) 91 062
91 381 91 434 91 487 91 540 91 593
91,,808 91 960 012 92 Q35 92 117

,
7

92 423 92 480 531- 92 683 92 634
92 942 92 993 93 044 93 095 93 146
93 450 93 BOO 93 651 93 601 93 651

93 952 91 002 94 052 91 101 94 151
94 448 94 498 94 547 94 598 94
94 939 94 988 95 936 95 085 95 134

. 90 95'424 95 472 95 521 95 669 95 617

SI 96 904 95 952 95 999 98 047 98 095
E2 98 379 98 428 96 473 98 520 98 567
93 98 848 98 895 96 942 96 988. 97 035

94 97 313 97 359 97 405 .97 451 97 497
95 97 772. 97 818 97 884 97 909 '97 955
96, 98 227 98 272 98,318 98 38.3 *98 408

97 . 98 677' 98 722. 98 787 98 811 98 858
98 99.123 99 167 99 211 99 255 99 300
99 .99 564 99 607 99 651 99 895 99 '739

1t0 00 oao 00 oai co an 03 130..03 173

if 116 91 169 -91 222 91 275 91 328
91 843 91 698 91 751 91 803 91 855
92 169. 92 221 92 273 .92 324 92 376

92 686 92 737 92 788 92 840 92 891
93 197 93 247 93 298 93 349 93 399
93 702 93 752 93 802 93 852 93 902,

94 201 94 250 94- 300 94 349 94 399
94 694 94 743 94 792 94 841 94 890
95 lea 95 231 95 279 96 323 OS 376

N. L.0 2 3 4
.

95 665 95 713 95 761 95 809 95.856

98 142 96 190 96 237 98 284 96 332-
98-614 98 661 98 708 98 755 98 802
97 081 97 123 97 174 97 220 97 267

97 543 97 589 97 635 97 681 * 727
.98 000 98 046 98 091 98 137 08 182
98 453 98 498 98 543 98-538' 98 632

98 900 98 945 98 gag 99 034 99 078
gq 344 99 888 So 432 99 476 99 520
99 782 91 826' 99 870 99 913 99 957

, OD 217 og 250 OD 303 00 346 00 389

6 7 9

_15 It,

.5 1
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GEOMETRIC MEAN ,z ,

)

To be able to determine geometric mean one should be able to use common
logarithm tables.

The common ldbarithm of a number consistsof -Iwo sections:

A. The characteristic

,The characteistic of any number greater than one (1) is one (1)
less than the number of digits before the decimal point. \-

2. The characteristic of a number less than' one (1) is formed by
subtracting from 9 the number .0 zeros (0) between the deciTal
point and the first significant digit, and writing (- 10) after
the log has been determined.

Example 1

Find the characteristic of 235:0

Solution' 1

. 0

a. The total naimber of digits is 3

): -3 - 1 = 2 = 47,14a'racteristics

Exam

he characteristic of 0.00054

Solution.2

0 5 2. 4

a. The total 4-lumber of zero is 3

b. 9 3 7 7

The characteristic of .000524 is

B The MANTISSA '

7. ..... - 10

The mantissa of a number is the number obtained from the logarithm.
tables ,supplied with this module



age 15 of 65
O

,' In."reading" the lOgaritim tables , ,
4.'.

'. \. .

a. In the column. maricedN, (left- han'd couirn). locate the first, two
digits of the number,and pick the column headed by the thirddigit. The- Marrti,ssaVs ,the number appearim at the intersection
of the row arid 'column 'corresponding to thkilumbe'r... .

t Example 1

Find the Mantissa of the number 243. ,
<-

Solution 1

(Use log tables provided)

a. Locate-in cbiumn (N) thenumbet. 21

. Move to colbili (3)

NOTE: NOT THE THIRD COLUMN. .

Where RA. and Column° 3 intersect the number is 32838\(the Mantissa)
Example 2

Find the Mantissa of number 0.00321

Solution 2

a. Locate in column (N) the number 32
%

46

b. Move to column (1).,, The intersection of Row 32 and ColUmn 1 ts
49276 (the Mantissa)

By combining° the characteristic and the Mantissa the logarithm b
number is determined.

v*,

,Example 1

Fin,d the log of122

`Solution 1

Log 122 = 2.08636

Example 2

Find -the log of 0.002'63
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Solution 2

Page 16 of 65

Log 0'.',00263 = 741996 - f0 .,

-

To determine the .geometric mean of a group of numbers

a. Find the logarithm of each, of the numbers

. .tAdd the Togaf.ithm numbars together

c. Divide the total sum by 4he itotal number of "numbers' 0

d. Determine'the anti-log that the 'number obtained'in (C)

To determine the anti-log of a number the reverse of-the procedure to
determine the, log of a number is performed..-

That is find the Mantissa in the tables. Then the row in column (N) is the
1st' and 2nd digit and the column is the third igit.

Example :

ind the anti -=log of 3.56937

1 uti on: 1*
.

Lo ate. in, log table number 56937 at that number Row 37 lind Column 1
int rsect. ThQrefore the number is 371.

The charaCtOristic is 3. . Therefore the number is a 4 digit number.

Tq anti-log of 3.56937 is 3710

Exercise

Find the log to

1. 352

2. 861 °

3. 2511

4. .0135, -

5. .0b225. .r,

18
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Find the anti-log to .)

1. 3.60206

2. 1.38917

3. 9.4404-- 10

'4. 6.38202 - 10

5. i.0

Exercise for geometric mean

Find the geometric mean of

1. 63500, 31800000, 165000

2. 350, 5401 180, 170, 220
,...

3. 2450; 141000, .13 0000, 28 '
es.

.,-

..
I

te

s

t

/ ..

1,

.-

. 0

19 ,

..

t
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Module No: .-

. Approx. Time:

,1 'hour

Module Title:

. Advanced Mathematics

Title:
I

EVALUATION

Objectives:

Given logarithm tables the learner 11' demonstrate the
the answers` to 6 out'of 8 problemt related to

a. Use of logarithril tables

'b. Geometric mean Im

.1. Find the log.of 154.0

a. 2.18752

b. 2.06070

C. 3.18752

d. 1.0670 - 10

. Find the log,of
,

16.30

a. 1.06446

b. 1.21219

c. 1.21219 - 10

d: 2.21219

3. rind the log of .0000388
.7,

a. 7:9,41.6S1 f0

b . 6.58883 - 10

c. 4.58883 - 10

,d. 5.58883 10

2 (J

ability

dr

-y

to determine correctly

t

;';,
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A
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4. 'rind thei.anti=log:of 971933 - 10

a. .0514
t

b. .514

c. 5.14

d. .821

t'

5. Lab results on fecal coliform are month

Jin. 3,850,000

Feb. 2,660,000

_March 550,000

I

Calculate the geometreid mean for that quarter

4

a. 550%000

b. 2,350,`000

v. 1,780,000
.04

d. 2,660,000

6. Lab results- on fecal coliform are 450, 650, 215, 238, 685, 65, 985

Calculate the geometric mean of the above series of numbers

a.- 65.0

b. 469:7

c. 351.0

d. 985.0

7. Fecal .coliform results indidate

1. 92,000,000

2./ 106,0100 pa°
,,,,,

3. 152,000,000

4. 152,000,000

O

,

I *,
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Calculate geometric me, n

a. 92,000,000'

b. -125,500,000 .

52,000,000.

d:. 122,000,000

8. Find the apti-log of 2.69461

a. 49.5

b. 495

"c: 4950

d. 429 75

2 2,
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Module Nti: Tdpic:,

Evaluation
0

Instritttor Notes:

1, Handout-

Answers.._

1. a

2. b

3. d

4. a-

c

6.

d

8. b 4

N\

L

Instructor Outline:
,

Al=1111.,
. Give 10 evaluation problems.

Air

3

23

4 .
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Common logarithms of numbers

'Page .22 of 65

N.
,

L. 0 . 1

t
2

471

3' 4 5
.

6 7 8
.

10

11

12
13

.14

.15

16

17
18

;' 19

00 000 00 432

(

00 860 01 284 Of 703 02 119 02 631 02 938 03 342 03 743

04 139
07.918
II 394

li 613
17 609

'20.412

23 045
25 527
27 875

04 632
08 279
11 727

14 922
17 898
20 683

23 300
25768
28 103

04 922
08 636
12.057

15 229
18 184
.20 952

23 553
26 007
28 330

05
08

12

15

18
21

23
26
28

308
991
385

534
469
219'

805
245
536

05 690
09'342
12 710

.:
15 836
18 752
21 484'

24 055
26 482
2% 780

06
09
13

16

19
21

24
20
29

070
691
033

137

033
748

304
717
003

08
10
-13

16
19

.22

24
26
29

446
037
354

435
312
011

651
951
226

06 819
'10 380

.13 672

16.7a2
19 590
22 272

24 797
27 184
29 447

07.188. 07 638
10 721 v11 059
13 988 ,14 30

17 028 31
19 868 1 1

22 531 22 7

25 042 25,285
27 416 27 %46

29 667 -29 885

'20 30 103 30 320 30 535 30 7,50 30 9G3 31 175- 31 387 ''31 597 31 806 32'618

21 32 222 32 428 32 634 32 838 33 011 33'244 33 445 33 646 33 848 314 044
22 34 242 st 439 34 G35 34 830 35 025 .35 218 35.411 35 603 35 793 36 964
23 36 173 36 361., 36 549 36 736 36 922 37 107 37 291' 37 475. 37 658 37 840

24 38
___

021-38 202 -38 382 38 561 38 739 38 917 39 094 '39 270 39 443 ,39
23 39 794 39 967 40 140 40 312 40 483 40 654 40824 40 993 41 162 41
26 41 497* 41 664 41'830 41 996 4Z 160 42 325 42 488 42 651 42 813 42 5

27 43 136 43 297 43 457 3 GIG 43 775 43 931 44 091 44 248 44 404 44
28 44 716 44 871 45 025 45°179 45 332 45 484 45 637 45 788 45 939 46 090
29 46 240 46 389 46 538 46 687 413 835 16 982 47 129 47 276 47 422 47 567

47

,

712 47 857 48 001 AS 144 48 287 48 430 43 572 48 714 48 855 99830

31 49 136 49 276 49 415 49 554 49 693 49 831 49-969,50 106 50 243 50 379
32 50 515 50 651 050 786 50 920 51 0.55 -51 188 .51 322 -51 455 .51 587 51 720
33 31 851 51 983 -52 114 52 244 52 375 52 504 52 634 52 763 52 892 53 020C'

34 53 148 53 275, 53 403 53 529 63 656 33 782 53 908 64 033 64 158 54 283
35 54 407 54 531 54 654 64.777 54 900 55 023 55 145 55 267 65 388 65 609
36 55 630 55 751 55 871'65 991 .56 110 56 229- 56 348 56 467 66 585 ,58 703

.

0 37 56 820 58 937: 57 054 57 171 57 287 57 403 57 519 67 634 57 749 57 864
38< 57 978 58 002 58 206 58 320 58 433 38 546 58 659 58 771 58 883 58 996
39 59 106 59 218 51 329 69 439 59 550 i9 660 59 770 59 879 59 988 60 097

40 GO 206 60.314 60 423 60 531 60 638 60 746 60 853 60 939 61'066 61172

41 '61 278 61 384 61 490 61 595 61 700 61 806 909 -62 014 62 118 62 221
42 62 325 62 428 62 531 62 634 62 737 62 839 62 941 63 043 63 144 63 248
43 63 347 63 448 63 548 63 649 63 749 63 849 63 949 64 048 64147

. .

84 246

,',44 64 345 64 444 64 542 64 640° 64 738- 64 836 64 933 65 031 65 128 65 225
- 45 65 321 65 418 65 514 65 610 65 706 65 801 65 896 65 992 66 087 66 181

46 66 278 66 370 66 464 66 558 66 652 66 745 66 839 66 932 67 025 67 117

47' 67 210 67 302 67 394 67 486 67 578 67 66) 17 761 67 852 67143 68 034.
48 68 124 68 215 68 305 68 395 68 485 68 574 68 664 68 753 842-68 931

-49 69 020 69 108 69 197 69 285 69 373 60 461 69 548 69 638 6 723 69 810

50 69 891 69 984 70 070 70 157 70 2'43 70 329 70 415 70 601 0,586 70 6720

N. L. 0 1 .2 3 4 5 6

, TM.45-236
War Department July 10, 1940

4

ti

2 4



Common logarithms of numbers--
4

N.
.

t. 0 1, 2 3 4

- ,

5 16 7 8 9

AS 89 897 89 984 70 070 70 157 .70 243 70 329. 70 415:2761501 70 686 70 672

51 70 757 70 842 70 927 .71-012 71 006 71,181 71 285 71 349eI1 433 71 517.
62 71 800 -I1- 684-111 67 71 8..9. 71.933 72 018 72 099 72 181 72 263. 72 348
63 72 428 72 504 72 591 72 673 72 754' 72 835 72 918 72 947 :73 078 73 159

64 73 239 73 320' 73 400, 73 480 73 680 .76640 73 719 73 799 73 878 73 957
B5 74 038 74 115 74 194 1 74 273 74.851 74 429 14,507 74 586 74 663 74 741
68 74 819 74 896 74 974 76 081 76 128 76 206 76 282 76 358 76 436 76 511

-It-- -75 -887-75-864-75-740' 75 81.5 76 891
-- -

76 987 78 042 76 118 78 193 78 268
68 78 343 78 418 78 492 76'667. 78 641 78 718 76 790 7.6 864 78 938 77 012
69 77 085 77 159 77 232 '77 306 77 379 77 452 77 525 77 577 77 870 77 743

60 77 815 77 887 77 P60 78 032 78 104 78 178 78 247 78 319 78 390 78 462

61 78 533 78 604 78 876 78 746 78 817 78 888 78 958 79 029 79 099 79 189
62, 79 239 79 809 79,379 79 449 79 618 79 688 79 857 79 727 79 796 79 865
63 79 934 80 003 80 072 80 140 80 209 80 277 '80 348,80 414 80 482 80.550.,
64 80 818 80-688 80 754 80 821' 84.889 80 958 81 023 ,81 090 81 158 81 224
.65 81 291 81 358 81 425 81 491 81 558 81 624 81 690'81 757 81 823 81 889
88 81 954 82 020 82 086 82 161 82 217 82 282 82 347 82 413 82 478 82 543

67 82 607 82 672 82 737 82 802 82 888 82'930 82 995 83 059 83 123 83 187
68 83 251 83'316 83 378 83 442 83 506 83 569 .83 632 83 896 83 769 83 822
89 83 886- 83 918 84 011 84 073 84 136 84 198 84 261 84 323 184 386 84 448

71 84 510 84 472 84 634 '84.098 84 757 .84 819 84 880 84 942 85 003 85 066

71 85 126 85 187 85 248 85 309 85 370 85 431 85 491 85 552 85 812 85 873
72 85 733 85 794 /85 854 85 914 85974 88,034 88 094 153 88 21a 88 273
73 88 332 88 392 88 451 88 510 88 570

.88

88 629 88 888 88 747 88 808 88 884

74 86 923 88 962 871040 87 069 87 157 87 216 '87 274 87 332 87 390 87 448
76, 87 506 87 564 87/822 .871679 87 737 87 796,',87 852 87 910 87 967 8& 024

. 76P 88 081 88 138 88 195 88 252 88 309 88 368' :: 423 88 480 x 638 88-593
...

.

77 88_649 88 705 88 762 88 818 88 874 88 930, 88 988. 89 042 -89 098 89 154
78' 89'2M 89 265 89 321 89 378 89 432 89 4874 89 542 89 597 89 653 89 708
79 89 763 89 818 89 873

.
89 927 89 982 90 037, pp 091 90 146 .90280 90 255

81 90 309 90 363 90 417 90 472 90 526 90 &343 90 634 90 687 90 741 90 795

81 90 849 90 002 90 958 91 009 91 082 91 116 91 189 91 222 91 276 91 328
82 01 381 91,434, 91 487 91 840 91.593. 91'645 91 898 91 761 91 803 91 856
83 91.908 91 960 92 012 62 066 62 117

.

92 189 92 221 92 273, 92 324 92 376
,

84- 92 428 92 480 92 631 92 683 92 634 62 886 '92 737 92 788 wpo 62 891
86 62 942 92993O442 93 095;913 146 93 197 93 247 93 298 93 349 93 399
86 93 450 93 500 93 551 93 601 93 651 93 702 93 752 93 802 93 852-93903

87 93 952 94 002 94 062 94.101 -91 151 91 201 94 260 91 300 91 349 94 399
:-: 94 448 94 498 94 547 94 698 94 645, 94 694 94 743. 94 792 94 841 94 890
89 94 939 94 988" 95 036' 95 .085,045 134 95 182 95/231 95 279 95 328 95 376.

'90 ' 95 424 95 472 95 621 95 569 95 617 95 665 95 713 95 7695 800 05 856

91 96 964 95 952 95 999- 98 047 -98 095 98 142 98 190 98 237- 98 284 98 332
oz 96 379 96:426 98 473 98 620 98 667

'98
98 614.98 661-98 708 98 755 98 802

93 848 98 895 98. 942 96988 97 036 97 081. 97 128 97 174 97 220 97 287

94 97 313 97,359 97 405 97 451 97 497 97 543 97 584 97 635 97 681 97 727'
-96 97 772 974318,97 884 97 909 97 955 98 If', 98 046 98 091.-98 137 98 182 .)

,96 98 227 98,272 98 318 98 383 98 408-
%.

08 40C N 198 981 643 98 tes 98 83'2

97: 98 677 96 772. 98 767 98 811 98 858 98-900 98 945 98 989 99 034 99 078
98 99 123- 89.167 99 211 99 256 99 300 99 344 99 388 99 432 99478 99 vi)
99 99.'564 99 607 (941661 99 695 99 739 99 782 91 826 99 870 99.913 3:99 967

14- 00 000. 00.043 .00 087 00 130 '00 173
- . -

00 217 00 260 00 303 00 348 '00 389

.....-........-...
.

.

N. L. 0 1 -- ; 3 4 5 6 7 8' 9

25
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Pa9e 24 of, as
Module No:

z .

,
-.Submodul
.

Module Title:,
- - ..

s

Advanced Maihematics .

-
Ti tle: . #

.
Total -ea ci . .

.

Approx. l',i pie
.

..
,

1 hour
p

,

.Topic: i
.4. .

.

: Conversi on ...
.

..Objectives: .
The learnqr wilt "demonstrate the ability convert: ,-'--. - .)- ...,v:-

. ..
'1. The height bf a water,column from feet to pounds per square inch, (psi)-
2., Convert pounds per square inch (1:1,i) to feet. -

. . .

- ..
,

. 4 .

.

.

.

_

..

Instructional Aids: 6 . .
.

.

--..---6
,

a..handout ..,

AV (Overhead transparency) =144 _

..
--. gr . ..

.

. ,

. ,

Instructional .App roa ch :
-

.

,
, . .

Discussion ' { r
' .

Demonstration . : ,
.

..
.

.
Exercise .

. . . . 4 ,
._... ,. i .

.,

..

A

...

-

p

References: .
.

-., . , . ,, .

Manqal of Water_ Utility Openati oe, Texas 'Water Utilities Association..

Mathematics for Water and Wastewater,= Treatment Plant OperatorS, Kirkpatrick,,
An- ri Arbor Science, , ,

.,.
. ..

40

.-.

.

Class ASsignments:-
.

,4 ,
Given 10 exercise problems e solved.

.
.%

. .A.- . .

.
-2 . ,6

,,,,

..
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Module No;

Instructor Notes:

Ott

41.

$

Topic:

Conversion

InstruCtor Outline:

O

1.' Discuss/demonstrate how one converts feet to
-PSI by using the formula:

PSI = feet x 0.433

PSI = Pounds/square inch

eet - Height of water column,

2. Discuss/demon§trate how one converts PSI to
feet by using the formula:

a. Feet = PSI

'0.431

Feet, Height of watergolumn

PSI = Pounds/square inch

b. Filet = PSI x 2.31

( Feet =..ight of water column

PSI = Pounds/square inch

.
0
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TOTAL HEAD

A. P
tressure

-

Force and pressure are sometimes used interchangeably.' The definitidi
of FORCE is the weight of the liquid while PRESSURE is the 'force applied
to a Mt area.- Since liquids are acted upon by the grbvitatiOnal pull
(fore)e) then it also can exert a pressure..

From the definition of pressure the formula is

-P = 4 P:= Pressure/lbs/in2
A

W = Height --lbs:

Example

A = Area - in2.-

,N;4`

A weight of 3,000 lbs. is placed on a surface are7a-of 300 square inches.
Calculate the pressure exerted by the we' ight /

Solution

P = W

3,Q00 lbs.
300 in2

= 10 lbs/in2

Pressure exerted by a liquid column.

s.;

A container shaving inside dimensions of one inch by one inch by one foot
depth exactly will hold /433 lbs. of water.

Thi cart` provide the raAtht water with a depth or height of one foot
wil, exert a pressure of .433 lbs/in2 If the column of water was more .

lir One foot high, then the formula to use is.

= H x 0.433 P =Pressure in lbs /in2

H = Height in feet

Example c;-
. -

. I

A water tower is 100 feet high, Calculate the pressure exerted by. the
water.

,

,

23
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P,. 0 0.433

= 100x 0.433'

. = 43.3 lbs/in2

By revising the formula to

P H x 0.433

= P
0.433

If the pressur

Then H = P

N..

0.433

2.31 ft.

xerted is 1 lbs/in2

4

Page 27 of' 65.

This means that to exert 1 lb/in2 of prelsUre a column of Water has _a
height or depth of 2.31 feet. A

To convert pressure to height use the formula

a. li =1 PSI

0.433

or

b. H = PSI x 2.31

Example

7 A
A gauge at the bottom of a tank reads 16 PO,(G)N.Calcul,aie,the depth o
water in the tank.

SOlution

H = PSI x ?.31

= "16 x2,31

.= 36.96 ft.
,
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In the field of water and wastewater technology the greatest area. of Use
of pressure is when there is movement of liquids from one point to
another. To accomplish -this movement one must take into account the

a. Height the liquid. i's moved to

o

b. The pressure exerted by the weight of the liquid

c. The velocity the liquid is movimg:at

d. The "head," losses dile to

1. Friction of pipe and 'liquid

2. Change insizes of pipe

3. Bends, valves and other' pipe appertenances

By .combining all the factors that the movement of liquid has to overcome,
the term TOTAL DYNAMIC HEAD or TOTAL HEAD is determined. Total dynamic
head (TDH) is .reported in feet. Tillf)is the amount of pressure that has
to be overcome to be able to cause movement of iquid'from one point to
another.

Exercise

The gaUge--at the discharge line of a:pump indicates a reading of 125 .PSI.
What is the discharge head?

Solution

H = Pressure x 2.31

= 125 x 2.31 -,'
O

= 288.75 feet

r

Exercise '71

1. What is thpressure.at the bottom of a tank with an area of 185
Square inches, that contains 16,650 lbs.. of Ater.

2. water 'column with a radius of 10 ft. is. fi I led with water. The
. 'pressure indicator shows' 100 PSI:- CalEulate the height of the

' . water column. .

''' ,. , ....

3. What is the pressure applied on tile' bottom of a rectangular tank
. 10 ft. length, 5" ft. width and 4 ft. deep. '.

0

3 0
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1M

4. A water line in a tower i s, 125 ft. high. Calculate the pressure exerted
by the water at the base of the tower._

,

5. The discharge gauge on a pump indicates 23 PSI. Calculate the head.against the pump.

6. What is the gauge pressure under 5 water..

7. Calculate the head equivalent to 60.1351..

8. .A water tower& 110 ft. contains 1.8 MG.
exerted by theweight of the water:

%.9.,If the pressure in a water main is 70
loss in water pressure to a faucet 28

'10. If the pressure in a water main its 65
pressure that could occur at -a fautet
static head is 'being sought).

.1

Calculate the pressitisre

PSI, cal ciiate, the minimum
ft. above the main.

PSI, calculate the Avimum
50 ft. above the l'i\pnl'y

\

J.
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Module t16:

App- 'x. Time:

1h

Module Title: '-

Advanced Mathematics

Submodule

Steady Flow in a PT±e

Topic:

Steady Flow

Objecti

The leal4ner will demonstrate the abilitY,4Ccalculate
117-tough.

.

1. A single size. (di'ame e

2. DiYferentiosizes (diameter

/ -

pipe, rte,cAd.

the steady flow of water

lei

Instrucponal Aids:

Handouts

4kv(overhead transparency)

Instructional Approach:

Distussion

Demonstration
Exercise .

References:

Manual of Water

Mathematics for
Ann Arbor Scien

.

Utility Operations, Texas Water Utilities Association.

Water and Wastewater Treatment Plant Operators, Kirkpatrick,
ce.

Clas3 Assignments:

Give 8 exercise problems to be solved.

ft
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;

Module Ho:

Instructor Notes:

. Give

N.

Q is in cubic fee/sec.

A is in square feet

V is in feet4sec.,

alb

Qi is incubic/sdo.

Q2

Topic: e_

Steady. Flow

Al is in sq are_ teet

vi is-in fee /sec.

A2 is in squa a feet

V2 i5' in feet/ ec.

Refer .td-Module 4o:

SubmodUle Ti tle fumes
Topic cylinders,

r

Page 31_ of 65P.

Instructor Outline:"

1. Discuss/demonstrate how one calculates the
steady flow in a ,single sized pipe using
the- formula:

.Q= AV

Q = The floW .rate

A = Cross sectional area of the pipe

-

V = Velocity of the water moving through
the pipe f .

2. Discuss/demonstrate how one calculates the
steady flow j.11 different size pipe
connected to each other using the formula:

Q1 ' Al Vl.

and:

Q2 = _A2 V1

Since Qi =

Then

Al V1 = A;z. Vi

Ql = Flow rate in pipe (1)

'Q2 7 Flow rate in pipe (2)

Al = Cross sectional area of pipe -(1)

V1 = Velocity of water through pipe (1)
.

'\12 = Cross section of area of pipe (2)

V2 . Velocity of water thAugh pipe (2)

t ti

3. Gi 3 exercise problems

a,



STEADY FLOW IN'A PIPE

1.111V flow rate of a liqui

Q =

Q = Flow rate

Page 32 of 65 .

be determined using the fAmula

(

A = Wetted cross sectional area of the pipe

V = The' vel oci ty of the 1 lid
,

NOTE: IF THE PIPE IS FULL

IMF

THAN .IT. IS SIMPLE TO DETERMINE TH WETTEDCROSS SECTIONAL AREA.' BUT IF THE PIPE IS PARTIALLY FULL TO CALL ATE THEWETTED CROSS SECTIONAL AREA IS BEYOND THE SCOPE OF THIS.MODULE PECIALLYIF THE PIPE IS CIRCULAR;

'Example. I

Calculate .the flow 'rate 12 inch main' if the velocity is 4"feet per s\ec.

Solution

.Q = AV

a. A = .78g x D2

= .785 x 12 x 12

= 113.04 square' inches

b. Convert 113.04 sq. in. to sq.. ft.

= 113.04
114

785 sq. ft.

c. Q = AV,

= .785 ft2 x 4 ft./sec.

= 3.14 ft3/sec.

d. If Q is required in gallons then convert 'f't /.sec. to GPS

= 3.14' x 7.48

= 23.5 GPS `4*

N

341

f.
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d.
'0

7 1.

1---1na piping Syitem there may very well be different ;tize

Example
. .

t f,
.,

An 8" main is connected to a-6" main. This will evokethe,continuity
.4rinciple. P -

,

i

,
.

e continuity principle states. that a volume of.liquid entering the pipe
t one end per unit time, must leave the other end-in the sa unit ,time.
f this principle did not apply then if less Tiquid leaves t pipe than

etAers'it, the volume will build up sp,will the'pressure.(liq Ifs arenon-
,cpmpressable) and the pipe may break, or if more liquid leavek e pipe
than enters it', the pipe will eventually empty.' .

\

Assuming that a series of pipes are connected.then from the con
t

ti *
principle:

Q1 = Q2 = Q3 =

Where (Q) is the flow rate from each pipe.

Substituting for

Ql = Al V1

Q2 = A2 V2

Q3 = A3 V3

Q4 F A4 Y4'

Therefore

Al VI= A2 V:63 V3 =A4 V4

Since the cross sectional area is changed then the velocity has to,change.

Example

Two pipes one 4 inches in diameter, the second 6 inchls in diameter are °

connected. The flow is from the 4 inch to the 6 inch pipe and the velocity
is 8 ft/sec. in the 4 inch pipe. Calculate the velocity through the 6 inch
pipe.. , . ,

4

3,Solution

Al V1 =.A2 V2

Since V2 is the unknovfii then

V2 = Vl
A2.

35

d.
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V2 .785 I; 012 x V1

.785 x p2
2

The .785 canceuti

Then

V2 = 4 in. x'4.in. x 8 ft/sec.
6,1n. .x 6 in.

V2 = 3.5 ft/sec.

.Exercise

...

A 12" main flowing full with a velocity of 6 ft /sec.,'what is the4volume
of water delivered in 10 hrs.

, .(
.

. .., ,

.

.

1--2-. An 8" sewer line flowing full with a velocity of 2 ft/sec. Calculate
the rate- of flow, . ,

3. A 6" sewer life flowing half full, with a velocity of 2.3 ft/ec.,
,calculate the 'rate of f) ow.

4. -Two.-connected water mains, the input qind is*6 inches and the output
line is 8 inches. The velocity of the liquid in the input line is
10 ft/sec.

*
a. Calculate the rate of flow through the system.

b. Calculate the'velocity at the output end:

-.5. 'A horizontal section of pipe has two dimeters% The first is 8 inches
and the second 12 'inches. If the flow rate is 80 ft3/sec. calculate

.a.. Velocity in the'8" diameter pipe. f ,

b. Velocity in the 12"diameter pipe

6. An 18" main flowing full with a 4elocity of 8 ft/sect is;cachnected to
two 8" mains. Each 8" main. receives equal .vcilume of flow. Calculate
the velocity in the 8" maiti.

7. A pressure sewer line 6" in,diametei.gdelivers, a volume of 380,0010alions
per day. Calculate the velocity.

,
.) I

a
8. Calculate the average velocity in a. grit chamber-4(ft: long x 2,ftt wide

x 181! water depth if the flow rate is 1.9 MGD..- _

36'
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Approx. Tir.V.

3 hours

Objectives:

Module Title:

.Advanced MafhematicS

Submodule. Title:

Flow Measurement

-

Page 35 6f, 65

flow Measurement
ev,0WilebrR.

The learner will demonstrate the ability to calculate the flow of water using the
equation of:

1. A venuri meter
2. ,A suppressed rectangular weir
3. A v-notch (900) weir

Instructional Aids:.

Handout
AV (overhead transparency)

Instructional Approach:

Discussion
Demonstration
Exercise

References:

sl-criTC.,0.
Manual of Wafer Utility,Operations, Te'xas Water Utilities Association.

d

Mathematics for Water and Wastewater freatment Plant Operators, Kirkpatrick,
Ann Arbor Science.

-*7111,10
Class Assigfiments:.

Given 1 I exercise problems to be solved.

37
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Module No: Topic:

Flow Measurement

Instructor Notes:

Handout

..11\) . .

.0.110.7%.,p17rell.117/

Of.

Pi is in PSI'

im PSI

W of water is 62.4 Wift 3

Refer to Module No.
Submodule Title areas'
TopiO circle

.Refer to Module No.

` Submodule Title Statistics
Topic Geometric Mean

-

Q is An cubic feetsec.

L is in feet

H ig-i4 feet

Instructor Outline:

1. DiscuSs/demonstrate.how one calculates the
flout of water using the formula of a
venturi meter.

Q = A1 x A2

\ffk1)2 -,(A

Q = Flow rate

x (Pi P2)\,

Al -4 The cross sectional area of the discharq
end of the meter _ ,

A2 = The cross sectional area of the throat
of the meter

g = The grakitational pull of 32 ft./sec.2

= The pressure gauge reading on the
the discharge end of the meter

P2 = The pressure gauge reading on the taruat
of theometer.

W = Specific weioht of the liquid being
pumped x

N'

2. Discuss/demonstrate how one calculates the

flow of water using the formula of a
suppressed-rectangular weir neglecting
velocity.

.Q = 3.33 L x-H 3/2

353

Q =-Flow rate

L Length of weir crest

H 4: Head on weir crest
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Module Ho: A .Topic;

Flow Measurement

Instructor ktes:

.1121., ......rye...1

.1') is in cubic feet/sec.

H is in flet

ti

.0

6

Instructor"Outlirie:

3. Discuss/demonstrate how one calculates the
flow' of water using the formula of .a 900
V notch weir neglectirig velocity.

'fl= 2.49'x H 2: 48
6

Q. Flaw rate -

'H = Head on weir crest.

4. Discuss/demonstrAe the use of nanograms

0

4

. 39-
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..,_ .
VENTURI METER- .

The -venturi meter operates on the fdea,of the continuity principle which
says. that changing the pipe size_ will change the velocity. When thevelocity changes so does the pressure exerted by the liquid. The ratioand proportion is redicing the cross ,,area of the pipe increases the
velocity and reduces the presAre-.

The formula to.use in determining .the flow rate.10 using a venturi meter is
Q Al x A2

if(k)1 (A2)2' x142.-; (pl p2)

Q = Flow rate in ft3/sec.
,

Al- = Area of large diameter pipe
,..

A2 = Area of small eameter pipe (throa-0)
. .

g =The gravitational pull 32 ft.Jsec.2

-W = The specific wei gh of 'thi:3 iquld (water is 62.4 lbrift.3)
,. .

,
P1 = The press ure at large di ameter pipe .in PSI '.

..P2 = The pressure,at small' diameter pipe in PSI4.

.--rr.

5*

.4 .
'') . .- ..-

,
.. . ..

Elample ,
446

1 -. ..., Kt .
4..

AlA venturi meter hat' an input diameter- of 64 inches and a throat of 31 inches.
The input pressure (P1) is 9 PSI and the throat 'Pressure tpa,) is-5 PSI.,
Calculata.the rate of film. ., . 4 ' .. A A^

Solution 'a, -&- '. t, 0

Tcf be abletto use the. _fOrmtil

S.

.

. .

,
4
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= Al x A2

V(A1)2 (A2)2

First determine Al

Second determine A2

Ai= .785 x

,..785 x (6)2

= 28.26 sq,
.

= 28.26 = 0.196 sq. ft,
144 .

A2= .4785 x D2

= .785 x (3)2

= 7.065 sq. inches

7.065 = .0.049 sq. ft.
144

x A2*

1/(AlY- (A2)2
.

0.196 4.2 .049 ft.2

1 P2)

-V(0.196 ft.2) - (.049 ft:2)2.

=13)1 ft.4

J.89 ft.2

.05 ft.2

VIP (P1 P2)

x 32 ft/sec. 14s.ting
64 lbs/ft.3-

14.14 ft2
r sec.z x ink

, s

41
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= 2.05 ft2

Sec. x in.

Since 1 ft. = 12 in.

Therefore

2.05 ft. x 12 in.
Sec. x in.

do= 24.6 ft./sec.

Q Ai x A2

V(A1)4 (A2)

= 0.05 ft.2 x 24.6 ft

= 1.23 ft3/sec.

NOTE! Since Al, A2,
unit, one can obtain
formul4

Q= k 0.1 P2

Example

(

/sec.

- P2)

g & W are constant
a constant;00 and

for that
when the

particular yenturi meter,
pressures Change'use the

Using the problem from the ,previous example (large diameter 6 inches, throat.3 inches, P1 - 9 PSI, P2 - 5 PSI) determine the rate, of flow wheh$

P1= 11 PSI

5 PSI

b. P1 =8

P2 = 3

Solution

44- Q Al x A2

vi(A1)4 - (A2)2

or Q = kiPi - P2

P2)

'it()
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k = Ai x `A2
x tirk

If(Ai)2 - (A2)2 W

= .196 ft2 x .049 ft2

/(.195 ft2)2 - (2049 ft2 )2.

,k = .036 ft3/sec.

Now

1. P1= 11

P2 = 5

Q =.k x - P2

= .036 ft3/sec. 1/11 - 5

= .036 ft 3/sec. x 2.45

= 1.56 ft3/seti.

2. P
1

8

P2 3

Q k x %/Pi - P2

= .036 xV8 - 3

1.43 ft3/sec.

Exercise

x/64 ft/sec. 2

62.4 lbs/ft3

1. A venturi meter is inserted into horiztifital section of water line whoseentrance is inches.' t flow rate of water if the throatdiameter is .12 inches. The d ference in pressures is 30 PSI.
(2. In Problem No-. 1if the pressure diffAnce in PSI at

8:00 a.m. = 15

10:00 a.m. = 25

11:00 a.m. = 20

12:00 noon = 22 .

Calculate the flow rates at,the different hours

t 43
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e,

WEIRS ,
4

The shapes, and types of- weir§ are numerous. The most typical ones are

a.. Rectangular wei rs with no -end cont-raCti Th-e formula

Q = L x H3/2..

.0 = Flow rate in, CFS

.>

. L = Effecti ve,wi dth of the wei r,in

H = Head in ft.

P. 'Rectangular wei rs with end contractions. The formula is

Q = 3.33 x L x N3/2 - 0.66 H5/2

6.

Maximum. Level

o

- .

L at least 3H"'

X at least 2Hthax

L

MOO

) '

RECTANGULAR WEIR

C.

se

4(l
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c.1 Cipolletti weir. The formula is

Q= 3.367 x L x H312

Q = Flow rate in CFS

L = Length of the weir opening at the base in ft.

H = Measured head i,n ft.

.
.

Maximum Level'

4

4

CIPOLLETTI WEIR

I

,
. 45

a

.04

a

44

C

st

.. 4

4.

S

4
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-

(

. Triangular weirs. :
c

The most tonvonly used angle,
The.formula to use with a 90°

fore the v-notch weirs being 90° and 60°.
v- notch weir with no end contraction is

iot
Q = 2.49 x H5/2

Q = Flow rate in CFS

H-= Head i.n ft;

e. 90° v-notch weir with end contraction.

Q= 2.4381 x, H5/2 ..

4

c

Is

K

8
(

...Maximum Level

.4.

The formula is

v.

."--rx, A.

,. TRAINGULAR
or

V-NOTCH WEIR

'46
4,
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In calculating for -flow rates (Q) usirig.any of the formulas g ven, the useof logarithm tables is extremely helpfUl in determining the v lue for H3/2.This is accomplished by

a. Fin,ding the logarithm of H

b. Multiplying by 3or 5 depending on the formula

c. Dividing by 2
4.

d: Find the anti-log of the result remember that
Extmple

g

Calculate the flow.rate using a cipolTeti weir. If-the length of ,opening atthe b6se is 3 ft. and the water height (head) over the weir is 4 Inches.
Solution,

Q= 3.367 x L x H312

First determine H312'

a... 'Log of H = 0.60206

b. Log of H x 3 = 1.80618

c. Log ofH x 3'4; 2 = .9,0309

d.. Anti-log 6f .90309 = 8 inches

be in ft.

e. Change inches to ft =. 8 4: 12 = 0.67 ft.

Therefore
- ,

Q = 3.367 x 3 x .67 ft..

= 6.77 CFS

4 7 ,

a
ro



4.

Page 46 of 65

NAN6GRAMS
r

N6nograms are graphs designed to simplify deterMingiiono values..
. .

A three column nanogram is used by joining with: a0ine two known values, thethird value is at the intersection-of the-column and the line.

Two column nanograms are used by drawing a perpendicular: line from the columnof the unknown value to the column of the unknown value. The intersectionis the sought value..
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I

7

Exercise

1. Calculate the flovi rate using a 90 °'v -notch weir wi ,contracted ends
if the 19...vel of water over*the.weir i

a. 3.8 inches

b. 5.2 inches

c. 1.5 inches
.

2.- Using a nanogram determine the flow rate for a 60° v-notch, weir if thehead,is' lov

a. 7 inches'

b. 1.5 inches

c. 1 foot

3. Deteratne the flow rate in a channel using a cipolleti weir. GiVen:
e-

lengthof.weir opening at base:

b. 1.5 feet headrZI tt. length of weir opening glt base.c

a. inches head, 2 ft.

..
G.- 21,inches tea-4; 4 it..length o?.9.wetr opening at base.,"._

4 1Y.
3

ch,'
.

\-'t,-

.. ...

.,... Q .
,=.. .

., -.

O *Ii1

ti 4.



Module No:

Approx. Tice:

3 hours

Objectives:

Module Title:

Advanced Mathematics

Submodule Title:.

oe--

Pap. 49 of 65.

W......*1
Pump' and Motor Power and Efficiency

Topic:

Pump.and Motor Power and Efficiency

The learner will demonstrate the ability -to:

1. Identify the data obtained from a given pump cure
Calculate the work horsepower (WHP) of a pump needd to deliver a'voluine of
water.,

*3 Calculate'the brake horsepower (bhp) of a pump need &d to delivo.ra volume of
water. :

4: Calculate-motor power input needed to deliver a volume of water using a

specified pump.

4
'

5. Cost of pumping a volume of water.

Instructional Aids/.

Handout
AV (overhead trahsparenCy)

SP

Instructional Approach:

Oi'scussion

Demonstration
Exercise

References:

Manual of letter btij4ty Operations, Texas Water Utilities Association.

= :

w...'. vW....Wwww

9 ---- .

Mathematics forVater.and.Wastewater Treatment Plant Operators, KirkpAriCk,
Ann. Arbor Science.

Class Ass'ignments:

Giyen 46 exercise problems to be solved.

F
51
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.Module No:

O

: Topic:

Power Efficiency

. Page 50 of 65_

Instructor Notes: Instructor Outline:

F..a.rlmaPoo........wo

Pe is in decimal

rwmft.w.sr.--.'".-
.

Discuss/demonstrate how,one
e

can obtain
specific data.such as
N\r.

a. TDA = Total head
b. \GPM = Gallons per minute
c.. BHP = Brake horsepower
d. EfficiencY,

. Discuss/demonstrate-how one calculates the
work horsepower'(WHP) of a pump using the .

formula:

WHP = Q x TDH x Sp. Gr.
36,0

WHP = Work horsepower

Q = Flow' rate in GPM.

TDH = Total head against pump

Sp. Gr. = Specific, gravity of liquidbng
pumked..

Discuss/demonstrate how one calculates the
brake ho'rsepower (bhp) of a pump using the.
formula:

o
a. -bhp = 0,X Tafx Sp. Ar.

3960 Pe

bhp = Br4ke hOrsepowen.

Q = Flow rate in GPM

TDH - Total head ag-ainst pump

Sp. -Gr. = Spcific gravity Of-liqUid
being pumped.

,Pump efficiency



Module No:

Page _it_ of fa_

Topic:

Power Efficiency

Instructor -Notes; -Instructor Outline:

".

All.

in. decimal %

Me is.in decimal %

Me is in deciTal .%

411

At=

t

ti

b. bhp = whp
Pe

bhp = Brake horsepower

wph = Work horsepower'

Pe = Pump efficienc./\y

4. 'Discuss/demonstrate how one calculates the
motor (power) input'using the formula::

a. MPi = Qx TDH x Sp4 Gr.

.190 x Pe x Me

Mpi = Motor. power input

Q = Flow rate in GPM

TDH Total head against pump

Sp. Gr. = Specific gravity of liqu;u
being pumped

Pe. = Pump efficiency

Me = Motor efficiency,

b., Mpi, = 'bhp,
t Me

Mpi = Motor power input.

bhp
,.

= Brake" horsepower

-
Me =Motor efficiency.

53
M*
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Module No: Tbpic:

Power Efficiency '

Instructor Notes:

TRH is in ft.

Pe is in decimal %

Me is in

INA

Instructor' Outl the:

5: Discuss /demonstrate how'one calculates the
cost.of pumping using the formula:

a. bwh/1000 gal.= TC6,x 0.00314
Pe x Me

4`

'bwh/1000 gal. = Kilowatts. per 1000 gallons
of-water pumped

4

TDH = Total head

Pe = Pump efficiency

Me = Motor efficiency

b. kwh = 1000 W. =

C.

-Kw Input to motor x
.

Q g

bwh/1000 gal. = Kilowatts per 1000 gallons
'of water pumped .

kw input a motor= power inlilowatts *

that the motor draws

Q = Flow rate or GPM

'41
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. Pumps and 'Motor

What makes water be transferred from
driven by a motor.

tl'he size of pump and motor depend on

a. The volume of-water needed
b. The total head

Most'manufacturers provide a. pump curve.

Usual information obtained from pump curves are

a. Total.head
b. . Volume in GPM-
c. Efficiency of the pump under the head and GPM load.
d. Brake horsepower .

Use of Pump Curve :,

By knowing the total head the Pump has to work against, draw a horizontal
line to meet the curve. At the intersection of line and curve draw a
perpendicUlar line to meet the,(X) axis or the GPM axis. Read the GPM.
It is important to remember that pumps operate best atthiir peak efficiency
abOut 80 - 85% even though they may not be pumping the maximum GPM.

.
.e '

rt
1/4.

. .

one point to another is'usually a pump

Refer to Figure 1

Example . ' 1 1

' i i .

If- the total head is 60 ft. detetine the; GPM from Curve 1.

1.'''
,

1 '

Solution . ,

.

)11

Ans. 1210 GPM .

.E ercise

Using:Figure I.determine

a. GPM from ourve 1 if total '4ad is 64 3fi.

Range of GPM from curve 1 at'I
i80%effciency.

,

Range of totAl head from .cuf-Ven at 80%/efficiency

L
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Work Horsepower (WHP)

Work horsepower (WHP) is the power output of a pump to determine the wOk
''

horsepower (WHP) of a pump. The formula, to use is y,,
0

WHP.= Q x TH x Sp. Gr. .

v.3960 _

WHP = Work horsepower

Q' = flow rate in gallons per minute,

TH = Total head

3960 = A constant obtained from dividing 33,000 'ft.-pounds by 8.34 pounds/
Mtn

Sp. Gr. = Specific gravity. For water Sp. Gr. is 1 - Sp. Gr. of wastewater
r ranges from 1.01 to 1.08..

Brake Horsepower (BHP)

Brake .horsepower (BHP) is the -input power to the shaft of the plop The
formula to use is

BHP = Q x TH x Sp. Gr.
3960 x Pe

BHP = Brake' horsepower

Q = Flow rate = gallons per minute,'

TH = Total head

3960 = A constant obtained by cfividirtg. 3300 ft.-pounds by 8,34 pounds/
gallon

1
, ,

Sp.
.

Gr. = Spetifi c gravity. Fop' water Sp. Gr. is 1 - Sp. Gr., of
wastewater .ranges fro, n 1'.01 to' 1.08

:
..i.

..

Pe ,---- 'Pump efficiency

BHP = WHP
Fe

,BHP =. Brake horsepoWer

WHP = Work .hor-sepower

Pe = Pump efficiency
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Motor Power ,Input (MPI)

Motor Power Input (MPI), also the motor brake horsepower, is the
to a motor. The formula to use is

A. MPI = Q x TH x Sp. Gr.
3960 x Pe x Me

MPI = Motor power input

Q = Flow, rate in gallons per minute,,
A

TH = Total Head

input power

Sp. Gr. = Specific gravity. For water Sp. Gr. is .1 Sp. Gr. of
wastewater ranges from 1.01 to 1,08

3960 = A constant obtained by. dividing 3300 ft.-pounds by 8.34 pounds/
gallon

Pe = Pump. efficiency

'Me ='Motbr efficiency,

138 MP' = BHP
Me

MPI = Motor power input'

,BHP .= Brake horsepower

:Me = Motor efficiency

,COST OF PUMPING A VOLUME OF 'WATER
.

)

The operating cost of pumping water i.ue to the cost of electricity which
is heeded .to operate the motor:

The'formula to use to change .hprsepower to kilowatts /hour is

).

kwh = MPI x 0406

kwh kilowatts /hour - power consumed

MPIn= Motor power input - horsepower

0.746 = A constant where 1 hp. 0.740 N.

t
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The formula to,use to determine the
ft

cost of pumping is

kwh/1000 gallons = kw input to motor x 1000
GPM x -60

Cost per/1000 .gallobs kwh/1000 x cost/kwh

Example

A pump .operating Against a TH of 93 ft. at a rate of 382 GPM with a pump
'efficiency of 80% and hiotor, efficiency of 93%. Cost per kwh is 5 cents/kwh.
Calculate

1 The.WHP of the pimp

The BHP ,of the pump
-

3) The MPI of-the motor

4 Cost of pumping/1000 gallons

Solution

1: WHP = Q x TH-x Sp-. Gr.

3960

382 x 93 x 1
3960

= 8.97 hp
i

2 4 BHP' = Q x TH Sp. Gr:
1960 x Pe ,

= 382-x 91,3 x I
3960 -x .8

11.2 hp

MPI = Q TH S . Gr.

3960 x e x Me

or = BHP
Me

= 11.2
.93

= 12

A

1

1

s'

Oft
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4. kwh = MPI x 0.746

= 12 x .746

= 8.95 kw input to motor

kwh/1000 gallons = bwh x 1000
GPM x 60

= 8.95 x 1000
132 x 60

1 Hp = 746 watts

1 Hp = .746 kilowatts

= 0.39 kwh/1000 gallons

Cost/1000 = kwh/1000 x cost/kwh

= 0.39 x 5

= 1.95 cents

.

.0 'I
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Exercise

1. A pump operating against a total head of 115 ft. at a rate of 400 5PM. ,Pump efficiency is 82%, ntotor efficiency is 91%. Cost per kwh. is 4:85
cents/kwh. Calculate the cost of operating the pump for 18.5 hours perday.

2,, Using the pump curve for impeller No. 3; _figUre (1) 'determine:

a. Total head (range)

b. Gallons/minute (range)

3. Cal Culate the horsepower (Whp) of a pump needed to deliver 650 GPM if thedischarge pressure gauge reads 60,psi.

4. Calculate the cost/1000 gallons given

y. a. Total head = 180 ft.

b. Rump efficiency = 62%

c, Motor- efficiency = 94%

d. Flow rate = 265 GPM

e. kwh/cost cents
.

. 1

"A
_i10 horse pump pumps at**510 GPM,aganst a total head of 36 psi. If themotor is 93% efficient, calculate the pump efficiency. . .,-,- ,

; i.

6. A lift station pumps wastewateriwith a specific gravity of 1.01 against;a 35 ft. head. Calculdte the motor hdrsepower necessary if the tloW
rate -i-91200. GPM, pump effi dent)/ at 55% and motor- efficiency 90t. '.

Calculate the horsepower needed)to poi!). Water-at a rate of 210 GPM
against a total head of 42 ft.

11'

1
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Module_No: Module Title:

Advanced, Mathematics

Approx. Time:

1 hour

Objectives:

Submodule Title:

EVALUATION

The learner will be able to demonstrate the ability to determine, correctly theanswers to 8 out of 10 problems related to:
a. Flow measurement -

N

b. Flow in pipe

c. Total head

d. Pump and,motor power efficiency

1. If the pressure in*.a. ;water main is 65 psi ,,what is the minimum loss In waterpressureat a water faucet 25 ft. above the main.

)

a. 57.7 psi

b. 54.2 psi

c. 10.8 psi

d:. 7.31 ps i

O

A'A hOrizontal section of pill* has two diameters, the first is 18 inches and thesecond 12 inches. If the :flow rate through the 18 inch pipe is 165 gallons per 'second, calculate the velVoity through the 18 inch pipe.
a. 12.5 ft/sec. ,r,
b. 39 ft/sec.

c. 0.65; ft/sec.

d. 2.9 ft/Sec.

7 ,

* .
Using the nanogram determih 'the discharge in GPM from an 8" pipe with a Iklocitylof 3.5 ft/sec.'

;
a.. 500 GPM

coo, 7

b.. 900 GPM

); c. 1.8 PM

d. 800 GPM k 6,3
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4. A 60 sewer lin
the rate = low.

a. 18ft3/sec.

b. 1.4 .ft3/sect

c. .35 it3/sec.

d. 0.18 ft3/sec.

lowing 1'61. with,a velocity of 1.8'ft/sec.- Calculate

I.

5) A vent,uri meter has a throat of 2 inches and an inlet of 31/2 inches.
Calculate,the k for the meter. Pressure gauges read in psi.

;'
A

64

a. 4.4

b. 9.09
\

c. 9.364
.

d. 3.364

O

A dipolletti weir is placed
weir openibg at tide base is
the flow rate. '<

1a. 114.0w ft3/sec.

b. 12.06 -Ift3/sec.

c. 743.6 'ft'/bc.

d. 17. 7' 43/see,

Using the ipump curve provided, what
48 ft. head using a 7" impeller..

`t-

in an open channel. If the length of the
4 ft. and Ithe head is 14.4:iriches, calculate

a.. 1380, I
b. 1240

,c. 1200

d. 1190,

61

i the GPM deTtvered against a

7

O

7

o
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8. Calculate the BHP of the pump,if the pump efficiency is 85%.
a. 19 Hp.

b. 2k3 Hp.

c.

d. 56 H
_

9; Calcula e the cost of operating the pump for-one day if the cost/kwhis e c nts. .
a. '9.76

b. 35.25

c: 14.25

d. 12.73 ,

10. Records indicate ,that the pump efficiency has decreased to 79%... What isthe additional cost in operating the unit for a day.

rr

a. 117 cents

b. 265 cents

c. 97 cents

d. 513:cents

6

65

;

1
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Module No;

,-
Topic:

-EVALUATION

Instructor Notes:
Instructor Outline:

t

Answers

1.- t

2.

.3. d

4. d

5. a

6. d

7. d

8. b

9, d

10. c

4

-_/

Give 10 evaluhtion problems/

.


