~——Control Room Companion

Imperial Units of Measure
1in=2.54 cm = 1/12"ft Qe
1ft = 0.305m = 12in = 0.433pSi20 %
1yd=31t=36in=09144m  °

1 mile = 1.61 Km = 5280 ft

LENGTH

L

a1 yd? =9 ft? = 1296 in? = 0.836 m?
%1 mi? = 2.589 Km? = 640 ac = 259 Ha
1 acre = 0.405Ha = 43,560ft = 4047m?

1ft2 =7.48 gal,s = 28.32 L =957.5 ozx,
1 acre-ft = 0.3259 Mgal(ws) = 1233.5 m*
1 galys = 3.785L = 1280z = 4qt = 8.34Ibs
1 galimp,=4.546 L=1.2 gal,s = 154 oz
10z=29.57 mL
1qts=0.946L=9464 mL=320z

11b =0.544 kg = 0.071stone = 16 oz
tonys = 2000 Ibs

tonys = 0.893ton;y, = 0.907 tonnemetic
psi = 2.31 ft-H,O = 6.895 kPa
grain/gal=17.1 mg/L
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21 km=0.62mie=32811 [ ({ sz}
£1m=3.2808 ft = 1.0936 yd ( (\\_//
<1 m?=1.19 yds? = 10.76 ft2 AN 7/
<1 Hectare (ha) = 10,000 m?=2.47 acre

1 ft2 = 144in2 = 0.0929 m?2 = 929 cm? 3
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‘ Specific Gravities

HSF (Hydrofluorocilicic) @ 24% - 1.234
Cl, @ 0°C ~ 1.467

Hypo-NaClO @12% ~ 1.17

KOH (Potasium Hydr.)- 45%/15C ~ 1.457
NaOH (Sodium Hydroxide) @50% ~ 1.52
NaMnO, (Sodium Permang.)@ 15% ~ 1.11
Zn;3(PO,),(Orthophosphate)@40%ph~1.46
Al2(SO4)s (Alum) @25°C-24.6% ~ 1.27

Soda Ash - Sodium carbonate (Na,COs)
Lime - Calcium hydroxide (Ca(OH),)
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1 m3 = 264.17galus) = 219.97 gal(mp)
1 MLD = 11.57 L/s = 3.06 galus)/s
1 Kg =2.205Ibs = 35.20z = 0.1575stone

21 tonNN€metic = 1000 kg = 0.984 tonm,

1 tonnenmetic =1.1 tonys= 2204.6 Ibs =1000kg
1 meter head = 9.8 kPa = 1.41 psi

§0°C = 32°F =273.15 Kelvin
5275 - 550 kPa =40 - 80 psi

100 kPa = 14.5 psi (psi to kPa = X7)

Other Conversions of Interest

1 Candiepower=1ft2illunination@ 1 ftaway=12.57lumens
10x10x10ft or 1000ft® = 16.48cfm=28m3/hr
Population Equivilanthygrauic = 378.5 L/person/day
Population Equivilantorganic = 0.07 7kg-BOD/person/d
1Hp = 0.746 KW = 746W = 33,000 ft-lbs/min
1000 population =1MW power =1ML water

Cl, Tonner = 910kg CI = 1700 kg total full

Cl, 68kg Cyl=150lbsc=Total: 262Ibs=120kg

Control Room Compﬂ/—\
Periodic Table of the

Elements
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Dechlorination Agents
To dechlorinate 1,000,000 L by 1mg/L

SO, (Sulfur Dioxide)- 0.9504 Kg
NaHSO; (Bisulfate) - 1.42 Kg

Na,SO; (Sulfite) - 1.68 Kg
Na28203-5H20 (Sodlum Tth) -1.42 Kg
H,0; (peroxide) 48%w/w @35% - 1.19L

1 7 o 2
H ) He
3 [ a U % ha'°9:|e": [] noel gases 5 | e | 7 |8 | 9 |10
= - - metalloids nonmetals
LI Be “— -ﬂ D rare earth %transititor:s metals B c N o F Ne
1 | 12 H+* 7/ H# | 5 radioactive re. || alkaline metals 13 [ 14 | 15 | 16 | 17 | 18
Na Mg [[] other metals | | alkali-metals Al | Si| P 'S |[Cl Ar
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K [Ca/Sc|Ti |V |Cr Mn|Fe |Co | Ni |Cu|Zn|Ga|Ge|As Se Br | Kr
37 38 39 40 a1 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb|Sr | Y |Zr NbMo|Tc Ru Rh|Pd Ag Cd|In SnSb Te| 1 Xe
55 56 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs Ba Hf Ta/W Re|Os|Ir Pt AuHg|TI Pb|Bi |Po At Rn
87 88 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 ']'
Fr|Ra| |Rf Db Sg/BhHs Mt DsR et |
: Kingdom
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 m
La Ce Pr NdPm/Sm Eu/GdTh Dy Ho Er TmYb/Lu
89 920 91 92 93 94 95 96 97 98 99 100 | 101 | 102 | 103
Ac/Th/Pa/ U Np/Pu/AmCm Bk Cf EsFmMdNo|Lr
Chlorine
Newton (N) - Force - Symbol F - Units: kgem/s? Symbol | [
Joule (J) - Energy - Symbol E - Units: kgem?/s? O Species |
Hertz (Hz) - Frequency - Greek nu-v - Units: s™ Class # | (LD
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Abbreviations

Anhydrous - Dry
Hydrous - Hydrated

Q - Flow (VelocityxArea)
DO - Dissolved Oxygen o
NOM - Natural Organic Matter
MAC-Max. Acceptable Concentration
kPa - kilopascals (Pascal = kg/mes? or N/m?)
VFD - Variable Frequency Drive

THM - Trihalomethanes

HHA - Haloacetic acids

TSS - Total Suspended Solids

TDS - Total Dissolved Solids

psi - Pounds per Square Inch

SS - Suspended Solids

TOC - Total Organic Carbon

AOC- Assimilable Organic Carbon
VOC- Volatile Organic Compound
MLSS- Mixed Liquor Suspended Solids
RAS - Return Activated Sludge

HGL - Hydraulic Grade Line

HLP - High Lift Pump (High pressure)
LLP - Low Lift Pump (Low pressure)
PID - Proportional Integral Derivative
P&ID - Piping & Instrumentation Diagram

1 MLD =11.5 L/s = 0.264 mGD
1 MGD =43.6 L/s = 3.79 mLD
1% Strength = 10,000 mg/L

1000population=1 MWpower=1 ML Water

Chlorinate with Calcium Hypochlorite
For 50mg/L per 100ft length of pipe
HTH = High Test Hypochlorite (calcium) - 65-70% Cl

Disinfection of Water Storage Facilities - AWWA Standard C652

AWWA - Chlorination Method 1 - AWWA Standard €652 (summarized)

The water-storage facility is filled to the overflow with potable water and enough
chlorine to achieve a free chlorine residual not less than 10mg/L after 24-hrs
(6hrs if chlorine was uniformly gas/pump fed during fill).

AWWA - Chlorination Method 2 - AWWA Standard €652 (summarized)
A solution of at least 200-mg/L chlorine is applied directly to all surfaces of the
storage facility in contact with water when the facility is full to overflow elevation.

AWWA - Chlorination Method 3 - AWWA Standard €652 (summarized)

Control Room Companion - 2nd Ed-v6.

:,rn' 7:)'(1)1 I%.(&TH) kg.(gl:]I;'H) Fill approximately 5% of the total storage volume with 50 mg/L free chlorine. Hold in
6 150 0.09 0.04 the facility for not less than 6 hr. Then tank filled to the overflow with potable
?O 328 8% 8(1)523 water and held full for a period of not less than 24 hrs.
1 2 300 038 01 7 Refer to the latest AWWA C652 Standard for up-to-date Forms of Chlorine, Chlorination Methods and detail to the methods above
14 350 0.51 0.23
16 400 0.67 0.30 Maximum Flow & Velocity with Headloss - Pipe Chart
20 500 1.05 Lo Size Metric Head Loss Imperial
mg/L - Milligrams per Litre Metrici US |Flow(max) Flow-Q Velocoty | m/100m,or | Flow (max.) Velocity
ppm - Parts per Million 42 mm | inch" | L/min | MLD(max) m/s ft/100ft | gal/min ft/s
Theseiare equal when densitylisi 50 2 170.3 0.245 1.3 3.9 45 4.3
EgLL_'F'fg'ﬁZ’g;?Eﬁ”%‘? Lire =—| 65 25 | 2839  0.409 1.5 4.1 75 5
75 3 492.1 0.709 1.7 3.9 130 5.6
100 4 984.2 1.417 2.0 4 260 6.6
The SI or Metric System 150 6 3028.3 4.361 2.7 4 800 8.9
based on factors of 10 similar to our dollar 200 8 6056.7 8.722 3.1 3.8 1,600 10.3
mega, M - 1,000,000 X base unit 250 10 11356.2 16.353 3.7 4 3,000 12.2
Kilo, k - 1,000 X base unit Sa 300 12 17791.4 25.620 4.1 4 4,700 13.4
hecta,h - 100 X base unit §§ 350 | 14 | 227125  32.706 4.3 4 6,000 14.2
deca, da - 10 X base unit v 400 16 30283.3 43.608 4.4 3.5 8,000 14.5
The Base Unit 450 18 37854.1 54.510 4.4 3 10,000 14.3
deci, d - 0.1 X base unit @’“ 500 20 | 454249  65.412 4.2 2.4 12,000 13.8
centi, C - 0.01 X base unit 4@,{(@ 600 24 68137.4 98.118 4.4 2.1 18,000 14.4
crqe . ¢, P
milli, m - 0.001 X base umt\i ~ S
micro, 0 - 0.0001 X base unit

Visit us today at www.oetc.ca
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\On-l.lne e-Training Corporation
L

Protecting the Community & Environment

Through Knowledge

e Director Approved ¢ Auto-Certificate upon Completion
¢ Intelligent Dynamic Quizzing ¢Your Own Pace - Fast/Slow
e Take up to 1-year to Complete eOn-Demand 24-7-365
e Regulator Upload within 72hrs e Compelling Conte

Enroll, Start & Finish your course When You Want.
Get your CEU’s Today

Online e-Training

ector Approved CEU’s - Ontario

FREE Demo Course
& enroll yourself. MECP upload within 72hrs following completion

Multiple Options for Purchasing & Enrollment

Add-to-Cart

Visit our Store, review our
selection & add courses to
your cart.

Upon completion of
payment, you'll be emailed
Enrollment Keys within
minutes.

Log into the e-Training
system, paste your key(s)
into the input box on your
Dashboard / Front Page &
you're instantly enrolled.

Municipal Invoicing
Submit our simple
Municipal Invoicing Form

(“Invoice Set up tab” on website OR www.oetc.cal/invoice.htm)

To have multiple operators
enrolled into multiple courses.

No Mix&Match options too difficult.

We create the accounts, enroll &
email login credentials & links
to the operators directly.

OETC provides: Completion
Reports, Copies of Certificates &
Regulator Verification within 72hrs.

Visit us today at www.oetc.ca
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Geometry
A = Area, C = Circumference, V = Volume

E Triangle Trapezoid Circle Triangular Prism
rustum _—
h B h
b PP
A=bxh A= (Bitbh A V= (bxh
2 2 C=2mr (T) (Length)
m=3.1415... Pvramid
Volumean Frsom =PI Cylinder P /' _ Sphere
B (ArA+[AA,) ¥ t
i, , D
Cone i
V=mr’xh _ , A=4T1r2
A=2mr x h + top V= 3 = V=4/31Tr3

and/or bottom area

S This part Length B,
&; Calculates -———————
s - slant height hI
Lateral Surface Area of Cone =11 r XJ 2+hz B, (by+ba)(h)(L)
Volume of Cone =1/3 mr?h Volume="——"—"
Numeracy Pythagorean Theorem
2 =32+ b2

Average (arithmetic mean) =
Slope, % = Drop or Rise , |

Degrees Celsius = (°F - 32)x(%5) or (°F-32)x(1.8)

Sum of All Terms

Algebraically rearranged
Number of Terms

Distance

OETC’s - Control Room Companion

Formulae Derived from ABC Standardised Exam Format,

\

Foundational Maths & Engineering
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Chemical Feed
(Desired Flow) (100%)

Greely’s
Formula

Chemical Feed Pump Setting, % Stroke =

Capacity = %Stroke X %Frequency

Maximum Flow Used to calculate
Chem Feed Pump Setting (Flow, m*/day) (Dose, mg/L) flow from a hole
in mL/min = : 3 5 in a pipe.
(Chem Density, g/cm”) (Chem,%)(1,440)
43,767

Dosage, mg/L)(Flow Rate, m°/da Q="222A/P

Feed Rate, kg/day = { Se.T8 .)( y) 1440
(Purity, Decimal %) 1,000 Where:

(Dosage, mg/L) (Capacity, MGD) (8.34 Ibs/gal) area of leak (in?)

Q=flow (Gal/min)
A=cross sectional

Feed Rate, Ibs/day =

(Purity, decimal percentage)

Feed Rate, L/min

(Plant capacity,L/min)Dosage,mg/L)

P=pressure in psi

Algebra

(Fluoride Saturator) = (1 8,000 mg/L )

1,000

3 .
Mo e = (Volume, m” )(Concentration, mg/L) . p_» 3-221

_— —_—

A+B=C 1+2=3| AxB=C 2x3=6
C/A=B 6/2=3
C-A=B 3-1=2|C/B=A 6/3=2
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Weir Overflow Rate, Lpd/m =

Filter Backwash Rise Rate, cm/min =

Flow = Q T

Flow, Lpd

Hazen-Williams

Weir Length, m

Water Rise, cm

Metric Formula

Filter Drop Test Velocity, meter/min =

. 2 _
Filter Flow Rate or Backwash Rate, L/m “ sec Filter Area, m?2

Volume of Water Produced, L/day Radius which is

Time, minute V=k C R0-63 5054
' . ) (Solids Conc.%)(Sludge Feed Rate, L/hr)(10)
L VORI, Lggant e = (Surface Area of Filter, m”) Where:
V=velocity

Water Drop, m

Time o

Flow Q (m?/s) = Velocity (m/s) x Area (m?)

k=1.318 (US)
0.849 (Metric)

C-coefficient of
roughness

S-energy slope
oHeadloss hy/L

f Drop, minute

Flow, L/sec

R=Hydraulic

Litres/Capita/Day =

Population

cross-sectional area of flow
Wetted Perimeter

Shortcuts

Alt - Codes Browser Navigation

D eI AL 0215 x |Alt 242 Ctri+Tab

Switch to next Tab

(03 ({ o ol ANIAIt 0247 + |Alt 243

Ctrl + Shift + Tab |Switch to Previous Tab

Where:

V = velocity (m/s) P = Pressure (N/m? or Pa)
A = Area (m?) p = density (Kg/m?®)
h = height (m) g = gravity (9.81 m/s?)

Bernoulli Equation
P+, pV42 + pghy = Po+"/; pV4? + pgh,

Vv, Venturi
\'/3
#
A4
&
P4 r
Az < A1 PZ & AQ
¥: : ¥11 Increased fluid speed

Decreases internal pressure

3 A IV

Ctrl V - Paste [\IWZ¥ Alt 227

Ctrl + Shift+ T Reopen Last Tab

Q|+

Ctrl Z - Undo [\i¥Z¥4

Alt 248 ° |Alt + Left Arrow |Back

SR BAIt 230 U Alt29 < JAIt + Right Arrow Forward

Power & Efficiency

(Flow, L/sec) (Head, m)(9.8)

Amps = Ohms

Volts Manning Formula

1.486

. _ Flow Rate, m%sec __ Distance, (m - - - _ —— e R2B3 Q12
Vieledlny, unssooid = or — ) Hydraulic Loading, Overflow & Solids Power, kW = : v R™S
Area, m? Time, (s) ’ ,000 n
. 3 0 .
Wire-to-Water Effi % = Water Horsepower, HP
Hydraulic Loading Rate, m¥/m’day _Total FloV\[; Apphezd, m”/day oF = ( %x° 0)+32 ire-to-Water Efficiency, % Powes Lout FLe o Motor FIF <100
e 9 Watts (DC circuit) = (Volts) (Amps) Where:
i ; °C =(°F - < atts CIrcuit)s = (VOIS ) {AMPS v= flow velocity (ft/s
Chemistry Dar.Cy - Organic Loading Rate, kg/m’day = Qrgzmie I{?ald’ Az 00D/ day c=(F-32)- S . n = Manning Coeff)i/c(ient)
Titrant Vol. mL) (Acid Normalitv) (50.000 Weinbash olume op g °C -°F Watts (AC circuit) = (Volts) (Amps) (Power Factor) of channel roughness
Alkal,, mg CaCOYL = =l VO Formula e T . o R = Hydraulic Radius (f)
° Vol, m’/d)(Conc., mg/L) 212° 100° F ° _ 2 = Hydrauli iu
Sample Volume, mL Mass Flux, kg/day = 1,000 e [535° 50" | 194° Force, Newton = (Pressure, pascals) (Area, m ) S = Channel slope (for
(TS h.= f(L/D)V?/2g) 150° €5.5° 80° 176° uniform flow), or energy
HardneSS, as mg CaCO?/L - (Tltrant VOlume’ mL) (1’000) S l.d /L _ (Dry Solids’ grams)(l ,000,000) 120° 48.9° 70° 158° I];IOI'SCII?]/O\fNC]IE',ffMOtOI' (mhp) _ (FIOW, gpm) (Head, ft) Slope for nonuniform
Only when the titration factor is 1.0 of EDTA Sample Volume, mL }I]Vh_elr:]ee:ad 55 (m) olidas, mg Sarnple Volume, mL 100 | 378 oo | a0 ecimal % for Efficiency (3,960)(Pump Eff) (Motor Eff) Q (Dimensionless)
L= ° °
: : f = friction factor (Darcy ff) _ , Weicht. m 98.6" 37 S0 | 122 (Flow, gpm) (Head, ft) Energy Slope
: . — Specific Weight of Substance, kg/L | _\anath of pi Solids Concentration, mg/L = —~<oet-Mg 90°  32.9° 20°  104° Horsepower. Brake (bhp) = > 8P 1)
Specific Gravity = =g Gific Weight of Water, kgL [ = g{;?net‘;r‘(’,'fgiég)(m) Volume, L o oo 1 og g powet, (®hp) = 73.560) (Decimal Pump Efficiency) -(‘in'l‘r"/dx
’ ere
V = avg. velocity (m/s 70°  21.1° 35°  95° : _ —E— v2
Tipudhiloie S % (Chlorine Required, Kg) (100) g = gragvity (m/sg)( ) Food/MicroOrganism Ratio = Bﬁg&élég/sgy 0" | 15.6° 30° | 86° Electromotive Force (EMF), volts=(Cur, amps) (Res, ohms) =E =IR  H=z+y+ 59
0 i 0 =9.8kPa=1.41psi ’ P P, X=elevati
(Hypochlorite SoI’nNeeded, Kg) ~ 1m of h,=9.8kPa=1.41psi 50° 10 ;Z Z; oo, T (@) = (Flow, gpm) (Head, ft) y=\(/jvater de %th . =evtz\|/gc|i?yn
. 40" 4.4° ’ ’ 3,960 x=distance between points
Surface Loading Rate, Lpd/m* = F}g:;amezi 32° 0 15°  59° —— P
Algebraically Rearranged  Linear Volume to Concentration ’ 10°  50° - -
Ci=GxV, G=CxV, (Cq) (V4) =(C2) (V2) 0, Uptake Rate, mg/L/min = Oz Usage, mg/L 5 a1 Detention Time & CT ]
Vi Vs Concentration; x Volume; = Concentration, x Volume, Consumption Rate of O, Time, minute b % = Concentration (mg/L) x Tlmeﬂgmmutes) e S
V.=CxV, V,=C; xV ere Time = Ty = Retention x Baffle Factor
<C1 2 2 1C2 ' For tl't}.e W or WW operator, this is your most important = Murphy’s Law - Anything that can go wrong will go wrong - Always be Prepared T best found via Tracer Analysis Detention Time =V£ll(l)lvlvne (
equation.
Visit us today at www.oetc.ca
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