~\ /A WELCOME!
V*‘ Water Treatment
Math
RCAC

www.rcac.org




Having Audio or Tools difficulties?

Click on the Purple Flower and change your
viewing format.

It may help!
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Addition
Area
Calculate
Conversions
Converting
Cubic
Cylinder
Decimal
Detention
Dimension
Distance
Division
Dosage
Equal
Factor
Flow
Fraction
Gallon

Liter

Math
Measure
Milligrams
Multiply
Percent
Percentage
Pi

Pounds
Ratio
Rectangle
Square
Storage
Subtraction
Supply
Units
Velocity
Volume
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Word Search
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MAXIMUM

MONITORING
NITRATE
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OPERATOR
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QUALITY
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REGULATIONS
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Your Moderator Today...

Jim McVeigh CET

Rural Development
Specialist — Drinking Water

jmcveigh@rcac.org

&% RCAC

www.rcac.org



~\ /A WELCOME!
V*‘ Water Treatment
Math
RCAC

www.rcac.org




e A e

A ¥, MO 21 e gy
i?:;amentoRiverFund A; )Yf L) _ oRecon ‘\ ‘ 2l ’r-___
:,] North Sacramento Valley |- QSSKWO‘;,{/ Madoc z‘.‘;.
This workshop is sponsored by eepeiiaiau V0 WE
the Sacramento River Funding el Y
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California Department of Water o P oo
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https://water.ca.gov/Work-With-Us/Grants-And-Loans/IRWM-Grant-Programs/Proposition-1/DAC-Involvement-Program

B
Prop 1 Funding Areas

1| North Coast

2 | SanFrancisco Bay Area
3|  Central Coast
4 Los Angeles Sub-Region

5 ||| Santa Ana Sub-Region
6 | San Diego Sub-Region
7 | Sacramento River
8 | San Joaquin River
9  Tulare/Kern
10 . North/South Lahontan
11 = Colorado River Basin
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Www.rcac.org



Sacramento River Funding Area
Disadvantage Community Involvement Program

The goals of the SRFA-DACI-Program:
1. Engage DAC organizations, water
purveyors and stakeholders in IRWM

2. Identify the water and wastewater
management needs of DACs

3. Develop strategies and solutions for DAC
water management needs.

This workshop was developed to address key needs that have been

identified for DAC communities and/or water providers in this region.

For questions on the SRFA DACIP Program and how to engage with your IRWM please contact:
JoAnna Lessard (jlessard@yubawater.org)

&% RCAC

www.rcac.org



Rural Community Assistance Partnership

RCAP National Office
1701 K St. NW, Suite 700
Washington, D.C. 20006
www.rcap.org

Western RCAP

Rural Community Assistance
Corporation

www.rcac.org

Midwestern RCAP
Midwest Assistance Program
www.map-inc.org

Southern RCAP
Communities Unlimited
www.communitiesu.org

Great Lakes RCAP
Great Lakes Community
Action Partnership
www.glcap.org

Southeastern RCAP
Southeast Rural Community
Assistance Project
www.sercap.org

Northeastern RCAP
RCAP Solutions
www.rcapsolutions.org

RCA PR,

|
B Cicatiakes
e
‘ﬁ"
Nac
NS

\SERCAP, INC.

Midwest
Assistance
Program-

S

» COMMUI\!ITIES
Unlimited
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B
RCAC Programs

# Affordable housing

it Community facilities

Water and wastewater infrastructure financing (Loan
Fund)

.
am|
& Classroom and online training

= On-site technical assistance

# Median Household Income (MHI) surveys
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B
Where is my certificate for attendance?

Certificates for attendance can be downloaded and self-
printed. Certificates for online attendance will not be mailed

From the
“view my
profile”

From the
registration
portal, click

“View
Certificate”

Login
http.//www.
events.
rcac.org/rcac/
Calendar.asp

page, click
history and
certificates

Certificates are not available until 48 hours after the
completion of the class.



Questions?

Text your questions and comments anytime during the session
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Your Presenter Today...

Hmmm...
You should probably
start the recording

John Hamner
jhamner@rcac.org
Middletown, CA

&% RCAC
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Poll #1 — Have you taken the test with the new
platform yet?




e
Water Math Topics Today

» Expected Range of Knowledge
* Basic conversions
* Volumes
* Chlorination & chemical feed
* Detention time
* Filtration
*  Velocity

8 RCAC
AY " www.rcac.org



e
SWRCB Website Address

http://www.waterboards.ca.gov/drinking water/certlic/occupations/
DWopcert. shtml

—
=
Ry Drinking Water Treatment & Dis' X =
> a
& C (@ waterboards.ca.gov/drinking_water/certlic/occupations/DWopcert.html G & 6 :

(;1 y & share: [ B8 AboutUs ContactUs Subscribe {0} Settings

CALIFORMIA

N E

Board Programs Drinking Water Water Quality Water Rights Motices Water Boards Search

Home ! DrinkingWater ! Certlic { Occupations | DWopcert

Drinking Water Treatment & Distribution System Operators

In 1971, laws and regulations governing the certification of potable water treatment facility operation were enacted. The
regulations establish at what level these facilities should be manned, the minimum qualifications for testing at each of the
five grade levels, and the criteria for the renewal and revocation of operator certificates.

In 1998, the United States Environmental Protection Agency (USEPA) established guidelines for the certification and re-

certification of operators of community and non-transient non-community public water systems. On January 1, 2001, new

state regulations were adopted to comply with these guidelines and the existing water treatment operator certification

program was modified accordingly. The new regulations also established a water distribution operator certification

program. This program became the Drinking Water Operator Certification Program (DWOCP). 6

The DWOCP was originally under the Department of Health Services and then the California Department of Public Health. In
2014, the DWOCP was transferred to the State Water Resources Control Board (SWRCB) in the Division of Financial
Assistance.



http://www.waterboards.ca.gov/drinking_water/certlic/occupations/DWopcert.shtml

e
SWRCB Website Address

http://www.waterboards.ca.qov/drinking water/certlic/occupations/
DWopcert.shtml

Ay Drinking Water Treatment & Dis. X + (v ] - X
< C' & waterboards.ca.gov/drinking_water/certlic/occupations/DWopcert.html W oA i
it Apps W RCACUNANET & Google @ Tension, Stressand.. & Google @ New Tab Yuba Email @ Online Training | Go... Imported From IE~ {p Home - TRUTHPLA...

Sshare: ] B & B AboutUs ContactUs Subscribe £} Settings

Board Programs Drinking Water Water Quality Water Rights Notices Water Boards Search
State Water Resources Control Board
Latest Information Upcoming Events
General Treatment Operators Distribution Operators Renewals Forms-Applications Advisory Committee Meeting
28 Wednesday / 1:00 PM.
¢ New! Computer Based Testing Process Overview Apr

* Meeting Notice: TBD

* New! Computer Based Testing FAQs « Meeting Agenda:

* Newsletter (coming soon)

I o English | Spanish
* Operator Certification Statutes

* QOperator Certification Regulations More Information
¢ Treatment/Distribution Examination and Certification Fees Advisory Committee Minutes Octobe n
* Exam Regrading Policy 21,2020

* Reciprocity Information and Application

Click here if looking for Wastewater O tor Inf tion? Distribution Application o
ick here if you are you looking for Wastewater Operator Information? Treatment Application

T5 Treatment Exam (Oral)

¢ Examination Date: TBD


http://www.waterboards.ca.gov/drinking_water/certlic/occupations/DWopcert.shtml

State Water Resources Control Board

Drinking Water Treatment Exams
Expected Range of Knowledge

Exam Content

Number of questions

Grade T1 T2 T3 T4

Source Water 25 25 20 15

Water Treatment Processes 25 25 35 20
Operation/Maintenance 20 20 15 15
Laboratory Procedures 15 15 15 15
Regulations/Administrative Duties 5 45 {5 3




Source Water

Watershed Protection, Wells / Groundwater, Surface Water / Reservoirs, Raw Water Storage, Clear Well Storage

Water Treatment Processes

Coagulation/Focculation/ Sedimentation, Filtration, Disinfection, Demineralization, Corrosion Control, Ironand Manganese
removal, Fuoridation, Water Softening, BAT, (Best Available Technology)

Operation / Maintenance

Chemical feeders, Pumps and Motors, Blowers and Compressors, Water meters, Pressure gauges, Electrical generators,
Safety, SCADA systems

Laboratory Procedures

Sampling, General Lab Practices, Disinfectant analysis, Alkalinity analysis, pH analysis, Turbidity analysis, Specific
conductance, Hardness, Fluoride analysis, Color analysis, Taste and Odor analysis, Dissolved Oxygen analysis, Algae

Count, Bacteriological analysis

Regulations/Administrative Duties

Planning, Organizing, Directing, Controlling, Staffing, Implementing Requlations, Record keeping, Safe Drinking Water Act
and amendments, Surface Water Treatment Rule and amendments, Primary Contaminants, Secondary Contaminants, Lead
and Copper Rule, Auoride Regulations, Operator Certification Regulations



What are we actually doing?

We are CONVERTING!

» Pay attention to the units of
measure...

* You don't have to show your
work, but it helps keep order
P RCAC



Units of Measure Examples...

24 hr/day x 60 min/hr x 60 sec/min = sec/day

MGD x 8.34 Ibs/gal x ppm = Ibs/day

50 ft x 0.433 psi/ft = psi




Water Math — Terms, Definitions and Water
Measurements

» Gallons per cubic ft = gal/cu ft
* Pounds per gallon = |bs/gal

* Pounds per square inch = psi
» Gallons per day = gpd

» Gallons per minute = gpm

* What about percentages?
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What would 75% be in the form of a decimal?

75.75 735% 0.75
0.75

7.5
75.0 0.0075
0.075
0.75 75.0




What would 5% be in the form of a decimal?

5 5% 50
0.05

5.0
5.00 1%
0.005
0.50 005.0




NO UNIT OF MEASURE!

* Percentages as a decimal
. (65-70%, 0.65-0.70) (5-15%; 0.05-0.15)

e Ratios - relationship between two numbers
- 2:1,5/1,10to 1,

* Pi-m-(3.14) (radius)
« Circumference

» 0.785 = 78.5% (diameter)
» (0.785) x (Dia., ft)2




-
0.785 = 78.5% of the area of a square of the

same dimension

1 ft. 0.785 Sq. Ft.

e RCAC
1 ft. -




EALIFORNIA E

Water Boards

State Water Resources Control Board

waEd
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3 g Epsunn G. BRows oA,
o,

.
*

UNITS AND CONVERSION FACTORS

1 cubic foot of water weighs 62.3832 |b

1 gallon of water weighs 8.34 |b 1

1 liter of water weighs 1,000 gm

1 mg/L = 1 part per million (ppm)

1% = 10,000 ppm

ft* = square feet and ft*= cubic feet

1 mile = 5,280 feet (ft)

1 yd’= 27" and 1 yard = 3 feet

1 acre (a) = 43 560 square feet (ft*)

1 acre foot = 325,851 gallons

1 cubic foot (ft*) = 7.48 gallons (gal)

1 gal = 3.785 liters (L)

1L =1,000 milliliters {ml}

1 pound {Ib) = 454 grams (gm)

116 = 7,000 grains (gr)

1 grain per gallon (gpg) = 17.1 mg/L

1 gm = 1,000 milligrams (mg)

1 day =24 hr= 1,440 min = 86,400 sec

1,000,000 gal/day = 86,400 sec/day + 7.48 gallcu ft
=1.55 cu ftlsec/MGD

R ;_3“
Q METTHEW RODROUET
\.‘, LI neenon

YOLUME

Rectangular Basin, Volume, gal = 4

{Lengtn, ) x (Width, ft) x {Height fl) x 748 galicu ft

Cylinder , Volume, gal =

(0.785) x (Dia, 2 (Height, Depth, or Lengthin ) x 7.48 galf®

SHLORINATION

Dosage, mg/l = ({Demand, mgll) + (Residual, mg/l) 2
(Gas) Ibs = Vol MG x ppm or mgil x 8.34 lbs/gal
HTH Solid {lbs) =

(Vol, MG) x (ppm or mgiL) x 8.34 Ibs/gal
(% Strength f 100)

Liquid {gal)} = (Vol, MG) x (ppm or mg/L) x B34 lbsigal
(% Strength /100) x Chemical Wt. (Ibsigal)

PSlI = (Head ft) PSl = Head ft x 0433PSIR 3
2 31ftipsi

Ibs Force = (0.785) (D, ft.Fx 144 in¥f x PSI.

EUNBING
1 horsepower (Hp) = 746 waits = 0745 kw = 3,960 galmin/t
Water Hp =  (GPM)x(TotalHead ft)

(3.960 galimin/ft) 6
Brake Hp = GPM ) x (Total Head

(3,960) x (Pump % Efficiency)

GPM ) x (Total Head ft
(3,960) x Pump % Eff. x Motor % Eff.

Motor Hp

Time, Hrs. = Yok, (T “Wire-to-Water™ Efficiency
P ing Rate, GPM, x 60 Min/H Bl ' h i
(Pumping x 60 Min/Hr) = (Motor,% Efficiency x Pump% Effidency)
Supply, Hrs. = Siorage Volume, Gals Cost § =
Flow In, GPM - Flow Out, GPM) x 60 Min/™H ' -
(Flow In, ow Out, GPM) x 60 Min/Hr) (Hp ) x (0.746 KwHp ) x (Operaiing Hrs.) x centsKiw-Hr
ZOLUTIONS Elow, velocity, area
Lbs/Gal = i&%ﬁ} % 8.34 Ibsigal x Spediic Gravity Q=AxV Quantity = Area x Velocity 7
Flow (ft'/sec) = Area(fty) x Velocity (fisec
Lbs Chemical = 5 [ } ™) b (e

Spedfic Gravity x 8.34 Ibsigalions x Soluion(gal)

Specific Gravity = Chemical Wt. (lbsfgal)
8.34 (Ibsfgal)
% of Chemical = {Dry Chemical lbs) x 100
in Solution (Diny Wit Chemical, Ibs)+(Water, lis)
GPD = (MGD)x {ppmor mag/l) x 8.34 heioal
(% purity) x Chemical Wi.(lbs/gal)
GPD = (Feed, mimin. x_1.440 miniday)

(1,000 mifx 3.785 Ligal)

Two-Normal Equations:

a) CyVy=0CVs; QG
Vi~ Wz
by CiVi+CaVa=CaVa
C = Concenfration V= Volume 1 = Flow

MGD x 1.35 cuft’sec/MGD = cu filsec = fiflsec
785 xpipe diameter ft x pipe diameterft = sgft

General
($)Costiday = Ibsfiday x (B)Costih 8
Removal, Percent = ({In- Qut)x 100
In
Specific Capacity, GPMft. = Wel Yigd GPM
Drawdown, fi.
Gals/Day = (Population) x (GalsfCapita/Day)
GPD = [(MeerBead?2 - MeterBead 1)

(Number of Days)

Volume, Gals = GPM x Time, minutes

SCADA = 4 mA o 20 mA analog signal

(livesignalmA - 4 mAofiset) x process unit and range

(16 mA span)

4mA=0 20mA full-range




FILTRATION

Filtration Rate (GPM/sq.ft) = Filter Production (gallons per day)

(Filter area sq. fi.) x (1,440 min/day)

sq. ft. = square fest

Loading Rate (GPM/ sq. ft.) = (Flow Rate, GPM)

(Filter Area, sq. ft.)

10

Daily Filter Production (GPD) = (Filter Area, sq. ft.) x (GPM/sq. ft. x 1,440 min/day)

Backwash Pumping Rate (GPM) = (Filter Area, sq. ft.) x (Backwash Rate, GPM/sq. ft.)
Backwash Volume (Gallons) =

(Filter Area, sq. ft.) x (Backwash Rate, GPM/sq. ft.) x (Time, min)
Backwash Rate, GPM/ sq. ft. = (Backwash Volume. gallons)
(Filter Area, sq. ft.) x (Time, min)

{Backwash Eate gpm/fsq.ft.) x 12 inches fit
7.48 galcu ft.

Rate of Rise (inches per min.} =

Unit Filter Run Volume, (UFRV) = (gallons produced in a filter run)

(Filter Area sq. ft.)

C- T CALCULATIONS

C+t = (Chlorine Residual, mg/L} x (Time, minutes)
Time, minutes = (Cet) 12

(Chlorine Residual, mg/L)
Chlorine Residual (mg/L) = (Cet)

(Time, minutes)

Inactivation Ratio =

[Actual System C- t)
(Table "E" C= 1)

C+t Calculated =
Tiz Value, minutes x Chlorine Residual, mg/L

Log Removal = 10 - % Removal x Logkey x (-1)

100

CHEMICAL DOSAGE CALCULATIONS
Note: (% punty) and (% commercial punty) used in decimal form

11

Lbsiday gas feed dry = MGD x (ppm or mg/L) x 8.34 |bs/gal

Lbsiday = MGD x (ppm or mg/L) x 8.34 |bs/gal
%o purity
GPD = MGD x (ppm or mg/l) x 8.34 Ibafgal
(% purity) x [bs/gal
GPD = MGD x (ppm or mg/L) x 8.34 lbs/gal

(commercial purity %) x (ion purty %) x (Ibs/gal)

gallons ¥ % punty x lbs/gal
MG x 8.34 Ibs/gal

ppmormgfl = Ibs/day or

MGD x 8.34 Ibs/gal

SEDIMENTATION

Surface Loading Rate, (GPD/ sq. ft.) = (Total Flow. GPD)
(Surface Area, sq.fi.)

13

Detention Time = Volume

flow

Detention Time hours =
volume (cu ft) x 7.48 gallcu ft x 24 hr'day
Gallday

Flow Rate = Volume

Time
Weir Overflow Rate, GPDIL.F. = [Flow, GPD)
(Weir length, ft.)




SNITS AND CONVERSION FACTORS

1 cubic foot of water weighs 62 3832 b 1

1 gallon of water weighs §.34 Ib

1 liter of water weighs 1,000 gm

1 mg/L = 1 part per milkon (ppm)

1% = 10,000 ppm

ft* = square feet and ft° = cubic feet

1 mile = 5,280 feet (ft)

1yd®=27i" and 1 yard = 3 feet

1 acre (a) = 43,560 square feet (ft9)

1 acre foot = 325,651 gallons

1 cubic foot (ft°) = 7.48 gallons (gal)

1 gal = 3.785 liters (L)

1L =1,000 mullilters (mil)

1 pound (Ib) = 454 grams (gm)

1lb = 7,000 grans (gr)

1 grain per gallon (gpg) = 17.1 mg/L

1 gm = 1,000 milkigrams (mqg)

1 day =24 hr = 1,440 min = 86 400 sec

1,000,000 gal/day + 86,400 sec/day +~ 7.48 gal/cu ft
= 1.55 cu ft'sec/MGD

State of
California Math
Conversion
Sheet Provided
At Exam



SHLORINATION

Dosage, mgfl = (Demand, mgf) + (Residual, mgi)
(Gas) lbs = Vol MG x ppm or mg/L x 8.24 |bsigal

HTH Solid (lbs) =
(Vol, MG) x (ppm or ma/L) x_8_34 lbsigal
(% Strength / 100)

Liquid (gal) = (Vol, MG) x (ppm or mg/L) x B.34 Ibs/gal
(% Strength M100) x Chemical Wt. (lbsfgal)

&% RCAC

www.rcac.org



EEESSURS

PSI = (Head ft) PSI = Head . x 0.433PSift
2 31t Ipsi

Ibs Force = (0.785) (D, ft.)" x 144 in“fft" x PSI_

Goofy, but it works.

When using 0.433...

If the answer is psi, | multiply.

If the answer is feet/head, | divide instead.

8 RCAC
AY " www.rcac.org



2.31 Feet of Water 1 Foot of Water

&% RCAC

www.rcac.org



YOLUNME

Rectangular Basin, Volume, gal =

(Length, i) x (Widh, it) x (Hesght, ft) x 748 galicu it

Cylinder , Volume, gal =

(0.785) x (Dia, ftf'x (Height, Depth, or Lengthin ft) x 7 48 g2l

Time, Hrs. = Volume, gallons
(Pumping Rate, GPM, x 60 Min/Hr)

Supply, Hrs. = Siorage Volume, Gals
(Flow In, GPM - Flow Out, GPM) x 60 Min/r)




| SOLUTIONS

5

ILbs/Gal = (Solution %) x8. 34 lbsigalx SpedicGravity
100

| Lbs Chemical =
Spedfic Gravity x 8.34 [bsigallons X Solukionigal)

Specific Gravity = Chemical'™mt (bsigal)
8. 34 (lbsfgal)

Y% ofChemical =_(DrvChemical Lbs) x 100
in Solution (Dry Wt Chernical, Lbs)+ (Water, Lbs)

GPD = [MGD)x (ppmormgl) x 334 bsigal
[ % purity ) x Chemical Wt (bs/gal)

GPD =[Feed. miimin.x1.440 miniday)
(1,000 miLx3785LiGal )

1 Two—Nomal BEquations:

a) CVM = CM Q=
LT

b) C\Vi+Ce=Cavs

C = Concentration, V=%olume, Cl=Flow




Flow, velocity, area
Q=AxV Quantity = Area x Velocity

Flow (ft¥/sec) = Area(ft2) x Velocity (ft/sec)|

MGD X 1.55 cu ft/sec/MGD = cuft/sec = ft/sec
.85 x pipe diameterft x pipe diametert =  sqft

8 RCAC
AY " www.rcac.org




General 8
($) Cost / day = Lbs/day x ($) Cost/Ib
Removal, Percent = (In - Out) x 100

In
Specific Capacity, GPM/ft. = Well Yield, GPM

Drawdown, ft.

Gals/Day = (Population) x (Gals/Capita/Day)

GPD = (MeterRead?2 - Meter Read 1)
(Number of Days)
Volume, Gals = GPM x Time, minutes *’5«5“



FILTRATION

10
Filration Rate (GPMsq.ft) = FilterProduction (gallons per day) sq. ft.= square feet
| (Filter area sq. ft.)x (1,440 min/day)

LoadingRate (GPM/sq.ft) = (FlowRate GPM )
( Filter Area, sq.ft. )

Daily Filter Production (GPD) =  (Filter Area, sq. ft. ) x (GPM/sq. ft. x1.,440 mmyday)
Backwash Pumping Rate (GPM) = (Filter Area, sq. ft.)x (Backwash Rate, GPM/ sq. ft.)
Backwash Vohmne (Gallons) = (Filter Area, sq. ft. ) x (Backwash Rate, gpm/sq. ft. ) x (Time, min).

Backwash Rate, GPM/sq. . = (Backwash Vohmme, gallons)
( Filter Area, sq. ft.)x (Time, min)

Rate of Rise (inchespermin.) = (backwash rate gpm/sq.ft) x 12inches/ft
7.48 galicuft.

Unit Filter Rim Vohane, (UFRV) = (gallons produced in a filter nmn)
(filter area sq. ft.)




Chemical Dosage Calculations
Note (% purity) and (% commercial purity) used in decimalform

Lbs/day gas feed dry= MGD x (ppmormg/L) x 8.34 Ibs/gal

Lbs/day = MGD x (ppmormg/L)x 8.34 lbs/gal
%o purity

GPD = MGD x (ppmormg/L)x 8.341bs/gal
(% purity) x Ibs/gal

GPD = MGD x (ppmormg/T.) x 8.34 Ibs/gal
(commercial purity %) x (ion purity %) x (1bs/gal)

ppm or mg/l = lbs/day or gallons x % purity x [bs/gal
MGD x 8.34 1bs/gal MG x 8.341bs/gal

11



SEDIMENTATION 13

Surface Loading Rate, (GFPD/sq. ) = (_Total Flow,GPD )
( Surface Area, sq.ft.)
Detention Time = Volume
flow

Detention Time hours = volume (cu ft) x 7.48 eal/cuft x 24 hr/davy

Gal/day
Flow Rate = Volume
Time
Weir Overflow Rate, GPD/LLF. = ( Flow. GPD)

( Weir length, ft.)



Questions?
*  QUESTIONS?

Text your questions and comments
anytime during the session

& RCAC
AY " www.rcac.org




-
Biggest tip for newcomers!

Pay attention to the
cancelation of
units!

8 RCAC
AY " www.rcac.org




Box 2 - Formulas used to determine water at rest (gallons, MG, lbs, etc.)

CHLORINATION

Dosage, mg/l = (Demand, mg/l) + (Residual, mg/l)
(Gas) Ibs = (Vol, MG) x (Dosage, mg/l) x (8.34 Ibs/gal)

HTH Solid (Ibs) = (Vol, MG) x (Dosage, mg/l) x (8.34lbs/qal)
( % Strength / 100 )

Liquid (gal) = (Vol, MG) x (Dosage, mg/l) x (8.34 Ibs/qgal)
(% Strength /100) x Chemical Wh. (Ibs/gal)

8 RCAC
AY " www.rcac.org



Box 11 - Formulas used to determine water in motion (gals/day, MGD, |bs/day, etc.)

Chemical Dosage Calculations
Note (% purity) and (% commercial purity) used in decimal form

Lbs/day gas feed dry= MGD x (ppmormg/L) x 8.34 Ibs/gal

Lbs/day = MGD x (ppmormg/TL)x 8.341bs/gal
%o purity

GPD = MGD x (ppmormg/L)x 8.34lbs/gal
(% purity) x lbs/gal

GPD = MGD x (ppmormg/TL) x8.34 Ibs/gal
(commercial purity %) x (ion purity %) x (lbs/gal)

ppm or mg/l = lbs/day or cgallons x % purity x |bs/gal
MGD x 8.34 Ibs/gal MG =x 8.341bs/gal




What am | adding to the water to treat it/make it
safe?

« Chemicals
* Chlorine
« (as

» Calcium hypochlori..
* Sodium hypochlorite




Water Math Conversions — Chemical/Chorine
Dosage

In dosage problems, quantities of chemical
are given in the following increments:

* |bs or Ibs/day

» Gallons (chemical solution quantity) or
Gal/day

* mg/L or ppm
MG or MGD P RCAC
e



What does Miller Genuine Draft have to do with
water treatment?

When working dosage, convert Q to MG or MGD!

How many MGD is 2,000,000 gal/day?
A.2 MGD

B.0.2 MGD

C.0.02 MGD




What is not given in the question?

- THE CONVERSION NUMBER!
» 8.34 |bs/gal

* Chemical weight
» 8.34 Ibs/gal X specific gravity (SG)

8 RCAC
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Dosage — Box 2

If a given water source had a chlorine demand
of 3 mg/L, and you wanted a chlorine residual of

0.5 mg/L leaving the plant, what would be your
dose?

e —r

[EUIPING
T horsepower (Hp) = 746 wats = 0746 kw = 3060 galmint

Water Boards State Water Resources Control Board
WaterHp = (GPM)x(Tomlread
UNITS AND CONVERSION FACTORS. YOLUME
| cubic foot of water weighs 62.3832 b Rectangular B|5m, Volume, gal 3,960 galiminity
gdlc-\ofwalevwe h 334 (Lengh f) x (Widh, 1) x (Height ) x 748 gaikou & BrokeHp = (GPM)x(ToiHead 1)
1 Iiter of water weighs (3.960) x (Pump % Eficiency)

e Feor o Cylinder  Volume, gal =
el ) (©785)x (0 1P (e, Dept, o Lnghin ) x 748 | Motortp =

(oM #
16 = squar T TEe 1= cubiceet (3,950) x Pump % EF. x Motor % EFT.

i Time, Hrs. = Vobrre, gakors N .
Imesszoiealn Pumping Fomme SRt 60 Mk Wroio Wl ey ey
|zcm (a) 3 2a;su squzrmm R N . % Efceny x Pk Efcery)
on e o ost$ =
|wbmwm’) (Flowin, GPA-Flow Out GPAD X COMHO | ™ hp) x 748Kk x Opering ) x ansko
| om mmnuers (ml) SQLUTIONS Elow, velocity, area
1 pound (Ib) (am) LbsGal =St x 834 ket x ek Gty | Q=AY Quaniy = Areax Veooty
e v
et o (939) = 171 molL e Chemical Flow (Fisec) = Arealt) x Velocty sec)
Yo ik o) ke oot sammgn | weor1somennco  que -t
T e 48 qaut 765 xpe dameler xppe dametert = sat
=155 gz“ e seclday = galieu Specific Gravity = Chemm\‘m (Ibs/qal)
34 (Ibs/gal)
- sk 008
%o ofChemical = (DyCremica bs) x 100 o
emana, mon » Resicunl o) nSoon Oy WiChmea - (Wasb) | Removal,Percent = -Quix 100
n

1G x ppm or gL x 834 osiga
o (MGD) Gomorml) x 84 bekel SpecificCapacity, GO = W Yekd GPM
% purty) x Chemical Wt (bsioal) Drawdown, .

% Stength 1100) GPD = (Feed, mimin x 1,440 GalsiDay = (Population) x (Gals/Capia/Day)
(1000 ML 3785 Liga)
Licuid(gal) = (Vo MG) x (pm o mo/L) x .34 osigal GPD = (MetorRoad? - MiterRoa 1
& S 0+ Cramear it oo (Number of Days)
a) CVi=CVy 9% Volume, Gals = GPM x Time, minutes
“leadl)  PSI = Headt x 043PSAL ViV
23psi b) CVieCaVa= CaVs SCADA = 4 mA to 20 mA analog sianal
Ibs Force = (0785) (0, fFx 144 inF x PSl. C=Concentration  V=Volume  Q (e sioraimA - 4mAoffset) x process unt and e
(16 mA span)

4mAs0 20mAm-mnge




Chlorine Gas

* Chlorine gas is fed
in Ibs or Ibs/day

léﬂ?t Vacuum \ Vemtr?

: afety Seal  Atmosphere

Chlorine  yaiye 0-Ring Rate Valve

Cylinder | gaq

Valve Washer Outlet
Connection

Yoke
L Vent Valve

Rate Indicator

| Vacuum Line

_ Ejector and
Regulating  Check Valve
Diaphra?m Assembly
Assembly

Chiorine
Sprptinn

B

Water Supply — e - Ping t0
o Point of
Chlorine Cylinder Chlorination

Chlorine—
Liquid




Chlorination — Box 2, Gas

1. If a chlorine gas concentration of 15 ppm were
desired to be added to a storage tank holding 2.5
MG, how many pounds of chlorine gas would be

required?

(Gas) Ibs = (Vol, MG) x (Dosage, mg/l) x (8.34 Ibs/gal)

8 RCAC
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-
Chlorination — Box 2, Gas

3. If a new storage tank measured 40 ft in
diameter and were 30 ft tall, how many pounds of
chlorine gas would be needed to dose this tank at
9 mg/L?




Chlorination — Box 2, Gas

3. If a new storage tank measured 40 ft in
diameter and were 30 ft tall, how many pounds of
chlorine gas would be needed to dose this tank at
9 mg/L?

Find the volume first;

0.785 x 40 ft x 40 ft x 30 ft x 7.48 gal/ft®* = 281,846 gal
Convert 281,846 to MG and use the formula given;
0.281 MG x 9 mg/L x 8.34 Ibs/gal = 21.1 lbs



e
Questions?

| POOP.

You pick it up. Any questions?

Text your questions and comments
anytime during the session




Poll #2 - Have you ever done chlorination math

and applied it to your water system?




e
5 Minute Break

SNl
CA RTOUN STDE K
iV "com|




Poll #3 - Which chlorination product do you use,
or have you used?




Dosage, Calcium Hypochlorite

AKA; Dry and High Test Hypochlorite (HTH)

An operator may be given dry chemicals
(usually chlorine) that is not 100% strength

Consider this in the dosage problem
Remember to convert the % to a decimal

(divide by 100)
& RCAC



Percentages

* How would an operator enter the percentage
/0% into the calculator?

A. 70
B.7.0
C.0.70

D. 70%




Calcium Hypochlorite




Calcium Hypochlorite

Accu-Tab’ System

(Not Fress![iiedll

Accu-Tab 3-inch Tablets
aif on top of Sleve Mate

Sieve Plate with holes

Trechled webeer overficws
inli cullel pipe

Chlorinated
Water Out

Unirearted water nzas through
hioles in Sieve Flate to make

Aedjust weater flow
to cantral chignne
delivary

Untreated
Water In™

Waler S l contact with bottom of
hocu-Tab 3<inch Tablats
for chionnation,
Balance of Tablkeds in Bank

remain dry.

fccu-Tab 3-inch Tablets treat wﬁerﬂt a consistent rate



Chlorination - Box 2, HTH

. If a storage tank with 0.5 MG was treated with 65%
alcium hypochlorite and the dose was 10 ppm, how
many pounds of chemical would be needed?

HTH Solid (Ibs) = (Vol MG) x Dosage, mg/L) x (8.34lbs/gal)

5% Strength/100

Water Boards

1 grain per gallon
1gm

State Water Resources Control Board

Licu (gl = (Vo MG) x (pm or mo/L) x 834 oaiga
(5% Strength 1100) x Chemical W. (beigal)

UNITS AND CONVERSION FACTORS
1 cubic foot of water weighs 62.3832 Ib
1 gallon gt 34

water weighs 8
1 itr of water weighs 1,000 gm
1mg/L =1 part per millon (ppm)
1% = 10,000 ppm

0,
= square feet and = cubic feet
280 fet

feet,

1 acre (a) = 43,560 square feet (f¢)
5,851 gallons.

e
1 pound (Ib) = 454 grams (gm)
11b = 7,000 grains (gr)

(gpg) 1

1,000 millgrams (mg)
1 day =24 hr = 1,440 min = 86,400 sec
1,000,000 galday + 86,400 seciday + 7.48 galicuft
155 cu fise/MGD

mglL.

e, mol = (Demand, mgf) + (Residual, mgh)

s = Vol, MG x ppm or mg/L x £.34 bsigal

)
(Vol. MG) x (opm of mall)x 834 lbsioal
% Stengtn 1100)

YoLUME
Rectangular Basin, Volume, gal =

) x (HegL ) X748 0au 1
Cylinder , Volume, gal =
(©.785) (D, R (Heigh, Depth,or Lenghin ) x 748 Gaf®
Time, Hrs. = Voume. galons
(Pumping Rate, GPM, x 60 Min/Hr)

Supply, Hrs. = SoracsVolme Gals
(Fiow In, GPM - Flow Out, GPM) x 60 MinHr)

2QLUTIONS
Lbs/Gal = (Sohon %) x 834 belga x Speckic Gaviy
00

Lbs Chemical =
‘Spectic Gravty x 8.34 bsigalons x SOUAGa)
‘Specific Gravity = Chemical Wt (ibsigal
34 (bsigal)
% ofChemical = _ (DnyCremical bs) x 100
inSolsion  (Dry WLChemea, bs)+ (Waer bs)

{MGD)x (ppmor mgil)x 834 bkl
% purty) x Chemical Wi (bs/gal)

- ity
23ipsi

PSI = Head f x 0433PSI

Ibs Force = (0785) (0, fFx 144 inF x PSI.

GPD = (Feed, mimin x 1440
(1000 ML 3785 Liga)

a) CVi=CYy [
A

b) CiVieCava= CaVs

C=Concenration  V=Voume Q= Flow

BUMPING
T horsepower (p) = 746 wats = 0746 kw = 3960 galmint

WaterHp = (GPM)x(Totibiear
(3,960 galiminit)
BrakeHp = (GPM)x(Toeadt
(3.960)x (Pump % Effiiency)
Wotor Hp

- (coMpTomtestn
(3,950) x Pump % Eff. x Motor % Eff.
“Wireto-Water” Efficiency
= (Motor % Eficency x PumpSe Eficency)
cost,s =
(Hp) x (0746 Kk x (Opesaing Hrs.) x censSKwvH-

Q=AxV  Quantty=Areax Veloclty

Flow (fsec) =

rea(f) x Velocity (fUsec)

MGD 1 1.55 cuvsec/MD
785 xppe dameter fx pipe dameter

cuthee = thec
st

Seneral
§Cost/qay =
Removal, Percent =

bsiday x (SICos>
-0ux 10
in

SpeciicCapacity,GPWR. = Wel Vil GPM
Drawdown, 1.
GalsiDay = (Population) x (Gals/Capta/Day)

D = 1

Read? - MeterRead
(Number of Days)

Volume, Gals = GPM x Time, minutes

SCADA = 4 mA to 20 mA analog sianal

(e soraimA - 4mAofTset) x process ut and rarge
(16 mA span)

4ma=o

20mA fl-range.




Dosage - Box 11, HTH

.1t 70% available HTH chlorine were added to
water at a concentration of 15 ppm in a daily flow
of 2.5 MGD, how many Ibs would be used daily?

Lbs/day = MGD x (ppm or mg/l) x 8.34 |bs/qgal
% purity

FILTRATION C- T CALCULATIONS

Filtration Rate (GPMisq.ft) =

sq.ft = square feet [Cet

Filter Production (gallons per day) (Chlorine Residual, mg/L) x (Time, minutes)
(Fier area sa. ft) x (1,440 miniday)
Time, minutes = Cet
Loading Rate (GPM/ sq. ft) = (Flow Rate. GPM) (Chiorine Residual, mglL)
(Fiter Area. sq ft)
Chiorine Residual (mg/L)
Daily Filter Production (GPD) = (Filter Area, sq. t) x (GPMisq. ft x 1,440 miniday)

Backwash Pumping Rate (GPM) =

(Ct)
(Time, minutes)

(Fiter Area, sq ft) x (Backwash Rate, GPMisq. ft)  |Inactivation Ratio = (Actual System C-
(Table & C-1)
Backwash Volume (Gallons) =
(Fiter Area, sq. ) x (Backwash Rate, GPMisq ft) x (Time, min)

Backwash Rate, GPM/sq. ft. =

Cet Caleulated =
o Value, minutes x Chiorine Residual, mg/L
(Backwash Volume. galions)
(Fiter Area, sq. ) x (Time, min) LogRemoval = 10 - %Remoual x Logkey x ()
1
Rate of Rise (inches per min) = (Backwash Rate gonsq ft) x 12 inches fit
748 gallcuft
Unit Filter Run Volume, (UFRV) = (gallons produced i fiter run
(Fiter Area sq. ft)

CHEMICAL DOSAGE CALCULATIONS 'SEDIMENTATION
Note: (% purty) and (% commercial purty) used in decimal form
(% purty) and (4 Pt Surface Loading Rate, (GPD/ sq. ft) = (Total Flow GPD)
(Surface Area, saft)

Lbs/day gas feed dry = MGD x (ppm or mglL) x 8.34 Ibsigal

Detention Time =
= MGD x (pom or mgl) x 8.34 Ibs/gal
% purty

Yolume
flow

Detention Time hours =
‘volume (cu ) x 7.48 gallcu t x 24 hriday.

x I
(% purity) xbsigal

= MGDx (ppm or mo/L) x 8.34 Ibs/gal
(commercial purity %) x (ion purity %) x (Ibs/gal)

ppmormgl = or ‘gallons x % puriy x Ibs/gal

Ibs/day
MGD x 8.34 Ibsigal MG x 8.34 lbsigal

Gallday
FlowRate = Volume

Weir Overflow Rate, GPDILF. = (Flow, GPD)

(Weir length, )




B
Dosage — Box 11, HTH

4. If 70% available HTH chlorine were added

to water at a concentration of 15 ppm in a
daily flow of 2.5 MGD, how many Ibs would

be used daily?

Ans. 446.8




e
Questions?

Text your questions and comments

anytime during the session & RCAC



e
Disinfection with Bleach

* Liquid comes in;
 Gallon containers
* 55 gallon drums
» Large totes, bulk

* Does not weigh the
same as a gallon of
water, but...

do not mention it!

* AKA; Sodium
Hypochlorite




Percentages

* How would an operator enter the percentage
5.25% into the calculator?

5.25
0.525
0.0525

0.00525
0.05




Chlorination - Box 2, Liquid

. If 0.75 MG was treated with a 15% chlorine solution and a
dose of 10 ppm was desired, how many gallons of solution
would be required?

Liquid (gal) = (Vol, MG) x (Dosage, mg/l) x (8.34 Ibs/qgal)

Water Boards

State Water Resources Control Board

% Strength /100) x Chemical Wt. (Ibs/gal)

1 cubic foot of water weighs 62.3832 b
1 gallon of water weighs 8.34 Ib
1 liter of water weig 0 gm

1 mg/L =1 part per millon (ppm)

1% = 10,000 ppm

ft*=square feet and ft*= cubic feet

1 mile = 5,280 feat (f)

1yd'=27# and_ 1 yard=3fest

1 acre (a) = 43,560 square feet ()

1 acre foot = 325,8

1 cubic foot (it) = 7.48 gallons (gal)
1 gal = 3.785 lters (L)

1L =1,000 millliters.

1 pound (Ib) = 454 grams (gm)

11b = 7,000 grains (ar)

1 grain per gallon (gpg) = 17.1 mglL
1

ym ,000 milligrams

1 day = 24 hr = 1,440 min = 66,400 sec

1,000,000 galfday = 86,400 seciday = 7.48 galicu ft
=1.55 cu filsecMGD

Rectangular Basin, Volume, gal =
(Length, ) x (Widt, ) x (Height f) X748 gakou T

Cylinder , Volume, gal =
(0.785)x (Dia, Y (Hedght, Depth, or Lengthin ) x 7.48 galf®

Time, Hrs. = Volume, galors
(Pumping Rate, GPM, X 60 MinfHir)

Supply, Hrs. = SomosVolme, Gais
(Flow In, GPM - Flow Out, GPM) x 60 Min/Hr)

age, mgll = (Demand, mof) + (Residual, maf)

) Ibs = Vol, MG x ppm or mgiL x 8.34 bsigal
i (is) =

(Vol. MG) x (ppm or /L) x_8.34 Ibs/gal
(% Strength / 100)

Liquid (gal) = {Vol, MG} x (ppm or ma/L) x 8 34 Ibsigal
(% Strength /100) x Chemical WL (Ios/gal)

SI- = (Head PSI = Head R x 0433PSI
234fsi

Ibs Force = (0.785) (D, )" x 144 inft x PSI

SOLUTIONS
Lbs/Gal ~ (Sousion%) x 8.34 bsiga x Specic Gravy
0

Lbs Chemical =
‘Spacic Graviy x 834 Ibsigalons x Solfionigal)
‘Specific Gravity = Chemical Wt (ibs/gal)
8.34 (Ips/gal)
9% ofChemical = (DryChemical Bx) x 100
inSoluion  (Dry WE Chemical Ibs)+ (Waer ibs)
GPD =

(MGD) x (ppmor mgiL) x 834 s/l
(% purity) x Chemical W1.(Ibs/gal)

(Feed, miimin x 1440 miniday)
(1,000 mifLx 3785 Ligal)

GPD =

Two-Normal Equations:
a) GVi=CiV, Y
b)  CiVi#CaV2=CaVa

C=Concentration  V=Volume Q= Flow

EUMPING
" orsepower (Hp) = 746 watts = 0745 kw = 3,960 gaiminit

Water Hp = (GPM)x(Totaltead
(3.960 galminiit)
Brakelp = (GPM)x(Toitead)
(3.960) x (Pump % Efciency)
MotorHp. =

(COMx(TolslHead £)
(3,880) x Pump % Eff. x Motor % Eff.

“Wire-to-Water” Efficiency
= (Motor,% Eficency x Pumps Eficency)

Cost,$ =
(Hp ) % (0746 KwiHp ) x (Operating Hrs ) X centsKw-Hr

Q=AxV
Flow (fisec) = Area(ff’) x Velocity (fisec)

Quantity = Area x Velocity

MED x 1.55 cuftisee/MGD = cu foee = e
785 xpipe diameter fix pipe diameter i = sqt

General
($)Cost/day = Ibsiday x (S)Costd
Removal, Percent = (In-Out)x 100
in
SpecificCapacity, GPWR. = Wel Yiekd GPM
Drawdown, fL

GalsiDay = (Population) x (Gals/Capita/Day)

D = Read 2 - Mefer Read 1
(Number of Days)

Volume, Gals = GPM x Time, minutes

SCADA = 4 mA to 20 mA analog signal

ive sanalmA - 4mAoffset) x process unt and range
(16 mA span)

4ma=0 20mA full-range




e
Chlorination - Box 2, Liquid

1. If 0.75 MG was treated with a 15% chlorine
solution and a dose of 10 ppm was desired, how
many gallons of solution would be required?




e
Chlorination - Box 11, Liquid

4. 1f 75 gal/day of 15% chlorine bleach were
added to a flow of 950,000 gal/day, and the
product weighs 10 Ibs/gal, what is the dosage
rate in mg/L?

If we try to use Box 2, we would see the
formula;

GPD = (MGD) x (8.34 Ibs/gal) X_(ppm or mg/l)
(% purity) x Ibs/ga




Chlorination — Box 11, Liquid

. 1f 75 gal/day of 15

% chlorine bleach were added to a

flow of 950,000 gal/day, and the product weighs 10

Ibs/gal, what is the dosage rate |

n mg/L?

pm or mg/L = gallons x % purity x Ibs/gal

MG x 8.34 Ibs/gal

FILTRATION

Fi

ion Rate (GPMisq.ft) = Fitter Production (qallons per day)

Filler area sq. fL) x (1,440 min/day)

(Flow Rate, GPM
(Fiter Area. sq ft)

= 5q.ft = square feet
(

Loading Rate (GPM/ sq. ft.)

Daily Filter Production (GPD) = (Filter Area, sq. ) x (GRMisq. ft x 1,440 minday)

Backwash Pumping Rate (GPM) = (Filter Area, sq. ft) x (Backwash Rate, GPM'sq. ft)

Backwash Volume (Gallons) =
(Fiter Area, sq. t) x (Backwash Rate, GPM/sq. ft) x (Time, min)
(Backwash Volume. gallons)
(Fiter Area, sq. ) x (Time, min)

Backwash Rate, GPM/ sq ft.

Rate of Rise (inches per min.)

(Backwash Rate gpmsq ft) x 12 inches fit
748 gallcuft

Unit Filter Run Volume, (UFRV)

(gallons produced in a fiter rn)
(Fiter Area sq. L)

[C- T CALCULATIONS

[

(Chlorine Residual, mglL) x (Time, minutes)

Time, minutes = Cet
(Chlorine Residual, mglL)

Chiorine Residual (mgll) = _ (Cet
(Time, minutes)

Inactivation Ratio = (Actual System C- 1)
(Table € C-1)

Cet Calculated =
o Value, minutes x Chiorine Residual, mg/L

LogRemoval = 10 - %Removal x Logkey x (-1)
100

CHEMICAL DOSAGE CALCULATIONS
Note: (3 purty) and (% commercial purity) used in decimal form

jas feed dry

MGD x (ppm or mgL) x 8.34 Ibslgal
= MGD x (pom or mglL) x 8.34 Ibs/gal
% purty

GDx Ibsigal

ormg/l)x8.34
(% purity) x bsigal

GPD = MGD x (ppm or mg/L) x 8.34 Ibs/gal
(commercial purity %) x (ion punty %) x (bsigal)
ppmormgl = or

‘gallons x % puriy x Ibs/gal
MG x8.34

lbs/day
MGD x 8.34 Ibsigal Ibslgal

'SEDIMENTATION

(Total Flow, GPD)

Surface Loading Rate, (GPD/ sq. ft) =
(Surface Area, sq ft)

Volume
flow.

Detention Time hours =
volume (cu f) x 7 48 gallcu ft x 24 hrlday
Gallday

ours

Flow Rate

= Yolume
Time

Weir Overflow Rate, GPD/LF. = (Flow, GPD)
(Wair length, )




Chlorination — Box 11, Liquid

If 75 gal/day of 15% chlorine bleach were
added to a flow of 950,000 gal/day, and the
product weighs 10 Ibs/gal, what is the dosage

rate in mg/L"?

Ans. 14.2 ppm

FILTRATION

Fi

(Filter area sq. fL) x (1,440 min/day)

Loading Rate (GPM/sq. ft) = (Flow Rate. GPM)
(Fiter Area. sq ft)

Daily Filter Production (GPD) = (Filter Area, sq. ) x (GRMisq. ft x 1,440 minday)
Backwash Pumping Rate (GPM) = (Fitter Area, s, ft) x (Backwash Rate, GPMsq. ft)

Backwash Volume (Gallons)
(Fiter Avea, 59 %) x (Backviash Rate, GPMsq, 1) x (Time, mi)

Backwash Rate, GPM/sq. ft. = _(Backwash Volume. gallons)
(Fitter Area, sq. ft) x (Time, min)

Rate of Rise (inches per min) = (Backwash Rate gonsq ft) x 12 inches fit
748 gallcuft

Unit Filter Run Volume, (UFRV) = (gallons produced in a fier run
(Fiter Area sq. L)

ion Rate (GPMisq.ft) = Fitter Production (qallons per day)  sq. ft = square feet

[C- T CALCULATIONS

ot = (Chlorine Residual, mglL) x (Time, minutes)

Time, minutes = (Cet
(Chlorine Residual, mglL)

Chiorine Residual (mgll) = _ (Cet

(Time, minutes)

Inactivation Ratio = (Actual System C- t)
(Table € C-1)

Cot Calculated =

"« Value, minutes x Chirine Residual, mglL

LogRemoval = 10 - %Removal x Logkey x (-1)
100

CHEMICAL DOSAGE CALCULATIONS
Note: (3 purty) and (% commercial purity) used in decimal form

jas feed dry = MGD x (ppm or mg/L) x 8.34 Ibslgal
= MGD x (pom or mglL) x 8.34 Ibs/gal
% purty

x (ppm or ma/L) x 8.34 Ibslgal
(% purity) x bsigal
GPD = MGD x (ppm or mg/L) x 8.34 Ibs/gal
(commercial purity %) x (ion punty %) x (bsigal)
ppmormgl = lbslday or aalons x4 putty s

MGD x 8.34 Ibsigal X834 Ibslgal

'SEDIMENTATION

Surface Loading Rate, (GPD/ sq. ft) = Qo'a\ Flow GPD)
(Surface Area, sq.t)

Detention Time hours
volume (cu ) U ABQaI/w f1x24 hiiday.

FlowRate = Volume
Time.

Weir Overflow Rate, GPDILF. = (Flow, GPD)
(Weir length, ft)




Questlons’?

Text your questions and comments
anytime during the session & RCAC

www.rcac.org




Detention Time - Box 13

» Detention time refers to the time that it
takes a volume of water to move through

a process or vessel

* This time can be determined by dividing
the vessel volume (in gallons) and time

per day by the flow 4 RCAC
e



Rectangular Sed Basin Example

FILTERS — 3|

FLOC. —pi¢———————— SEDIMENTATION
BASINS BASINS
— o
BASIN — e
-~  NO.1 v
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SOURCE . . f——— WA;E-R
- | /¢ | IR |
BASIN C —3¢ ”
NO. 2 T
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WATER &——«-L%—-————ZT— A W.S % A RRNTYA ]
= = F\ — L == FINISHED
== WATER

/— SLUDGE
S ~—o’

; SLUDGE REMOVAL

ELEVATION

Fig. 5.21 Rectangular sedimentation basin



SEDIMENTATION
Surface Loading Rate, (GPD/ sq. ft.) =(__Total Flow, GPD )
( Surface Area, sq.ft.)

13

Detention Time = Volume |{times time/(24 hours, 1,440 minutes)}
flow

Detention Time hours = volume (cu ft) x 7.48 gal/cu ft x 24 hr/day

Gal/day
Flow Rate = Volume
Time
Weir Overflow Rate, GPD/L.F. = (_Flow, GPD)

( Weir length, ft. )



Detention Time - Box 13

1. What is the detention time in hours for a flow of
2,200,000 gal/day through a tank that measures 50 feet

long, 40 feet wide and 30 feet tall?

DT hours = volume (cu ft) x 7.48 gal/cu ft x 24 hr/day

Gal/day

Loading Rate (GPM/sq. ft) = (Flow Rate. GPM)
(Fiter Area. sq ft)

Daily Filter Production (GPD) = (Filter Area, sq. ) x (GRMisq. ft x 1,440 minday)
Backwash Pumping Rate (GPM) = (Fitter Area, sq.ft) x (Backwash Rate, GPMsq. ft)

Backwash Volume (Gallons)
(Fiter Avea, 59 %)  (Backviash Rate, GPMsq, 1) x (Time, mi)

Backwash Rate, GPM/sq.ft. = _(Backwash Volume. galions)
(Fiter Area, sq. ) x (Time, min)
Rate of Rise (inches per min) = (Backwash Rate gonsq ft) x 12 inches fit
748 gallcuft

Unit Filter Run Volume, (UFRV) = (gallons produced in a fier run
(Fiter Area sq. L)

CHEMICAL DOSAGE CALCULATIONS
Note: (% purty) and (% commercial purity) used in decimal form

Lbs/day gas feed dry = MGD x (ppm or mglL) x 8.34 Ibsigal
Lbsiday = MGD x (opm or ma/L) x 8.34 lbsigal
% purty

GPD = MGD x (ppm or m/L) x 834 lbslgal
(% purity) x Ihslga\
GPD

= MGDx(ppm ormgll) x 834 lbsigal
(commercial purity %) x (ion punty %) x (bsigal)

ppm or mg/l Ibs/day or ‘qallons x % puity x bs/gal
MGD x 8.34 Ibsigal MG x 8.34 lbslgal

FILTRATION C- T CALCULATIONS
Filtration Rate (GPM/sq.ft) = Fiter Production (qallons perday)  sq.ft = square feet [C+t = (Chiorine Residual, mg/L) x (Time, minutes)
(Fiter area sq. ft) x 41 440 miniday)
Time, minutes = Cet
(Chiorine Residual, mglL)

Chiorine Residual (mg/L) (Cot

(Time, minutes)

Inactivation Ratio = (Actual System C- t)
(Table € C-1)

Cet Calculated =

.o Value, minutes x Chiorine Residual, mglL

LogRemoval = 10 - %Removal x Logkey x (-1)
100

Disq.ft) = (Total Flow GPD)
(Surface Area, sq ft)

ime (cu i x 7.48 gallcu ftx 24 helday
Gallday

FlowRate = Volume
Time.

Weir Overflow Rate, GPDILF. = (Flow, GPD)
(Weir length, ft)




Detention Time - Box 13

1. What is the detention time in hours for a flow
of 2,200,000 gal/day through a tank that
measures 50 feet long, 40 feet wide and 30 feet
tall”?

Ans. 4.9 hours & RCAC




Detention Time - Box 13

2. What is the detention time in hours for a flow
of 2,900,000 gal/day through a tank that
measures 50 feet in diameter by 60 feet tall?

DT, hours = volume (cu ft) x 7.48 gal/cu ft x 24 hr/day

Gal/day




Detention Time - Box 13

2. What is the detention time in hours for a flow
of 2,900,000 gal/day through a tank that
measures 50 feet in diameter by 60 feet tall?

Ans. 7.28 Hours & RCAC




e
Questions?

Text your questions and comments
anytime during the session

& RCAC
AY " www.rcac.org



Velocity - Box 7

Water traveling through a pipe will need to be
converted into cubic feet per second and
divided by the square footage (area) of the

pipe.

Q=VxA



Flow, velocity, area
Q=AxV Quantity = Area x Velocity

Flow (ft¥/sec) = Area(ft2) x Velocity (ft/sec)|

MGD x 1.55 cu ft/sec/MGD = cuft/sec = ft/sec
.85 x pipe diameterft x pipe diameterft = sqft

8 RCAC
AY " www.rcac.org




Velocity — Box 7, finding fps

If a flow of 1,200,000 gpd were flowing through
an 18 inch pipe, what is the velocity in ft/sec?

MGD x 1.55 cu ft/lsec/MGD = cu ft/sec = ft/sec
0.785 x pipe D, ft x pipe D, ft = sqft

EUMPING
" orsepower (Hp) = 746 watts = 0745 kw = 3,960 gaiminit

Water Boards State Water Resources Control Board

JNITS AND CONVERSION FACTORS Water Hp = (GPM) x(TotalHead. ft

1 ubl ot of wat woighs 62 3832 b Rectangular Basin, Volume, gal = (3950 galiminit)

1 gallon of water weighs & Lengh, 1) x WM 1) x (DAL 1) x 748k 1 BrakeHp = (GPM)«(Tomiteat)
ot w0 Cyindor Vot , (2.960)  (Pump % Eficiency)

L=1 i inder , Volume, gal =
wé:'g/m uuge;gperml o i) (O785)x (D P+ (e, Dot or Lenginin ) x T48gaif® | Molorbp = (COM)x(Toabead
e fot and = cubic feet (3.860) x Pump % EFx Motor % EFl

! i 5260 st 1) T KIS S i e “Wire-to Water” Eficiency

and 1 yard = 3feet
1 re (a) 43550squarefeet(ﬁ’)
1 2cro fobt = 395051 gallons

1 b fot (1)~ 7 48 gallons (ga)

(Motor, % Eficiency x Pmp 2% Eficency)

Supply, Hrs. =
(Flow In, GPM - Flow Out, U6 KWHD ) X His)x .

SOLUTIONS
Los/Gal = (SHhfion%)  8.34 bR x Spec Gy uantity = Area x Velocity

ind (Ib)
i 7.000
grains (gr) = Area(ft’) x Velocity (ftisec)

1 grain per gallon é%’,’;’s ™) Lbs Chemical =
M 540 it~ 46 400 sex ‘Specfic Graviy 8.3 Issigalons x Souoniga) MGD ¥ 1.55 cuftisec/MGD - ou et = weee
785 xpipe dameler fix pipe diameter £ = sqft
* o 1“22 9’{333/ dﬁﬁé‘m secday = 7.8 gallc ‘Specific Gravity = Chemical Wi, ibsigal
=159 cuttse 8.34 (Ibsfgal) General
Costiday = sy X (S)Cosib

9% ofChemical = (DryChemical Ex) x 100 $Costiday o

Dosage, mg/l = (Demand, mgil) + (Residual, mg/) inSolution  (Dry WEChemical, Ibs)+ (Wate, Removal, Percent = {In-Out} x 100

in

(Gas) Ibs = Vol, MG x ppm or mgiL x 8.34 losigal
GPD - (MGD) x (ppmor mgiL) x 834 kgl SpecificCapacity, GPWR. = Wel Yiekd GPM

HTH Solid (bs) = (% purity) x Chemical W1.(Ibs/gal) Drawdown, fi.

(Vol, MG) x (ppm of ma/L) x 834 Ibs/gal
5% Strength / 100) GPD = (Feed mimin x 1440 mi GalsiDay = (Population) X (Gals/Capita/Day)
(1,000 mifLx 3785 Ligal)
Liquid (gal) = (Vol, MG) x (ppm or ma/L) x B34 lbsigal GPD - Read? - Meter Read 1
[ Suengih 7100) x Chemical W. (ios/gal) (Number of Days)
Two-Normal Equations:
a) CiV41=CVy @ _Q Volume, Gals = GPM x Time, minutes
= (head PSI = Headf ¥ 04PSIE. VitV
231ttpsi b)  CiVrsCaVa=CaVa SCADA = 4 mA to 20 mA analoq signal
1bs Force = (0.765) (D, 1t x 144 inf€ x PSI. C=Concentraion  V=Volume Q= Flow e sigralmA - AmAoffsef) x rocess unt and e

(16 mA span)
4ma=0 20mA full-range




Velocity — Box 7, finding fps

1. If a flow of 1,200,000 gpd were flowing through
an 18 inch pipe, what is the velocity in ft/sec?

1.2 1.86
MGD x 1.55 cu ft/lsec/MGD = cu ft/sec = ft/sec
0.785 x pipe D, ft x pipe D. ft = sqft
1.9’ 1.9’ 1.766

Ans. 1.05 fps
& RCAC



e
Filtration Rates

 The surface area
of filtration media
IS where most
material iIs
removed




wash tnughs filter tank

How
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coal wL
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L ] filtered water
=l | to clear well
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Filtration Rates

 Filtration rates are
determined by
dividing the flow
(usually in gpm) by
the square footage of
the filter media
material

* gpm/sq ft




FILTRATION 10; part 1

Filtration Rate (GPM/sq.ft) Filter Production (gallons per day)

Filter area sq. ft.) x (1,440 min/day

Loading Rate (GPM/sq.ft.) = (Flow Rate, GPM )
( Filter Area, sq. ft.

Daily Filter Production (GPD) =
Filter Area, sq. ft. ) x (GPM/ sq. ft. x 1,440 min/day)

FILTRATION [C- T CALCULATIONS

Packwash Pumping Rate (GPM) = =
Filter Area, sq. ft.) x (Backwash Rate, GPM/ sq. ft.

Time, minutes = Cet
(Chlorine Residual, mglL)

Chiorine Residual (mgll) = -4

c:
Daily Filter Production (GPD) = 1t x 1,440 miniday) (Time, minutes)

Backwash Pumping Rate (GPM) = (Backwash Rate, GPMisq. ft)  [Inactivation Ratio = (Actual System C-
(Table € C-1)
Backwash Volume (Gallons) =
(Fiter Area, sq. t) x (Backwash Rate, GPMisq. ft) x (Time, min) Cet Calculated =
Tic Value, minutes x Chiorine Residual, mg/L
Backwash Rate, GPM/sq.ft. = _(Backwash Volume. galions)
(Fiter Area, sq. ) x (Time, min) LogRemoval = 10 - %Removal x Logkey x (-1)
100
Rate of Rise (inches per min) = (Backwash Rate gonsq ft) x 12 inches fit
748 gallcuft

Unit Filter Run Volume, (UFRV) = (gallons produced in a fier run
(Fiter Area sq. L)

CHEMICAL DOSAGE CALCULATIONS 'SEDIMENTATION

Note: ‘and (% commercial punty) used in decimal form

e (% purty) and 0% Pt Surface Loading Rate, (GPD/ sq. ft) = (Total Flow. GPD)
£

(Surface Area, sq ft)
Lbs/day gasfeed dry = MGD x (ppm or mglL) x 8.34 Ibsigal

Detention Time = Volume
Lbsiday = MGD x (ppm or mg/L) x 8.34 Ibs/gal Tow
% purty
Detention Time hours
GPD = MGD x (ppm or mall) x 834 bslgal volume (cu ) x7.48 gallcu ft x 24 hriday
(% purity) x lbs/gal Gallday

GPD = MGDx(pomormgl)x 834 lbsigal FlowRate = Volume

(commercial purty %) x (i punty %) ¥ (bsigal) o Rate e
ppmormgl = lbs/day or gallons x % purity x lbs/gal Weir Overflow Rate, GPDILF. = (Flow, GPD)

MGD x 8.34 Ibsigal MG x 8.34 Ibsigal

(Weir length, ft)




FILTRATION (cont.)

10; part 2

Backwash Volume (Gallons) =
(Filter Area, sq. ft. ) x (Backwash Rate, gpm/ sq. ft. ) x (Time, min).

Backwash Rate, GPM/ sq. ft. = ( Backwash Volume, gallons)
( Filter Area, sq. ft.) x (Time, min)

Rate of Rise (inches per min.) = (backwash rate gpm/sq.ft.) x 12 inches /ft
7.48 gal/cu.ft.

Unit Filter Run Volume, (UFRV) = (gallons produced in a filter run)
(filter area sq. ft.)

FILTRATION

C- T CALCULATIONS

Filtration Rate (GPM/sq.ft) = Fitter Production ft=squarefest [Cet = (Chiorine Residual, mgL) x (Time, minutes)
(Fiter ea sq

Time, minutes = Cet
Loading Rate (GPM/sq.ft) = (Chiorine Residual, mglL)
Chlorine Residual (mgll) = _ (Cet
Daily Filter Production (GPD) = (Fif (GPMssq. ft. x 1,440 miniday) (Time, mintes)

Backwash Pumping Rate (GPM) = (Backwash Rate, GPMsq ft)

o = (Actual System C-
(Table € C-1)
Backwash Volume (Gallons) =
(Fiter Area, sq. t) x (Backwash Rate, GPM'sq, ) x (Time, min) C+t Calc

Backwash Rate, GPM/sq. ft. = _(Backwash Volume. galons)

/alue, minutes x Chiorine Residual, mglL

(Fiter Area. sq ) x (Time, min) LogRemoval = 10 - %Removal x Logkey x (-1)
00
Rate of Rise (inches per min) = (Backwash Rate gpnsq ft) x 12 inches fit
748 gallcu .
Unit Filter Run Volume, (UFRV) = (gallons produced n a fiter run
=

CHEMICAL DOSAGE CALCULATIONS SEDIMENTATION
Note: (% punty) and (% commercial punty) used in decimal form

Surface Loading Rate, (GPD/ sq. ft) = (Total Flow, GPD)
(Surface Area, sq.ft)
Lbs/day gas feeddry = MGD x (ppm or mg/L) x 8.34 Ibs/gal

Detention Time = Volume
Lbsiday = MGDx (opm or mglL) x 8.34 Ibsigal flow
% purty
Detentior s -
GPD = MGD x (ppm or maL) x 8,34 I (cu ) x7.48 galleu t x 24 hriday
(% purity) xbsigal Gallday
GPD = MGDx (pomormglL)x 834 bsigal Flow Rate Volume
(commercial purity %) x (on purity %) x (bs/gal) Time
ppmormgl = lbs/day or ‘gallons x % purity x Ibs/gal Weir Overflow Rate, GPD/LF. = (Flow, GPD)
MGD x 8.34 lbs/gal MG x 8.34 lbsigal (Weir length ft)




Filtration Rates — Box 10

« 2. What is the filtration rate in gpm/sq ft if a
flow of 1,000,000 gal/day flows through a filter
measuring 20 ft by 25 ft?

« Set up:
gal/day + 1440 min/day = gpm
_ ftx ft = sq ft

gpm + sq ft = gpm/sq ft & RCAC
s



Filtration Rates — Box 10

« 2. What is the filtration rate in gpm/sq ft if a
flow of 1,000,000 gal/day flows through a filter
measuring 20 ft by 25 ft?

« Set up:
1,000,000 gal/day + 1,440 min/day = 694.4 gpm
20 ft x 25 ft = 500 sq ft

gpm + sq ft = 1.388 gpm/sq ft
e



Filtration Rate - Box 10, Flow

* 3. When the flow to a filter is shut off and the
water drops 20 inches in 9 minutes, how fast is
the water dropping in feet per minute?

« Set up:
__In=12in/ft= ft

~ _ ft=9min= ft/min




Filtration Rate - Box 10, Flow

* 3. When the flow to a filter is shut off and the
water drops 20 inches in 9 minutes, how fast is
the water dropping in feet per minute?

« Set up:
20in+12in/ft = 1.66 ft

1.66 ft + 9 min = 0.18 ft/min




Backwash Rates — Box 10

* 6. What is the backwash flow required in gpm
to backwash a 25 ft wide by 30 ft long filter if
a backwash flow of 20 gpm/sq ft is required?

« Set up:
25 ft x 30 ft = 750 sq ft

750 sq ft x 20 gpm/sq ft = 15,000 gpm & RCAC



Poll #4 - What did you learn today?
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B
Thank You For Attending!

We look forward to seeing you
INn future online classes!

jhamner@rcac.org
[mcveigh@rcac.orqg



mailto:jhamner@rcac.org
mailto:kbaughman@rcac.org

	WELCOME!��Water Treatment Math
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	   Your Moderator Today…
	WELCOME!��Water Treatment Math
	This workshop is sponsored by the Sacramento River Funding Area Disadvantaged Community Involvement Program, a grant funded program supported by the California Department of Water Resources’ Integrated Regional Water Management Program
	Prop 1 Funding Areas
	Sacramento River Funding Area �Disadvantage Community Involvement Program
	Rural Community Assistance Partnership
	RCAC Programs
	Slide Number 14
	Slide Number 15
	Where is my certificate for attendance? 
	Questions?
	Your Presenter Today…
	WELCOME!��Water Treatment Math
	Poll #1 – Have you taken the test with the new platform yet?
	Water Math Topics Today
	SWRCB Website Address
	SWRCB Website Address
	Slide Number 24
	Slide Number 25
	What are we actually doing?
	Units of Measure Examples…
	Water Math – Terms, Definitions and Water Measurements 
	Slide Number 29
	What would 75% be in the form of a decimal?
	What would 5% be in the form of a decimal?
	NO UNIT OF MEASURE!
	0.785 = 78.5% of the area of a square of the same dimension
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Biggest tip for newcomers!
	Slide Number 49
	Slide Number 50
	What am I adding to the water to treat it/make it safe?
	Water Math Conversions – Chemical/Chorine Dosage
	What does Miller Genuine Draft have to do with water treatment?
	What is not given in the question? 
	Dosage – Box 2
	Chlorine Gas
	Chlorination – Box 2, Gas
	Chlorination – Box 2, Gas
	Chlorination – Box 2, Gas
	Slide Number 60
	Poll #2 - Have you ever done chlorination math and applied it to your water system? 
	5 Minute Break
	Poll #3 - Which chlorination product do you use, or have you used?
	Dosage, Calcium Hypochlorite 
	Percentages
	Calcium Hypochlorite
	Calcium Hypochlorite
	Chlorination – Box 2, HTH
	Dosage – Box 11, HTH
	Dosage – Box 11, HTH
	Slide Number 71
	Disinfection with Bleach
	Percentages
	 Chlorination – Box 2, Liquid
	 Chlorination – Box 2, Liquid
	Chlorination – Box 11, Liquid
	Chlorination – Box 11, Liquid
	Chlorination – Box 11, Liquid
	Slide Number 79
	Detention Time – Box 13
	Rectangular Sed Basin Example 
	Slide Number 82
	Detention Time – Box 13
	Detention Time – Box 13
	Detention Time – Box 13
	Detention Time – Box 13
	Slide Number 87
	 Velocity – Box 7
	Slide Number 89
	 Velocity – Box 7, finding fps
	 Velocity – Box 7, finding fps
	Filtration Rates
	How Filters Work
	Filtration Rates
	Slide Number 95
	Slide Number 96
	Filtration Rates – Box 10
	Filtration Rates – Box 10
	Filtration Rate – Box 10, Flow
	Filtration Rate – Box 10, Flow
	Backwash Rates – Box 10
	Poll #4 - What did you learn today?
	Slide Number 103
	Thank You For Attending!

