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How to Improve Your
Score on the Operator
Certification Exam

Test Preparation Strategies
for Success on the WTP Exam

1st — Prepare for the
Test You are Taking

You won’t panic...
if you have a plan and are prepared

> Target those areas of study on your test

« Set priorities
— What are the subjects where | am weak?
— Study most important subjects first |
— Know the Math presented by FRWA !

* Improve Study Habits! D

— Set up a Schedule that
aligns with your test date I/

— Use the Taylor Tutorial !!!

o

= ‘)‘

— Stick to a Study Schedule ! DON‘T PA’N IC

2"d _ Set a Reasonable
Study Schedule

* Set a Test Date close to the FRWA training
» Then set a Schedule that is realistic for YOU!
* Study early that aligns with your test date
= Study in short spread-aut sessions according to a
plan that includes FRWA handouts
+ Begin each session with quick review of previous
material
- Use the Study materials
provided by FRWA |
— Something in this Course
will help you answer
every question !




WTRGO01 How to do Well on the
Operator Exam

1111114

3rd — Build your
Memory

Long-term memory is a powerful tool

It is Formed by the process of creating
connections, reinforcing the same connections
and expanding strength by forming meaningful
associations or secondary connections

In other words,
v if a pathways are FORMED,
v* and you USE them, and
v you REPEAT them,
v You'll REMEMBER
the information !

Prepare Physically &
Mentally
for Exam Day

My To Do

List:
1. GetReady for Test
2 Get Ready for Test
3.  Get Ready for Test
4. RepeatPst-3

Focus =

—

Mental
Preparedness

Physical
Preparedness

D

oOD0DD0DO0OQ0

Be Comfortable

Breakfast is mandatory and includes protein:

eggs, bacon, peanut butter, cheese, (Brain
Food 1)

Drink plenty of fluids

Wear comfortable clothes & shoes
Test Calculator operation
Get Some new Pencils
Be Early !il!

Have a Positive
Mental Attitude
+ Confidence and positive attitude are
very important in test taking as in
anything we do that is challenging .

» Confidence is something that can be
built by reinforcing fundamentals.

“Ninety Percent of this game
is half mental.”
Yogi Berra
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During the Exam

Stay Comfortable and Focused
Stretch during test

Take Deep Breathes N
Stop Occasionally to rest ' ‘.‘.h.}\
Don't drink lots of coffee ifyou | Ji
didn't do so when you were :/ N
studying :
0 Avoid Sugar

Oo0D0DooDo

Approaching Tests
Systematically

r 1.« Nail What
you know.

2. Do the ones
{ where you
can eliminate

3. Record the
ones you
were not so
sureon "

Start

Beginning the Test
The test is not a race!
You have plenty of time to finish!
No need to Rush !
Use Effective Strategies!

Do not Rush

Before Starting the Test

v" Read ALL directions

v/ Scan the questions
Get a sense of the nature of questions
Think of the questions as several small jobs,
not one big, overwhelming test TR

’ V vl

v" Map out your time (3-hrs)
How much time per question?  £S
Keep schedule flexible

v Use your Scratch Pad
Keep track of thoughts and questions
Take notes & jot things down
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Plan of Attack

FIRST SWEEP

» Read each question in order,
answering the ones that you know
easily in your first reading,

+ Save harder questions for later,

+ When you get to the end of the test,
pause, relax, stretch, close your eyes
and clear your mind for a minute or
two; then begin again.

13

Read the Questions !

Read Questions Methodically and Carefully

Most frequent problem -- question not
completely read, misread or misunderstood

Reread the question several times to make
sure you are answering the right question

RTQ x2 .

"NOT" is the most commonly misread word.

D

Plan of Attack

SECOND SWEEP

Begin your “second sweep™

— work on the questions that you can answer
with a little thought,

« Save the really tough ones for last,
« Reread the questions that you were not
able to answer the first time.

»+ NEVER GUESS ! Answer all questions
using something that you know or think
you may know about it | N

Plan of Attack

THIRD SWEEP :
» Answer hardest questions last,

« After you have answered all
questions, if you have time, you can
skim all the questions and answers
one last time.

» Don't change an answer unless you
have found additional clues or
misread the question the first time

— Most changed answers are not as
good as the original ones 16
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Plan of Attack

FOURTH and
FINAL SWEEP
« Re-read Each question and answer!

= After you have answered all questions,
use your time to re-read all the questions
and answers to identify a few obvious
mistakes: 1.) keyed in the wrong letter, 2.)
missed a “not” or read a “maximum” as a
“minimum”, 3.) did not bother to read all
the answers given and there was a better
answer and, 4.) found a math error!

Strategies for
Conquering
Multiple Choice
Questions

Multiple Choice Mastery is in the

Numbers
= Never Leave Blank Il 1014 =25%
= State the answer then; HICHSISI3E
o Find the best match | lof2>50%

= If you can't match then Eliminate Distracters
i.e., Cross out the Wrong answers
= Use the question clues
? to find the best answer
= Always favor the one

that you remember about
subject matter

Study by Stating the
Answer, i.e., as if, it’s not
Multiple Choice

+ Read the question only,
— covering up the answer choices,
—see if you already KNOW the answer.

» Always predict the answer first
« Then, read ALL of the answer choices
 Find the best match of the choices
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Using Prediction with Eliminating Multiple Answers
Multiple Choice increases your Odds

« If your prediction isn’t one of the * ALWAYS ! Cross out those answers that
choices reread the question are obviously wrong to get it down to two.
—you may have misunderstood the = If more than one choice seems true, then

question one of them doesn't answer the specific

—You may have misread the question question or is not as complete

» Double check your answer by going  Reread the question to see which answer is

best

back to the question again for clues
When you eliminate wrong answers,
your chances for success increase
a dramatically!! z

Opposite Answers

Beware of Negatives
Increase Your Odds d
+ If a negative such as "NONE", "NOT",
» If two answers are opposites, one is often the "NEVER", or "NEITHER" occurs in the

correct answer question then you're looking for a "catch™.

= Some answ r i i
e 2 1D art@lly true, . * Read these carefully and be positive you
— If any part of the answer is false, eliminate it ,
understand the question.

* Rephrase the question: “In other words, what .
I'm looking for is...” * There will be an answer that matches

even if your thinking is backwards.

Tests are a perfect time to talk to
yourself, but not too loudly.
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Recognize Absolutes

» Words such as "EVERY", "ALL",
"NONE", "ALWAYS", and "ONLY"
are superlatives that usually indicate
a bad choice.

“If the world were
perfect, | wouldn’t be

here” Yogi Berra 5
4:@ A

Recognize Qualifiers

"USUALLY", "OFTEN",
"GENERALLY", "MAY", and
"SELDOM" are qualifiers that usually
indicate a true statement

or a good answer.

Rely on Initial Logic

« Research shows that initial logic is often
the best but:
v Did you properly read the guestion?
And then:
v |s the revision based on new clues?

= If you cannot figure out the answer by
rereading the question and using these
strategies within a few minutes

v go with the initial logic used 7

Solution to Two Possible
Answers

= Ask how the two answers differ (just the answers,
ignore the question), then look at the question again
and ask yourself “How is this difference important for
this question?"

« If you really think there's absolutely no difference
between the two answers, then look again at the
answers you've eliminated,

maybe one of them is actually
a better answer.

House Wins
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Scratch Paper is your

Friend

Helps you focus and ignore

distractions

Helps to Simplify Difficult concepts

* Helps you remember the questions that
were difficult to answer and records their
location (#) for your "second sweep".

* Helps to record information that you are

sure you will need but might

forget in other parts of the test,

SUMMARY
How to Do Well on Exams

Devise a plan

Set a study schedule for FRWA materials
Build long-term memory using repetition
Be physically well as you can be

Avoid stress and outside distractions
Prepare the night before the test

- Have a good breakfast /_\

Drink plenty of fluids

+ Wear comfortable clothes s
& shoes &

* SHOWUPEARLY  irieen

SUMMARY
How to Score Higher on Exams

+ Be calm, confident and focused
* Have a positive mental attitude
* Bring pencils & calculator

v Read questions carefully & twice
v Read Twice; Answer Once

Final Sweep - review and find “obvious
errors and catches”

Measure

ce.

Twi
. SF:an the test and plan your atlac.k e Sy
- First Sweep - answer easy questiol Cut Once.

+ Second Sweep - work on hardev-ques‘{ons

Third Sweep - answer hardest questions last

3l

SUMMARY

How to Do Well on Exams

» Last Sweep - after you have answered all
questions, if you have time, you can skim all
the questions and answers one last time

 Don't change an answer unless you have a
good reason to change it!
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SUMMARY

How to Do Well on Exams

+ Multiple Choice Questions
v Predict the answer
v Eliminate distracters to improve odds
v Use the question to find the answer
v Always Use things you know
» Beware of...
v Negatives — “none” “not” “never” or “neither”
v Absolutes - “every” “all” “always” and “only”
= Might indicate a true statements...

v “usually” “often” “generally” “may” and “seldom”

33

You are Ready

Lets do the FRWA Review
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Computer Based Examinations

Overview

Drinking Water and domestic Wastewater Treatment Plant
Operator Examinations
»  Composed of four levels — Class A, B, C, and D
¢ Class A, B,and C
«  Time allocated is three hours
= 100 multiple choice questions
¢« ClassD
*  Time allocated is two hours
* 50 muitiple choice questions

‘Water Distribution System Operator Examinations
¢ Composed of four levels — Class 1, 2, 3, and 4

*  Time allocated is two hours

= 50 multiple choice questions

Examination Process

= Submit application to DEP for review and approval
= Notified of approval in writing and given testing
location

= Go to the following web site for an examination
request form and the location/dates where exams
are given:

http://www.dep.state.fl.us/water/wff/ocp/index.htm

What to Bring and what not to Bring to
the Examination Site

* What to Bring
— Two forms of identification
— Only keys and wallets are allowed
— Only calculators that are silent, hand-held, non-
printing, non-programmable, no RAM, and no
alphabetical key pads are allowed.
* What not to Bring
— Cameras, recorders or cell phones
— No personal items
— No pencils or scratch paper (to be provided)
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Examination Scores

* Candidates will receive an on-site score report
* Minimum passing score is 70%
* Candidates that fail to achieve a passing score

must wait at east 60 calendar days before
they will be permitted to retake their exam

nun oo —0nN

Chasactarution of Smece ater

Cnapubeibon Vhoaralsiarn

Tsburatary dampling. Amalmit, ond latmrpectatzss
Convvsmn O md

rnllly(tpmuic;--dhn_w
Tol s O G- [ -0

N o - owaw—

Lo

11/1/14

vHs

n n oo -0

SO R WM e

Maintain equipment 4
Chemical weatmen! and analysis 4
Plant Operation e : AR
Regulations 8
Reporting Requirements;

Perform Safety and Security Requirements 2

Good Luck!
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Early Filtration & Disinfection of

Water Supplies
Introduction to Water oo Eedlio
Hippocrate contamination
Treatment s: boil and of a well in
strain vater. L.ondon
s, 1674 1846 1886
-3008C ' 1834 1854

Microscopic Chlcrination to Bacterja
Identification of hild adoptzd as

Bacteria indicator of
fecal
contamination

Development of Filtration & Early U Trea_tment T_GCh_mques
Disinfection in US Water Treatment for Bacterial Inactivation

e = Slow Sand Filtration (no backwash)
— Large filter beds with relatively slow filtration rates that
strain out particles
— Particles are removed by sieving and organic action

= Disinfection

— Chlorine added to drinking water in very small
concentrations

— By late 1920's eliminated Cholera and Typhoid

Typhoxd

{dentifi=tin
contaminated
vialer in
Englarl

1872

1880

Pouglleepsic 1Y

Filiratian Systei
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Treatment

Early Success in Drinking Water »Water Borne Ilinesses of
Protection with Typhoid ‘ Concern
Typhold Deaths Per 100,000 People ~ Albany NY - Cholera
§‘ Filtration used - Dysentery
£ il pripirod ooy = Gastroenteritis
% m Giardiasis
= = Hepatitis
5 = Typhoid
Yoar g .
Drinking Water Health Concerns Types of Contaminants, Some
Resulting from Cultural Changes in US Examples and Sources
= Urbanization £ B umedes ‘.*m
- S e el il -
= Industrialization [evoct trum oo

Cospm, [[REemasar ol
- Discharges of metals and inants [fLioce, Lusd e Gachaces,
chemi L s pviagian:
- Wiler addtve for
- Production of nuclear material |idnfucaarcy  (Cmene vt g emubied
= Intensive Farming and Agriculture i onetm,

- Pesticide and fertilizer use
— Feedlots and meat production

w
?

MFH
|
|
¢
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Modern Water Treatment Multiple Barrier Approach

Filtration Chlorination 5 )
Risk Prevention:

Source Selection &

= Surface Water contains  ® Cl Is @ very strong *8 and Protection

: Oxidant that destroys
orgafn.sms- integrity of Bacterial
s Turbidity is Cell Wall
representative of guallty = Highly effective for low " Monitoring and il 11dividual Action:
= Graded sand provides turbidity water . Compliance: : Y% Consumer
effective removal = Residual provides Detecting and (SR Sl v =3 Awareness and
evidence for continued Fixing Problems [l Participation
effectiveness

"¢” Your Role as an Operator

m Responsible for the operation of the water
system

m First priority is to ensure water is free from
harmful bacteria and toxic materials

= Correction of any problems that make the
water unsafe

= Monitoring the water for contamination

m Adherence to state and federal rules and
regulations that apply to the water treatment
aspect of providing water to the public

"
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The Safe Drinking Water Act

Government Regulation of
Drinking Water in US

Regulation Early
as jocal Early State Federal
healthissue | regulations | Involvement

1974

Early1800's | 1914 1923

Early 1870

1900s

SDWAand |

‘Early recognilion of
water-disease link ..

amendments
111 /| enacted :

Safe Drinking Water Act 1974

m Impetus for passage
— Increased concern and awareness
— Inconsistent State Requirements
m Development of Standards
— Scientifically Based on Health Impacts
- National Enforceable Standards

- Required Water Systems to Monitor to
Ensure Compliance

m SDWA enacted — December 16, 1974

Safe Drinking Water
Act Contents

= EPA established National Primary {Enforceable) and Secondary
Drinking Water Standards (Recommended)

= Regulations use a multi-barrier approach,

» Establishes a public water system supervision program (PWSS),
based on the level of risk posed to the public.

= Provide for State implementation and enforcement

m Requires Licensed Operators
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Safe Drinking Water Act

= Gave EPA authority to set drinking water
standards in Three Ways:

SDWA Contaminant Monitoring

= Chemicals (Inorganic)

- Maximum Contaminant Level Goal (MCLG) (Secondary = Pesticides (Organic)
Standards) Note: afl are MCLs in Floridal = Bacteria and Viruses (Micro-organisms)
— Maximum Contaminant Level (MCL) or numeric standards m Radioactivity
(Primary Standards) - Turbidity
— Provided for Treatment Techniques (TT) for Surface = Trihalomethanes (Disinfection By-
Water Plants products)
5 &

1986 SDWA Additions State and Federal Regulations

u PWS system revised; Created the NTNC category of m Multiple Barriers Regulated:

water system = Plans and Specifications for Water Systems

= Organic Chemical Monitoring and Detection Added (led after 350 customers

to detection of praviously unidentified microbial — Plans and Specs
problems) — Facility Locations
= Tightened Requirements for Surface Water Treatment - EMP
— provided for Higher Filtered Water Standards (lower NTU ~ Backup Generation
requirements)
- Disinfectant CT calculations for Giardia (Birds) and Viral = Sanitary Surveys Required
Inactivation

m Training for Operators Required
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Effects of 1986 Amendments

(continued)

u Ground water under the direct influence (GWUDI) must meet
Surface Water Standards (Microscopic Particle Analysis)

= More stringent coliform monitoring requirements added for all
PWS

s Lead/Copper and Corrosion Monitoring
= Public Notification for CWS (Tier 1, 2 & 3)

— Tier 1: violations, exceedances, and failures posing an acute heaith risk;
Public notice NLT 24 hours after learning of problem

— Tier 2; violations of a non-acute MCL or TT; Public notice NLT 30 days after
learning of problem

~ Tier 3: ather variances or
months after leamning of problem

Public notice within 3

Public Water System (PWS)
Designations

10

Public Water System (PWS) \Q -

A public water system (PWS) is defined by the Safe
Drinking Water Act (SDWA) as “a system for the
provision to the public of water for human consumption
through pipes or other constructed conveyances, if such
system has at least fifteen service connections, or
regularly serves at least twenty-five individuals at least
60 days out of the year.”

Regulatory Distinctions Between
Water Systems

Water Systems
|
| ]
Public Water System
|

Not A Public Water System
Community Water System NonCommunity Water System

NonTransient
NonCommunity Water
System

Transient

NonCommunity Water
System
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Community Water System (CWS)

m A public water system that serves at
least 15 service connections used by
year-round residents or regularly serves
at least 25 year-round residents.

= Serves people where they live.

= Exposure to contaminants could be
lifetime.

Noncommunity Water System (NCWS)

= A public water system that is not a
community water system.

= There are two types of non-community
systems (based on the length of
exposure of the consumers to the
water): transient and non-transient.

Non-transient Non-Community Water
System (NTNCWS)

= A public water system that is not a community
water system but that regularly serves at
least 25 of the same persons over 6 months
of the year.

= e.g., schools or businesses with their own
water system

m Exposure to contaminants could be similar to
that for community water systems.

Transient Non-Community Water
System (TNCWS)

m A noncommunity water system that does
not regularly serve at least 25 of the same
individuals at least 6 months per year.

® e.g., rest areas, campgrounds, truck stops,
visitor centers with their own water system

m |Individual exposure to the water is very
short-term.
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Specific Rules and Regulations of
the Safe Drinking Water Act

B B 8B B 8§ B N E E AN

Current SDWA Regulations

Total Trihalomethanes (TTHMs and HAASs)
Chemical Rules (Phases I, II, IIb, and V)

Surface Water Treatment Rule (Turbidity Control)
Total Coliform Rule (Monitoring Based on Population)
Lead and Copper Rule (Action Levels Established)
Stage 1 D/DBP Rule (DBP Monitoring)

Interim Enhanced SWTR (CT and Disinfection Profiles)
Radionuclides

Consumer Confidence Report Rule

Arsenic

Filter Backwash Recycling Rule

Long Term 1 Enhanced Surface Water Treatment Rule
18

L2 _Total Trihalomethanes (TTHM)
v and Haloacetic Acids (HAA5SS)

= Disinfection By-Products are Trihalomethanes and
Haloacetic Acids. They are the by-products of
disinfectants that combine with organic materials
in the water

= Standard applies to CWS' and NTNCS' that use a
disinfectant

= TTHM < 80 PPB or .08 mg/l and HAAS < 60 PPB
or .06mg/l based on RAA (Rolling Annual
Average)

Chemical Contaminants

= Regulations cover 72 drinking water
contaminants, most of which are carcinogens

= Applies to CWSs and NTNCWSs

a Contaminants cover three types:
- Inorganic chemicals (metals)
— Volatile organic chemicals (Solvents)

— Synthetic organic chemicals (Chlorinated
Hydrocarbons such as herbicides and pesticides)

20
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Chemical Probable Source

Aluminum Coagulation

Arsenic Dissolution of Rock

Asbestos Dissolution of Rock and
As pipeline

Barium Industrial Release

Cadmium Industrial Release

Chromium Industrial Release

Inorganic Contaminants

Health Effect

Dialysis Dementia
: Gastrointestinal, Cardiac

Gastric, kidney, pancreatic cancer
! Hypertension
: Testicular, prostrate tumors

Liver and kidney damage

21

Inorganic Contaminants

Chemical
Molybdenum
Nickel

Nitrate/Nitrite

Selenium

(cont.)

Probable Sou
Industrial Discharge
Industrial Discharge

Agriculture and Urban
septic tanks

Industrial Discharge

Health Effect
Bone loss, infertility
Possible carcinogen

Methemoglobin, possible
carcinogen

Liver, fatigue, diarrhea

Water Softeners Hypertension
Natural Waters Laxative Effects
Corrosion Muscular weakness, pain,

nausea 22

# Contarninant

1. Petroleum or
Petroleum
additives

2. Halogenated
VOCs

3. Chlorinated
Disinfection by-
products

Compounds

Constituents

: Benzene, Toluene and
Xylenes

Dichlorobenzene,
Dichloroethane,
Dichloroethelyne,
Tetrachloroethylene
(PCE),
Trichloroethylene (TCE)

Trihalomethanes

Volatile (evaporative) Organic

Probable Source

Leaky fuel tanks
(also MBTE)

Degreaser

and solvent disposal,
former use as Septic
Tank cleaners

{tow edor thresholds)
Industrial discharge

Synthetic Organic (Pesticides)
Contaminants

‘#' Contaminant

1. Insecticides
2. Herbicides
3. Fungicides

Constituents

=DDT, DDE, DDE.
mCarbamates, i.e.
Aldicarb, Carbofuran,
| Oxamyl, Dieldrin.
uOrganophosphates, i.e.
Diazinon
Alachlor, Atrazine,
Cyanazine, Dachal,
Dicamba, 2,4,D,
Picloram, Microprop
1,2-Dichloropropane,
| Ethylene Thiourea (ETU)

Probable Source

Agricultural

Agriculture, Picloram is
used in ROWSs; Mecoprop is
used on lawns

Agriculture

24
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Surface Water Treatment Rule Total Coliform Rule
(TCR) of 1989

= Applies to systems that use surface water

(including GWUDI)
m Sets MCLGs for Legionella, Giardia, and Purpose: “To protect public health by ensuring the
Viruses at zero due to there health risk integrity of the drinking water distribution system and

monitoring for the presence of microbial contamination.”

- Establishes treatment techniques for these = All Public Systems must monitor

contaminants because identification is not feaslble

" . . . . . s Promulgated to decrease the risk of waterborne illness
] Requweg D|§|nfect|on and Flltrat]o_r\ (adequacy u Corrective measures based on detection
of filtration is measured by turbidity) = Required public notice based only on the presence of
m Establishes monitoring requirements for total coliforms
turbidity and disinfectant residuals = Coliform group used because disease-producing
" organisms are NOT easily isolated and identified.
TCR (continued) Bacteria that cause Disease

(Human and Animal Feces)

The TCR applies to all public water systems

Type of Bacteria Disease
Salmonella (Typhi,  Typhoid, Paratyphoid,
Paratyphi, other sp.) Gastroenteritis

Shigella Dysentery
Vibrio cholarae Cholera

E. coli 0157:H7 Gastroenteritis
Yersinia Gastroenteritis

‘enterocolitica
:Heliobacter Pylori Peptic Ulcer

26
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Lead and Copper Rule
Basic Requirements

m Provide optimal corrosion treatment

m Determine tap water lead and copper
levels

= Rule out Source Water as the problem

= When levels are exceeded notify the
public of the dangers and perform
corrective actions

29

Stage 1 D/DBP Rule

= Limits TTHMs and HAASs in drinking water

m Establishes treatment performance standards
for filtration, enhanced coagulation and
softening

m Applies to all NTNCWS and CWS's

m Requires systems to sample for Disinfectant
Residuals and Disinfection By-Products

= Number of Samples based on source and
system size

30

Stage 2 D/DBP Rule

= Requires Monitoring Plan when Stage 1 > 60
PPM TTHM and/or > 40 PPM HAAS

= Must Submit Monitoring Plan or Apply for
exemption

= Multiple locations depending on source and
size different than Stage 1 D/DBP Sites

N

Interim and Long Term Enhanced
Surface Water Treatment Rule
(IESWTR) and (LTESWTR)

m Optimize existing conventional treatment
systems for pathogen removal

m Requires disinfection profiling and
benchmarking

m Requires filter profiles, filter self-assessments
and comprehensive performance evaluations

m Applies to all surface water and GWUDI
source waters according to size

2
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Radiological
Contaminants

Types of Radiation  Description ﬁ@ﬁ el

Alpha Radiation
(massive ingestion can
damage cells)

Beta Radiation
(smaller size with less
damage to organs)
Gamma Radiation Electromagnetic or wave
(min. effect at small levels) energy such as X-rays

Large positively charged
particles made up of two
protons and two neutrons

Electrons or positrons.

“a Consumer |

Consumer Confidence Reports ' (&g Confidence -

m Required Annually all CWS

= Easy-to-understand explanations of
drinking water standards and health effects

= Information on the quality of the water
system’s source and monitoring results

m Health effects information on any
contaminant in violation of an EPA health
standard

Filter Backwash Recycling Rule

m Applies to all public water systems that:
— Use surface water or GWUDI plants
— Utilize direct or conventional filtration
— Recycle backwash water
m To control microbiological contaminants in
plant recycling streams; reduce risk to public
m Requires increased monitoring
— filter backwash frequency
- loading rates

kL]

Operator Certification
Requirement

EPA Role State Role

m Publish operator certification = Determine appropriate
and recertification guidelines experience, education
and training

~ Specify minimum standards requirements

for State programs

— Apply to CWSs and
NTNCWSs

u Certify operators
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State of Florida
Drinking Water Rules

Florida Drinking Water Rules are found in
Florida Administrative Code (FAC)

n “Florida Drinking Water Rules” Updated
each Year by DEP

u DEP also updates Forms each Year

m Can be obtained from DEP or at FRWA,
annual Focus on Change presentation
hosted around the state beginning in
February each year.

Florida Administrative Code and
adoption of CFR 40 Federal
Regulations
Rule Coverage and Requirements

Fiorida Administrative Code — Only In FL
w 62:550 @/
= Drinking Water Standards, Monitoring and Reporting
® 40 CFR 141, Subpart H, 7/1/03,
= Filtration and Disinfection

SDWA
%141, Subpart 1, 7/1/02,

= Confrol of Lead and Copper in Drinking Water

= 40 CFR 141, Subpart L,1/16/01
= Disinfection Residuals, Byproducts and Precursors

Florida Administrative Code and Adoption of
CFR 40 Federal Regulations
Rule Coverage and Requirements

= 40 CFR 141, Subpart O, 12/09/02
Consumer Confidence Reports

= 40 CFR 141, Subpart P, 7/1/03,
Enhanced Filtration and Disinfection serving 10,000 people or
more

= 40 CFR 141, Subpart T, 7/1/03,
Enhanced Filtration and Disinfection serving less than 10,000
people

m 62-555 FAC
Permitting, Construction, Operation and Maintenance of Public
Water Systems
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Florida Administrative Code and adoption of CFR 40
Federal Regulations
Rule Coverage and Requirements

= 62-560 FAC

= Requirements of Public Water systems that are out of
Compliance

8 62-699 FAC
= Treatment Plant Classification and Staffing

= 62-602 FAC

Drinking Water and Domestic Wastewater Treatment Plant
Operators

62-532 FAC
Well Permitting and Construction Requirements

51115

- s P \ W
‘When do secondary ¥ N
standards need to be

included in the CCR?

Monitoring and Reporting
Excerpts from 62-550 FAC

Purpose of Monitoring

= Detect potential problems

= Inform the public of dangerous
conditions

= Verify compliance

= Collect data on emerging contaminants
of concern

m Determine program effectiveness

Monitoring Points

m Beginning of Process
(Ambient monitoring)

= Within treatment
processes

m End of treatment
processes and
distribution system
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Parameters Monitored

Chemical

— Mostly numeric standards for contaminants or
other parameters

Physical

— Numeric (flow, temperature, turbidity or narrative
(objectionable color, taste)

Biological

— Presence (total coliform, fecal coliform)

Radiological

— Presence (gross alpha monitoring)

Florida
Primary and Secondary
Drinking Water Standards
and

Other Regulated Parameters

Florida Regulated Contaminants

Table 1 MCLs for Inorganic Compounds

Table 2 Maximum Resldual Disinfectant Levels
Table4  MQLs for Volatile Organic Contaminants
Table 5 MCLs for Synthetic Organic Contaminants
Table 6 Secondary Drinking Water Standards
Table 7 Monitoring Frequencles and Locations
Table 8 Initial and Routine Monitoring Schedule

1

SDWA
Current Number of Regulated
Contaminants by Category

Inorganic (I0C’s)

Volatile Organic Contaminants (VOC's)
Synthetic Organic Contaminants (SOC's)
Radionuclides (RAD’s)

17
21
30
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Some Common Inorganic Contaminants and their
Maximum Contaminant Levels (MCLs)

Contaminant MCL (mg/l)

:;?;t;s ’(7)(01\2%1‘ )/ Million fibers per liter
- Fluoride 440 20inFL
by Drelack  Mercury 0.002

Nickel 0.1

Nitrate 10

Nitrite 1

Total Nitrate+Nitrite 10

Sodium 160

Some Regulated
Volatile and Synthetic Compounds

Select Volatile MCL  Select Synthetic ~ MCL

ithloroethylefe(TCE) .003  Alachlor .002

Viny! Chloride .001  Diquat .002
Trichloroethane 2 EDB .00002
Benzene .001 Heptachlor .0004

Removed by aeration

Chlorine Residuals

Contaminant

MCL in FL

MIéL (me/l) ~ -

Chlorine
Chloramines
Chlprine Dioxide

4.0 (as CL) Er@“‘

4.0 (as Cl,)
0.80 (as Cl10,)

NH,CL + TOC = no DBPs

Secondary Regulated Contaminants
(applies to CWS)

Contaminant MCL (mg/l)

Chloride 250

Sulfate 250

TDS 500

Copper 1.0

Fluoride 2.0

Iron 0.30 > .30 causes red water
Manganese 0.05

Silver 0.1

pH 6.5t0 8.5

Color 15 cu

Carrosive Scale N
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Maximum Contaminant Levels
for Disinfection Byproducts

AN

Contaminant MCL (mg/l)
Total Trihalomethanes 0.08
Haloacetic Acids (Five) 0.06
Bromate 0.010
Chlorite 1.0

-

Monitoring
and
Reporting

-!. ST

Ashestos .
Nitrate/Nitrite

Microbiological
CL and NH,CI.
THMs and HAASs

N

Initial and Routine Monitoring for CWS & NTNCWS
27 SRS

GW: Yeaily‘ )

* Subpart H: Quarterty- :~7

Monthly Mulﬁple Locations
Monthly.at Coliform; Location -

GW: QTR 210K; Yrly <10K (Month
w/warmest water temp)

Subpart H: QTR 2 500; Yrly <500
(month w/warmest water temp)

19

Initial and Routine Monitoring
for CWS & NTNCWS

Parameter Freguency/Application
= Inorganic Every 3 Years GW
Yearly Subpart H
= Volatile Org. Every 3 Yrs, 4 Quarterly
= Synthetic Org. Every 3 Yrs, 4 Quarterly
= Secondary Every 3 Years
= Radiological Every 3 Years
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Compliance Cycles

= Nine year cycle - Three year compliance
periods

m Large systems 3,300 population and above
sample first year of compliance period.

= Population <3,300 sample in second year of
compliance period.

= Non-Transient Non-Community sample in
third year of compliance period.

21

Specific State Requirements
that Water Treatment Plant
Operators Must Know

Specific Rules and Regulations that
Water Plant Operators Must Know

= Chapter 62-550
Standards, Monitoring, and Reporting
m Chapter 62-555
Permitting, Construction and Operation and
Maintenance of Public Water Systems
m Chapter 62-560
Requirements of Public Water Systems that are out of
Compliance
Chapter 62-602
Operator Certification Rule
m Chapter 62-699
Plant Classification and Staffing Requirements

Bacteriological Monitoring
Four Principle DEP Requirements

1. All PWS Systems must test for coliform
bacteria to determine compliance.

2. All PWS Systems must provide raw sample
from each source or each well.

3. The number of distribution samples is

dependent on the population served.

4. Provide bacteriological and chemical

analysis results to FDEP postmarked by the
10t of following month.
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Bacteriological Monitoring v _

Failure to Meet Standards Q

For systems collecting miore than 40 samples per month, MCL is
violatad when more than 5% are total coliform-pasitive.

For systems collecting fewer than 40 samples per month, MCL is
violated when more than one sample is total coliform-positive.
Repeat samples must be taken upon failure in the same month.
Repeat samples must be taken at site of failure and at location

within 5 service connections upstream and downstream within
24 hours of being notified of the result,

Systems collecting fewer than five samples a month that has
one or more total coliform-positive samples shall collect at least
five routine samples the next month.

If fecal coliform is detected DEP must be notified by the end of
the day that the system is notified of the test result.

25

Requirements for Repeat Samples

Repeat Satmples for Systums with Mult
2 e :53.;,@%'5' ug:;ier

Chemical Constituents
Nitrate/Nitrite Testing

m Transient Non-Community Water Systems
(TNCWS) must test for Nitrate/Nitrite yearly,
along with quarterly bacteriological samples.

m All PWS’s must test for Nitrate/Nitrite yearly,
with Community (CWS) and Non-Transient
Non-Community (NTNCWS) monitoring for
bacteriological samples monthly.

= Nitrate MCL - 10 mg/I

= Nitrite MCL - 1 mg/!

= Combination — 10 mg/I

Chemical Constituents
Lead and Copper Action Levels

Chemical Constituent Action Level MCL (ma/l)
Lead (Pri DW Std) >0.015 mg/I 0.015
Copper (Sec DW Std) >1.3 mg/I 1.0

+ All CWS and NTNCWS are covered
- Compliance is based on the 90t percentile
= Action levels are exceeded if the “90th percentile” is
greater than the above action levels or more than
10% are exceeded.
+ Samples are based on population served
28
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Lead Toxicity

m Interference with Red Blood Cell Chemistry
m Delays in Physical and Mental Development
= Learning Disabilities

m Kidney Disease, Stroke and Cancer

Lead Problems originate from Corrosion of fittings
and solder in Dist. System especially when
copper fittings were installed before 1982.

Florida Rural Water Agoclation 29

Chemical Constituents
Secondary Contaminants

m Non-Transient Non-Community Systems must
test for chemical analyses excluding
secondary contaminates in their three year
compliance cycle.

m Community Systems must test for chemical
analyses and secondary contaminates in their
three year compliance cycle.

m Secondary physical contaminates are non-
health related (pH, color, odor)

30

Minimum Reporting
Requirements for CWS

= MORs postmarked by the 10% of the
month following the reporting period;

= Submit chemical analysis results for
Pesticides & PCBs, Volatile Organics,
Radionuclides, Primary Inorganics,
TTHMs, Asbestos, Nitrate and Nitrite,
Secondary Contaminants.

3

Water System Record Keeping
Requirements 62-550.720

AW ]

~ Q -

= Copies of written reports,
cross connection control reports (MORS) shall be kept
programs, sanitary for not less than 10 years.
surveys, shall be keptat & Records concerning a
least 10 years. variance or exemption

= Chemical analyses shall be granted shall be kept for at
kept for 10 years. least 5 years.

m Records of action to s Records of bacteriological
correct a violation shall be analyses shall be kept for not
kept for 3 years. less than S years.

a Water plant operation

n
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Water Treatment Plant Water Treatment Plant Category
Operating Requirements Designations for C and D WTPs
= Must provide the required DEP certified water plant Category Description
operator.
e Plant shall be maintained in good condition I Chemical Preparation
m A hard bound Operation and Maintenance logbook shall . S
be on site and available for inspection; all maintenance II Demineralization
and daily testing records shall be recorded. : - -
m Can not modify treatment or source without DEP III Filtration w/ Primary
approval Treatment or Ion Exchange
= Monthly Operating Reports (MOR's) are to be kept and v N
submitted to DEP each month by the 10th. v Primary Treatment, Aeration
= Can not operate plant greater than capacity without DEP and Stabilization
approval - .
. = v Disinfection Only "
~ NS -
{"DEP WTP License Requirements Class C Staffing Requirements
® | ead Operator Must have License shown
® Your job as an operator will depend to a large e ! z - Y g
degree on the capacity and type of water 5 visits/week Below Below 0.25 0.1t 1.0 : 0.25to
treatment plant and 1 visit/ 0.1MGD  MGD MGD 3.0 MGD
Waier Tresiiioed Process Tomk | Tor¥ T TowT [T wc:::aﬁmum 24 18 12 06
Cﬂwy;nmlmmmﬁﬁm x:ﬂ :ﬁ 1:.:” t‘::} ok d g -, |
Category Il. Demmmlmm; asugp | 12MA0 w Moo 1 hr. ea: Day Lessthan 0.1t00.25 0.25t00.5 1.0t03.0 3.0to
osirsey B | ow | (B | 10w [ TR and wegkend  0.1MGD  MGD MGD MGD 5.0 MGD
3 el THESD Feans
c-wy;l,m*;:fMl an:cmww ::n:. TN u"u%o am :nr:::ﬂ?:n\:j &é;o 0.3 :4(2;5 to 0.5 (b)igéo 1.0 3.0to5.0
THegory V; Prenasy Tresmert (nouows SE7300n, | tawe | 10000 | 10 | g D MGD
siahization, and diairtection] araneu | mdseoes | B2, | 04M0 6hnea.Day 0.3to10 05t01.0 10ts 50t010 508
Tatogory V. Dairdecton only ‘hl'_'-:f: PlossTm] [Bobd ?l';n. and weskend  MGD MGD 2.0 MGD MGD Above
35 3
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Class D Staffing Requirements

(Cotegory 5= U VS T M
3 visits/week on nondonsecutive Less than
days for total of 0.6 hours/week 0.1 MGD

3 visits/week on nonconsecutive 0.05to

days for tatal of 0.3 hours/week 0.25 MGD
2 visits/week on ponconsequtive . . Lessthan
days for total of 0.2 hours/week 0.05 MGD
“with no more than 5 days LA

between visits

37

Water System
Capacity Requirements

— For new community water systems (CWS),
or for CWS and NTNCWS that grew to
CWS status through facility expansion.

— Construction Permit from FDEP and
demonstrate financial, managerial and
technical capacity.

— Have required operator license

~ Have capability to conduct monitoring and
reporting

.

Water Distribution System
Requirements

= Maintain 20 psi in distribution system at service
connection except for break or extraordinary
conditions.

= Document program for exercising all system valves

® Must have quarterly dead-end system flushing
program and as necessary from complaints

s > 350 people or 150 connections
— must map lacations of valves, fire hydrants and facilities
- must have Emergency Preparedness Plan for system,
- and have minimum of two wells and backup generator

39

DOH GUIDELINES FOR THE
ISSUANCE OF
PRECAUTIONARY BOIL
WATER NOTICES

10
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Types of Problems Resulting
in PBWN

m Microbiological
= Zero or Negative Pressure

= Low Water Pressure (maintain pressure
during repair, maintain > 0.2 Cl residual
and limit affected area.)

= Water Main Breaks or Interruptions
e Flooding of Wells

41

Confirmed Microbiological
Problems

= The Presumptive test is that Total Coliform
has been detected.

= The Confirmation test is the confirmed
presence of fecal indicator such as E coli or
other fecal bacteria such as coliphage;

= Boil water notices must be issued ASAP but
no later than 24 hours after results;

= DEP must be contacted by end of day;

= To lift notice repeat samples must be clear of
TC, FC and EC and residual >0.20 mg/I CI.

42

Main Break Clearance Samples

m Require two satisfactory days of sample
results (PBWN may be lifted after first
set contingent on second set)

m Two consecutive sets of repeat if
second set is positive;

e Main clearance samples should be
clearly marked and submitted with
MORs.

Water Pipeline Additions to
Distribution Systems

m Must have DEP permit

m Must provide a horizontal separation of 6
from sanitary sewer pipe

= Must maintain 6” above or at least 12” below
gravity, vacuum sewer, or storm sewer and
12" above/below for pressure type sewers or
reclaimed pipelines.

= Must maintain 1 full length centered of water
pipe to ensure joints are farthest away from
intrusion points.

ss ' “

11
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Minimum Disinfection Requirements

= Maintain a free chlorine residual of 0.2 or
combined chlorine residual of 0.6 ma/l
throughout the distribution system.

m Provide an approved DPD “free chlorine”
test kit and daily checks 5 days per week
Chlorination facilities with a daily demand
of 10 Ibs./day or more must provide gas
chlorination with automatic switchover.

45

Water Treatment System Facility
Maintenance Requirements

m Must inspect storage tanks with access every
5 years

m Must rehabilitate tanks as needed using
approved coatings

= Must clean sludge accumulations yearly

= Must exercise isolation valves at water
storage tanks and in-plant facility

46

Sanitary Surveys Requirements

= Currently cover Subpart H Systems and are
performed every 3 years for CWS and 5 years for
NCWS by DEP
m On-site evaluation
- Source
— Treatment
— Distribution system
— Finished water storage
— Pumps, pump facilities, and controls
~ Monitoring and reporting and data verification
— System management and operation
— Operator compliance with State requirements

12
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¥ What 18
o Matier?

(It is anything that has weight and occupies space)

Basic Chemistry for Water T
Pla nt O pe rato rS - Solids — have a definite shape with the particles closely

packed together; A solid doesn’t change its shape to fit
into a container

- Liguids — maintain a constant volume but will change
shape to fit their container.

- Gases - have no fixed shape and their volume can be
expanded or compressed to fit different sizes of
containers.

m  Matter can change in two different ways; physical
and chemical changes

Periodic Table of Elements

13 14
ma va

Elements -

m All matter is made up of pure basic
substances or combinations of these
basic substances, known as ELEMENTS.

m 118 known elements

= The atom is the smallest unit of an
element

10
-
5
e
-
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-
=
[
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Properties of the Elements

Metals (aluminum, iron, copper, gold, lead, mercury)
= Metals constitute the largest class of Elements.

® Metals tend to lose electrons to form positive ions.
Nonmetals (carbon, oxygen)

& Nonmetals are often gases at room temperature

& As solids they are not lustrous, malleable or ductile,
and are poor conductors of heat and electricity.

m Nonmetals gain electrons to form negative ions .
Semi-Metals (silicon, arsenic)

® Semi-metals may exhibit properties of either.

The Periodic Chart
Use of Atomic Weight

Atomic Number

Symbol
Includes
Isotapes
Use 16
B Name
Atomic Weight

Atoms are classified
by the # of Protons
in the Nucleus called
the Atomic Number

*Atoms are made up of protons, electrons and neutrons.

*Atoms are classified by the number of protons in the nuclens and is its
atomic number.

*Nucleus is made up of protons and neutrons which give the atom it’s
atomic mass. Mass of each is 1. Electrons do not have mass.

*Electrons orbit the nucleus and have a negative charge. Protons have a
positive charge and neutrons have no charge.

*Atoms have the same number of electrons as protons unless acted upon by
an external force. 7

C d Sodium '"Q /@:hlorlna (cn
ounds
ompoun .

Salt or Sodium Chioride [MaCl)
m Substances composed of two or more
elements are called compounds
= If you sub-divide a compound into its
smallest particle you have a molecule
= Chemical compounds are represented by
chemical formulas like salt (NaCl)

= The majority of compounds that contain v _
carbon are termed “organic”




WTRG21 Basic Chemistry 5/1/115

Calculating Molecular Weight What is a molecule and how do you
V : of a Compound calculate molecular weight?
The Malecular Weight of & Compound is the sum of the Atomic Welghts of all of = A molecule is the smallest unit of a compound (a combination of two or
the atams in a compound. For example take sodium silicofluoride (Na,SiF). more atoms).
What is it’s molecular weight? = A molecule may contain two atoms of the same element or consist of

two or more different atoms (such as O, and H,0).
= The molecular weight of a molecule is calculated by adding the atomic
weights (in atomic mass units or amu) of the atoms in the molecule.

Si 1 28.09 28.09 = Given a molecule of calcium hydroxide (lime - Ca(OH),) how many
atoms are there of each element and what is its molecular weight?

LF 6 19.00 114.00
i 188.07
L Element Atoms Atomic Wt
Based on thls information what is the Fluoride ion purity, % in the compound? Ca =_1 40
Oxygen =_2 16
Fluoride lon purity, % = (molecular wt, of F in compound) = 114 = .606 or 60.6% = 2 1
molecular wt. of the compound 188 Hydrogen — —
9 Molecular Weight = (1x40)+(2x16)+(2x1) = 74 10
Concentration: How does ppm and Concentration

mg/| relate to each other?

= The concentration of a solution is a measure of the amount of
solute dissolved in a given amount of solvent.

= A solution consists of two parts: a solvent and a solute.

N .| = Metric system units go in steps
1000 Kiogram kg 10% of 10, 100, and 1,000.

100.0 hectogram hg 102 = One milligram in a kg is 1 ppm = When working in water treatment, the solvent is usually water.
10.0 dekagram ~ dag 108 (by mass).
1.0 gram g 100 = One liter (L) of pure water at

49C and 1 standard atmosphere

01 da:l;.;rdm g 10t pressure weighs exactly 1 kg
01 centigrem  cg 107 ® So 1 mg/Lis 1 ppm. Another
.001 miligrm mg 107 way to say it is a liter of water
.0000001 microgram pg 10§ weighs 1,000 grams or 1 million
milligrams. = Commonly expressed as mg/| (same as ppm) but can be
img= 1mg= 1img =1pat ® Therefore, 1 mg Irl .1 liter is 1 expressed as percent strength and grains per gallon GPG.
L 1 kg million mg million mginl rnl_liinn milligrams or 1 = A concentration at which no further solute will dissolve in a
part per million. solution is said to be saturated.

1 12
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Concentration

= For the extremely dilute solutions, concentration
is often expressed in parts per million (ppm).

= The amount of solute and solution present can be
stated in terms of either mass or volume.

m Therefore, different types of percent (weight or
strength) and ppm exist:
— Mass-mass;
— volume-volume;
— mass-volume

Percent Strength

= Percent strength of a solution can be expressed as
percent-by-weight or percent-by-volume.
u To calculate percent strength by weight , the
following formulas are used:
= Percent strength = Weight of Solute x 100 or
Weight of Solution,

= Percent strength = Weight (dry) x 100
Weight (prod)

Percent strength = part x 100
whole

If 10lbs of chemical are added to 100 lbs of
water, what is the percent strength (by weight )
of the solution?

m Percent strength = Weight of Solute x 100
Weight of Solution

w Weight of Solute = 10Ibs
= Weight of Solution = 110Ibs

= Percent strength = 10x 100 = 9%
110

Example: A lab procedure requires you'to add 10
Ibs of sodium hydroxide to water. How many Ibs of
sodium are required for this reaction?

Weight percent = atomic weight of element x 100
molecular weight of compound

m Step 1. Determine the molecular weight of sodium
hydroxide (NaOH).
= Atomic weight

~ Sodium = 23
- Oxygen = 16
— Hydrogen = 1

= Molecular weight of NaOH = 40
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Example: A lab procedure requires you to add 10
Ibs of sodium hydroxide to water. How many Ibs of
sodium are required for this reaction?

m Step 2: Determine the percent of sodium in sodium hydroxide.

— Weight percent = atomic weight of element x 100
molecular weight of compound
— Weight Percent = 23 x 100 = 57.5%
(of Sodium) 40

= Step 3: Calculate the amount of sodium.

— Percent strength = part x 100
whole

In 50 gallons of solution, there is 50 Ibs of chlorine.
What is the strength of the solution? Assume the
solution has the same density as water.

u Step 1: Determine the weight of the solution. Since there
are 8.34 Ibs/gal we know that the 50 gals of solution
weighs:

8.34 Ibs x 50 gals = 417 Ibs of solution

gat”
m Step 2: Determine the percent strength.
= Percent strength = Weight of Solute x 100 or

i Weight of Solution
- Whole x Percent strength = Part
. 100 aLstrenath = Pa u Percent strength =  50lbs of Cl x 100 = 12%
— Part = 10lbs % 52.5 = 5.75 Ibs of Sodium 417Ibs of Solution
100
17 18
Question? Dilution Calculations

m An operator mixes 40 |b of lime in a
100-gal tank that contains 80 gal of
water. What is the percent of lime in
the slurry?

mA. 3%
m B. 6%
= C. 9%
uD. 12%

= In some cases a particular strength of solution will be
required. Usually this solution is created by diluting a
stronger strength of that same solution with water or with
a weaker solution of the same chemical.

= The best method to determine quantities of weak and
strong solutions by percent is the “"Rectangular diagram”

SolulionA Rars[of4l

Higher Conc A% == _; required C-B

\ Sum = tolal
" parls in desired
/ solutlon
: W
Solution B 8% Parts of B
Lower Conc required A-C
20
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Example: A plant has a 45% and 23% solution of ferric chloride.
The operator must create 150 gallons of a 30% solution. How
much of each solution should be used to create a 30% strength?

Solution A Parls of A required
Higher Conc = - C-B
45%
Sum=322
tolal parts in
. L 5l 45-30=15 desired solution
Solulion B Parts of B
Lower Conc required A-C
Percentage of Solution A Required = 7/22 = 32%
Percentage of Solution B Required = 15/22 = 68%
Using Percent = Part  or Part = Percent x Whole
Whole
Solution A = 32% x 150 gals = 48 gals
Solution B = 68% x 150 gals = 102 gals E|

Solutions and Standards

Aqueous Mixture completely dissolved in water

Solution , _

Standard A solution in which the exact

Solution concentration (molecular weight is

known)

Standardize Determining the exact strength of
:solution by comparison with standard of
“known strength

Titration : Process of adding chemical of known

strength to determine concentration of
unknown compounds

22

Alkalinity

n  Alkalinity is the measurement of the water's capacity to neutralize
an acid.

u There are three types of alkalinity: bicarbonate (HCO5"), Carbonate
(C05?), and hydroxide (OH").
s Many of the chemicals used in water treatment, such as alum,
chlorine, or lime, cause changes in alkalinity.
u  Alkalinity of water is needed to:
— Calculate the chemical dosages in coagulation and water
softening
- Calculate corrosivity
— Estimate carbonate hardness of water
s Type of alkalinity and quantities determined
from acid titrations.

Alkalinity/Acidity

Alkali : Soluble Salts that neutralize Acids

Alkaline Sufficient amount of alkali to raise pH
above 7

Alkalinity - Capacity of Water to neutralize acids

Does not exist below pH 4.5

Acidic . Condition of Water to lower pH below 7

24
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Acids

= An acid is any substance that releases
hydrogen ions when mixed with water.

= For example: Hydrochloric acid (HCI)
dissociates or breaks apart in water,
forming H* and CI- ions.

m In general, acids contain an “"H" in the
chemical formula.

Bases

m A base is any substance that produces hydroxyl
ions (OH") when dissociated in water.

= For example, caustic soda (NaOH) releases
sodium (Na*) ion and a hydroxyl ion (OH) in
water.

m Examples of bases: Calcium Oxide (Quicklime) —
Ca0; Caustic soda - NaOH; Hydrated Lime —
Ca(OH),, Potassium hydroxide — KOH; Ammonia

- NH3
— Sulfuric acid: H,SO,; Nitric acid: HNOs;
Carbonic acid: H,CO5 5 -
- v
Nl - .
=@~ Salts : pH
¥
= Salts are compounds resulting from an acid-base m pH is most important parameter in our drinking water.
mixture.

= These compounds do not contain either a hydrogen
or hydroxide ion.

= Mixing hydrochloric acid and caustic soda forms basic
table salt (sodium chloride)

HCL + NaOH—— NaCl + H,0

= Mixing hydrated lime and carbonic acid form calcium
carbonate.

Ca(OH), + H,CO3 ——» CaCo; + 2H,0

27

m pH of a solution is a measurement of how acidic or basic
a solution is.

pH is measured on a scale of 0 to 14.

Pure water is considered neutral and has a pH of 7.0.
Solutions that contain a greater number of hydrogen
ions than hydroxide ions are considered acidic and has a
pH below 7.0.

Solutions that contain a greater number of hydroxide
ions compared to hydrogen ions is considered basic and
has a pH above 7.0.

28
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pH (continued)

= pH is a major constituent in corrosion control.

- Increasing pH above 7.0 in the distribution system reduces
lead and copper.

~ In most cases, pH levels above 9.0 can induce scaling or
precipitation of calcium carbonate.
= pH is also a major factor in floc formation for
filtration.
— Alum works best at pH’s at or below 7.0.
~ Ferric products work best at pH’s above 8.0.
= pH has an effect on chlorine disinfection and
formations of trihalomethanes (THM’s),

Ions in Water Treatment

All acids, bases and salts disassociate or ionize in water. These
are known as electrolytes.

Electrolytes normally have the same number of protons as
electrons that neultralize one another. When dissolved in water
they split into their respective elements or compounds and lose
or gain electrons. This results in the elements or compounds
becoming positively or negatively charged.

Sodium and Calcium give up electrons and become positively
charged. Positively charged ions are called “cations.”

Chlorine is negatively charged because it gains electrons.
Negatively charged ions are called “anions.”

30

Important Ions in Water
Chemistry and Common Valences

Cations Anions
= H+ m Cl -

= Na+ mO--
m Cat++ a OH-
= Mg++ _
& Mn++ or +++ " 2;03
w Fe++ or +++ ech
= S++ = NO,-
= NHg+ = SO,-
m Al 44+ = OCl -

3N
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Hydrologic
Water Sources Cycle

for
Drinking Water Supplies

Ground Water
A e Sources of Drinking Water

= Ground water

m Ground water under
the direct influence of
surface water

= Desalinated sea water
= Rain water
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Structure of Surface Water
Systems

Oligotrophic Lake Eutrophic Lake
= A eutrophlc body of water, commonly a lake or pond, has high
blologlcal productivity.

= An oligotrophiclake is a [ake with low primary productivity, the result
of low nutrlent content.

5/1/15
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Organic Carbon (TOC) in
Natural Waters mg/I

Mean Surface Water 3.5

Sea Water

EESSS | Ground Water

Surface Water S Swamp

Wastewater [EEEISTmRRm—]
= Wastewater Effluent

1.2 510 25 1020 50 100 200 500 1000
9

= Taste and Odor

- Most common problem . Algas blooms in
warm weather contribute to taste and
odor.

Algae
Considerations

— Produce fishy, aromatic, grassy, septic,
musty, and earthy tastes and odors,
m Shortened Filter Runs
— Tends to clog filters reducing filtration
rate and duration of filter runs.
= Increased pH
— Algae blooms increase pH during daylight
hours (decrease CO2 content).
— At night, algae blooms lower pH.
= Dissolved Oxygen Depletion
- Water becomes supersaturated with
oxygen as algal blooms progress.
— As algal cells die, oxygen is used up, May
be reduced to polnt that fish kills occur.
Organic Loading
— Increased color; Increased Cl demand.
— Associated with high THMs

10

Reaeration-Destratification

Purpose ~ to eliminate, control, or minimize the negative
effects on domestic water quality that occur during
periods of thermal stratification and dissolved oxygen
depletion.
= Reaeration
- Introduces air through forced air diffusers Into the lower layers
of the water body, replenishing the dissolved oxygen.
- Also, rising bubbles cause lower waters to rise to surface
where oxyagen is transferred to the water (surface reaeration).
= Destratification
— Vertical mixing with the water body to eliminate separate
layers of temperature, plant or animal life.

- Mixing is through mechanical (pumps) or through forced air
diffusers.

Florida Groundwater Sources
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Characteristics of
Ground Water Sources

m Seasonal quality is relatively
constant

= Quality may vary greatly from
well to well o

m Usually superior to surface
water in:
— Bacteriological content
~ Turbldity .
— Total organic concentrations

= Mineral content may be
inferior to surface water

5/1/15

Well being driligg

Ground Water Sources Must
Provide Quantity and Quality

= Quantity
~ Equal or exceed design maximum
and average day demands with
largest producing well out of
service
— Minimum of two sources
- Standby power supply

= Quality .

- Every new, madified or
reconditioned ground water source
must sample to demonstrate quality

— Adequate separation between well
and potential sources of
contamination and ground water
development

1
Arteslan well

Floridian Aquifer Across Florida

Karst Features

= Karst is a type of
topography that is
characterized by
depressions caused by
the dissolution of
limestone.

= These features include
caves, sinkholes, springs,
and other openings.

= In karst areas,
interactions between
surface water and
groundwater are Light areas
extensive and LA
groundwater quality can indicate Karst
degrade quickly. features

!
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. Florida Aquifer System
Karst Features and Solution Relative Vulnerability Map for Nitrate

Cavities

Limestone is easily [ rrita cocny semmdars

dissolved by Carbon Floridan aquifer system
~ N Reladve Vulneradlixy
Dioxide.

Carbon Dioxide is
dissolved from the air and
from decomposing matter.

Subsurface cavities, caves,
drainage basins, sinkholes
and other geologic features
Dark areas are

- 1 U
Karst Limestone Feature ;:"mcte":e_ Florida's more vulnerable
rst conditions. than lighter areas

x
3

17

Contaminant Effects

Th reatS tO m Acute Health Effects — Immediate
Tier 1 Health Risk Notification - 24 hrs

D rl n kl n g Wate r Fecal, Nitrate, Turbidity, or treatment technique

= Chronic Health Effects — Long Term

Tier 2 Health Risk Notification — 30 days
all other MCLs not listed above

= Aesthetic Concerns
Tier 3 Health Risk Notification ~ 3 months
Secondary Standard

18 m
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Pathogens Causing Acute
Health Affects

m Bacteria (e.qg., Shigella, Legionella
Sa!manesa‘a, El,co,ff) :

m Viruses (e.g., Hepatitis A & E, Norwalk
Virus, Enteroviruses, Adenoviruses,
Rotaviruses)

m Parasites, protozoa and cysts (e.qg.,
Glardlia lamblia, Cryptosporidium

Indicator Organisms-and
Pathogenic Contaminants

Total Coliform

Some Facts About Bacteria

= Bacteria are widely distributed on earth

= They have been found 4 miles above earth and 3
miles below sea sediments.

= One gram of fertile soil contains up to
100,000,000 bacteria.

m Bacteria are inconceivably small and measured in
microns. One micron is equal to 1/1,000,000 of a
meter.

m During the rapid growth phase bacteria undergo
fission (cell division) about every 20 to 30
minutes.

m One bacterial cell after 36 hrs of uncontrolled

growth, could fill approximately 200 dump trucks.

Gastroenteritis (Most Common Iliness)
from Fecal
Contamination of Water

m Symptoms are nausea, vomiting and
diarrhea; typically not reported

m Can be caused by viral or bacterial
contamination

m Over 100 types of human enteric viruses have
been identified in wastewater; some not yet
identified may be virulent

m Viruses can survive outside host organism

= Viruses survive longer than indicator
organisms in the presence of disinfectant

24
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Regulated Protozoa

Giardia Cryptosporidium

25

Cryptosporidium Oocysts and
Giardia Ocysts

a Extremely Small

= Electron Microscope
required

m Form protective
layer

m Bunch in clusters

m Turbidity will protect

from Cl and UV Oocysts showing protective layer

25

Attributes of the Three Waterborne
Pathogens of Concern in Water Treatment

27

Contamination Sources

m Septic Tanks, storm and sanitary
sewers

= Waste disposal activities

m Horticulture and animal pasturing
m Chemically treated lawns

m Subsurface liquid disposal

m Runoff from storm events

= Characteristics of soil above rock
s Decomposition of organic matter

28
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Types of Contaminants Causing Chronic
Health Effects

= Volatile organic chemicals (VOCs)
= Inorganic chemicals (IOCs)

= Synthetic organic chemicals
(SOCs)

m Radionuclides

Sampling

an

Types of Samples

Compliance Routine Samples

Annual, Monthly, or Quanariy samplas, collected from
reprasentative locations throughout your water system in 100mL
or 125mL containers and submitted to a lab within 30 hours.

- Repeat Samples collected within 24 hours after you receive notification of a
positive coliform result.

Non-Compliance Samples

- Additional samples required by DEP in order 1o help identify axtenl of the
contamination or provide belter info.

compliance sample that is coliected but does not

get analyzed, i.e., expired, broken, insulficient vol.

- Special Samples collected due to repairs, complaints, or maintenance to ensure
that coliform has not enlered the water distribution system.

- Replacement

n

Sample Collection Procedures

m Accidental Contamination — Remove Obstruction
(aerators, hoses, etc. that harbor bacteria

m Sample Containers — Use Appropriate Type of
Container (Sample Bottles or Whirl-Pac)

m Preservation- Use Specified Method; if
refrigeration required use < 4°C

m Label — Sample Container and Time
= Chain of Custody - Tracing and Handling

3z
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Source Water Protection

m Security and Safety
— Secure from unwanted intruders

— Safe from contamination (natural or man-
made)

= Contamination Prevention Programs

n

Security and Safety of the
Water Sources

m Secure surface water sources
m Properly seal wellheads

m Screen and securely attach well vents
and caps

m Properly secure observation, test and
abandoned wells

kT3

Long-Term Groundwater or
Wellhead Protection

= Protection of ground water
sources

= Subdivision growth controls

= Zoning

m Land purchase
= Acquisition of development rights |8
= Land use restrictions

35
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Well Requirements for
Public Water Systems

Suitability of Well Construction

Bored
n ~100
= 2-30" dia.
= Soils or Small Boulders,
Fractured Formations

Jetted
u ~100
n 2-12" dla.
= Soil Formations Only

Driven
m ~50
= 1.25-2"

m Soils, no Boulders & only

very thin Rock Formations

Drilled
n ~1000
u 4-24"

= All Geological Formations

2

Well Location Considerations

m Geologic/hydrologic Characteristics

= Slope of Ground Surface

= Nature of Soil and Homogeneousness

= Slope of Water Table (field determined)
m Size of Drainage Area

= Nature and Distance to Pollution Sources
= Methods in-place to Protect Well

Source Water Parameters

Quality and Quantity Dictates Depth of Well

Requires RO plant

= TDS—
= Total Hardness
m Total Fe and Mn
m Chlorides & Sulfates
m Total Alkalinity
= Nitrate

\ 10mg/1 Blue baby

a pH
m Corrosivity

" C02 Has 10 bo removed.
™ st —" Will cat pipes.

m Fluoride
m TOC \Highmc

produces DBPs

4
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Well Yield

= Depends on Characteristics of Aquifer and
Drawdown (Porosity, Permeability and
Thickness of Aquifer)

m Rule of Thumb is that Doubling Diameter
increases Production by 10%

= Increasing Well Capacity requires Deepening
= Difficult to Predict Yield without pumping
m Based on estimating from Nearby Wells

= Driven Wells produce ~30 gpm and Jetted
and Drilled Wells > 300 gpm.

Porosity: the percentage of the volume of the
rock that is open space (pore space).

— Camanl
Poorly sorted Highly cemented In igneous and
sediments; open sedimentary rocks have a metamorphic
space fitled with lower porosity rocks porosity Is
fine-grained usualy low
fragments
Well rounded Flner-grained
sediments; high sediments; lower
potoalty porosity
N 6
Porn

Permeability

= Permeability is a measure of the
degree to which the pore spaces
are interconnected, and the size
of the interconnections,

el e ]
v o et it

Component Parts &
Operation of a Well

T Ps s

Al trpee of vesdet Wil aiways be Sfiractsd
13 minerel gralns due to the ussalisfisd ke
charga on the surtaca. This s called the
force of molecudar sttraction. ! the alve of
inlaccanraclions i not @5 lage &1 the o0
= rriecufar aftaction, (e wlsl cant
LR

Low porosity usually results in low
permeability

High porosity does not necessarily
imply high permeability. It Is
possible to have a highly poraus
rack with little or no
interconnections between pores.

 Well Pad

+ Well Casing

* Geowting & Sealing of Casing

* Well Casing Vent & Sounding
Tube

* Well Head Covers or Seals
= Well Cohrmn

* Well Screen

- Ak flebesse | Vacuum Valve
* Chack Veive

- Discharge Pressure Gauge
Sampiing Tap

* Static Level

+ Pumping Levei

o A Fataiad [Visamnabey
=y e Fem
Fsiute T
P Ehmi Vaien
el Tafleg B, e
el Vot [* 2
aiind . w kst o,
e e T e &
e 4 Faying Levst
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Well Terminology

m Static Water Level vs Static Water
Depth
= Dynamic or Pumping Water Level
‘Q’ = Drawdown

Systems for Sensing
Water Level

There are several ways to measure the
static water level

= an electric sounder or electric depth

o e surface of the liquid
S — level. A fixed flow of air
is passed through the
tube. Pressure in the
tube is proportional to
the depth (and

e B ottt e density) of the liquid
fTemeT—T over the outlet of the
tube. "

gauge
u Cone of Influence = wetted tape
9 10
. ; = A i i level
Air Bubbler s i’“.bb'e' SRLEmS Wetted Tape i
contain no moving = To use this method, you must know the
System parts. approximate depth to water in your well.
0 = In this method, a lead weight is attached
= Uses a tube with an tothe end of 100 foot steel measiwing
i tape. Eight to ten feet of ta) d is
[T OpEning below the dried and coated with :?arpeﬁeeps clhalk

before each measurement. The tape is
lowered into the well until a part of the
chalked section Is below the water. The
contractor will align and note an even
foot mark on the tape exactly at the top
of the casing or some other measuring
point. Then, the tape is pulled up to read
the mark where the line is wet. He can
determine the actual depth from the top
of the casing to water level by subtracting
the wetted mark from the mark he held
at the top of the casing.

12
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~ Question: Which of the following
@ ~methods is best for determining the

depth of water in a clearwell?

. A bubbler

. A load cell

. A rotameter
. A venturi

0O m >

o

13

Importance of Well Grouting

= Prevent movement
of water between
aquifer formations

m Preserve quality of
producing zones

m Preserve Yield

m Prevent water
intrusion from
surface

m Protect Casing
against Corrosion!

Pressure Testing of Grout
Seal @ ~10 psi for 1 hr.
Should be Performed. 14

Well Disinfection is Critical in
Obtaining DEP Approval

= Must Remove all Foreign Matter prior to
Disinfection; grease, oil, and soil harbor
bacteria, surfactant agents sometimes used
should not contain phosphorus!

= Contact times of 8 hrs. for chlorine solutions
of 50, 150 or 200 ppm (based on pH are
effective)

m If well is not in use, chlorination should be

continuous (~10 ppm Residual) to prevent
bacterial growth

Methods for Disinfecting Wells

m Protect all parts and swab with 50 mg/|
solution before installation

s Inject Chlorine through the column pipe not
only the vent pipe!

& 50 mg/l is needed for 24 hours

& Pump well until no chlorine residual is
observed

= Test for Coliform (mo-mug or Colilert has
more false positives for fecal!)
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Air Considerations

m Air lock - an accumulation of air in the
pump housing that prevents the flow of
water.

— An air-relief valve used to prevent this
condition.

— Submersible pumps have footer valves.

Well Maintenance

u Well Yield Declines Over Time

u Failure or Wear of Pump (check pump
curves!)

m Decline of Aquifer Water Levels
= Plugged or Corroded Screens
= Accumulations of Sand or Silt in the Well

= Build up of calcium carbonate in solution
cavities

Acidization

= Can improve productivity and lower pumping
(electricity) costs of older wells

= Injection of 18/20 Baum HCL into borehole

m Acid diversion is important, otherwise only
the first interval will be affected;
accomplished by packers or plugs

m Can increase specific capacitance (= pump
rate/drawdown) by several hundred percent

Over Pumping Wells
or Overdraft

m Can Permanently Damage Storage and
Transmission Properties of the Aquifer

m Can Cause Subsidence and Compaction
of the Aquifer
m Reduces Yield of the Well Field

s Can Result in Cascading of Water and
Failure of the Well
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Safe Yield vs Sustainable Yield

= Excessive pumping can have serious social and
economic consequences.
~ Reduced discharge of groundwater to surface water features
— Reduction in ecological base flows
- Overlapping of drawdown cones
~ Depletion of reserves
- Land subsidence due to pore pressure reduction
u Attempts to limit based on concept of “safe yield”
- Balance between the annual amount of ground water
withdrawn by pumping and the annual amount of recharge.
s New emphasis is on “sustainable yield”
— Reserves a fraction of safe yield for benefit of surface waters
— No set percentage (there are social, economic and legal

issues
21

Determining Well Yield with Well
Pump Test

= Well is Pumped for at teast 4 hours

= Determine how much water is pumped per
min or hour (GPM)

= Determine the depth to pumping leve!
(maximum drawdown) over time at one or
more constant pumping rates

u If well does not recover in 24 hrs. to original
level, Aquifer is not dependable

= Determine the recovery of water level

m Determine the length of time the well is
pumped at each test =

Well Pump Considerations

Types of Pumps

and Uses Positive
Displacement

. Shallow ~25’ Dee|

Turbine Pumps y ~600’ :

m Single Stage limited to = Limited to ~25 GPM
28’ lift; multi-Stage 50 = & High Maintenance Cost
300’ fift

= Submersible low head Jet Pumps
and low flow conditions Shallow ~20' Deep
(typically <100" and 100 50 - 200

GPM) x Generally limited to
= Vertical Turbine high small capacities < 50
head and high flow GPM

24
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Tl:l\r/!:;:e Vertical Turbine i Submersibless—s  [Turbine Booster i Vertical Tu rbine
Pumps Well Pump Installation
Turbine Typical Submersible Well Pump
Pump and Installation
Motor
Installation
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Submersible Well Pump

Submersible
Well Pump
Installation

30

Metering

installed at all strategic points:
- Main supply lines
— Pumping stations
— Reservair outlets
- Connections to other utilities
- Customer service lines
= Benefits
- Customer can be billed for exact amount
~ Amount of water produced can be determined
- Losses of water can be detected
— Capacities of pipelines can be determined

m A metered water system is one in which a meter is

Meters:

the primary function is to
measure and display the amount
of water passing through it.

= Small-flow (displacement type): can measure wide variations in
flow rate, in sizes up to 2 inches; accurate for low flows
- Nutating-disc: most commonly used meter on small-diameter
domestic services; when water flows, the tilted disc rotates
- Piston: have greater head loss than nutating-disc meters
= High-flow (velocity type): measure the velocity of flow past a
cross section of known area
— Types include: turbine, propeller, venturi, electronic (include
magnetic and sonic types), and insertion
= Combination meters (compound type): combination of the
displacement and velocity-type meters; best suited for locations
with widely varying flows; accurate and rugged but have higher

head loss from friction than large-flow meters -
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Meter Types

(cont.)
Well Field Management
: : Preventing
m Large-flow (velocity type — sometimes called current meters) - -
— Turbine: high flows and low friction loss Conta mi natlon at the
— Propeller: high flows and low friction loss
Ml - : ;
G e S S e Wellhead

— Electronic: adversely affected by velocity interruptions; if used leave at
lease a distance of ten pipe diameters between an upstream
obstruction or fitting and the flowmeter

— Insertion: more severe pressure losses and are somewhat less reliable.

a3

Preventing Contamination at the Preventing Contamination at the
Well Head

Well Head (continued)

E Observation |L|kely Pathway

9 genceufmgaeormkim Birdsandirmdsaltractadby

maist conditions

Mustbel’andabovelOOyrﬁ ) 1n Sealwaterdlammghtowell

6 Posstle Abandoned wells inarea Surface water intrusion from

Cmtam:mmd wauzr entering
le

contaminated source
1747 'Saiiitary condition Unacceptable | Contaminated Waten ntrusionss




WTRGO06 Well Requirements for PWS 1/15/15

Preventing Contamination at the Preventing Contamination at the
Well Head Well Head

1 3 -flc

. [Several wells avallable
et i %1‘?-‘4 oot
| k. Valve damage & water e b A
flowing into casing b i 21 Intermittent Well Operation

- : ii-n
term biological activity

DEP Well Setback Water System
Requirements Well Capacity Requirements
m For GWPWS serving > 350 people or

150 service connections
— Minimum of two wells

Minimum Setbacks -

= 200 feet from septic tank if over 2000 gpd (commercial)

100 feet from septic tank if under 2000 gpd (residential . .
g ) . gpd ( ) — Wells must meet design average daily

= 100/50 feet from a sanitary hazard (high vs moderate risk)

demand with largest well out of service.
f i i .
232“;%({?;',‘;32"‘““ W StEwatEe (el 19 land m For all GW Public Water Systems well(s)

= 500 feet from land application areas for reclaimed water musF pr ovide capacity to meet
maximum-day demand.

38 40

10
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Water System Auxiliary Power Water System Wellhead
Requirements Protection Requirements

Community systems over 350 or more people, or 150 s Provide wellheads with fenced & locked gate (2 hr
connections shall provide a minimum of 2 wells and notification to DEP for security breach).
auxiliary power for the operation of the systems m Provide a well site with concrete apron which is
source, treatment apd pumping facilities at a rate of centered around well casing and is at least 664"
equal to average daily demand for the system. and 12” above the 100 yr. flood elevation.
= Auxiliary power shall be equipped with automatic = Provide a flow meter for the measurement of

startup unless 24 hr., 7 days per week supervision treated water.

is provided. = Provide a check valve on the discharge line of the
= Auxiliary power shall be operated at least 1 per pump between the raw tap and chlorinator.

month for 4 hours under load. = No hazardous materials can be stored on-site.

41 42

Wellhead Protection

= Obtain Community Involvement

s Collect existing data, i.e. geology, hydrology,
locations of underground storage tanks, septic tanks,

= Collect additional data and conduct surveys of the
well head area

= Determine what land uses present a threat to
groundwater quality

Analyze the data and hydrogeology
Test for contaminants
Set well head protection zones from certain activities

Obtain public support and implement new well head
protection regulations

43

1"
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Water Storage Tanks

Types:

= Gravity or Elevated
= Ground Storage

= Hydropneumatic

Water Storage Tanks

Elevated Storage

Diurnal Flow Pattern

Peak Demand

Plant
Flow

-Average Daily
Demand
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Schematic Illustrating the Benefits
of a Storage Tank

Fluctuating Levels in an Elevated

Elevated Tank Storage Tank

+ Stabilize distribution Pumps are used to

system pressures Average Tank ';‘:;k supplement system
Flow :
« Provide water to meet Tank Empty | § Fow_ - BIESSUTE during
peak demands &
peak demands refill storage tank
during other times.
= Keeps pumps from Well or High g
cycling and operating Service Pumps ﬁ!"ﬁ
in efficient ranges
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Advantages Offered by
Elevated Tanks

m Less variation in pressure

» Available water for fire fighting

= Storage to meet peak demands

m Allows use of lower capacity wells

= Cycling of well pumps is reduced

= Wells can be better matched to average
water demand

= High service pumps and the treatment plant
can operate more efficiently

Maintenance Considerations for
Elevated Water Storage Tanks

» Check for Intrusion of Water
m Secure Tank Site from unauthorized access

m Clean Tank yearly recommended
(DEP 5-yr. required!)

= Ensure that overflow structures are working,
secure and properly drained

m Inspect Structures for Stability, Blockages
and Surface and Internal Corrosion.

Elevated Tank and Standpipe

Comparison
problem?
Used to provide 22 psi 17.3 psi

pressure head to the 25
distribution system. | W .
m Large storage capacity =
Shallow tanks with large |
diameter are preferred i I 4ot
over deep one with i
small diameters.

Less pressure drop in Pressure = Water Elevation (fl) * Water

Density (I * {112/ 144 i
elevated tanks. S e
Where: Waler Densily = 62.4 Ib/fi?
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Ground Storage

Used for storing large amounts of water.
New Tanks must be Covered!

= Not under pressure uses transfer pumps
to pressurize or pump to elevated tank.

m Sometimes has aerators on-top for
waters that require it.
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Types of Hydropneumatic Tanks

[« | emml
= Conventional [ ® | walve Ny
» Floating Wafer . e
= Flexible Separators i Lom Wit
- Flexible diaphragm (Fald |
— Bladder type

Operating Considerations for
Conventional Hydropneumatic Tanks

m Must have air to s Valve for flushing
operate correctly u Air volume control
= Must have a pressure g Scheduled
relief valve maintenance program
= Need a sight glass to ! ;
observe level in tank
s Must have By-pass
piping for repairs

Components of Conventional
Hydropneumatic System

Components Function
u Air Volume Control - Control amount of air in tank
= Relief Valve - Prevent excesslve high pressure

= Pressure Gauge - Monitor water/air pressure

= Motor Controls - Control cut-In and cut out

s Level Controls - Regulate high/low water levels
= Compressor - Replenishes Alr
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Conventional Hydropneumatic Hydropneumatic Tank Side View
Tank Schematic

Overall Length

Diameter

Tank Bypass Line with Isolation
Valve {not shown), normally closed f EJ- +§

Tank Drain

Hydropneumatic Tank End View Sizing Considerations for a

A St Conventional Hydropneumatic Tank

Access Manway max. size allowed = Capacity of the wells and pumps should be at least
by ASME Code 24 min. if possible ten times the average daily consumption.
per FDEP a Gross volume of the tank, in gallons should be at

Elastomeric gasket / sheet least ten times the capacity of the largest pump,

between tank & support rated in gpm.
E— G = Sizing must consider the need for disinfectant contact

| New Hydi'dpneumalic Tanks as required time. ! ] .
+ by FDEP Rule 62-555.320(20), FAC u Operating pressure is generally sized to operate

and Recommended Standards for between 40 and 60 psi

Water Works (aka. Ten States = The pressure pump should not cycle more than 6 to

) g’m h 8 times per hour

e
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Air Compressor Maintenance
Consideration

m Regularly scheduled
maintenance:

= Clean or replace
filters

= Drain condensate
frequently

u NSF approved
{ubrication

- ‘ | I_ = =/
Exterior staining does NOT. always-meart]
- corrosion or possible contamination 5‘

Hydro-Tank Sanitary Deficiencies
m Pitting, spalling, cracks, holes, coating deterioration

Undercoatiis.still intact‘s,j e
___—No Pitting, spalling, cracks, holes,
coating deterioration here. &=

|
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had just weldetlla plate over a pinhole leak’=
en the tank blew out, no one was in the
rea and p extensive damage was done to other struchires,
icantly compromises the tank & shorten e

.M_eta_‘ s__l:in under continual tension T
Crack Tips at hundreds to thousands of miles / hour

You will hear it-AFTER failure occurs] B ac This ype of repair _ h
You will most likely not have a chance to react = = ™ i'" Instead of strengtheiing the tahk, the vields‘incréased metal stres

5/1/15
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Chlorination
and
Disinfection

Disinfection and Sterilization \Q -

m Disinfection — inactivates pathogenic
organisms

m Sterilization - destroys all organisms

“To all Citizens: boil and strain the water
before drinking to prevent hoarseness.”

Hippocrates, 350 B.C.

Purpose of
Disinfection

= Destroy harmful organisms

= Protect the public from
disease-causing pathogens
by inactivating pathogens
to ensure that they are
reduced to non-harmful
levels

= The measure used to
determine the effectiveness
of disinfection is the coliform
group; means pathogenic
bacteria may be present.

A3
Coliform Group of Bacteria Q

Includes all the aerobic and facultative
anaerobic gram-negative, nonspore-
forming, rod-shaped bacteria that
ferment lactose (a sugar) within 48
hours at 35 °C (human body
temperature).




WTRGO08 Chlorinatiion - Disinfection

5M1/15

Considerations for Choosing a
Disinfectant

m Effective for the Conditions
Encountered

= Economical
m Operationally practical
= Reliable

m Safe for public consumption with
no unintended consequences

Disinfection Agents

= Heat energy
m Radiant energy — UV

s Chemical Agents

Disinfection by Heat

= Expensive to operate on large scale

m Used for emergency situations in
distribution systems

= Precautionary Boil Water Notices are
issued when the distribution system is
compromised

m Clearance requires two consecutive
days of negative coliform samples

Disinfection by Radiant Energy
(Ultraviolet Radiation)

= Ultraviolet Radiation (UV) used
selectively in surface water treatment
plant applications

= No residual activity so chlorine is used
as secondary disinfectant

= Inactivation of cycts (Giardia) and
oocyts (Crypto) difficult to measure

= Very Susceptible to turbidity
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Disinfection by Chemical Agents
in the U.S.

a Chlorine and Monochloramine 93%

m Potassium Permanganate 5%
(Used as altermate oxidant w/ Cl, secondary)

m Ozone (O5) 1%
(requires secondary disinfectant)

= Chlorine Dioxide 1%
(requires secondary disinfectant)

= Hydrogen Peroxide < 1%
(requires secondary disinfectant)

Reasons for the Selection of
Chlorine as a Disinfectant

m Readily available and economical
m Low cost compared to other substances

m Proven effectiveness in relatively low
dosages

m Simple feed and control procedures
= Requires safe storage and handling

Disadvantages in the Use of
Chlorine

= Highly toxic

= Regulatory agencies placing tightening
restrictions on storage and use

= Must have Emergency Response Plan
m Produces Disinfection Byproducts

Other Uses of Chlorine at a
Water Treatment Plant

m Control Aquatic Life
m Oxidize Iron, Manganese and Suifides
m Remove Tastes and Odors

= Maintain a Microbial Residual in Water
Distribution System

m Prevent Algal Growth in Basins and
Plant Process Facilities

m Improve Coagulation and Filtration




WTRGO08 Chlorinatiion - Disinfection

5/1/15

Taste and Odors

fishy, grassy or flowery

= Will intensify phenolic (solvent) odors
= Will increase THM's and HAAS's
= Alternatives include Potassium -

Use of Chlorine for Removing

m Most widely used chemical for color removal
m Effective for use for organic odors such as

Permanganate, Ozone and Chlorine Dioxide

| = Very effective for removing (oxidizing) |
inorganics such as iron or hydrogen sulfide

Use of Potassium or Sodium
Permanganate as Disinfectant

m Powerful Oxidizing Agent
= Used to Remove Fe/Mn and TOC
u Does not produce DBPs
——mu-Shipped-as-a-Selid-(KMnO4)or-Ltiquid— ——
(NaMnO4)
= Two to three times as expensive as Cl

= Corrosive, stains purple and can color water
pink (removed with chlorine).
m Requires Secondary Disinfectant

Use of Ozone (O5)
as a Disinfectant

not produce TTHMs or DBP
m Bromate, MCL must be controlled

required
= Requires on-site generation
= Unstable - not stored

m Utilizes sensitive equipment which
requires careful monitoring

m No residual, so secondary disinfectant

m Effective in taste in odor removal. Does

On-site Ozone Generation

zone is always generated on-site.
accomplished in chamber, any residual Ozone is
purged and secondary disinfectant is added
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\Q' Chlorine Dioxide Chloramines

= Compounds formed by the reaction of hypochiorous
acid (or aqueous chlorine) with ammonia

m Used as an alternative disinfectant but is less
effective as a disinfectant than free chlorine residual

= Long been used for taste and odor and for iron
and manganese control.

= Will not produce THMs and HAASs.

= Can produce chlorite and chlorate residuals in u Its use dependent on raw water quality
drinking water. Chlorat'e has an established MCL. w Effective in accomplishing these objectives:
= Must be prepared on-site and uses gas ~ Reducing formation of THMs and DEPs
chlorination system to produce feed product. - Maintaining residual in distribution system
= It is hazardous and can cause suffocation due to ~ Penetrating the biofilm and reducing the potential for
lack of o an coliform regrowth.
'ack of OXygen. - Killing or inactivating HETEROTROPHIC plate count bacteria

= It is odorless, colorless, and will accumulate at
lowest level because it is heavier than air.

Reducing taste and odor problems

17 18

Methods of Producing Chloramines

= Preammoniation followed by later
chlorination (produces less THMs with
no phenolic tastes and odor) Use of Chlorine

= Concurrent addition of chlorine and
ammonia (produces the lowest amount
of THMs)

= Prechlorination/Postammoniation (will
result in formation of more THMs)
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Forms of Chilorine

m Gas Chlorine (Cl,) - 100% available as
chlorine

m Liquid Chlorine or Bleach (NaOCL) - Sodium
hypochlorite (5% - 15% active chlorine) is a
pale yellow liquid

= Solid Chlorine [Ca(OCL),] ~ Calcium
hypachlorite comes in a granular, powdered
or tablet form. It is a white solid that contains
65% to 75% available chlorine.

21

A4

m Lowers the pH of the water

m Produced from liquid chlorine shipped in
pressurized cylinders

m 100% available as chlorine

m Moisture in a chlorination system will
combine with the chlorine gas and
cause corrosion

Gas Chlorine

22

Liquid Chlorine M
(Sodium Hypochlorite) Q

m Liquid chlorine raises the pH of the water

= Arrives in a plastic container

= 5 -15% chlorine by weight

= More expensive than converting chlorine in
liquid form to gas

m Safe and easy to handle and dose

m Very corrosive

m Toxic - apply in vented area

= Weakens over time 5

Solid Chlorine

(Calcium hypochlorite)

m Solid chlorine raises the pH of the water
= 65% to 75% available chiorine

= Easily dissolves in water

m Easy to store; longer shelf life than liquid
= Very corrosive

= Highly reactive

= Toxic - apply in vented area

m Undissolved solids can foul check valves and
plug injection fittings 2
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M Factors Affecting
Q Chlorination Effectiveness

m Chlorine concentration (higher increases
effectiveness)

= Form (gas lowers pH, more effective)

m Effluent pH (lower increases effectiveness)

m Effluent temperature (higher increases
effectiveness)

m Contact time (generally, longer increases
effectiveness)

m Effluent suspended solids (turbidity reduces

effectiveness)
28

Chlorine Residual
Requirements in
Distribution System

A= = W

A free chlorine residual of 0.20 mg/l or a
combined chlorine residual of 0.60 ma/l
or an equivalent chlorine dioxide
residual, must be maintained in the
water distribution system at all times.

Breakpoint Chlorination

Breakpoint chlorination is the process of
adding chlorine to water until the chlorine
demand has been satisfied.

— Further additions of chlorine will result in a chlorine residual
that is directly proportional to the amount of chlorine added
beyond the breakpoint

— Public water supplies are normally chlorinated PAST THE
BREAKPOINT.

27

Reactions of Chlorine with
Water Constituents

1. Reducing agents (inorganics)
(hydrogen sulfide (H,S), ferrous ion (Fe2*), manganous ion
(Mn2%), and nitrite jon (NO;?)
2. Reducing agents (organics and ammonia)
Chloramines and chlororganics will form
Order of - g
Resction 3. Chlororganics and chloramines partly
destroyed
4, Breakpoint - Free available residual formed
(some chlororganics remain)
s. Process is called “Breakpoint Chlorination”

28
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Breakpoint Chlorination Curve

Process Calculations

m Two process calculations
~ Chiorine dosage, mg/I
~ Chlorine demand, mg/I
= To calculate dose use feed rate formula

or use Davidson'’s Pie
Chemical feed, |bs/day = (Chlorine Dosa. ma/T){Fiow, MGOYS.34 lhsinal)

{Purity, decimal)

Chiorine Dose, mg/l = {{hemica! feed, Ibs/day){Purity, decimal)

{Flow, MGD)(8.34 Ibs/gal)

Example: A chlorinator is set to feed 15 pounds of
chlorine in 12 hours to a flow of 0.95 MGD. Find the
chlorine dose in mg/I.

Chlorine Dose, mg/l = (Chemical feed, Ibs/day)(Purity, decimal)

(Flow, MGD)(8.34 Ibs/gal)

Chlorine Dose, mg/l = 30 |bs Cl/day

(0.95 MGD)(8.34 Ibs/gal)
Chlorine Dose, mg/l = 3.8 Ibs Cl/million Ibs of water

or = 3.8 ppm or 3.8 mg/l

31

‘Q’ Chlorine Relationships

CL Dose = Chlorine Residual + CL Demand
Chlorine Residual = CL Dose - CL Demand

CL Demand = CL Dose - Chlorine Residual

3z
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Inactivation of B i
Determine the chlorine demand in mg/| for our acteria and

previous example if the chlorine residual after Virus with Chlorine
30 minutes of contact time is 1.0 mg/I. o .
m Inactivation of Pathogens is

accomplished by meeting CT limits
Chlorine Demand = CL Dose - CL Residual (Time that Pathogen is in contact with« > -
concentration of residual chlorine) Q

m 3-Log Giardia Inactivation for SW—99.9%
Chlorine Demand = 2.8 mg/! m 4-Log Virus Inactivation for GW ™~ gg 997,

® Tables of acceptable Inactivation
(mg-min/l) are published by DEP

Chlorine Demand = 3.8 mg/l - 1.0 mg/I

34

N

Chlorine Residual Minimum Chlorine Residual Q
m Free Chlorine - aqueous chlorine,
hypochlorite ion and hypochlorous acid w DEP requirements are 0.20 PPM Free
Chlorine Residual or 0.60 PPM
m Combined Chlorine Residual - compounds Chloramine Residual at all points in
formed by reactions of hypochlorous acid Distribution System ,_

and ammonia (chloramines)

m Total Chlorine Residual - sum of free and
combined chlorine

35
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Considerations for
Hypochlorination Systems

37

Difference between Gas and <!
Hypochlorination Q

m Gas chlorine lowers the pH (increases
the hydrogen concentration) favoring
the formation of Hypochlorous acid
(more effective)

m Hypochlorination (both Sodium and
Calcium) raises the pH favoring the
formation of the Hypochlorite ion. (less
effective)

-

Parts of a Hypochlorinator

Parts:
Mixing Tank

Hypochlorinator

Metering
Pump

Check Valve
Well Pump

Chemical Feed Pumps

2 BasicTypes .o 1 1: ) S
T .
« Peristaltic (tube or hose) @ —

« Diaphragm (solenoid, Motor or Hydraulic)

10
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|| peristaltic Pump-
- Femer componazity 1 be stiscked. Few
Parvp tube opions.
+ Excellert: o vaves 10 dog.
- Excellent: automatically primes
- Epcalrt: i nck damage B ;
« Uimited range: pump tukdng ks affectd by
high mnd low temperatures.
Injection Pressure - Limited discharge range - <125psi typical
mmhmxmumh
System preasures.
Sontrof
Remate Adpstment. = Extellent steady dispersion of chemical st
very low output with spwed adpotment.
Extarmad ~ Bucnlent
communictions
Diagnostics = Eaxelient: tbe fadure and flov verificathon
atarm cystems avallabln.
Meintenancs
Servica interval = Sesvica required st raguiar Intervels.
Ule expectancy Bucalenl

- Many componens to be attacked, Many
companent matwial options.
~ Poor: waives can cog Gusing falures.
- Poor: diffiaul to prime
- foor; aan darmge delcats Buid
- Extanded range: eifext of temperature an
the disghragm & minimal,
5 it

+ Extended discharge range - >125psl
typical. Large change in outped dua o
changes In system pressure

- Good: intenmitient disparon of chamical
a low outputy.

= Bxalant

+ Excelant daphragm {akure and iow
verification alarm systams svadzble.

- Sarvica recommended at regular Intervals.

o e o

.~",:I\ when

'Dlaphragm Meterlng Pump

A. The cail isenergized
via electrical chargeon
he baard

B. The solenoid shaft
ushes the d|a§t1h:.1 m
nta the pump
cavity

C.The suctlon ball valve
seats (via gravity)

D. Liquid in the pump
head is forced out
through the discharge
valveas the ball is
forced to raise in the c -
guide

5/1/16

e A motordrives a

shaft that is
connected to

rollers

The rollers push

the tubing fat against
the collet which
drives the liquid

s cams e

Cror bt dagenciong 0 M 10, ©

erlstaltlc Metering Pump

. -
through the tube e o
Iacen el
LR ol
Eoliad . P - .
1 W ecEE—
Adagter tar 34 ©.D
Puvsirana Ty

Hypochlorination System
Maintenance Considerations (¢

= Scale has a tendency to form in pumps, feed lines, and injection
points
» Regularly inspect and clean pumps, poppet valves, and inj
M7 points, If this is not done, scale will prevent the pump from
Q moving solution into the water to be disinfected. Monitoring
chlorine residuals may point to needed pump maintenance.

Clean by pumping a mild acid (HCL) solution through system.
Pump should be properly lubricated and free of corrosion
Adiust feed rate only when running

Do not store chemical for long periods
@ Date of Manf. 12.5% after 30 days 11.5%

1
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Considerations for
Hypochlorite Storage

Protect skin, eyes, and respiratory tract
Wear protective gloves Hypochlorite will burn skin
Cover alt containers

Keep chemical dry, covered and stored away from
direct sunlight.

= Add water to container before the hypochlorite is (7}
added to avoid splashing of acld. L

= Flush all spills with large amounts of water
m Keep the chlorine room well ventilated.

= Store Calcium hypochlorite away from contact with
organic matter to prevent fire.

Considerations for Gas
Chlorination Systems

Physical and Chemical Properties of
@ Chlorine as a Gas

m Pressurized liquid expands 450 times in
atmosphere

= Under normal atmospheric pressure at
room temperature, chlorine is a yellow-
green gas

= 2.5 times heavier than air

47

Maximum Draw-Off Rates

150 Ib cylinders - approximately 40 Ibs/day

1-ton containers - approximately 400 Ibs/day
Computed as 8 pounds / F°drop

m Temperature of remaining chlorine decreases
as the rate of withdrawal increases

m When temperature of chlorine is low enough
it will not evaporate

48

12
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Preventing Chlorine Icing

m When
attempting to
feed more than
the allowable
amount from
any container,
manifolding is

Dosing Configurations of
Chlorine Cylinders

150 Ibs CI - 92 lbs Tare 2000 Ibs CI - 1550 lbs Tare

req ui red Total Weight ~ 242 lbs Total Weight ~ 3,600 lbs
< L¢ _ When exposed to heat gas inside tank will expand and could
" easily rupture a cylinder. For this reason cylinders are not
Computed as § pounds / F* drop filled to more than 85% of their volume.
4 50

Chlorine Cylinders

n Keep away from heat or
direct sunlight.

= Provide separate room with
ventilation.

= Maintain temperature above
50°F to prevent icing.
Protect from Fire

= Never store near turpentine,

m Chlorine tanks are
provided with fusible
plugs that melt between
158 to 165 degrees F,

ether, anhydrous ammonia, s Ton cylinders will have 6
hydrocarbons or other v+ to8ofthese plups, 3 ord
materials that will react Q “ on zach end: 150 1b, one
violently with chlorine.

below the valve seat. 3

13
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Principles of Gas
Chlorination

Pressure Regulating
Valve - maintains proper
operating pressure

m Rotameter — indicates

Erey ¥ the rate of flow

@ m Regulator — used to

il adjust the CL feed rate

Primary sdvantage of vacuum operation Is safety, It B InjeCtor - injeCts gas

there ks a break In vacuum the chiorinatar slops the

flow of chlorins, | into flow stream

-

53

Disinfection Troubleshooting

Q Symptom Cause
m Increase in coliform  m Low chlorine residual
level

= Drop in chlorine

= Increase in chlorine
level

demand

= Drop in chlorine feed
rate

54

m Question: A plant uses 647 chlorine
containers in a year. The average
withdrawal from each is 138 pounds. What

is the total number of pounds used for the
year?

a. 89,286 1b
b. 28,487 1b
c. 89,8751b
d. 69,876 1b

55

Find the Chlorine Dose

A chlorinator is set to feed 20lbs of

chlorine in 12 hrs to a flow of 0.85 MGD.

Find the chlorine dose in mg/l.

Dose = Feed/(flow x 8.34)

Check units

Feed = 20lbs x 24pfs = 40lbs
12tys 1 day day

Dose . il x _day x _gat
e 0.85MGal  8.34bs

Dose = 5.6 ppm or 5.6 mg/|

56

14
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Chlorine Safety

&7

All Forms of Chlorine are

Hazardous

= Chlorine gas/liquid -
extremely hazardous
substance

u Calcium hypochlorite
and sodium
hypochlorite -
hazardous substance

= Disinfection agents kill
living organisms and
tissue

58

Chlorinator Start Up

Use Self Contained Breathing Apparatus, Protective
Clothing and work in pairs

Inspect cylinder before connecting

Check fittings Sl

Use new lead gasket

Connect yoke with 3 turn

Open cylinder valve one turn

Check for leaks with ammonia (rag preferable)

Have emergency repair equipment
on-hand (A-kit 150, B-kit 2000, C-kit tank car)

Avoid spraying ammania
water on any leak or

= Inspect for leaks by placingan =
ammonia - soaked rag near
each valve and joint. touching the soaked cloth to
u A polyethylene “squeeze any metal (will form acid).
bottle” filled with ammonia = The formation of a white
water to dispense ammonia cloud of vapor will indicate a
vapor may also be used. chlorine leak . 80

15
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Emergency Eyewash Shower Effects of Chlorine/
at Small Plant o HiliEns

Chlorine Conc  Physiological Respor 2
m 0.3-3.5mg/L = detectable by smell & devices

= 5 mg/L m noxiousness
= 15 mg/L m throat irritation
u 30 mg/L m causes coughing

m 40-60 mg/L = damage to tissue

= 1000 mg/L = death after a few breaths
- Permissible Exposure Level (PEL) is 0.5 ppm (8-hour
weighted average)
- Immediately Dangerous to Life or Health (IDLH)
concentration is 10 ppm 62

Contents of a Chlorine Emergency
Preparedness Program .

m Chlorine Safety Program . 2
= Written Rules and Safety Procedures FIuorldatlon
= Periodic hand-on training

m Establishment of Emergency Procedures

a Establishment of Maintenance and Calibration
Program

m Fire, Police, Emergency Agency Coordination
and (Chemtrec 800-424-9300.)

63

16
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#

Fluoridation Considerations ;’g Fluoride Compounds

s Added as Supplement to Natural Occurring Sompoung,  anmiila RUGIEY P

Concentrations Name
= Typically 1 to 1.2 mg/| as Fluoride Sodium NaF 97% 7.6
= Regulated MCL at 4 mg/l SDA and 2 mg/! DEP Fluoride
n Halogen_and as Oxidant Yery Active! Sodium Na,SiFs 98% 3.6
= Overdosing causes mottling of teeth and bone Fluorosilicate
deterioration
= When working with fluoridation systems using Hydrofluoro-  H,SiFg 23% 1.2
sodium fluoride, a hardness greater than 75 mgy! v ¢ Silicic Acid *

will cause severe scaling in the equipment. ? :
* Because hydrofluosilicic acid is a liquid it is the

easiest to feed and requires the least maintenance

Symptoms of Fluoride Poisoning

When swallowed

= Vomiting

m Stomach cramps

m Diarrhea

When inhaled

= Sharp biting pain in the nose
= Runny nose

m Nosebleed

o7

17
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Byproducts

Regulatory Requirements for
Disinfection By-Product

Disinfection and Disinfection Management

Byproducts (DBP) &
Disinfection By-Product

Monitoring for Water
Treatment Plants

- Disinfection By-Product (DBP
DPB Rule Requirements Y-t (DBP)
Formation
Rule/Requirement Applicability/ Key A
Rule or Change Dates m Disinfection Byproducts (DBP) are produced by V
Stage 1 D & DBPs- Monitor Mo'ly/ the reaction of free chlorine with organic
Compliance with D/DBPs g‘;{)_mps 1/01/04 substances found in natural waters (formed from
Stage2 D & DEPs- 'All SWTP & UDI decomposition of vegetation).
Compliance with D/DBPs Individual D-DBPs mid.-2005 m The amount of organic materials in a natural water
Interim Enhanced All SWTP & UDI called NOM can be approximated by the amount
Surface Water Treatment- of Total Organic Carbon (TOC) present in the
Disinfection Profiles (DP) DP at Dosing Points 1/14/06 water source.
Filter Backwash Recycle- All SWTP & UDI s NOM consists of various chemical compounds
Monitoring & Construction New Facilities on-line | 6/08/06 Containing carbon, originating from decayed
Stage2 D & DBPs- e oo natural vegetative matter found in water. .
Compliance with IDSE Varies
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Raw Water Considerations -

= Generally surface waters or ground waters under the direct
influence of surface water will have higher levels of
organic materials (TOC.)
= Surface waters have higher organic content than Ground
Water
= If surface water mixes with ground water, each well may
experience different levels of TOCs.
= Type of organic content will influence how the water is
treated.
~ Specific type of TOC can be determined by conducting a Specific
Ultraviolet Absorption (SUVA) test.
— Used to determine if enhanced coagulation is appropriate.

DBP Health Impacts

m Can be carcinogenic (cancer
causing)

m Can cause reproduction problems
= Can damage blood or kidneys

m For these reasons, EPA has set DBP
limits in the drinking water

Production of Trihalomethanes

= Trihalomethanes (THMS) are produced by the reaction of
chlorine with organic constituents found in natural waters.

= The 4 compounds of concern are:
Chloroform (typically 70%)
Bromoform
Bromodichloromethane
Dibromochloromethane

u The sum of the concentrations of these four compounds are
Total Trihalomethanes (TTHMs)

Production of Haloacetic Acids

® Haloacetic Acids (HAAS) are produced by the
addition of chlorine with organic constituent found
in natural waters

m The 5 compounds of concern are:
Monochloroacetic Acid
Dichloroacetic Acid
Trichloroacetic Acid
Monobromoacetic Acid
Dibromoacetic Acid

m The total concentrations of these five compounds
are known as HAASs »




WTRGO09

Disinfection and Disinfection

Byproducts

5/1/15

Disinfection Byproducts (DBP) and
Chlorination Considerations

= DBP’s are produced by the reaction of
free chlorine with organic material
called “precursors”

m Precursors” are best reduced prior to
chlorination for minimizing DBP
production

Factors Affecting Disinfection
By-Product Production

m Turbidity and the type of NOM present
m Concentration of Chlorine added

m pH of water

m Bromide Ion Concentration

= Temperature

m Contact Time

¢

Which will have a Higher DBP
Formation Potential?

e A softening plant or a plant using
conventional coagulation?
— Softening :

m A surface water treatment plant or a
ground water treatment plant in the
summer?

— Surface Water Treatment Plant

Locating TTHM Areas

m High Water Age

m Storage Tanks do not fluctuate
m No /Few Customer Areas

m Stagnant Areas

m Dead Ends

m Bad Pipe

m Regrowth Areas

Pipe Tuberculation
with Bacterial

Growth producing
Organic Precursors

12
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Locating HAAS Areas

m Low Demand Areas

m Toward Middle System Areas w/ Stagnant / High
Water Age

= Areas with No / Little Regrowth
— Eliminate Biodegradation Locations
— Free Chlorine Residuals < 0.2 mg/L
—HPC Data

m No Dead Ends

Treatment Techniques for
Controlling DBPs

14

B W N

Which of the following will

increase the production of THMs?

Using chloramines as a disinfectant
Using chlorine dioxide
Using PAC or GAC to reduce precursors

Using prechlorination in the treatment
process

Strategies for Reducing DBPs
in Order of Cost Effectiveness

m Precursor Removal

= Disinfection By-Product Management using
System Flushing and Storage Tank
Management

m Use of Alternative Disinfection Strategies
m Disinfection By-Product Removal
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Formation of DBP in a Water
System

Disinfectant and DBP Production in a
Typical Water System

Compariton of the Production of TEIAL s and HAAS's
For Free Chiorite and Chioramine for a Typieal Water Systein

i | [Tt Ratoction |
i'l'l-ll\l'll“‘""“m
chncentrafips’| /'!_"_E',\_,\'E\

-----------

Lot -'---1"'}" J

-
L,  dak 7 0
ﬁu?mnl_ll wnspémm I

é Salld Linup o, Prue Chinsiny Dncdud Livwet o, ke 18

DBP Precursor Reduction
Strategies

Methods for Reducing Precursors

m Disinfection By-Product Management
i.e. Nutrient control in source and finished
water.

® Solids removal systems including:
pre-sedimentation, infiltration galleries,
filtration, coagulation and membrane filtration.

m Addition of powdered or granular activated
carbon to remove organics.
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DBP Management in
a Water Distribution System

DBP Reduction Techniques in a
Water Distribution System

= Reducing detention time in storage
tanks

m Ensuring turnover in distribution system
m Flushing dead-end lines.

Typical Distribution System
Water Age (Days)

Population iMiles of WM Water Age

AWWA: Water Age for Ave and Dead End Conditions

> 750,000 > 1,000 1 -7 days
< 100,000 < 400 > 16 days
< 25,000 < 100 12 - 24 days

Effects of Water Age on DBP
Production

Reletionabip B TTHMC. N
Distribution System Resldence Thme

—— Free CHarne
e o o

a w = k] Qa 0 [}
Mesusas Thee fhours)

Franchi and Hill, 2002 24
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Problems with Water Turnover
and Sediments in Storage Tanks

= Sediments contain significant concentrations of
organic nutrients

= Sediments exert a disinfectant demand

= Sediments provide protective layers for biofilms
which allow pathogens to repair

m Sediments encourage the growth of slow growing
nitrifying bacteria that lower residual

m Can contribute toward the formation of DBPs
m Can cause turbidity, taste and odor problems

25

Turnover Guidelines for Water
Storage Tanks

Georgia - Daily Goal: 50% of storage volume
- Minimum: 30% of storage volume

Virginia - Complete turnover every 72 hrs

Ohio - Required Daily: 20% of storage volume
- Recommended 25% of volume

26

DBP Reduction by Establishment of a
Flushing Program

Flushing Suggested Benefits to
Program Actions/DEP Rule Treatment System

i Sampling Is during normal operating
‘FA::::I'; . il :‘:‘o':f:mw‘“""”" condltions, and Is ot valld If you
Procedures DEP Rule 62-555.350 ONLY flush the day you are

collesting samples
" Treatment Clean & remove blogrowths,
Components calcium or iron / manganese Improves water quallty, reduces
lcaStas: deposits, & sludge chbarine demand & regrowth In e
With Water DEP Rufe 62-555.350(2) water system.
Reservoirs Clean & remove blogrowths, | 5 0ves water quallty, reduces
and Storage EI::Q'::"D ﬂ"std:r:‘;’e‘"i-“:s chiorine demand & bisiogical
Tanks DEP Rule 62.555.350(2) FAC | "®97OWh [n the water systam.
Water Begln systematic flushing of | Improves water quallty, reduces
Distribution water system from treatment | chlorine demand & blologlcal
Mains plant to system extremities, regrowth In Lhe waler system.
Dead-End Flusning (every other day) Improves water quality,& reduces
. or Automatic Fiushing.

Water Mains DEP Rule 62-555,350(2} blologleal regrowth. -

In-Plant DBP Management
Disinfectant Strategies

28
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Byproducts

Use of Disinfectant Strategies

m Reduce Dosing Concentration of

Disinfectant

m Change Points of Application

m Change forms of Disinfectant
® Use of Multiple Disinfectants

® Change Disinfectant

Disinfection

Effective Chlorination
System Modification Strategies

Locatlon

Action

Benefit

Chlorine Feed

Reduce chlorine feed

rates while maintaining
proper chlorine residuals

Chlorine
Injection Point

Fewer DBPs formed in the water
system. No/ little cost for this
option.

Change point of chlorine
injeclion lo reduce the
age of chlorinated water

Chlorine
Injection
Boosters

Fewer DBPs formed in the water
system. Small cost for this
option.

Add chlorine injectlon
point(s) to boost Chlorine
residuals in the
distribution system
instead of at the plant

Lower total chlorine added at the
plant site. Fewer DBPs formed In
the distribution system.

Use of chioramines in

Disinfection /
Application

Y with
long detention times with
ozone or chlorine dioxide
as a primary disinfectant

Fewer DBPs formed in the water
system. Costs for this option
could be significant.

a0

Effects of Moving the
Point of Disinfection

TTHM or HAAS {uph!

Effect of Alternative Locations (or Chiorine Addition
Poiat on ln-Plant DBP Formation

= Pre-chlorination
is used to oxidize
taste and odor
problems but
causes DBPs.

= Moving the point
of disinfection is
effective because
TOC is being
removed at each
step in the
treatment
process

k)

Changing the Disinfectant
to the Use of Chloramines
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Chloramines are Formed by adding
Ammonia to Chlorine

m Ammonia Gas (anhydrous ammonia): fed like chlorine
gas.

= Aqueous Ammonia: anhydrous ammonia dissolved
into deionized or softened water. Feed is similar to
other chemical feed systems

= Chlorine and ammonia reactions
NH, + HOCI = NH,C1 + H,0 (Monochloramine)
NH,Cl +HOC] =NHCI, + H,0 (Dichloramine)
NHCI, + HOC1=NCl, + H,0 (Nitrogen Trichloride)
a3

Chloramine Advantages

m Chloramines Not As Reactive With Organic
Compounds

m Chloramine Residual are More Stable & Longer
Lasting

& Chloramines Provides Better Protection Against
Bacterial Regrowth in Systems with Large Storage
Tanks & Dead End Water Mains when Residuals
are Maintained

® Since Chloramines Do Not React With Organic
Compounds; Less Taste & Odor Complaints

m Chloramines Are Inexpensive
m Chloramines Easy to Make

Chloramine Disadvantages

= Not as strong as other disinfectants
Eg. Chlorine, ozone, & chlorine dioxide
u Cannot oxidize iron, manganese, & sulfides.

m Necessary to periodically convert to free chlorine
for biofilm control in the water distribution system

m Chloramine less effective at high pH than low pH

m Forms of chloramine such as dichloramine cause
treatment & operating problems

s Excess ammonia leads to nitrification

& Problems in maintaining residual in dead ends &
other locations

35

Nitrification Concerns in Water Storage
Tanks with the Use of Chloramine

= Nitrification is the conversion of ammonia to nitrate (can cause

serious health effects)

During conversion a small amount of nitrite is produced and will

rapidly consume free chlorine and chloramine disinfectants.

= Nitrification can cause a loss of total chlorine and ammonia
residuals and an increase in heterotrophic plate count (HPC)
bacteria concentration.

m Occurs in dark areas, at pH > 7, at warm temperatures and long
detention times

u Must ensure that disinfectant residual levels are adequate (> 1.5
ppm chloramine with 2.5 mg/! recommended)

36
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Nitrification Monitoring Indicators

m Depressed Disinfectant Levels
m Elevated DBPs
m Elevated Bacterial Counts (HPC)*

m Elevated Nitrate/Nitrite Levels for
Chloramination Systems

m High Corrosion Potential
m Note: Direct Monitoring ineffective

* HPC use organic carbon as food, include total coliform;
Not to exceed 500/ml in 95% of samples

37

Biofilms in Drinking Water

Distribution Systems

Found anywhere in a distribution
system where water contacts a surface
Formed when microbial cells (large particles, including
microorganisms) attach to pipe surfaces and form a slime layer
Microorganisms convert dissolved organic material into biomass
Water flowing past cells provide nutrients for survival and
growth

Bacteria comprise largest portion of biofilm

Cause esthetic problems with water quality, including taste,
odor, and color problems

Pathogens can exist even in the presence of high levels of free
chlorine =

How do microorganisms
get in the system?

Microorganisms enter through two main
categories:
m Surviving the treatment process
- effectively treated water contains some bacteria
- potable water is not sterile
m Recontamination
— cross connections
— back flow
— leaking pipes, joints, and valves

39

Biofilm Management

= Regular line flushing

= Maintain adequate residual levels

= Monochloramine more effective at controlling
biofilm growth

— Chlorine does not penetrate thick biofilms and
sediments

— Chlorine consumed by side reactions with organic
material

® Additional in-plant treatment to reduce organic
carbon levels

® Corrosion control

40
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Disinfection By-Product
Removal Systems

m Oxidation: Ozone, Chlorine

Direct Removal of DBP _ Dioxide, and UV.

m Aeration:  Open Storage, Diffused
Air and Packed Towers.

m Adsorption: Powdered Activated
Carbon and Synthetic
Resins

41 42

Safe Drinking Water Act
MCL’s for TTHM, HAAS, Chlorite
and Bromate

DEP Water Quality and —-TTHM .080 mg/l
Treatment Process Requirements —HAAS 060 mg/1
for D - DBP —Chlorite 1.0 mg/*

—Bromate 0.010 mg/l **

* associated with the use of Chlorine Dioxide

** naturally occurring precursor in systems near
a saltwater, associated with use of Ozone “

11
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Also Maximum Residual
Disinfectant Limit

Chlorine 4 mg/l
Chloramine 4 mg/l
Chlorine Dioxide 0.8 mg/l

These concentrations have been found to
have adverse health effects

Inactivation Reductions for Pathogens
required for
Surface Water/UDI Systems

99.9% or 3 log
99.99% or 4 log
99% or 2 log *

m Giardia lamblia
m Viruses
m Cryptosporidium

Water Systems are assumed to be in compliance if they
use conventional or direct filtration and meet turbidity
requirements

46

Simultaneous Compliance
Balancing Disinfection Protection with
DBP Removal

= Deactivation is proportional to concentration of
chlorine and contact time (C x T).

= Reducing free chlorine (C) will reduce
disinfection inactivation potential but reduce DBP
formation potential.

& Reducing contact time (T) will reduce disinfection
potential and reduce DBP formation potential.

47

General Guidelines for Surface
Water Treatment

48
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Turbidity Standards

Alternative filtration technology in combination with
disinfection consistently achieves removal and/or
inactivation of:

u 99.9% of Giardia lamblia cysts (filtration +

“ disinfection)
E':r;( ™ 199.99% of viruses (filtration + disinfection)
1 99% of Cryptosporidium (filtration alone)
(Interim Enhanced SWTR 12/16/98)

Turbidity Reductions for Subpart H
Treatment Plants Using Conventional or
Direct Filtration

m 95% of samples taken each month must be
less than 0.3 NTUs

= 1o one sample can exceed 1 NTU

Plants meeting these criteria are assumed to
meet the 2 log removal for Cryptosporidium

50

Subpart H System requirements for
Conventional Filtration

m Must use enhanced coagulation or enhanced
softening

® may be exempted if source water are consistently
below 2.0 mg/l TOC and 2.0 L/mg-m SUVA

= can achieve .040 mg/l TTHM and .030 mg/1
HAAS

51

Considerations for Required TOC Reductions
for Subpart H Plants for Enhanced
Coagulation and Softening

= High TOC source water concentrations
require greater removal rates

m Higher Alkalinity source water
concentrations the lower the removal rate

52
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Sedimentation

Theory of Sedimentation

m Slow velocity of water to provide
sedimentation

m Two to four hours detention is usually
provided

m Velocity through the basin should be
from 1 to 3 feet per minute.

T vean e

Hectangular fiodimentation Lhasin
B T

Cirenlar fodimentation Nasln

Types of Basins

Rectangular

m Achieve Higher
Solids Removal

m Less Sensitive to
Short Circuiting

Circular

m More Compact
per Unit Space

e

Factors That Affect Particle
Settling

Particle size and distribution

Shape of the particles

Density of particles

Temperature (viscosity and density of water)

Electrical charge on particles

Dissolved substances in the water

Flocculation characteristics of particles

Wwind

Inlet and outlet conditions and shape of basin
4
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Schematic of a
Sedimentation Tank

Budge s Infones Zom

e B B
FOUR ZONES OF A SEDIMENTATION BASIN

Solids-Contact Units

A 3K

~ -
s Referred to as an Q

“upflow solids-contact
unit” or "upflow sludge-
blanket clarification”
Combine three
processes in a single
basin

I I cled
through the progess to
act as a coagulant aid
When treating water
with poor settling floc it
may be necessary to
augment the chemical
process with polymers

Influent Sedimentation Zone

= Inlet to the sedimentation basin

m End point in a rectangular tank and middle in
a round tank

m Baffles direct flow ensuring lateral flow and
prevent short circuiting and carryover.

m Inlet should be designed to minimize high
flow velocities near the bottom which could
scour settled particles causing them to
become resuspended.

Settling Sedimentation Zone

= Largest Portion of the Tank

m Velocity reduced to 1 to 3 ft/min

= Detention times ranges from 2 to 4 hours
m Overload Loading rates of ~ 800 gpd/ft?

m Tube and plate settlers can greatly
improve settling rates

WTRG13 Sedimentation
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High Rate Settling

s Tube and plate settlers
increase the area to allow
more settling

= Use much smaller footprint

= Increase capacity of existing
basins. Loadlng rates 5 to
10 X conventional for plates
and 2 to 5 X for tubes

= Placed at 60° angles to
s v A allow solids to be removed

Tube settlers and lamella pistes - Watar fiows up by gravity
through slanted tubes or along slanted plates.

Floe setlles ol inthe tubes of pies ana it - Currents and wind are
dampened by tubes

sadimantation basin, Clarifred water passes
through Ihe {ubws or between the plates and then
fiows out of the basin.

Efﬂ uent = Effluent Lander collects

R . effluent flow
Sedimentation = weirs along the edge skim
Z water evenly
one m Typically weirs have V

notches every foot

u Weirs must be kept clean and
level to ensure even flow and
sludge blanket

n Baffle plate used to retain
floating solids

=n Weir Loading rates of 10,000
to 14,000 gpd/ft are used

10

A rectangular basin has a total flow of 1,000,000
gal/day. There are 6 double sided effluent launders that
are six-feet long. What is the weir overflow rate in
gal/day/ft?

Weir Overflow rate, gal/day/ft = total flow, gal/day
length of weir, ft

Total flow is 1,000,000 gal/day
Total Length of Weir is (6, weirs x 2, sides x 6, ft long)
Total Length of Weir is 72 ft

Weir Overflow Rate = 1,000,000 gal/day = 13,889 gpd/ft
72 ft

Sludge Sedimentation Zone

= Collection zone at bottom of tank

= Sludge must be removed at min. once per day to
prevent septicity and bulking.
— Useable volume of the tank will decrease, reducing efficiency.
— Sludge built up on the bottom of the tank may become septic,
meaning that it has begun to decay anaerobically.
— Septic sludge may result in taste and odor problems and may
~ i float to the top of the water and become scum.
.’g% — To prevent interference with the settling process (such as
" resuspension of solids due to scouring).
= Turbine or rake equipped with torque indicator: high
torque will break shear pin (too much sludge);
fluctuating torque (uneven sludge distribution)

WTRG13 Sedimentation
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Performance Monitoring for

Sedimentation Processes Record to be Maintained for
Eilter effluent turbidity is a good indicator of overall process Sedlmentatlon Basin Performance

performance. However you must still monitor performance
of each process

. luent turbidity an
= The sedimentation tank is measured by a comparison of 1 _Inﬂuent and eff t turbidity and
the turbidity entering and leaving the basin; measured influent temperature

several time§ per shift or when qua!ity c.hanges 2. Process Water Production °
= Observe clarity of settled water noting size and .

appearance of any suspended floc . 3. Process Equipment Performance
= Ensure clean weirs at influent and effluent . .
= Observe sludge blanket depth; high blanket depths favor 4. Solids Removed from Basin

particles passing over weirs at higher flows.
= Remove sludge at min. daily
m Do not exceed loading rates

Short Circuiting in
Sedimentation Tanks

= Shart-circuiting occurs when the path of the flow

passes directly through potions of the sedimentation SlUdge Treatment and
tank; these can usually be observed as floc over the .
ends of basins, DISposal

= These high velocities occur under high flow conditions.
= Short-circuiting causes particulate matter to be held in
suspension and be transported through the tank.
Baffling can help break up the flow paths and can help
control short-circuiting,

Sedimentation tanks should not be loaded above tank
design overflow rates.

When dealing with chemical floc loading rates must be
reduced

15 16
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Volumes of Waste Sludge Produced

Amount of residuals produced is a function of:
m Raw Water Quality

m Facility Design

u Flow

m Treatment Process Employed

— Lime plants generate 3 pounds of solids for
every pound of hardness removed

— Small alum plants with flows of 0.5 to 1 MGD
can generate several 100,000 gallons of alum
wastes per year

Raw Water Constituents that may
Limit Disposal Options

m Excessively high or low pH;
= High total suspended solids (TSS);
m High total dissolved solids (TDS);

= High concentrations of heavy metals,
including arsenic, lead, and aluminum;

® High concentrations of competing ions,
including fluoride, sodium, sulfate,

chloride, and other salts concentrations; and,

m High concentrations of radionuclides and
daughter products

DISPOSAL ALTERNATIVES

= Disposal options will be limited by regulation, type of
waste (liquid or solid, hazardous or non-hazardous)
and the concentrations of contaminants in the waste
= Public law 92-500 restricts or prohibits the discharge
of process wastes from water treatment plants.
These wastes are corisidered industrial waste and
under the National Pollutant Discharge Elimination
System (NPDES) requires a permit to discharge to:
— Land Disposal and Landfilling
— Deep Well Injection
- Discharge to POTW
— Surface Water Disposal
— Beneficial Reuse

Off-site Disposal of Waste Sludge

= Regulations require monitoring of liquid wastes prior
to off-site disposal for water quality indicators such
as pH, turbidity, TDS, settleable solids and other
harmful materials.

= Treatment of liquid waste streams prior to off-site

discharge often include:

— Flow Equalization

— Brine Recycling

— pH Neutralization

~ Settling and Gravity Thickening
— Evaporation

— Chemical Precipitation

20
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Processing of Liquid Sludge

Filter Presses Evaporation and Drying

-. Phu'u@ﬂ prm

There are a varisty of options for thickening sludgs. All
reduce the volume of sludge and the cost of handling. 21

Effects of Concentrating

Chemical Sludge
Concentratfon Volume ‘Water
(% solids) Total Removed
{gallons) (gallony)
2% 10,000 0
4%, 5,000 5,000
9 50
8% 2,500 7,500 1 gty e
9 1,250 | 8,750 s i
TG i i The liquid from settled sludge is
32% 625 9,375 called “Supematant” ;’g
64% 312 9,688

22
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Water Treatment Plant
Maintenance Considerations

Operation and Maintenance

m Purpose of O&M
—maintain design functionality (capacity)
- restore the system components to their
original condition and thus functionality.
= Effective O&M programs are based on:
— knowing what components make up the
system
—~where they are located
— condition of the components.

Types of Maintenance

m Corrective

— Reactive

— Includes emergency maintenance
m Preventive

— Proactive

— Improved system performance
m Predictive

~ Proactive

— Planned and scheduled basis

Corrective Maintenance

m Reactive — operate equipment until it
fails

m Little or no scheduled maintenance
m Results in poor system performance

m Approach characterized by:
— Inability to plan and schedule work
— Inability to budget adequately
— Poor use of resources

— High incidence of equipment and system
failures

5/1/15
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Preventive Maintenance Predictive Maintenance

m Proactive - performed on regular schedule 5
m Programmed, systematic approach mProactive
, mati c : : :
= b pproat m Establishes a baseline using
m Based on equipment operating time or

number of days in operation performance criteria

= Major elements of a good program: ~ Vibration Monitoring

~ Planning and scheduling — Infrared Heat Monitoring

~ Records Management — Electrical Monitoring (Volts and Amps)

- Spare parts management — Flows & Pressure Monitoring - Laser Alignment
— Cost and budget control — Wear/Corrosion Monitoring - Ultrasonic

— Emergency repair procedures Testing

- Training program

Development of an Effective Work
Management Monitoring System

= Work is categorized

m Work standards that include time and quality are
developed

= Work is assigned based on standards to individuals or Pu m ps
crews

Work is completed, data recorded (and inspected)
Work data is compared to acceptable standards
Deviations of acceptable performance is identified
Problems that inhibit performance are eliminated

Maintenance equipment histories are often an outcome of
a successful work management program

7 B
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Pumps Used in Water Treatment

Application

Funetion

Low service
{transfer pump)

To lift waler from the source (0 trealmenl processes or
from starage to filler backwashing system

High service

To discharge water under pressure to distribution system

Booster

To increase pressure in the distribution system or 1o
supply elevited storage 1anks

Well

To lifi water from shallow or deep wells and discharge it
to the treatment plent, storage facility, or distribution

system

Chemical feed

To add chemical solutions at desired dosages for
treatmenl processes

Sampling

To pump water from sampling points to the laboratory

Sludge

To pump sludge from sedimeniation facilities to further
treatment or disposal 4

Pump Classifications

Material Handled

= Raw water

w Filtered water
Condition of Pumpina
» High lift

= Low lift

= High capacity
Principal of Operation
= Centrifugal (variable heads and flow) or turbine pumps
s Piston or Reciprocating (fixed head and flow)

= Rotary

= Progressive Cavity (sludge)

High Service Pumps

5/1/15

Three main components:

= Impeller: device that creates a vacuum

Pump

and impelling liquid outy
between the blades by centrifugal force.

= Casing (volute): The volute is the casing

that receives the fluld being pumped by
the impelier

= Shaft: part of the pump that tums the
impeller.

Other components:

»  Wear rings act as the seal between the
casing and lior. Pravents
excessive internal water circulation
betwesn the suction ang discharge sides
of & punip and prevents wear of the
impellar and inside case,

= Bearings allow smooth rotation of the
pump shaft.

= Stuffing boxes are used to keep air
leakage out of a pump.

Note: never start a centrifugal pump

untll it Is properly primed "

The Stufﬁ ng BOX = Stuffing boxes are used to keep air

leakage out of a pump. It consists
of a casing, rings of packing (or
mechanical seal) and a gland at
the outside end.

= Packing: The function of packing is
to control leakage and not to
eliminate it completely, The
packing must be lubricated, and a
flow from 40 to 60 drops per
minute out of the stuffing box
must be maintained for proper
lubrication; Packing ring notches
should be staggered 90 degrees.

= Lantem ring: distributes liquid
uniformly around the shaft to

Note:Il there is excessive leakage around
the packing gland ¥ou should first iry 10
tighten the packing gland

provide lubrication and cooling;
also prevents or limits air from
entering the flow stream.
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Centrifugal Pump

» Centrifugal pumps raise
the water by a
centrifugal force

= Never allow a pump to
run dry (either through
lack of proper priming
when starting or
through loss of suction
when operating). Water
is a lubricant between
rings and impeller.

Pump Maintenance: Common Problems
with Centrifugal Pumps

= Packing should be replaced periodically. Packing gland should
<Y!_  have small amount of water leakage for lubrication (1 drop/sec)
Q to keep packing cool and in good condition.

= Replace wearing rings when necessary to plug internal leakage
= Pump should be checked for excessive vibration

= Minimize friction in bearings and stuffing boxes by proper
lubrication

= Misalignment

~ Alignment should be performed using a laser

— Foundation deterioration or settlement

— Piping can change position and bolts can loosen
= Foreign materials
n Mechanical defects

Centrifugal Pump Operation

m Every pump has certain
characteristics under which it will
operate efficiently.

m These conditions can be illustrated
with characteristic curves.

m Operating a pump outside these
ranges will cause damage to the
pump

Pump Curve Basics

= Different size impellers have M=  Impeli Sz
different capacities and head =k
= Shutoff head is maximum head P
of pump S rrrc W ey
= Best efficiency point is 80-85% T N
of the shutoff head w ] —“\.‘ \\ \\
= Capacity expressed in gallons »
per minute, liters per minute, T T
or cubic meters per hour My *
= Head of a pump is read in feet 5y | —
or meters E » _Fi_.__-::"._—— et
= Power consumption expressed [ —=—=

R URENE A
Ak

in horsepower or kilowatts
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Question: Two pumps, having equal output,
pump 6.5 MGD of water into a plant. What is
the rating of each pump in gallons per minute?

s Two pumps have an output of 6.5 MGD

= One pump would have output of 3.25 MGD

= We are looking for gal, not MG, so we change 3.25
MG to 3,250,000 gal.

= We also need to change from days to minutes so we
use the conversion of 1 day is equal to 1440 minutes

3,250,000 gal x 1day = 2257 gpm
day 1440 min

Piston or Reciprocating Pump

PISTON

«— FLOWIN

FLOW OUT

A piston pump is a positive-displacement pump

A reciprocating pump is one that moves a liquid by a piston that
moves back and forth

Never operate it against a closed discharge valve or the pump, valve,
and/or pipe could be damaged by excessive pressures

Suction valve should be open when the pump is started. Otherwise
an excessive suction or vacuum could develop and cause problemsm

= The rotary pump uses cogs
or gears, rigid vanes and
flexible vanes to move the
water

As the gears rotate they
separate on the intake side
of the pump, creating a void
and suction which is filled
by fluid. The fluid is carried
by the gears to the
discharge side of the pump,
where the meshing of the
gears displaces the fluid.
Rotary pumps are usually
used for booster purposes
and are generally used in
conjunction with another
pump. .

Rotary Pump

Progressive Cavity Pump

m A progressive cavity pump is
a positive displacement
pump.

= It transfers fluid by means of
the progress, through the
pump, of a sequence of small,
fixed shape, discrete cavities,
as its rotor is turned.

s Commonly used to pump

sludge.

Never operate dry and never

run against a closed discharge

valve.

V3

The shape of the cavities
between the rotor and the
stator is shown in blue
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AR

%

Lubrication Considerations

-m Too_much grease in antifriction type bearings

(ball or roller) will promote friction and heat.

= The main job of grease in anti-friction bearings
is to protect steel elements against corrosion,
not friction.

= Lubricant should be changed in accordance with
the manufacture’s recommendations or befare
it's too worn or becomes too dirty.

= Some utilities analyze oil to identify the amount
of metal wear to optimize lubrication and
lubrication scheduling.

21

TTPNCAL DAMAGE ON A WORN SHAFT SLEEVE

Problems With
Defective Mechanical
Seals or Packing

m Loss of suction due to air leak
m Shaft or sleeve damage from wear
m Water contamination of bearings

m Severe leakage causing flooding of
building or pumping facility

Common Pumping Problems

m Blockage

m Air Lock

m Vibration

= Water Hammer
m Cavitation

23

Air Locks

® An accumulation of air that impedes the flow of water.

m Air locking is caused by air being trapped in the
volute of the pump.

m These gasses collect becoming compressed creating an
artificial head pressure within the pump housing.

m This artificial head will continue to build as more air
is sucked into the pump until the maximum discharge
head pressure (shut off head) is reached completely
restricting the flow of water.

m Air locking is most often caused by leaks in the
suction line

P2l
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Excessive Vibration

m Pumps should run smoothly. Excessive
vibration causes expedited and
excessive wear especially on bearings.

= Vibration is typically caused by
misalignment or base problems

m Vibration can be measured with
specialized equipment

A
o

Water
Hammer

Pipe Broken from Water Hammer
e prm——

= Water hammer is caused by the rise and fall

- of pressure caused by the rapid change of a
valve position.

= Water hammer can cause pipes to rupture
and damage equipment

m This condition should always be corrected by
adjusting the check valve

Cavitation

= Cavitation is a condition that can
cause a drop in pump efficiency,
vibration, noise, and rapid damage
to the impeller.

= Cavitation Ts usually caused when:

— Pump is operated at flow rates considerably higher than
design flows

= Cavitation occurs when the pump starts discharging water at a
rate faster than it an be drawn into the pump.

a This situation is normally caused by the loss in discharge head
pressure or an obstruction in the suction line.

= When cavitation accurs, immediate action must be taken to
prevent the impeller from being damaged

— Pump inlet pressure drops below the design inlt pressi;re. '

27

Air Compressors
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Air Compressors Operation

s Used for activation of
pump controls, for valve
operators, to pressurize
small water systems
and to power portable
pneumatic tools.

= Types include:

diaphragm, rotary,
piston and sliding vane.

Two Stage Piston Compressor 59

Compressor Maintenance Considerations

Air filter inspection at least monthly replace at least at 3-6 mo.

= Lubrication; crankcase reservoirs, oil cups, grease fittings or
separate pump. Must be inspected dally. Drip at proper rate and
force feed cilers at proper pressure; comprassors designed to
use oil! Do not overfeed crankcase!

m Compressor heat breaks down oil; change oil at 3 months.

= Clean cylinder fins weekly to ensure proper cooling.

» Unloader allows comprassar to come up to speed without load;
should hear change; if not, compressor will stall or burn belts.

= Pop off valve (safety valve) are located on air receiver or
storage tank; Some compressors have high pressure, low oil
and high temperature cutoff switches; Record settings.

= Drain condensate dailyl

= Check belt tension; tightness causes overheating and excessive
wear. Check while locked out-at 34 inch.

= Inspect operating controls; record settings.

s Clean monthly to prevent dirt from entering system. 2

Record Keeping

31

" Record Keeping

m Don't rely on memory
= Keep up to date on a daily basis

= Track all equipment and treatment
processes

m Compare the information for
consistency

32
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WTRGO010 Water Treatment Plant
Maintenance Considerations

Library of Manufacturers’ Operation
and Parts Manual

= A plant library can be helpful information to assist in
plant operation
= Material should be cataloged and filed for easy use
and include...
— Plant operation and maintenance instruction manuals
— Plant plans and specifications
— Manufacturers’ instructions
— Reference books on water reatment
— Professional journals and publications
- First-aid book
— Reports from other plants
— A Dictionary
33

Emergencies

m Emergency procedures must be
established for operators to follow when
emergencies are caused by the release
of...

— Chlorine

— Hazardous or toxic chemicals into raw water
supply

— Power outages or broken transmission lines
or distribution mains

m Include emergency phone numbers

Emergency Team

= Team must be physically and mentally
qualified

m Proper equipment must be available

m Proper training on a regular basis

m Regularly simulate field emergencies or
practice drills

= Annually review team performance

One person should never be permitted to sttemp an emerzency repair

alone. Always wait for rained assistance, 2

5/1/15
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Water Treatment Plant Safety

Safety Program

L wh
ﬂi&é &t
: . )
m Everyone is responsibie for safety&-
m Utility manager is responsible for the safety of the
agency’s personnel and the public exposed to the
water utility’s operations
= Supervisors control the operators’ general
environment and work habits and influences whether
or not the operators comply with safety regulations.
Operators share in the responsibility for an effective
safety program. The development of safe working

habits is an employee responsibility. Y,

Confined Space Definition

(1) Is large enough and so configured that an
employee can bodily enter and perform
assigned work; and

(2) Has limited or restricted means for entry
or exit (for example, tanks, vessels, silos,
storage bins, hoppers, vaults, and pits are
spaces that may have limited means of
entry.); and

(3) Is not designed for continuous employee
occupancy

Employer’s Confined Space
Entry Program

m Required for all Employees working in a
Confined Space

m Procedures include Permitting System
for entering, attendant, testing devises
and monitors and personal protective
equipments

m Training for all Employees
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Hazardous Atmospheres and
Confined Spaces

m Workers may not enter spaces with < 19.5%
or > 23.5% Oxygen
m Workers may not enter spaces with a

combustible gas concentration of 20% of the
Lower Flammable Limit

m Workers may not enter spaces with Threshold
Limit Values of Airborne Contaminants
established by American Conference of
Governmental Industrial Hygienists

Testing of Atmospheric in
Confined Space

= Testing must be conducted before employees
enter a trench

= Oxygen must be not less than 19.5%
m Frequency of testing must be increased if
equipment is operated in the confined Space

= Testing Frequency must be increased if
welding, cutting or burning is occurring

Confined Space Requirements

m Fitted Respirators must be used in
Hazardous Atmospheres .

= Employees must be trained in their use and a
program established

u Attended (at all times) lifelines must be
provided when employees enter bell-bottom
pier holes, deep confined spaces, or other
similar hazards.

= Employees who enter confined spaces must
be trained.

Fire Protection

= Fire prevention is the best fire protection
= Fire protection is good “housekeeping”

—Means a plant that is well-kept, neat and
orderly

~ Fire hazards removed
—Trained in use of equipment

= Make a fire analysis of the plant once a
year

5/1/15
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Classes of Fires and
Extinguishers

Class A: ordinary combustibles
Class B: flammable liquids and vapors
Class C: energized electrical equipment
Class D: combustible metals

ote: fire extinguishers are classified as A, B, C, D to
correspond with the class of fire each wiil extinguish.

Electrical Test Equipment

Basic Electrical
Measurement Devices

Volt/Ohm Infrared Ammeter  Megger
Meter Temperature Tester
Indicator
NEVER USE A METER UNLESS QUALIFIED AND AUTHORIZED

= Voltage (E) is the electrical
pressure available to cause a flow

Electrical f
. N t h
Relationships  ecric croit i coset votage

is also called Electromotive Force
(E.M.F.)

u Amperage (I) is the strength of
an electric current measured in
amperes. The amount of electric
current flow, similar to the flow of
water in gallons per minute.

s Ohm (R) is the unit of electrical
resistance. The resistance of a
conductor in which one volt
produces a current of one
ampere.

5/1/15
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Voltage Testing (E.M.F.) y

= To check voltage use a multimeter
= Used on energized circuits so use caution
= Used to check:
- to determine if circuit is live
— voltage (electrical pressure) at each leg
- electrical components for activation
— continuity of a circuit or a device such as a fuse

Ohmmeters

m Used to measure the resistance (ohms) in a
circuit

= Use only on de-energized circuits

u Often used to:

— Test the control circuit components of coils, fuses,
relays, resistors, and switches

— Check for continuity

Some Uses of an Infrared
Thermometer

m Check tightness of conduit
connections

m Check for high heat that varies from
equipment signature

Ammeter: records the
current or amps
flowing in a circuit

: i i g
Problem ~~ ~ ©° Indication i o
Pump clogged with rags or Amp Readings that exceed

other obstructions FLA or normal signature:
Pump shaft broke or. Amp Readings thatare
Impellor loose significantly under FLA or

normal signature

Problem with motor or Motor legs have amp
electrical feed imbalance

5/1/15
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Al

~ Megger Tester

m Used for checking the insulation resistance on
motors, feeders, bus bar systems, grounds and
branch circuit wiring.

= Use only on de-energized circuits or motors.
m Results indicate if the insulation is deteriorating or

cut

Motors and wirings should be megged at least once a
year.

Record and plot readings to determine if insulation is
breaking down; downward trends may indicate a
problem

g

agy Chemical Handling

= Acids are used extensively in water treatment

= Always pour acid into water

= The antidote to all acids is neutralization

= Hydrochloric acid: often used for cleaning;
highly reactive to metals and will produce
hydrogen gas

m Hydrofluosilicic acid is hazardous to handle
under any conditions; use protective
equipment

5/1/15

Q The antidote to all acids is:

a. Flushing
b. Oxidation
Neutralization
d. Chelation

o]

-

-~

If an operator comes in contact with
chlorine gas and has a throat
irritation, what liquid would help
reduce the irritation?

a. Water

b. Coke

Milk

Cough syrup

2 o
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Chemical Safety

21

Hazards Communication
Plan (Hazcom)

= Identify Hazardous Materials

m Obtain Chemical Information and
Define Hazardous Conditions

m Properly Label Hazards
m Train Operators

Chemical Labeling

ANSI standards will be used

languages appropriate to the facility
* Exemption to requirement would be for

from labeled containers and that are intended only for the
immediate use of the employes who makes the transfer

e Labels must be legible, in English and all other necessary

« Portable containers in which hazardous chemicals are transferred

» All chemical containers must be labeled, tagged or marked
with the identity of hazardous chemical and must show
hazard warnings appropriate for employee protection

¢ The hazard warning can be any type of message, words,
pictures or symbols that provides information regarding
the hazards of the chemical in the container, generally

Detection and Protection for
Hazardous Chemicals

Detection Training

¢ During training provide samples of hazardous chemicals to
observe for ador, color and viscosity

« Prior to observation, review each SDS for hazardous chemical
and review

« Go over exposure and symptoms

« Review the standard precaution of any unmarked, unidentifiable
chemical. Dispose of as a hazardous chemical.

Protective Measures

» For all hazardous chemicals in your facility you must include in
your training employee’s PPE. It is important to provide this
training at the same time as SDS training

24

5/1/15



WTRG24 Water Treatment Plant Safety

NEW! Globally Harmonized System (GHS)

m What is GHS?

— Stands for the Globally Harmonized System
of classification and labeling of chemicals

— Same criteria throughout the world
— Standardizes Warning Labels and Safety
Data Sheets
m Who will be Affected? Manufacturer,
supplier and user
m When will GHS start? It has already
begun.

What must be done to
comply with GHS?

m Classification of chemicals to GHS criteria

m Prepare GHS format “Safety Data Sheets”
(SDS)

= Prepare labels with GHS elements

= Train Employees on New Label Elements
and SDS Format (complete by 12/1/13)

26

Elements of a Container Label
(OSHA adopted “GHS” labeling requirements)

m Identity of product or chemical
u “Signal” word
— Danger or
- Warning
m Hazard Statement(s)
— Standardized
— Based on hazard classification & category

27

Elements of a Container Label (cont)

= Precautionary Statements
— Standardized in GHS
—How to prevent exposure
— Storage requirements
— First aid procedures
- Spill response
— Disposal of chemical

28

5/1/15
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m Supplier Information

— Name of manufacturer or distributor
— Address

— Telephone number

m Supplemental Information
— Directions for use
- Expiration date

Elements of a Container Label (cont)
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m Pictograms -
SULFURIC ACID ,
DANGER! . @ Deadlines

= Revised Haz-Com standard published March
24, 2012

= Employers provide training on new labeling
system by December 1, 2013

m GHS-compliant labels by June 1, 2015

= Update written Haz-Com program by June
1, 2016
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Operators

Water Distribution for Treatment

Water Transmission and
Distribution for Water
Treatment Plant Operators

Standards for Materials Used
in Water Pipelines

= AWWA and ANSI/NSF Standards

m Cast Grey Iron Pipe (prior to 1948)
m Cast Ductile Iron Pipe

m Steel Pipe

= Concrete Pipe

m Ashestos Cement Pipe

m Plastic Pipe (after 1970)

5/1/15

A
~

Comparison of Plastic (PVC)
and Ductile Iron (DI) Pipe

1 5
~ PVC Pipe &I Fipe

m Used in 4 to 36"
installation

m Can withstand heavy
external loads

m Provides extra surge
allowances

= Used under roads
and crossings of
water courses

m Used in 4" - 12"
installations

m PVC Lighter thus
easier to install

m Low Friction Head

= Not Subject to
Corrosion

m Less Costly

Valves Used in Water Systems

Type [Application 0
Isolation and thiottling. Water 3
(rotary)  mains typically farger than 87

Have movable disc. bl - Valves

Ball Isofation, Used in water service  6° and €507

(rotary) lines to provide an on or off below 6" - 48" and for
poslton. 3 pressures to 300 psl

Plug Isolation. Water service lines. 6% and

(rotary) ot . below

Globe Throtting. Effident in either 6°and

(linear  flow or pressure regulation below

stroke)

Gate 1solation. Most common valve in 3"and up €500

(linear  Dlst. System. Should never be 3" -48"

stroke)  used for throttling. Vee-ported
gate valve can be used In
controlling flows




WTRG20 Water Distribution for Treatment
Operators

5/1/15

Gate Valves

Rising Stem
- Has companion threads in
the valve bonnet

« As valve is opened, the
stem is threaded out,
lifting the wedged disc . ,

Non-rising Stem

+ The stem is held in place
in the bonnet by a collar

+ The stem is threaded
with companion threads
in the wedged disc

Check Valves

m There are three basic designs of the
check valve:
—the swing check valve,
—the horizontal and vertical lift check valve,
—and the ball check valve.

m Ensures water flows in one direction to
prevent contamination

m Exert highest amount of friction

Swing Check Valve

m Most popular

m Little resistance to
flow when open

u Not recommended

for frequent flow

reversal, causes

valve chatter

Can cause “Water

Hammer” if not

properly adjusted

e,

:@: Horizontal/Vertical Lift Check Valve

Horizontal Lift Check Valves

= installed in a horizontal position

= Often used with smaller piping

= Used in frequent flow reversal
applications

Vertical Lift Check Valves

= similar to horizontal lift check valves

= designed for vertical pipe installation

u foot valves are nearly always of the
vertical lift disc design

= foot valves may be installed on the
inlet of the pump suction pipe to
keep the pump and suction line full

of water .
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Pipes Used for Service Lines

= Galvanized Steel Pipe

= PVC (schedule 40; thick wall, glued
joints)

= Polybutylene (compression or banded
Joints)

m Copper (Type K; soft and Type L; hard)

Importance of Leaks in Water
Systems (60 psi)

Leak Size Gallons/Day  Gallons/Month
/8" 300 11,160
1/4" 3,096 95,976
3/8™ 8,424 261,144
12" 14,952 463,512

5/1/15

Leaks in Water Mains

m Lost Revenue (typical $5.00/1,000
gallons)

m Chemical and Electrical Costs at Water
Plant (typical 66% of cost)

m Capital Cost for System Upgrades (from
$3M to $5M per MGD)

Water Loss and
Unaccounted for Water

= Typical Water System 10% loss is
acceptable

m Meter Comparison Used to Calculate
Efficiencies

m Unaccounted by Authorized Losses are
Estimated

e > 10% loss indicates problem
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Operators
Domestic Meter Testing
Meter Service Life AWWA C700
5/8" Meter  Normal Use 7 — 15 years 5/8 Flow Range ‘Gallons/  Low High
5/8" Meter High Use 5 - 7 years : :Minute Range Range
> 5/8” Meter Normal Use 7 - 10 years
1. Max.Rate 15GPM 98% 101.5 %
* Meters should be tested on both life 2. Int. Rate 2GPM  98% 1015 %
span and registered consumption 7.
n\a 3. LlowRate 1/4GPM 95% 101.0 %

(Tl

Identifying Leaks
in Water Mains

m Customer Complaints

m Physical Inspections

= Standing Water in Dry Periods

m Continuous Flow in Storm Sewers
m Ponding in Low Areas

m Use of Leak Detection Equipment

Pipeline Systems

m Must Comply with "Ten State Standards” and
DEP FAC Chapter 62 Pipelines

u Pipelines must meet AWWA Standards for
materials used in construction

= Pipelines designed to carry at Max 5 fps

= Pipelines must be restrained at changes in
direction

m Pipelines require proper bedding and bedding
material

5/1/15
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Water Distribution
DEP System Requirements

g’ Cross-Connections g%/~
£

“CROSS-CONNECTION” means any physical arrangement
whereby a public water supply is connected, directly or

= Maintain 20 psi in distribution system at service indirectly, with any other water supply system, sewer, drain,
connection except for break or extraordinary conduit, pool, storage reservoir, plumbing fixture, or other
conditions. device which contains or may contain contaminated water,
K sewage or other waste, or liquid of unknown or unsafe quality
= > 350 people or 150 connections which may be capable of imparting contamination to the public
Document program for exercising all system valves water supply as the result of backflow.
= By-pass arrangements, jumper connections, removable sections, swivel or
Have quarterly dead-end system flushing program changeable devices, and other temporary or permanent devices through
. . which or because of which backflow could occur are considered to be
Program for responding to complaints cross-connections.
. L] n n is a improper ct i i
Map locations of valves, fire hydrants and facilities A s vs’ater"s';’s‘te:rtr"‘.’“ between a contaminated
Emergency Preparedness Plan for system u A connection between an approved and an unapproved water supply.
17 18
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Iron Removal and Basic Stabilization

Taste and Odor Control Problems

Taste and Odor COI’]tFO' m Taste and odors in drinking water is a
. 4 common problem faced by the operator
Aeration " m Consumer evaluates water on three senses:
Iron Removal and Basic sight, smell, and taste

m Effects of taste and odor problems
— Complaints by customers
— Consumer may switch to unsafe water
- Loss of confidence in utility to produce a safe
water
= Secret to successful taste and odor control is
to PREVENT TASTES AND ODORS FROM
! EVER DEVELOPING 2

Stabilization

Causes of Tastes and Odors Types of Pollutant Sources

= Municipal wastewaters
Can be the result of natural or manmade = Domestic wastes
conditions that exist within the total water supply a Industrial discharges (requires NPDES permit)
system m Chemical spills (primary concern is health related effects)
= Raw water sources = Urban runoff
= Conveyance facilities m Agricultural wastes
= Treatment plants = Irrigation runoff
= Chlorination stations m Distribution system maintenance
= Finished storage facilities \, ™ Consumer plumbing
T, ~ (O ~ Note: If taste and odor problems and organic loadings are

= Distribution systems controlled, the need for activated carbon treatment at the plant
= Consumer plumbing may be reduced or eliminated.

3 4
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A ]

Q What is the first step in determining the Environmental Conditions
cause of taste and odor problems in a = Organisms (bacteria, algae, diatoms, or fungi) that
water system? grow in water or in the sediments of lakes,

reservoirs, and rivers are significant contributors to
tastes and odors.

a. Flush the system u If organic matter decays when there is no oxygen
v+ Dresent (anaerobic conditions) undesirable tastes and
b. Change the coagulant dosage ‘9— odors are produced.
c. Do a taste test = When sulfate is reduced to sulfide in the anaerobic
) bottom sediments of a lake or reservoir the result can
d. Locate where in the system the be a strong odor of rotten eqgs.
problem is originating = The diurnal variation in dissolved oxygen
concentrations may have significant effect on taste
. and odor. .
Diurnal Variation in Dissolved Importance of Diurnal
Oxygen Concentrations Oxygen Fluctuations
R EETET T phe: A = Significantly different conditions can and do
- algae @n produce exist from day to night
st o = .
o T B than t con gcape = Oxygen depletion at night may result in fish
= [T 77777 maen| 2 e Smosphere kills and die-off of aquatic organisms and
: / N depletion during vegetation which will produce foul tastes and
the night
o] _/ ::"’g", \ rseurlltlgln ﬁr:: ly<ills odors
40 4 - d d‘ ff f . - -
. 2;\ Ryt "_‘i_& e = During darkne;s anaerobic organisms may
ol and vegetation become established and contribute to the
5 3 g s e aesthetic qualities of the water
tastes and odoys s
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Operations Impact

m Significant dissolved oxygen fluctuations caused by
algae in raw water will also be accompanied by
changes in the pH.

- During daylight hours when algae produces oxygen, carbon
dioxide (CO?) is removed and the pH will increase

~ At night during the respiration process, algae will consume
oxygen and release carbon dioxide which will lower the pH

— These changes will influence the chemical doses required to
effectively treat the water.

|~L‘. m Tastes and odors caused by algae are best removed

'@‘ through improved coagulation and sedimentation.

— Allows longer filter runs

~ If chlorine is used upstream of filtration it will reduce the
reaction of chlorine on algae cells that would be release
cellular materials into the water.

Taste and Odor Control
by Aeration

= Effective in removing gases and organic
compounds which are relatively volatile,
this is known as DEGASIFICATION

m Can also destroy some compounds by
OXIDATION, such as ferrous iron and
manganous manganese.

= Aeration may also reduce the chemical
dosage needed.

Taste and Odor Control
Through Adsorption

m Adsorption is the process of removing
materials from water by adding a
material to the water to which taste-
and-odor-producing compounds will
attach themselves
— Addition of powdered activated carbon;

usually at the influent
— Use of granular activated carbon as a filter
medium

Iron and Manganese Problems

Dissolved ferrous iron (Fe*?) gives water a disagreeable taste and
will encourage the growth of iron bacteria in the water distribution
system .

Iron combined with tea, coffee and other beverages, produces an
inky, black appearance and a harsh, unacceptable taste.

Vegetables cooked in water containing excessive iron turn dark and
look unappealing.

Concentrations of iron as low as 0.3 mg/l will leave reddish brown
stains on fixtures, tableware and laundry that are very hard to
Temove.

Precipitates will form in the distribution system

When these deposits break loose from water piping, rusty water will

flow through the faucet.
12
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Forms of Iron Found in
Water Treatment

m Soluble Iron or Clear Water Iron (Fe*2)

m Precipitant Iron or Red Water Iron (Rust,
Fe*3, settles out)

m Organically Bound Iron Soluble Iron
m Iron Bacteria (Slime or biogrowth)

Iron and Manganese Facts

Problem Types
Red Water

Black Particles

Regulated SMCL
Iron < 0.30 mg/I

Manganese < 0.05 mg/|

= Weathering processes release the elements into waters.

» Iron dissolved by reaction with CO,. Reduces insoluble
iron (Fe*3) & Manganese (Mn*3) to soluble Fe*2 & Mn+2
only under anaerobic conditions.

= Ground waters that contain Iron and Manganese are
devoid of Oxygen otherwise they would settle out,

= When exposed to O, precipitants forms insoluble
hydroxides in water.

m Visible as red and brown color. Will stain fixtures and
clothes. Imparts taste and odor to water.

14

Iron Bacteria in Water Supply System

Iron
Problem

Iron Bacteria Bacterial

Cells Growth

= lron and manganese are mast frequently found in water systems
supplied by wells and springs,

= [ran and manganese react with oxygen to promote the growth of iron
bacteria,

= These bacteria form thick slime growths on the walls of the piping
systemn and on well screens,

= The growth can be controlled by chlorination

Iron and Manganese Control

= Alternate source

= Jon exchange

m Oxidation

m Phosphate treatment
= Lime softening
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Soluble Iron (Fe*?)and Manganese
(Mn+2) Can be Removed by Aeration

Water with Fe + Mn > 0.3 PPM will have
disagreeable taste and odor.

Removal of Fe/Mn by aeration is dependent on pH,
contact time, temperature and presence of organic
material.

By maintaining pH above 7, contact time can be
significantly reduced.

pH can be adjusted by adding fime (increases pH
and speeds oxidation).

It will be necessary to periodically chlorinate the
aeration system to control slime growths.

Treatment Methods to
Remove Iron and Manganese

Comparison of Oxidants Required to Oxidize
1mg/I of Ferrous Iron or Manganous Manganese

. lTran . [Manganese |
0.14 0.29
Chlorine 0.62 1.30
Chlorine Dioxide 121 245
Ozone 0.86 0.87
Potassium Permanganate  0.91 192

Aeration Processes

Aeration works in two different ways to remove the
undesirable compounds from the water, oxidation
and volatilization (degasification.)

Volatilization removes undesirable gases such as
Hydrogen Sulfide or Carbon Dioxide by forcing them
to escape into the air.

Remoaval of iron and manganese is accomplished by
chemical oxidation. Once oxidized, these new
compounds can be removed by sedimentation or
filtration.

Aeration also facilitates the oxidation reaction by
removing CO2 which raises pH.

Schematic of Typical Fe
Removal Aeration System

N EHARLET O | [

| -
" i ]
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increase pH | | I L

| atrarca

I | FeandMn
| Remeved CO. | removed by
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Results of Aeration

= Taste and odors caused by Fe, Mn, H,S, and
any volatile compounds are removed.

= Reduces corrosive constituents, i.e. CO, (to 5
ppm) and H,S.

m Supersaturated water is corrosive and
stability must be adjusted.

m Aeration will not remove tastes and odors
caused by organic sources such as algae.

21

Types of Aeration Systems

m  Water into Air. This method produces
small drops of water that fall through
the air.

m Air into Water This method creates
small bubbles of air that rise through
the water being aerated. (less
common in small systems).

A
~

Termed to be a waterfall

L]
Cascade Trayv g:avicg; passes water through
e air
Aerator w Even distribution of water

over top tray
m Loading Rates of 1 to 5 GPM

for each sqft. of tray area.
iy = Trays ¥2" openings
perforated bottoms
8 = Protect from insects with 24
mesh screen

= May encouraqge biological
i growths which may cause

taste and odor problems
m Evaporation losses are a

disadvantage

23

. Forced Draft Aeration System
‘Q‘ (Air Stripping)

= Combines elements of both
air blowers and waterfall
devices

= Includes weatherproof

blower in housing

Counter air through aerator

column

Includes 24 mesh screened

downturned inlet/outlet

Discharges over 5 or more

trays

Blower

24
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Packed Tower Odor
Removal System

s Uses Henry’s Law constants for
mass transfer

m Usually requires pilot testing

s Used to Remove VOCs below
MCL

m Col to Packing >7:1 ratio
m Air to water at pk >25:1
with max 80:1

= Susceptible to Fouling from
CaCO; > 40 PPM

25

Protection of Aerations Systems
from Insect, Vermin and Slime

m Growth of Insects

= Contamination from Bird Droppings
m Contamination from Animals

m Growth of Slime

=

Chemical Oxidation of Fe and
Mn Using Chlorine

» The main advantage of chlorine over aeration is the requirement
for much shorter reaction times

= Chlorine is frequently used instead of aeration when iron
concentrations exceed 5 PPM

® When levels of iron and manganese exceed 5 PPM, sedimentation
may also be necessary prior to filtration

= The higher the amount of chlorine fed, the more rapid the reaction

= After filtration, water may need to be dechlorinated by addition of
sodium bisulfide or sulfur dioxide to prevent TTHMs

= Chlorine residual concentration after a contact tank should never
be allowed to drop below 0.5 PPM

u The Chlorine concentration that is most effective is determined by
the use of a jar test

27

Clarification Requirements for
Iron and Manganese

m Oxidized particles must be removed

m Anthracite filters are frequently
employed

= With high Fe/Mn concentrations in
source water (> 6 PPM) a clarifier may
be necessary

28
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Use of Potassium Permanganate

= Oxidizes iron and manganese to insoluble oxides
= Sulfides and color are also removed
» Potassium permanganate is added upstream of filters
m Permanganate is a reactive, fast-acting oxidizer
u Dose must be exact
~ Too little will not oxidize the manganese in the water

AW} .
~ ~ — Too large a dose will allow permanganate to enter the system and
Q may produce a pink color in the water

— Bench scale tests required to determine the proper dosage
m It is a poor disinfectant

Filter Considerations Using
Permanganate

= Filtration is used as the final step in Fe and Mn

treatment

» Gravity and pressure filters are typically used

= The normally-used filter media will work if the
combined concentration is below 1 ppm.

= Higher concentrations require different type of filter
materials and different methods of operation
- Use of manganese greensand filter
— Charged with potassium permanganate after the

backwashing process

- This method allows the oxidation process to be completed in

the filter

30

Stabilization of Iron and
Manganese using Phosphates

u Phosphates are used keep Fe and Mn in a dissolved state. The
effect is called sequestration.

® Reduces the layer of scale that forms on the pipe.

= Very small quantity are required to inhibit precipitation in water
distribution lines.

= Sequestering agents bind with the mineral (Fe, Mn, Ca, Mq) to

keep them in suspension. This prohibits (delays) them from

falling out and causing buildup, stains, discoloration, ete.

At high mineral levels, the agénts are not very effective. With

lang detention times in your storage, they are also not very

effective.

= Testing should be performed to determine if they work.

Some Benefits Attributed to
Phosphate Addition

Control of Iron and
Manganese Color and
Staining

Scale Reduction

Corrosion Inhibition
Hydrogen Sulfide Oxidation
Chlorine Demand Reduction
Bacterial (MPN) Reduction

m Disinfectant By-Product
Reduction

= Increased Life of Iron
Pipelines

® Increased Life of Water
Heating Elements

= [mproved Taste of Water

m Water Color Enhancement

32




WTRG11 Taste and Odor, Aeration, 5/1/15

[fon Removal and Basic Stabilization

Considerations in the Use of
Polyphosphates for Sequestering

u Polyphosphates are effective for low
concentrations of iron and manganese

s Polyphosphate sequestering agents can start to
degrade to orthophosphate after about 2 days

= Polyphosphate sequestering does not work under
stagnant conditions (slow moving water or dead
end conditions)

m Over feeding Polyphosphate can contribute
phosphorus as a nutrient that favors the growth
of slime bacteria

33

Considerations in the Use of
Polyphosphates for Sequestering (cont.)

= The Polyphosphate, Hexametaphosphate is
commonly used for Sequestering Soluble Iron
and Manganese i

= large doses (>5 mg/I) will soften rust deposits
in pipelines which are transported into homes

m Proper dose is to keep soluble iron and/or
manganese tied up for 4 days so deposits won't
build up on the pipe walls

m Chlorine usually must be fed along with the

<! _polyphosphate to prevent the growth of iron
Q bacteria

k)

Use of Orthophosphates for
Sequestering

m Orthophosphate is used to sequester iron ions
at pipe surfaces

m The sequestering forms a protective coating
that prevents further iron migration

m Ortho/Poly Blends provide both sequestering
of soluble iron and manganese movement
from pipelines under corrosive conditions

DEP Limitations in Sequestering
Iron and Manganese

= Sequestering with
polyphosphates may be used
when the combination of
(Fe + Mn) < 1 mg/I

= Polyphosphate may not exceed
10 mg/|

= Sequestering with sodium
silicates may be used when
combination of
(Fe + Mn) < 2 mg/I

w  Sodium Silicate can not exceed
20 mg/I

= Sodium Silicate is applicable prior
to air contact only!
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<_  Taste and Odor from
v Hydrogen Sulfide

a Not uncommon in Florida well waters

s Typical concentrations not a health risk but do affect
the taste of water; Detected in concentrations as low
as 0.05 mg/I

= Presence of sulfate-reducing bacteria causes rotten
egg odor of hydrogen sulfide.

= Free hydrogen sulfide (H,S) can react with water

forming sulfuric acid (H,S0,) which is extremely

corrosive to metals.

Removed by aeration, greensand/ potassium

permanganate, and chlorination

a7

Hydrogen Sulfide Removal
Techniques (DEP)

hlorination. 100%
>0.3 Direct Chlorination 100%
(requires filtration)
03t0,0.6 """ " Conventiohal Aération 50%
0.6t 3.0 Forced Drafi Aeration 90%
>3.0° Packed Tower Aerution >90%

38

Distribution System Maintenance

s Flushing alone does not provide an adequate level of
protection against tastes and odors in a distribution
system

m Routine collection of samples for tastes and odor tests
can provide an early warning of quality deterioration

= The location of flushing stations and the frequency at
which they are flushed is determined from records of
complaints and water quality tests. Records can be
used to:

- evaluate the effectiveness of these spot flushing's
- the frequency of flushing
- the need to add or rotate stations during the year.

39

Determining if Dissolved
Iron is Present

m Draw a sample from the well and allow it to
stand for 30 minutes

= Water should be clear and colorless turning to
a slight yellow haze color after contact with
air

= If allowed to stand it will finally form a
yellowish brown color

m If aerated and allowed to stand it will form
reddish brown deposits in bottom of
container

40
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Math for Water Operators

Remember the Three Rules for
Conqguering Math

m Always look up the proper formula

— This means disregarding all the numbers and
recognizing the type of problem.

= Write it down
— Always use the same equation; don't try to
remember multiple versions of the same equation.
= Plug in the right units !

— Many times the units given in the problem are not
those required in the equation

— Conversion of terms is essential. 2

Movement of Terms

a In solving equations, terms must be moved from one
side of the equation to the other.

= How the terms (numbers) are moved depends on the
type of problem and how the numbers are related.
For example, does the problem only involve
multiplication and division or terms, or is addition or
subtraction also indicated.

= Mathematical rules of movement and order operation
must be followed to obtain the correct answer to a
calculation.

Order of Operations - How do I
remember what to do first?

PEMDAS
P - Parenthesis first
E — Exponents (i.e. powers and sq roots)
MD — Multiplication/Division (left to right)
AS — Addition/Subtraction (left to right)

You can remember by saying "Please Excuse
My Dear Aunt Sally".
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Equations

m These are the formulas that operators
deal with every day.

m Every part of the formula has a
numerator (top) and a denominator
(bottom)

= When no denominators are shown, a

one is assumed to be the denominator
of the fraction

Multiplication and Division Problems

= Move terms diagonally from one side of the
equation to the other.

= Only one type of movement is permisssible:
Diagonal

= Example: Solve Q = VA for A

Addition and Subtraction

u What you do to one side of an equation
you have to do to the other.

m Applies to terms or numbers
Example: A = B, add C to each side
A+C = B4C
Example: 3 = 4-1, add 2 to each side
342 = 4-1+2
5=5

Example

= What would you do to rearrange the
disinfection formula to solve for demand?

Dose = Demand + Residual

m Subtract Residual from each side
Dose — Residual = Demand + Residudl - Residual

Dose — Residual = Demand
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Some Basics

m Multiplying either side of an equation by
1 doesn't change the sides being equal
it only changes the units.

= All of the conversions shown on the
formula sheets are equal to 1!

Length =12 inches
length=12irx1ft =1ft

12 jr

Terminology

m ft2 of ft3

BT

m Radius

m Diameter

m Circumference

m Express inches in feet

Conversions - Box Method

= Many times people get confused on whether to
multiply or divide

= The box method is an aid in making that decision. To
use it first set up the boxes, with the smaller box on

the left. -
Conversion Facior o
@ 'EI_I i

= Because multiplication is associated with increasing a
number, we use multiplication when moving from the
smaller box to the larger box

= When moving from the larger box to the smaller box,
division is indicated (number gets smaller)

;g Example

To see how this works, convert 100 grains/gal
to mg/l.

Grains/gal

Going from left to right, do you multiply or divide?
We are going from the smaller box to the larger box,
so using the association that the number is getting
bigger, we multiply.
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Example g 60 ﬂ 1440 .
A bladder tank holds 120 gallons. What is the

weight of the water in pounds?

s
A tank weighs 50,000 pounds. How many 834 834 834
gallons of water does it contain?

Fractions Fractions (continued)

Mom’s Apple Pie Mom's Apple Ple
A fraction represents a part of the whole

NUMERATOR: The numerator indicates
how many parts are being considered.

. DENOMINATOR: The denominator tells how

many equal parts into which the whole has Ii: M‘";' :_‘a_‘;e ;"}tapllle ﬁf Mom b?ikl‘:dda pie for
been divided. It gives the name of the fraction piciandidividecil inner and had six
(halves, thirds, fourths, etc.) equally for you and guests what would be

i ’ - your brother what your portion?

would be your portion?
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Fractions (continued)

« Fractions may also be used to indicated parts of
a group as well as portions of whole objects
» In the example above, two of the eight meters are

Decimal

Our number system is based on the number 10

A Decimal Number contains a Decimal Point

— Numbers on the left are whole numbers

— Numbers on the right are a portion of the number 1.

— Each position gets bigger or smaller than the
previous by a factor of 10

defective 1/10 (Tenths)
- What fraction of meters are defective? USt_ DecimaiPoint  ©_ 1/100 (Hundredths)
* Remember the numerator is the number of parts Tens N P 7 _1{1000 (Thoosandes)

that are of interest. o ooy i «
+ While, the denominator is the number of meters 1 7 . 5 91

in the group - MOxOGEr

- __JOxSmatler w
Decimals Percentages

How would you write the decimal for two
whole pies?

What fraction of pie is remaining if one piece is 5
eaten? 1%
To change the fraction to a decimal, do the division.
5/6 = 5 divided by 6 = 0.833

What is the pie remaining written as a
decimal?

2.0

1.833

u Converting a decimal to a percentage is easy. Move
the decimal two places to the right and add a % sign.

= Looking back at our meters, what percentage of
meters are operable?

Whenever you set a
fraction up, it's always the
number of items compared
(good or bad ) divided by
the total number of items.

Step 1: 6/8
Step 2: 6+8=0.75
Step 3: 0.75=75%
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Fraction/Percentage/Decimal

= How do we change a fraction into a decimal?
- Do the division.
s How do we convert a decimal to a percent?
~ Simply move the decimal two places to the right and add a
% sign
= How do we convert from a percent to a decimal?

- Simple remove the % sign and move the decimal two places
to the left.

= How do we convert from a percent to a fraction?

— Write the percent as a common fraction and then reduce the
fraction to its lowest terms.

21

Percentage Problems

1. 25% of the chlorine in a 30 gallon vat has been used. How
many gallons are remaining in the vat?

2. How many pounds of 67% calcium hypochlorite are required to
make the equivalent of 50 pounds of pure chlorine?

3. A 2% chlorine solution is what concentration in mg/i?

4. A water plant produces 84,000 gallons per day. 7,560 gallons
are used to backwash the filter. What percentage of water is
used to backwash.

5. The average day winter demand of a community is 14,500
gallons. If the summer demand is estimated to be 72% greater
than the winter. What Is the estimated summer demand?

6. An operator mixes 40 Ib of lime in a 100-gal tank that contains
80 gal of water. What is the percent of lime in the slurry?

2

Proportions

= Setting up a proportion

~ First group like terms (gallons to gallons and
Ibs to Ibs)

— Place the smallest numbers of each unit in
the numerators (top)

= To solve a proportion
— Get the x term (unknown) in the numerator
— Get the x by itself

Example: 0.5 Ibs of chlorine are dissolved in 45
gallons of water. To maintain the same
concentration, how many pounds of chlorine would
have to be dissolved in 100 gallons of water?

m First group the terms
Gallons = Ibs
Gallons Ibs
= Place smallest numbers on top
45gal = 0.5lbs
100 gal xlIbs
= Solve for x

x =0.5Ibsx 100 gals = 1.11lbs
45 gal

24
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It takes 3 men 60 hours to complete a job. At
the same rate, how many hours would it take
5 men to complete the job?

m First group the terms
men = hours
men hours
= Place smallest numbers on top
3 men = xhours
5 men 60 hours
a Solve for X
X = 3 men x 60 hours= 36 hours
5 men

Example: In preparing a standard reagent,
instructions indicate that you should weigh out
9.422 grams and dilute to 1 liter with
demineralized water. How much demineralized
water will you have to add to produce the desired
concentration if you only weighed 9.210 grams?

98 ml

102 mi
650 ml
980 ml

o 0w >

26

Calculating the Area of a Tank or Pipe

m Area or Surface Area of a Round Shape

Area may be expressed as fi2 or as sq.f.
These terms are synonymous.

Make sure that all
= units are expressed
in feet!

Area = x R?

Area of a Circle

Diameter=
2 x Radius =xxRxR

=3.14 x R (ft) x R (ft)

Storage Tank = =
or Pipeline

Shang

27

What are some of the conversion factors
that I might need to find the area?

mlft=12in
What about ft2? How do I get there?
m Multiply each side by itself or square

each side.
mlftx1ft=12inx12in
mlft2 =144 in?

m Let’'s work a problem!
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Example: Determine the Area of Top of a
Circular Tank or the end of a Pipeline

Calculate the area of the end of a pipe in
square feet, given a pipe diameter of 8 inches.

m Area = m x R?

What is our radius?

Radius is 4 inches.

What units do I need for formula?
Area = (3.14) x ( 4/12)ft x (4/12)ft
Area = 0.35 sq.ft. or fi2

How would it look using conversion
factor?

Area = 3.14 x 4in x 4in x 1fi2 = .35 f2
144in?

Determine the Surface Area of a
Rectangular Tank/Basin/Filter

Calculate the Surface Area of a Basin. Remember the units
for area are ft? or in.

Make sure that all
units are expressed in

Length feet!
Area = Length x Width
foct Width .
= Length (ft) x Width (ft)

fect

30

Example: Calculate the Surface
Area of a Rectangular Tank

Calculate the Surface Area of a Rectangle.

Area = Length x
Area =20 ft x 10 ft

20 ft Area = 200 sq.ft. or
ft2

k3

Calculate the External Surface
Area of a Tank

m Top area = = * R2 or .785 * D2
m Side = Circumference * height
= ¢ * D*H
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If our tank has a 20 ft radius and is 20 ft tall,
what is the external surface area in sq ft?

Let’s start with the top of the tank.
Step One - Find the right formula: Area of a Circle
Step Two - Write it Down: Area =m * R2 or .785 * D?
Step Three — Plug in the right units

Radius =20 ft
or Diameter = 40 ft
Area=3.14*20ft*20 ft
= 1,256 fi2

If our tank has a 20 ft radius and is 20 ft tall,
what is the external surface area in sq ft?

Next we need to calculate the area of the side of the tank.

Step One - Find the right formula: Area of a Rectangle
Step Two - Write it Down: Area=L*W or=L*H
Step Three — Plug in the right units

4

L=n*D

H=20f

What is L? Circumference orn * D
AREA=n*D*H
D=2*R=40ft
AREA=3.14*40*20=2512 ﬁ;

What is the Total External
Area of the Tank?

m From previous:
Area of Top = 1,256 ft2
Area of Side = 2,512 fi2
Total area is = 3,768 fi2
m If one gallon of paint covers 500 ft2, how
many gallons of paint are required to paint
our tank?
(3,768 fi2) / (500 ft%/ gal) = 7.5 or 8 gallons

Determining the Volume of a
Rectangular Tank

m Volume of a Rectangular Shape, fi3

Make sure that all
units are expressed
in feet!

Volume = Length x Width x
Height

36
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Calculation of the Volume of
a Rectangular Tank

Calculate the Volume of a Rectangular Tank
with the dimensions of 15 feet long by 10
feet wide by 25 feet deep.

Volume = Length x Width x Height
15
i =15ft. x 10 ft. x 25 ft.

I =3 R
s | 750 c.ft. or ft3

37

Volume can also be
expressed in Gallons

m What conversion factor do we use?
m VOLUME: 7.48 gal =1 ft3

Teuft=1fx1ftx1ft

. I
T 1
7

1 gal

Example: Convert Cubic Feet to Gallons

Determine # Gallons in 78,500 ft® Tank

VOLUME : 7.48gal=1 fi?
78,5008 x 7.48 gal = Gallons of Water
F

= 587,180 Gallons

How many millions of gallons is this?
= 587,180 gals / 1,000,000 = .587 million gallons

39

Volume can be Converted
to Weight

= What conversion factors do we use?
1 gal 8.34 Ibs

@ weight
A

= What is the relationship between the two?
m 13 =7.48gals x 8.34 Ibs
gats

= Weight: 62.4 Ibs = 1 ft3
= Or 8.34 Ibs = 1 gal

m1ft3=624Ibs

40
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Gallons to Pounds Example
8.34 LBS/ GAL

Determine Pounds of Water in a 587,000 Gallon Tank

Gallons of Water x 8.34 =Pounds of Water
587,000 x 8.34 = Pounds of Water
= 4,895,580 Pounds
How many millions of pounds is?

4,895,580/1,000,000 = 4.9 Million Pounds of Water

If 1 acre equals 43,560 ft2,
what is 1 acre-ft equal to?

m 1 acre = 43,560 ft?

How many gallons of water will a 2.0 acre-ft
basin hold?

= 1 acre-ft = 325,828 gal
= 2.0 acre-ft = 2.0 x 325,828 gal
= 651,656 gals or 0.65 MG

m 1 acre x ft = 43,560 fi2 x ft = 43,560 ft2 >/ [ff

Detention Time Calculation

DETENTION TIME=  TANK CAP (GAL)
RATE OF FLOW (GAL/TIME)
100,000 GAL/HR
300.000 GAL  _ 3 HoURS
100,000 GAL/HR

(? Detention Time Calculation

WHAT IS THE DETENTION TIME IN HOURS?

DETENTION TIME = TANK CAP (GAL)
RATE OF FLOW (GAL/TIME)

=.785 x 60ft x 60ft x 25ft x 7 48zal/fi*
5,500,000 gal/day

.096 Days
=.096 Days x 24 hours/day
=2.3 hours

44
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Detention Time Calculation - 3

What is the detention time in minutes for a 6 inch water main, Y,
mile long with a flow of 15 cfm?

Detention Time (days) = Volume, gallons

Flow, gpd
Detention Time (min) = Volume, cu ft
Flow, cfm
Volume, ft* = .785 x Diameter? x Length
=.785 x .52 x 2640
= 518 fi?
DT (min) = 518ft® = 34.5 minutes
15 cfm

Chemical Feed

Feed |bs/day = Flow (MGD) x Dose (mg/l) x 8.34 (lbs/gal)

Feed Ibs/day
Flow (MGD) x 8.34 (lbs/gal)

Dose (mg/I) =

Flow (MGD) =Feed Ibs/day / (Dose (mg/l) x 8.34 (Ibs/gal))

46

Raw water is flowing into a plant at a rate of 750,000
gallons per day and is prechlorinated at 5Smg/I. How
many pounds of chlorine are used per day?

Feed Ibs/day = Flow (MGD) x Dose (mg/l) x 8.34 (Ibs/gal)
Dose = 5 mg/|

Flow = 750,000 gpd = 750,000 gal/day = 75 MGD
1,000,000

Chlorine feed Ibs/day = 5 mg/i x .75 MGD x 8.34 Ibs/gal
= 31.3 Ibs/day

Is there another way of looking at this?

Chemical Dose Wheel

Feed = Flow x Dose x 8.34

48
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Converting Percent to mg/I

= Percent concentration is a percent of 1,000,000 or
parts per million (PPM)
~ Thus 1% is equal to 0.01 and therefore
0.01 x 1,000,000 = 10,000 mg/!
- Hence, 1% = 10,000 mg/l
= Concentration may be referred to as dosage
— Where 1 ppm = 1 mg/|
m Example:; What is the concentration in mg/I of 2.89%?

Concentration of Chemicals

Concentration of Chemical = PPM = mg/I
PPM = Pounds of Chemical Added to M lbs of Water

If 10 pounds of chemical are added to 1,567,066 pounds of
water. What is Concentration in PPM and mg/1?

First, convert 1,567,066 1bs to M Ibs = 1.6 M 1bs of water

10 Ibs = 6.25PPM or 6.25 mg/l
1.6 M Ibs

Example

» In preparing a standard reagent, you are to weigh
out 15 grams and dilute to 1 liter with demineralized
water. How many ml of demineralized water wili you
have to add to produce the desired concentration if
you ONLY weighed 12.47 grams?

12.47 grams = X
15 grams 1 liter
X = (12,47 x1)/15 =0.83 L

S1

Chemical Dosing Example

Feed = Flow x Dose x 8.34

Dry Alum dose from a Jar Test has been
detennined to be 10 mg/l. Determine the
setting on the alum feeder in pounds per day
for flow of 3 MGD.

Feeder Setting (Ibs/day) = Flow (MGD) x
Dose (mg/l) x 8.34 (Ibs/gal)

Feeder Setting =3 MGD x 10 mg/l x 8.34
Ibs/gal

Feeder Setting = 250 2 |bs/day

Cover the Variable Desired

Divide Top by Bottom or Multiply

13
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Fluoridation Example Fluoridation Example
= A flow of 4 MGD is to be treated with a 20% solution of hydrofluosilicic
= A flow of 4 MGD is to be treated with a 20% solution of hydrafluosilicic acid acid which contains a fluoride purity of 79.2%. The water to be treated
which contains a fluoride purity of 79.2%. The water to be treated contains coritains no fluaride and the desired fluoride concentration is 1.8 mg/l.
no fluoride and the desired fluoride coricentration is 1.8 mg/l, Assume the Assume the hydrofiuosilicic acid weighs 9.8 Ibs per gallon. What should
hydroflugsilicic acid weighs 9.8 Ibs per gallon. What should b the feed rate be the feed rate of hydrofluosllicic acid? Calculate the feed rate.

of hydrofluosiliclc acid? Calculate the feed rate in Ibs/d d gal/day.
Y ! € rate in Ibs/day and gal/day Feed (Ibs/day) = Flow x Dose x 8.34

(Acid solution) x {purity)
= FeedRate = 4.0 MGx 1.8 max B34 fbs x 1 x 1
Feed =Flow x Dose x 8.34 (lbs/cay) ——Day _;_q' e B B
X Feed Rate = 379 Ibs acid/day

Note: In this problem the dose quality

h"’ls g’ adju;.tgd. If c;:;'zg/nfm a 20% What is the feed rate in gallons/day?

Solution anciis only /5.2% pure. Feed rate, gal/day = feed rate, Ibs/day = 379 lhs/day = 39 gal/day

s chemical sol'n, Ibs/gal 9.8 Ibs/gal o
Chemical Dose Calculation (-Determining Height of Water
Example in Tank with Pressure Gauge

A chlorinator is set to feed 12 Ibs/day of chlorine to a flow From coenversion table 1 psi = 2.31 feet

of 0.750 MGD. What is the chlorine dose in mg/i? (thls means one pound per square inch

of pressure will raise waler 2.31 feet)

PARTS PER MILLION =m,
ngl A pressure gauge is two feet

off the ground and has a

mg/l = pounds of chemical per day reading 20 psi, how high will Feet
( 8.34 Ibs/gal * MGD) the water be raised?
20 psi X 2.31 = 46.2 feet of head
=121
R %a;s - 8-%%5’( %YMG And about 48 ft from the ground
20 PSI?
Dose = 1.9 PPM = 1.9 mg/l — |
55 56

14
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Temperature Conversions
m Degrees Celsius = [(°F — 32)(0.555)} or
m Degrees Celsius = (°F — 32)
1.8

m Degrees Fahrenheit = [(°C)(1.8) + 32]

57

Temperature Conversions

Convert 90°F to Celsius:
m °C = [(90 — 32)(0.555)] = 32.2°
m°C= (90-32)=32.2°
1.8
Convert 20°C to Fahrenheit
m °F = [(20)(1.8) + 32] = 68°

15
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