o
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'gse.gf Aeration

m’ removes dissolved gases and

0 ISsolved metals by introducing air
Into water.

Aeratiﬂ.k/orks In two different ways to

remove the undesirable compounds from the
water, oxidation and volatilization
(degasification.)

Aeration also facilitates the oxidation reaction
by removing CO2 which raises pH.




| ctlons Achieved by

. Aeration

and odors caused by H2S, Iron,

Mangam? and any volatile
compoun

Reductions In corrosive constituents,
l.e. CO2 (to 5 ppm) and H2S

Supersaturated water is corrosive and
stability must be adjusted




eration Processes

ving undesirable gases such as
Qo n Sulfide or Carbon Dioxide is
acco ed by forcing them to escape into
the air.

Removal of iron and manganese Is
accomplished by chemical oxidation. Once
oxlidized, these new compounds can be
removed by sedimentation or filtration.




,Tg"f Aeration Systems

‘mer into Air. This method produces
small%‘@ps of water that fall through

the air.

Air into Water This method creates
small bubbles of air that rise through
the water being aerated. (less
common In small systems).




7 " Methods Used to Aerate
Y4 | a -

*

mTrs mix air and water using one, or a
ﬂnf)f both of the following methods.

Produeing small water drops that fall through the
alr. (water into air)

Creating small air bubbles that rise through the
water. (air into water)

Forcing air up through the water as it falls.
forced draft)

The most commonly used types of aerators for
small systems are the cascade and spray.




Even distribution of
water over top tray

Loading Rates of 1 to 5
GPM for each sqft. of

Tray area.
Trays 2" openings
perforated bottoms

Protection from insects
with 24 mesh screen




o.n
'o"n

“ ;
e

)
o'o'

' Ay
| ’7’90,

=], a’t o'o o"#"l 0 ";‘o

Includes weatherproof
blower In housing

Counter air through
aerator column

Includes 24 mesh
screened downturned
Inlet/outlet

Discharges over 5 or
more trays




. 25' j,n Tower Odor
d"‘-' val System

M e

Uses Henry’'s Law constants for
mass transfer

Usually requires pilot testing

Used to Remove VOCs below
MCL

Col to Packing >7:1 ratio
Air to water at pk >25:1
with max 80:1

Susceptible to Fouling from
CaCO3 > 40 PPM




jtection of Aerations Systems
fromMlnsect, \Vermin and Slime

=

th of Insects
Contarﬁf‘tion from Bird Droppings

Contﬂination from Animals
Growth of Slime




.
Iron_} Manganese Problems




- Most Prevalent in Unconfined,
cial, and Biscayne Aquifers

Iron dissolved by reaction
with CO,

Iron from well sources will be
In a dissolved state

When exposed to O,
precipitants form

Visible as red and brown
color

Will stain fixtures and clothes
Imparts taste and odor




Cc ncetrations In Florida

! Sumizal aquiter sysiEn
L___j Cand and growe aquiter
E-.wi:ll Biscayre agurer
[" , ‘ Inermediate aouder ayslsm

ﬁ-ﬁ Upper Florican aquifer

—  Ma<mum

— 75ih parcenile
— Madian

— 25h persentile

Minirmam

- Secondary mawimum contarminand
aval lor Nabonal Drirking 'Weatar
Stendaid

Figure 3. Iron in Flonda aquifer systems (from Fernald and Purdum, 1998, page 34).




,,*'Ir and Manganese Facts

"~ Requlated SMCL Problem Types

% 0.30 mg/I Red Water
rﬁeb< 0.05 mg/I Black Particles

Ground waters that contain Iron and
Manganese are devoid of Oxygen.

Presence of Carbon Dioxide reduces insoluble
Fe*** & Mn*** to soluble Fe** & Mn**

only under anaerobic conditions




Bacterial
Growth

lron
Bacteria

Cells
lron

Problem




S Oof lron Found In

' ‘tg Treatment

Ie Iron or Clear Water Iron (Fe**)

Preupﬁ\lron or Red Water Iron (Rust,
Fett+ settles out)

Organically Bound Iron Soluble Iron

Bacterial Iron %Ilm or bio rowth)
FeCOZ(SIGEMIC) a0, — Fe** HCO3




0le Iron (Fe*3)and Manganese
ag e Removed by Aeration

W Fe + Mn > 0.3 PPM will have
Isagreeable taste and odor.

| of Fe/Mn by aeration is dependent on pH,
contact temperature and presence of organic

mater%
By maintaining pH above 7, contact time can be
significantly reduced.

pPH can be adjusted by adding lime (increases pH and
speeds oxidation).

Air requirement is 0.15 PPM air to 1 PPM Fe

It will be necessary to periodically chlorinate the
aeration system to control slime growths.




ph

"

ot of

pH vs. Time for
Iron Removal at
900/3 .

Efficiency
(min 30 minutes
detention)

—
o

\

6 6.5 7 75 8
OXYGENATION TIME AS A FUNCTION
OF TEMPERATURE AND pH

(by Hem, Jnl. AWWA, February 1961)

TIME NEEDED FOR 90 % OXYGENATION OF FERROUS IRON - MIN

—




4;1 ént Methods to
emove lron

-

Ison of ﬁxidaints Required to Oxidize
S Iron or Manganous Manganese

Oxygen

Chlorine

Chlorine Dioxide

Ozone

Potassium Permanganate




5> Of pH on Fe and Mn
Removal

emical pH adjustment will also remove CO, .
edes reactions by lowering pH
The most E‘f‘tive Iron removal occurs between a

pH of 7‘:1 9.

Iron removal by aeration will operate best at a pH of
8.0 and should never be operated lower than 7.5.

If organic iron presents a problem, hydroxide
alkalinity must be provided and upward pH
adjustment needed.

If Manganese Is a problem pH will need to be raised
to 9.5; Manganese oxidation can take as long as 60
minutes 2

0




AERATOR

' Removes |
CO2 and ‘ FILTRATION
~increases pH

TREATED WATER
1 4’

POST H CORRECTION




rmining if Dissolved

‘ob is Present

Ma sample from the well and allow it to
S for 30 minutes

Water i}]o be clear and colorless turning to

a sli ellow haze color after contact with
air

If allowed to stand it will finally form a
yellowish brown color

If aerated and allowed to stand it will form
reddish brown deposits in bottom of
container




nical Oxidation of Fe
. "sing Chlorine
The main advantage of chlorine over aeration iIs the

requil ent for much shorter reaction times

Chlorine is‘eﬂjently used Instead of aeration when iron
concentr#ns xceed 5 PPM

When levels of Iron and manganese exceed 5 PPM,
sedimentation may also be necessary prior to filtration

Chlorine residual concentration of | to 4 PPM Is needed to
force the reaction to completion

Chlorine residual concentration after a contact tank should
never be allowed to drop below 0.5 PPM

The Chlorine concentration that 1S most effectlve IS
determined by the use of a jar test




distrib'fﬂiw system will encourage the
growth of iron bacteria

Precipitates will form in the distribution
system

Iron particles will stain clothes and
fixtures (Red Water Complaints)




Jse of Potassium

s fman'ganate

lgh Levels of chlorine can cause DBP

Probléﬁs.

Some"Systems have moved to the use

of Potassium Permanganate

Besides controlling iron & manganese,
sulfides and color are also removed.




ifieation Requirements for

' and Manganese

ed particles must be removed
Anthrahfllters are frequently

employed

With high Fe/Mn concentrations in

source water (> 6 PPM) a clarifier may
be necessary




& y‘mSuTﬁde Solubility

e

Conce Ion




drogen Sulfide Removall
chniques (DEP)

Recommended Achievable Range
Treatment Process of Removal

Direct Chlorination

> 0.3 Direct Chlorination
(requires filtration)

0.3t00.6 Conventional Aeration
0.6t0 3.0 Forced Draft Aeration

> 3.0 Packed Tower Aeration




abilization of Iron and

fsa iIn"Drinking Water
y Sequestering

S

What @does sequester mean?

To set aside; to separate and reject; to
eliminate

In chemistry as in sequester metal: remove
It from solution or combine it with
something else to prevent it from coming
out of solution




estering Action of
Po Ortho Phosphates

.

SEQUESTERING AGENTS
* bimetallic polyphosphates
- sodium hexametaphosphate

1727 WY

CATHODIC ANODIC COATERS INHIBITORS
- sodium silicates - calcium carhonate
- {Zinc) orthophosphate - orthophosphate

A




Corrosion Inhi
Hydrqg*lfide Oxidation

Chlorine Demand Reduction

Bacterial (MPN) Reduction

Disinfectant By-Product Reduction
Increased Life of Iron Pipelines

Increased Life of Water Heating Elements
Improved Taste of Water

Water Color Enhancement




g of Dissolved Iron to
r}.t lren Precipitation

he purpose of the sequestering agent is to
Ine with the Iron in the ferrous state before
It has

Ime to react
Sequestering may be used for iron control

Instead of primary treatment.

For Soluble Iron, Sequestering agents must be
added at bottom of well to prevent air contact

Sequestering of Soluble iron is also commonly
used as a post treatment strategy to prevent
any soluble iron from entering the distribution
system

32




éo siderations In the Use of
fol phates for Sequestering

MOsphates are effective for low
{% of Iron and manganese
Polyphosp sequestering agents can start to
degra‘o orthophosphate after about 3 days

Polyphosphate sequestering does not work under
stagnant conditions (slow moving water or dead
end conditions)

Over feeding Polyphosphate can contribute
phosphorus as a nutrient that favors the growth
of slime bacteria




hosphates for Sequestering Soluble
-
anganese after Treatment

%olyphosphate, Hexametaphosphate Is
C oﬂgsed for Sequestering Soluble Iron
9

and Man ese

Seo u@ring IS used when soluble Iron and
Manganese exists after treatment; The Agent is
added after sedimentation

Large doses (=5 mg/l) will soften rust deposits
In pipelines which are transported into homes

Proper dose Is to keep soluble iron and/or
manganese tied up for 4 days




Jse of Polyphosphates

Lo

4 - _ |
. T‘)sﬂate form Is the active sequestering
~age
mtering agents are added far from
c@jas possible

The polyphosphate concentration is the difference
netw otal phosphate and orthophosphate
nresent

Polyphosphate sequestering requires a initial
shock dose for about 30 days to complete
demands

After the demands are met, a minimum of 4 ppm
polyphosphate is fed into the water to treat 2 ppm
of iron or less 35




se of Orthophosphates for

2 feﬂueS‘tering
F
Whosphate IS used to sequester iron ions
at pipe iuﬁtces
e

The . ering forms a protective coating
that prevents further iron migration

Ortho/Poly Blends provide both sequestering
of soluble iron and iron movement from
pipelines under corrosive conditions




imitations in Sequestering
?ﬂ ana-Manganese

bination of
(Fe + Mn)

Polyphosphate may not exceed
10 mg

Sequestering with sodium
silicates may be used when
combination of

(Fe + Mn) < 2 mg/I

Sodium Silicate can not exceed
20 mg/|

Sodium Silicate is applicable prior
to air contact only!

uestering with - ,
sphates may be used I

Polyphosphate Dosing Systeng7




oleshooting Customer
ﬂ? nts aused by Corrosion

ate hracterlstlc

Likely Cause

e
Red/reddish-brown Water

Bluish Stains on fixtures
Black Water

Foul Tastes and Odors
Loss of Pressure

Lack of Hot Water
Reduced Life of Plumbing

Distribution Pipe Corrosion
Copper Line Corrosion
Sulfide Corrosion of Iron
By-Products of Bacteria
Tuberculation

Scaling

Pitting from Corrosion




IC Chemlstry for Water

' ant Operators
- P







Periodic Ta

(260)  (263) (296) - (298)

140.1 140.9 144.2 (147) 150.4 158.9 162.5 168.9 173.0

90 91 92 93 94 97 98 101 102

232.0 (231) (238) (237) (242) (247) (247) (249) (254) (253) (256)  (254)

Alkali
Metal




Includes
Isotopes

Use 16

e Periodic Chart

O

| Atcﬂmc Weight

Atomic Number

Symbol

Name

Atomic Weight




>

are ¢ assified by the # of Protons in
sicalled the Atomic Number

sAtoms are made up of protons, electrons
and neutrons.

sAtoms are classified by the number of
protons in the nucleus and is its atomic
number.

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

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

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




4 h S and Valances In
nical'Reactions

eChemical reactions
Involve primarily the
electrons In the
outermost shell of an
atom.

*The outermost shell Is

Electrons exist in Orbits called  Called the valence shell
Shells and combine according «The electrons in that
to Valence or the number of shell are called valence
electrons gained or lost. electrons.

6




0N Configuration Table
-

An electron configuration table is a type of code
that describes how many electrons are in each
energy level of an atom and how the electrons
are arranged within each energy level. What is

10 the element shown?
6s’

What do aII"a numbers and letters mean?

The first number Is the energy level. We can tell right away that an
atom of gold contains 6 energy levels.

The lowercase letter is the sub-shell. The sub-shells are named s, p, d
and f. The number of available sub-shells increases as the energy level
Increases.

The number in superscript is the number of electrons in a sub-shell.
Each sub-shell can hold only a certain number of electrons. The s sub-
shell can hold no more than 2 electrons, the p sub-shell can hold 6, the
d sub-shell can hold 10 and the f sub-shell can hold as many as 14.




Element Name

Hydrogen
e Helium
Lithium
Beryllium
Boron

- Carbon
Nitrogen

Oxygen

Fluorine
Neon
Sodium

Magnesium
Aluminum
Silicon
Phosphorus
Sulfur
Chlorine
Argon
Potassium
Calcium

Atomic
Number

© 00 N o o b WDN B

N
= O

O e R N e e e o
O © 0o N O 0o & W DN

Electron Configuration

1st

1 s?

1s*2st

1s%2¢?
1s*2s?2pt
1s*2s?2p?
1s*2s?2p®
1s*2s?2p?
1s*2s?2p°
1s*2s?2p°
1s*2s?2p®3st
1s>2s*2p®35s?
1s*2s?2p®3s*3p?
1s*2s?2p®3s%3p?
1s*2s*2p®3s23p°
1s*2s*2p®3s%3p?
1s*2s?2p®3s*3p°
1s*2s?2p®3s%3p°

Common

Valence Shell Oxidation

1st
1 s?
2 st
2 s°
2s22pt
2522 p?
2s22p°
2 s%2 p*
2s*2p°
25?2 p°
3st
3 s?
3s23pt
3523 p?
3s?3p°
3s?3p*
3s23p°
3s523p°

1s°2s*2p®3s?3p®4st 46!

1s°2s°2p®3s?3p®4s? 452

Numbers
+1, -1

0

+5, +3, -3
+6, +4, +2, -2
-1

0

1

2




ey T _
,..""' Anions and Cations
-

-

onfigurations of Anions
ctrons are added to the next highest partially filled shell.

N3-: 1s? 252 2pb
0?: 1s? 2s? 2p°®

Electron Configurations of Cations
Electrons from the highest occupied energy shell are removed

Na: 1s? 2s? 2pb 3st Na*: 1s? 252 2p®
Mg: 1s? 2s? 2p® 3s? Mg?*: 1s? 2s? 2p°®




ties Q_If the Elements
-

constitute the largest class of Elements.
Metals tN lose electrons to form positive ions.

Nonmetals.

Nonmetals are often gases at room temperature

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

Nonmetals gain electrons to form negative ions .
Semi-Metals

Semi-metals may exhibit properties of either.




ing Molecular Weight
of a Compound

2iQ Compound is the sum of the Atomic Weights of all of
ompound. For example take sodium silicofluoride (Na,SiFy).

weight?

22.99 45.98
28.09 28.09
19.00 114.00
Molecular Weight of Chemical 188.07

Based on this information what is the Fluoride ion purity, % in the compound?

Fluoride ion purity, % = (molecular wt. of F in compound) = 114 = .606 or 60.6%
molecular wt. of the compound 188




IS the molecular weight

o‘f (‘m.hydfomde (lime)?
WCaI formula is Ca(OH),

How m toms are there of each element
and v“t are the atomic weights?

Element Atoms Atomic Wt
Ca ) . 40

Ol v 16
Hydrogen = 2 . 1
Molecular Weight = (1x40)+(2x16)+(2x1) =74

12




I\ alengy N
patment

m is the weight in grams of the
‘%eight of a substance.

From ouriast example: One mole of Ca(OH), Is
eq‘o /4 grams, which is the sum of the
substance’s molecular or atomic weight.

How many grams in 2|

2 moles would equal 148 grams




Metric System

kilogram
hectogram
dekagram
1.0 gram
0.1 decigram
.01 centigram
.001 milligram
.0000001 microgram

Metric system units go in steps
of 10, 100, and 1,000.

One milligram in a kg is 1 ppm
(by mass).

One liter (L) of pure water at
4°C and 1 standard atmosphere
pressure weighs exactly 1 kg

So 1 mg/L is 1 ppm. Another
way to say it is a liter of water
weighs 1,000 grams or 1 million
milligrams.

Therefore, 1 mg in 1 literis 1
mg in 1 million milligrams or 1
part per million.

14




ncentration
2 nt

entration of a solution Is a measure of the amount
te dissolved in a given amount of solvent.

sists of two parts: a solvent and a solute.

When workin water treatment, the solvent is usually
water

Solute (chemical)

>l4———— Solvent (water)

Commonly expressed as mg/l (same as ppm) but can be

expressed as percent strength and grains per gallon GPG.
15




oncen,tratlon

tremely dilute solutions, concentration
ften expressed In parts per million (ppm).

t of solute and solution present can be
S of either mass or volume.

Thei‘a, different types of percent (weight or

strength) and ppm exist:
mass-mass;
volume-volume;
mass-volume




i ’r ..
_~ T .
- : cent Strength
| erc Jth of @ solution can be expressed as

sent-by-weight or percent-by-volume.

-' 0 calcl percent strength by weight , the
following formulas are used:

Per strength = Weight of Solute x 100 or
. Weight of Solution

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

Percent strength = part x 100
whole




| )S of emlcal are added to 100 Ibs of
, gr W e perc_; strength (by weight )
1

strength = Weight of Solute x 100
Weight of Solution

Weigmf lute = 10lbs
Weight of Solution = 110lbs

Percent strength = 10x 100 = 9%
110




Example: A lab procedure requires you to add 10
lbs of s ydﬁxide'tf) water. How many Ibs of
sodium quired for this reaction?

Wehe = atomic weight of element x 100

lecular weight of compound
Step 1. Determine the molecular weight of sodium

hydroxide (NaOH).
Atomic weight
Sodium = 23
Oxygen = 16
Hydrogen = 1
Molecular weight of NaOH = 40




rocedure requires you to add 10
ydroxideto water. How many Ibs of
uired for this reaction?

S : Determine the percent of sodium in sodium hydroxide.
th = Weight (dry) x 100

g
(of Sodin.%Weight (prod)
Perce;(‘mngt = 23x 100 = 57.5%

(of ) 40
Step 3: Calculate the amount of sodium.
Percent strength = part x 100
whole
Whole X Percent strength = Part
100
Part = 10lbs x 57.5 = 5.75 Ibs of Sodium
100




Of solution, there is 50 Ibs of chlorine.
h of the solution? Assume the
same density as water.

%termine the weight of the solution. Since there
are 8. al we know that the 50 gals of solution
weighs:

8.34“x 50 gals = 417 Ibs of solution

gal
Step 2: Determine the percent strength.

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

Percent strength =  50lbs of Cl X 100 = 12%
4171bs of Solution




. bl
"';,':_ »* ution Caleulations
s particular strength of solution will be
re ed. Usually this solution is created by diluting a

st ength ithd‘f same solution with water or with
- aweake on of the same chemical.

The be hod to determine quantities of weak and

strong solutions by percent Is the “Rectangular diagram”
-

Parts of A

SOIHED A required C-B

Higher Conc A%

Sum = total
parts in desired
solution
B%
Solution B y Parts of B
Lower Conc required A-C




% and 23% solution of ferric chloride.
0 gallons of a 30% solution. How
Used to create a 30% strength?

Parts of A required
C-B
30-23=7
Sum = 22
total parts in
45-30=15 desired solution

Parts of B
required A-C

Lower 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




-~ Molarity
-
k% of expressing concentration.

Molariti IS the humber of moles of solute

diss In one liter of solution.

The units, therefore are moles per liter,
specifically it's moles of solute per liter

of solution.




e molarity. of a solution prepared by
f lum hydroxide in enough water
225 mL of solution?

(M) = Moles of Solute
Liters of Solution

15.0gnNaOH  x 1 mole NaOH x 1000 m!
225 ml solution 40 g NaOH 1 liter

\Y

1 Mole = Molecular weight of NaOH
Atomic Wts: Na =23; 0O =16; H=1
Molecular weight is 40

M=1.67 mole NaOH =1.67 M NaOH
liter




S‘n& and Standards

A

Mixture completely dissolved in water

Solutlo N
Standard 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

26




alinity/Acidity

Alkaline

_ -

Soluble Salts that neutralize Acids

fficient 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




“ACTUS

aC|d IS any substance that releases

ons when mixed with water.
For Ble Hydrochloric acid (HCI)

dissouates or breaks apart in water,

forming H* anc
In general, acic

Cl- 1ons.
s contain an “H” In the

chemical formu

d.

Sulfuric acid: H,SO,; Nitric acid: HNO;
Carbonic acid: H,CO,




‘ - Bases

% IS any substance that produces
hy rox‘@s (OH>) when dissociated in

water

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

Examples of bases: Caustic soda - NaOH;

Lime — CaO; Potassium hydroxide — KOH;
Ammonia — NH,




Salts
4 At

ompounds resulting from an acid-base

ounds do not contain either a hydrogen

Mixirx@rochloric acid and caustic soda forms basic

table salt (sodium chloride)

HCL + NaOH—— NaCl + H,0
Mixing lime and carbonic acid form calcium
carbonate.

Ca(OH), + H,CO; —— CaCO; + 2H,0




o’ -
apH i po@nt parameter in our drinking water.
pH of a solution Is a measurement of how acidic or basic
u' Eis

pH is mea.%on a scale of 0 to 14.
Pure w IS considered neutral and has a pH of 7.0.

a%

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

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




‘cor‘u;inued)

jor constituent in corrosion control.
Increasing pH above 7.0 in the distribution system reduces

copper.
In mo , PH levels above 9.0 can induce scaling or
precipitation of calcium carbonate.

pH isﬁa 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).




. Alkalinity

Alka measurement of the water's capacity to neutralize
“an acid

e are three types of alkalinity: bicarbonate (HCO;"), Carbonate
d hydroxide (OH).

Many of the Wals used in water treatment, such as alum,
chlorine, ori"me, use changes in alkalinity.

Alkalinity ater is needed to:
Calculate the chemical dosages in coagulation and water
softening o '
Calculate corrosivity e ;E"J
Estimate carbonate hardness of water / »"\; igj;,_t,'
Type of alkalinity and quantities determined 6 w2 i w——‘\
_—

from acid titrations.




Ids, bases and salts disassociate or ionize in water. These
electrolytes.

ally have the same number of protons as
electroma neutralize one another. When dissolved in water

they sp 0 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.”




7 “Important lons in Water
hemi and Common Valences

&

% Anions
i‘ Gk
Na-+ o

Ca++‘ OH -

Mg++

Mn++ or +++

Fe++ or +++ S
S++ NO; -

NH,+ S0,-

Al +++




7-'0 ation Reduction Reactions
R g -~

" Oxidation or Reduction is a method of forcing reactions to

CW by the reaction of an ion with an oxidant or
re ent.

Oxidation refers to the loss of electrons, while reduction
refers to the gain of electrons.

Each reaction by itself is called a "half-reaction”, simply
because we need two (2) half-reactions to form a whole
reaction.

For example
Cu (s) -——->Cu?* + 2 ¢
2Ag* (ag) + 2 e

Oxidation/reduction reactions will proceed to completion.
36




kic‘ in Water Treatment

We Inorganic Elements such as Iron and
nga'ri%

Dest__r;‘ion of Taste and Odor Compounds

Destruction of Synthetic Organic Chemicals

Assist In the Coagulation Process by
Destabilization of Particles

Control of Biological Growth




- Disinfection




ction — inactivates pathogenic
organi

Ste'r“lﬂation - destroys all organisms

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

Hippocrates, 350 B.C.




o
ﬁi"' se of Disinfection

-

Prote oublic from
disease-causing
pat

i

- -

e

By Inactivating
pathogens to ensure
that they are reduced to
non-harmful levels




‘,n Siderations for Choosing a

1 Disinfectant

active for the Conditions
countered

Economical

Operationally practical
Reliable

Safe for public consumption with
no unintended conseguences




hfeeﬁon Agents

gy

Rad-i@energy oV

Chemical Agents




i
ﬂr afection by Heat

F 2

xpensive to operate on large scale

g Usec 2amergency situations in
diswi systems

Precautionary Boil Water Notices are
Issued when the distribution system Is
compromised

Clearance requires two consecutive
days of negative coliform samples




infe 0N by Radiant Energy

’fr aviolet Radiation)

e

traviolet Radlation (UV) used
sele INn surface water treatment
plan olications

No residual activity so chlorine Is used
as secondary disinfectant

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

Very Susceptible to turbidity



sinf on by Chemical Agents
| _In the U.S.

hlorine and Menochloramine 93%

otassium Permanganate 5%

(Used as - ernate oxidant w/ Cl2 secondary)
Oz 3) 1%

(requires secondary disinfectant)
Chlorine Dioxide 1%

(requires secondary disinfectant)

Hydrogen Peroxide < 1%

(requires secondary disinfectant)




SONS for the Selection of

# ‘[‘ﬁ as*a Disinfectant
ﬂ\ﬁﬂable and economical
" Lowt mpared to other substances

Proven effectiveness In relatively low
dosages

Simple feed and control procedures
Requires safe storage and handling




Disa \Vantages In the Use of

/fr Chlorine

OXIC

*_ Regulatory agencies placing tightening
re DNS on storage and use

Must have Emergency Response Plan
Produces Disinfection Byproducts




Jses of Chlorine at a

’fr Jreatment Plant

iy

0N olquatlc Life
Oxidize"lren, Manganese and Sulfides
Remove Tastes and Odors

Maintain a Microbial Residual in Water
Distribution System

Prevent Algal Growth In Basins and
Plant Process Facllities

Improve Coagulation and Filtration



' of lorine for Removing

’f{ aste and Odors

IC idely used chemical for color removal
yefor use for organic odors such as

fishy, or flowery
Verﬁctive for removing (oxidizing)

Inorganics such as iron or hydrogen sulfide
Will intensify phenolic (solvent) odors
Will increase THM’s and HAAS's

Alternatives include Potassium
Permanganate, Ozone and Chlorine Dioxide




Potassium or Sodium
ar te"as Disinfectant

-

owerful Oxidizing Agent
Jsed to Remove Fe/Mn and TOC

Doe‘s* oroduce DBPs
Shipped as a Solid (KMnO4) or Liquid

(NaMnO4)
Two to three times as expensive as Cl

Corrosive, stains purple and can color water
pink (removed with chlorine).

Requires Secondary Disinfectant




"_,'. e of Ozone (O,)

ﬂfr as a Disinfectant

Ve In taste In odor removal. Does
e TTHMs or DBP

Bromate, MCL must be controlled

No residual, so secondary disinfectant
required

Requires on-site generation
JUnstable - not stored

Jtilizes sensitive equipment which
requires careful monitoring




Ozone is always generated on-site. Dosing is
accomplished in chamber, any residual Ozone is
purged and secondary disinfectant is added.




-
~ Chlorine Dioxide

F 2

ag been used for taste and odor and for
iIron & langanese control

WiIIMr duce THMs and HAAS5s

™

can produce chlorite and chlorate residuals in
drinking water. Chlorate has an established
MCL.

must be prepared on-site and uses gas
chlorination system to produce feed product




g‘“se of Chlorine

B




%

>

/.'r orms of Chlorine

: orine (Cl5) - 100% available as

a ¥ a

e yellow liquid

Id Chlorine [Ca(OCL),] - Ca
pochlorite comes in a granu
or tablet form. It is a white so

_iquid Ine or Bleach (NaOCL) - Sodium
1yp4rite (5% - 15% active chlorine) is a

cium
ar, powdered
Id that contains

65% to 75% avalilable chlorine.




-
ﬂr ¢ Chlorine

F 2

ers the pH of the water
~ | Producedifrom liquid chlorine shipped In
prm‘zeq cylinders

100% available as chlorine

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




y' Liguid Chlorine
r m Hypochlorite)
" N -
jd.chlorine raises the pH of the water

- Arrives In a plastic container
5 -15% chlorine by weight

More expensive than converting chlorine in
liguid form to gas

Safe and easy to handle and dose
Very corrosive

Toxic - apply In vented area
Weakens over time




- r Solid Chlorine
7 | i
4 2 ypochlorite)

olid chlorine raises the pH of the water
-1 65% to 75% available chlorine

Easj]‘so ves in water

Easy to store; longer shelf life than liquid
Very corrosive

Highly reactive

Toxic - apply In vented area

Undissolved solids can foul check valves and
plug injection fittings

21




~Factors Affecting

- ‘ﬁjion"Effectiveness

Ine concentration and form
lower increases effectiveness)

Efflu*e perature (higher increases

effectiveness)

Contact time (generally, longer increases
effectiveness)

Effluent suspended solids (turbidity reduces
effectiveness)




' - e3|dual Requirements
ﬂr stribution System

e chlorlne residual of 0.20 mag/l or a
B COmbl hilorine residual of 0.60 mg/l
or anséquivalent chlorine dioxide

residual, must be maintained in the
water distribution system at all times.




elationship between

I/ﬂ( OCl, O€IF and pH

Distribution uf HOCI and OCI- in Water

100 0

% 10

80 N\ 20

0 A\ 3
5 60 \\\\ 0°C 0 2
0 R 8]
sa—20CT @ ¥
" \ 0

20 \ 8

10 \\\‘_ )

0 — . L0

$ 5 6 7 8 9 W 1
More pH

effective  Figure 24 2 Distribution of HOCI and OCK in water

Chlorine reacts
with water

Producing
hypochlorous acid
(HOCI) and the
hypochlorite ion
(OCI")

These provide the
disinfection ability

of chlorine

24



ons of Chlorine with
er Constituents

B

Reducing Compound (inorganics)
2. Praduction of Chloramines
Aroductlon Chlororganics (organics)
4. Combined Chlorine
5. Breakpoint Chlorination
6. Free Chlorine Residual

Order of
Reaction




R

1 2 3 4
{1 TOC 3
| |
| | I
CHLORINE ! FORMATION OF | CHLORORGANICS | FREE AVAILABLE
DESTROYED! CHLORORGANICS | AND CHLORAMINES |  RESIDUAL FORMED
BY | AND CHLORAMINES I PARTLY | (SOME CHLORORGANICS
REDUCING | |  DESTROYED I REMAIN)
3% COMPOUNDS | !
=) ! | l
a : ' ! 9
a Fe_ : 1 : DISINFECTION
" | Stable QPBS | BYPRODUCTS
z Mn- | | | REMAIN
- |
5 | HyS 5:1 | oz
NOZ'{ Add I Dichloromine %
’ NH ' © FREE
0.6 } 3 |' @ avaiLapLe — | 0-2
| | RESIDUAL
1 0
inl
3-1 " Chloroming
0 :_/ | COMBINED RESIDUAL
[ e

CHLORINE ADDED ———— 3=

Breakpoint Chlorination Curve



C @e Relationships

CL Dose hlorine Residual + CL Demand
Chlorir'leﬁesidual = CL Dose - CL Demand

CL Demand = CL Dose - Chlorine Residual




vation of Bacteria and

’f{ Js with' Chlorine

activation of Pathogens s
accot shed by meeting CT limits

(Tir‘g‘a Pathogen Is In contact with

e

concentration of residual chlorine)
3-Log Giardia Inactivation for SW
4-Log Virus Inactivation for GW

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




> that Cause Chlorine

/f"f mo/l to mg/l basis)

e

drogen Sulflde (H,S) (8:1 ratio)
norge metals - Fe and Mn (0.67:1 ratio)
Nitrit :I'ratio, 3:1 ratio with NH;)

Organic materials (TOC and NOM), (0.1:1 ratio)

All react with chlorine and reduce it to the
chloride 1on which has no disinfectant power

H,S > 0.3 mg/l and Fe > 0.1 mg/l must be
filtered to remove colloidal solids



-

. 2
/fr hlorine" Residual

nlorine - aqueous chlorine,
nlorite 1on and hypochlorous acid

Combified Chlorine Residual - compounds
formed by reactions of hypochlorous acid
and ammonia (chloramines)

Total Chlorine Residual - sum of free and
combined chlorine




/”'f im Chlorine Residual

P requirements are 0.20 PPM Free
- Chlorine Residual or 0.60 PPM
Chloramine Residual at all points in

Distribution System




>

ﬂr - Question?

F 2

My Is turbidity of importance to
2alth?

{‘es bad tastes

Interferes with disinfection
Looks undesirable
Requires filtration




2

Considerations for
~ Hy lorination Systems




bi erence between Gas and
Jypochlorination

hlorine lowers the pH (increases
the hydrogen concentration) favoring
the fermation of Hypochlorous acid
(more effective)

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




I f a Hypochlorinator

Pab Hypochlorinator

Mixing Tank .

Metering L o Check valve
ypochlorite amp N\
Pump I_ solution |
l :
Check Valve

Well Pump




hlorination Chemical

eed Pumps

-

Diaphragm




Fluid

Chemical resistance

Un-dissolved solids
Outgassing
Shear stress

Temperature

Pressure

Injection Pressure

Control

Remote Adjustment
External
communications

Diagnostics

Maintenance

Service interval

Life expectancy

Fewer components to be attacked. Few
pump tube material options.

Excellent: no valves to clog.
Excellent: automatically primes
Excellent: will not damage fluid

Limited range: pump tubing is affected by
high and low temperatures.

Limited discharge range - <125psi typical.
No change in output due to changes in
system pressures.

Excellent: steady dispersion of chemical at
very low output with speed adjustment.

Excellent

Excellent: tube failure and flow verification
alarm systems available.

Service required at regular intervals.

Excellent

Many components to be attacked. Many
component material options.

Poor: valves can clog causing failures.
Poor: difficult to prime
Poor: can damage delicate fluid

Extended range: effect of temperature on
the diaphragm is minimal.

Extended discharge range - >125psi
typical. Large change in output due to
changes in system pressure.

Good: intermittent dispersion of chemical
at low outputs.

Excellent

Excellent: diaphragm failure and flow
verification alarm systems available.

Service recommended at regular intervals.

Excellent






o "" chlorination System
"’f ance Consideration

Cl lines are

- 2
o what color

nps, feed lines, and injection points

- should e regularly inspected and cleaned
Cleanwising mild acid solution

Pump should be properly lubricated and free
of corrosion

Adjust feed rate only when running
Do not store chemical for long periods
@ Date of Manf. 12.5% after 30 days 11.5%

39




onsiderations for

’fr alorite Storage

otect skin, eyes, and respiratory tract
/ear protective gloves Hypochlorite will burn skin

L
Cover all co ers
Kee iIcal dry, covered and stored away from

direct sunlight.

Add water to container before the hypochlorite powder
IS added.

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

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




2

onsiderations for Gas
<5 fination Systems




gd*Chemical Properties of
alorine as a Gas

Irized liguid expands 450 times In
-

Unde rmal atmospheric pressure at
room temperature, chlorine is a yellow-
green gas

Exhaust fans
should be located

2.5 times heavier than air wihereo

Floor level.




Praw-Off Rates

-

B

0 1B cy]ihders = approximately 40 lbs/day

- 1-ton containers - approximately 400 lbs/day
Compu 8 pounds / Fedrop

m [emperature of remaining chlorine decreases
as the rate of withdrawal increases

m \When temperature of chlorine is low enough
It will not evaporate




REGULATOR

o o

amou Tron
any container,
manifolding Is
required

Computed as 8 pounds / F° drop




150 Ibs CI - 92 Ibs Tare 2000 Ibs Cl — 1550 Ibs Tare
Total Weight ~ 242 Ibs Total Weight ~ 3,600 Ibs




-

cep away from
2at or direct
sunligh

Provide separate
room with
ventilation.

Maintain 55°F
Temperature
Protect from Fire

d0fChlorine Cylinders

Chlorine tanks are
orovided with fusible
plugs that melt
petween 158 to 165
degrees F.

Ton cylinders will
have 6 to 8 of these
plugs, 3 or 4 on
each end; 150 Ib,
one.




of 1-Ton Cylinder

o ':-.,I-.'-.'h.-n'-\.--r-.‘-
i T i s Ml g, ey, e B

.- '_L-

. 13,700 Ibs
|

oY 4 -l.-.:lutill]ﬂ-'ll'“
il £ N[,




of Gas Chlorination

Pressure

Regulator

Regulating =
Valve T
I
T — lﬁ—

Rotameter

Chlorine Gas

Source Chlorinated
Water 3 Water %
—_— ey —————— |

Injector

Injector

Pressure
Regulating Valve

Rotameter

Rate Valve




Feed (Ibs/day)

Flow (MGD) 8.34 (Ibs/gal) =

Dose (mg/l)

orine Dose

-

~ A chlorinator Is set to feed 20Ibs of

chlorine in 24 hrs to a flow of 0.85 MGD.
iInd the chlorine dose in mg/I.

Dose = Feed/(flow x 8.34)

heck units

Feed = 20lbs x 24nrs 20lIbs
24hrs 1 day day

Dose = 20lbs
day

Dose = 2.8 ppm or 2.8mg/I




orine Dose

K
~ A chlorinator Is set to feed 20Ibs of

chlorine in 12 hrs to a flow of 0.85 MGD.
iInd the chlorine dose in mg/I.

Gl B Dose = Feed/(flow x 8.34)

heck units

. Feed = 20lbs x 24hrs = 40lbs
Dose {tglh 12hrs 1 day day

Flow (MGD) 8.34 (Ibs/gal) =

Dose = 40lbs x day x gai
day 0.85 MGal 8.34Ibs

Dose = 5.6 ppm or 5.6 mg/I




-
e

“% Chlorine Safety




of Chlorine are

dous

Chlorine gas/liquid -
extremely hazardous
substance

Calcium hypochlorite
and sodium

hypochlorite -
hazardous substance

Disinfection agents Kill
living organisms and
tissue




ﬁ( lorinatoer Start U
i p

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

- Inspect cylinder before connecting
Check fittings

Use new lead gasket

Connect yoke with 34 turn

Open cylinder valve one turn

Check for leaks with ammonia (rag preferable)
Have emergency repair eguipment

on-hand (A-kit 150, B-kit 2000, C-kit tank car)




2 Leaks

Use of Mist Sprayer
Rec. DEP Method




ACYy Eyewash Shower
at Small Plant

! Required for

Gas Chlorine




-~

' f“f hlerine on Humans
Ine Co + Physiological Response

43— 5" detectable by smell
10 mg“ causes coughing

40-60 mg/L damage to tissue
1000 mg/L death after a few breaths




[S of a Chlorine Emergency
aredness Program

d
-

iIne Safety Program
~ Writte es and Safety Procedures

Periodié hand-on training

Establishment of Emergency Procedures

Establishment of Maintenance and Calibration
Program

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




o O
g‘~Fluoridation

B




/ﬁ’ ation Considerations

gded as Supplement to Natural
g Concentrations

Ty[y‘y to 1.2 mg/| as Fluoride

Regulated MCL at 4 mg/l SDA and 2
mg/|l DEP

Halogen and as Oxidant very Active!

Overdosing causes mottling of teeth
and bone deterioration




-.

ride Compounds

R ol

Formula Purity

NaF 97%
Fluoride

Sodium Na,SiFg 98%
Fluorosilicate

Hydrofluoro- |H,SiFg 23%
silicic Acid




- Coagulati physical and chemical reaction
occurringietween the “AKALINITY” of the water

and the coagulant added to the water which results in
the formation of insoluble flocs (floc that will not
dissolve).




nose of Coagulation

‘d Flocculation

rbldlty from
the water

Turbidity is the cloudy

appearance of water
caused by small
suspended particles

Commonly referred to e
as non-settleable or No Turbidity
colloidal solids




e gigles_ln Water

ﬁicals In solution (have been

compf?e“ dissolved in the water).
Colloidal solids, also known as

nonsettleable solids (do not dissolve In
water although they are electrically
charged).

Suspended, or settleable solids (will
settle out of water over time).




- Conventional
| occulation Process

Pretreatment
Chemical Feed

S5 I .
distribution

screen | coaqulation flocculation system CoaQUIatlon
waste sludge & Flocculation

Sedimentation
Filtration
waste sludge Disinfection

backwash recycle




1ent Considerations in the
locculation Process

-
Factors that May Dictate Pretreatment

—

o

E= _ Leaves, plant material and silt
| : Seasonal raw water quality

changes caused by drought, high
water or temperature changes

Potential upstream pollution
Wind conditions

Algae blooms

Bacterial problems




: férti&ReJmoual by Coagulation

Negatively charged Positively charged coagulants
particles repel each other attract to negatively charged
due to electricity. particles due to electricity.

Coagulants neutralize negative charged particles
Allows particles to come closer and form larger clumps
Provides “agglomeration sites” for larger floc




‘Alfecting the Effectiveness
pagﬁlation Process

e

(pH Range: Al, 5—-7 ; Fe, 5 — 8)
- Alkalini ater (> 30 PPM residual)
Cone‘ation of Salts (affect efficiency)

Turbidity (constituents and concentration)
Type of Coagulant used (Al and Fe salts)
Temperature (colder requires more mixing)
Adequacy of mixing (dispersion of chemical)




Aluminum Sulfate
Ferrous Sulfate
Ferric Sulfate
Ferric Chloride
Cationic Polymer
Calcium Hydroxide
Calcium Oxide
Sodium Aluminate
Bentonite

Calcium Carbonate
Sodium Silicate
Anionic Polymer

Nonionic Polymer

& - Used as primary coagulant in water softening processes.

al Coagulants used In
3 [reatment

Al,(SO,)s X
FeSO, X
Fe(SO,), X
FeCl, X
Various X
Ca(OH), Xa
CaO Xa
Na,Al,O, Xa
Clay

CaCOg,

NaSiO,

Various

X X X X X X X X X

Various



coagulants are always used in the
lon/flocculation process. Alum and ferric
sulfate are t commonly used.

Diffefdources of water need different coagulants

to react over a wider pH range.

Primary coagulants have multivalent charges (+2,
+3, +4) which allow them to react with the
negatively charged colloidal materials in the water.

All of the coagulant chemicals will remove alkalinity
from the water.




o'ag‘ ds"

d density to slow-settling floc and add

nﬁ"o the flocs so that they will not
break up during mixing and settling

processes.

Not always required and are generally
used to reduce flocculation time.

Effective at extending pH ranges for
primary coagulant performance.

Most are expensive.




Raw Water
Parameter

Chemical Consideration

Alkalinity
Alkalinity is a measure
of the ability 1o
neutralize acid.
Alkalinity levels are
typically expressed as
calcium carbonate
(CaCQO3) in mg.-'I.:' '

Alkalimity influences how chemicals react with raw water. Too
little alkalinity will result in poor floc formation, so the system
may want to consider adding a supplemental source of alkalinity
{(such as lime_ soda ash. or caustic soda). Beware that these
supplemental sources of alkalinity may raise the pH of the
water, and further pH adjustment mayv be needed to obtain
proper floc formation. Systems should discuss this issue with a
technical assistance provider or a chemical supplier. One rule of
thumb 1s that alum consumes half as much alkalinity as fernic
chloride.’

Alkalinity < 50 mg/L

This concentration of alkalinity 1s considered low. and acidic
metallic salts, such as ferric chloride or alum. may not provide
proper floc formation. Systems may want to consider a high
basicity polvmer. such as polyvaluminum hvdroxychloride (PACI).
or an alum/polvmer blend ’

Increase in total organic
carbon

More coagulant is typically needed. Remember, organics
influence the formation of disinfection byproducts and svstems
will need to comply with the Stage 1 Disinfection Byproduct
Rule. A good resource 1s the EPA guidance manual Enhanced
Coagulation and Enhanced Precipitative Softening Guidance
Manua! (May 1900).

Optimum pH range for alum -

pH between 5 5 and 7.5
pH between 5 0 and 8.5

Optimum pH range for ferric salts -

pH =85

Ferric salts might work or other high acidic coagulants”.

Temperature < 5« €

Alum and ferric salts may not provide proper floc formation.
May want to consider using PAC 1’ or non-sulphated polyhydroxy
aluminum chloride.’




Jse of Alum as a

. ‘ Coagulant

,ﬁlest and Most Widely Used Coagulant
ectliﬁange pH 5.0 to 7.0; (6.5

optimal)

Effective Range for Color is ~ 5.5

Reacts with Alkalinity - results in drop In
olg

~or every 2 mg/l Alum; 1 mg/l Lime Is
added to replace alkalinity




7 s'e Of Ferrous Sulfate (Copperas)
| j_rige for Coagulation

‘uination produces Ferric Hydroxide

pH 8.4 e to 9.0

Oxyg‘a must added by aeration or
chemically such as chlorine

Very Effective for turbid water

Care must be taken because color not
removed at high pH




@ Of Ferric Chloride as

4 *joag'ulant
iIder pH range than Ferrous
- Sulfat

Typi‘y used where color removal is

also desirable.
Does not require oxygen supplement




e of Ferric Sulfate

‘ a Coagulant

not require oxygen supplement
Effectlh/er wider pH ranges

Effe'«:ﬁe within all temperature ranges

Eliminates odors from existing
Hydrogen Sulfide

Lower doses required than Ferrous
Sulfate




Cationic +
Anionic -
Nonionic




gulant Mixing and

flash Mixers

0se of the flash mix process is to rapidly
miX ally distribute the coagulant
chemical#r ghout the water.

Coagulant must make co
suspended particles.

ntact with all of the

Process occurs In seconds.
First results are formation of very small particles.

Detention time and the s
be sufficient to thorough

need of the mixer should
y mix all the chemical with

no breakup of floc partic

es.
17




liXing Coagulants

‘ Coagulant Aids

Rapid/Flash Mix
typically occurs in a
tank

Mixing velocity 5 — 7
fps

Coagulant and
coagulant aids

added In first
chamber




\ Hemaovanla Elgment Assemily

Static In-Line Mixer

Used prior to
Coagulation

Addition of oxidizing

agents, GAC and
polymers

Used as far as
possible upstream to
maximize contact
time




Flocculation Is a slow stirring
process that causes the
gathering together of small,
coagulated particles into
larger, settleable particles.

Controlled by the rate of
collisions between particles
and the effectiveness
promoting attachment.

Changes in temperature can
5§ necessitate longer detention
Walking-Beam Flocculator times-




ulation Followed by
2dimentation

8 # coagulant forms precipitate and

precipitate, trapped impurities
trapping impurities saftle to bottom

W
1
i

irﬁpurit"l"'n.s .

Instantaneous mix of coagulants
Neutralizes the negative charges on colloids

During the gentle mixing of flocculation, allows
particles to agglomerate into larger particles

Heavier particles are removed by settling



%ﬁpeed of the stirring process is to great
then t'iﬁ particles will be “sheared” or

brok__exxp causing an increase in turbidity.

If flocculator speed is to slow then “short-
circuiting” may occur.

Purpose Is to create a floc of good size (0.1
to 3mm), density, and toughness for later
removal in the sedimentation and filtration
processes.




' .,ug Short-Circuiting?

*

ﬁggd‘ition that occurs In
tanks or basins when some of

the@ater travels faster than
the rest of the flowing water.”

May result in shorter contact, reaction,
or settling times.




corn flake is a desirable floc appearance.

Smooth circular particles tend to settle quicker
while irregular shaped particles settle slower.

Tiny alum floe may be an indication that the
chemical dosage is too low.

If the water has a milky appearance or a bluish
tint, the alum dose Is probably too high.

Should be increasing in size as it moves through
the basins




What adjustment should
be made in the speed of
flocculators when the
water temperature
drops?

Increase Speeg

Monitor pH for optimum conditions

Flow measurement Is important to accurately
establish chemical feed rates, wash water
rates, and unit loadings

Chemical feed systems need dosage control
Jar Test at the Start of Every Shift or more!




j_ ormance Measurement

/ firy the Jar Test

jar test is a laboratory procedure where varying
S of coagulant are tested in a series of glass
or plastic nder identical conditions.
The | re injected with coagulant dosages and

gently paddled or flocculated to match field
conditions as closely as possible.

After a set of time to simulate field conditions the
jars are observed to determine which dosage
produces the largest, strongest floc or which dosage
produces the floc that settles the fastest.

Other laboratory tests sometimes include a jar test to
determine the optimal pH or determine the turbidity

of the settled water and its filterability. 26




t Apparatus and
roceadures

E

- : |
o
| | | |
i FL'J -
1l o 16 AE |

Flash Mix: 1 Minute at 80 RPM
Flocculation: 30 Minutes at 20 RPM
Settling: 30 Minutes

Six paddles

One container Is
control

RPM gauge allows
for mixing speed
to match plant
conditions
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Water A
Coagulant Dose vs. Residual Turbidity

Caoagulant Dose (mg/L)

y

Alum Initially reacts
with low alkalinity

With Ferric Chloride
requires chemical to
reach optimal pH
before reacting

Adding too much
coagulant increases
turbidity




est Plot for Higher
@linity Water

Coagulant Dos:vvastelgeBsidual Turbidi ngher CoaQUIant
: | Y doses are needed for
high alkalinity waters

Ferric Chloride
required more
—4—FecCl3 chemical but reached
= lower turbidity

Since Alum did not
produce water < 1
NTU a coagulant aid is
necessary
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Coagulant Dose (mg/L)
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3 'mﬁf Jar Test Results
“_f Floc Formation (15 min.)

Type of Particles (circular or popcorn)

Clarilﬁf the Water between the Floc

Size of the Floc (.1 to 3 mm)

Amount of Floc (too little may need agent)
Clarity of Water above Settled Floc (clear)
Volume of Floc




tion-Flocculation Process
g.and Sampling Points

-

Coagulation Flocculation
- Effluen_t Effluent
pH, VIS TU, ALK,
pH, VIS

Raw Water
s Sedimentation
Basin

Flash Mix

= (Coagulation High Medium  Slow

5 Speed Speed Speed
TU — Turbidity .
TEMP — Temperature FoCCligl
_ p Basin
ALK — Alkalinity
VIS — Visual Observation




corrosion

and
Corrosion Control




ﬁ( atis Corrosion?

CcC 1 1S the
gradual decomposition
or des lon of a

material (such as
metal or cement
lining) as It reacts
with water.




2 ‘rwsi\m Water
,%e:]s pipes and equipment, including
biﬂlumbing.

Dissolves toXic metals such as lead and copper
from the distribution system or house plumbing

Into the drinking water.

Causes color, taste, and odor problems when
metals such as iron and copper are dissolved into
the water.

Causes TUBERCULATION which can reduce
capacity of system, increase pump energy costs,
and reduce system pressures.




-

’ *'#Ie;tmﬁhemical Corrosion

£

C-

_Metallic corrosion

Galvanic corrosion




ondw for Coerrosion to Occur

mn IS a chemical reaction and
requires ﬁf things:

Ano_@- Int from which metal is lost and
electric current begins.
Cathode — Point where electric current leaves

the metal and flows to the anode through the
electrolyte.

Electrolyte — Conducting solution (usually
water with dissolved salts




Ivanl Series
-»

(Most Active) Magnesium
Zinc
Aluminum (2S)
Cadmium
Aluminum (175T)
Steel or Iron
Cast Iron

Lead — Tin Solder
Lead

Nickel

Brasses

Copper

Bronzes

Stainless Steel (304)
Monel Metal
Stainless Steel (316)
Silver

Graphite
CATHODE (Least Active) Gold




sical Factors
neing Corrosion

ﬁ_and arrangement of materials

Systenhssu re

Soil moisture

Presence of stray electric currents
Temperature

Water flow velocity




emical Factors

#mmg’ Corrosion

er S
Water alkalinity

Chlorine residual
Dissolved solids and gases in the water

Types and concentrations of minerals
present




of pH on the Rate of Corrosion
in Water Treatment

Influence of pH on Corrosion

E
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tionships between

linity, pH

ALKALINITY VS PH

—T—— T A Water can be

A-&nm of Values Necassary 1o Produce
a Coabrg of Cakiun Carbonate

: @mi::,:;:.,... it Corrosi_v_e or

, i Depositing

| 1 | based upon It’s
vr::{/?‘g.\ SN \‘: | N;ga:;:o'g__ll_‘_l | pH and
UL AN T l—‘_‘ Alkalinity.
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L

»

Free CO2 (mg/l)

Relatioship between CO2 and

30

25

20

15

10

Alkalinity

'x-id_e Content in Water
\ffects it's Corrosivity

Corrosive /

\ 4

B

50 75 100 125 150 175 200
Total Alkalinity (CaC03 mg/l))

A Water with
High
Concentration of
CO2 will be very
Corrosive. CO2 Is
often removed to
It’s ambient air
concentration of
3.5-4 PPM by
Aeration.



tect of Dissolved Solids on
Rﬁte of Corrosion

Protective Measures

Required
Severe

Corrosion

oderate
Corrosion

For Hardness > 5 grains

1000 10,000

Total Dissolved Solids




- Blological Factors

vy
_, #ming'Corrosion

m‘mcteria

Sulfate-reducing bacteria




nemical Corrosion In a

Wate_LSystem
-

vanic Dissimilar metals in contact in water.
Frequently occurs in service lines.

Pitting : ‘*?used by scratches or imperfections in

etal pipe. Can result in holes in pipe.
Tuberc n Caused by metal ion transfer and
development of electrolytic cell formation
Inside pipe. Can result in large deposits.
Crevice Occurs at joints where there is little water
movement.
Biological Bacterial wastes contacting pipe materials.
Cause of most taste and odor problems.
Dealloying Preferential removal of one alloy from a
metal. Can result in pipe failure.




Cathodic Protection by Direct
oDEIeEf'rlcaI Polarization

are provided that shield metal surfaces

fr ntact with water
m Selecting disSimilar metals that result in flooding

or Polarizing the cathode with electrons.
Sacrificial (magnesium) anodes decay In the
water slowly, providing protection

m Electronic cathodic protection system polarizes
by supplying a continuous flow of electrons
from the anode (metal surface) through the
water carrier to the cathode




-G-emoving Corrosive Agents - Treating the
thst removes contaminants such as CO2,

or disso solids thus reducing rate of

corrosion in the water.

m Chemical Addition - Adding chemicals that slow
the chemical corrosion reaction rates by raising
the pH and Alkalinity of the water

m Sequestering — Adding phosphates that tie up a
particular metal in solution at the metal
surface.




N Control by Adjusting
r Alkalinity

- Adjus
chemis
pH |
Alkalinity
Thin Coating Is
provide to protect
water mains and
plumbing




- | ical Stabilization

Ir Recap

™

Ok high pH waters, lower the pH by
addinc uric acid or carbon dioxide

For pH waters, lime, soda ash,

sodium Bicarbonate, or caustic soda can
be added to raise pH

Sequestering agents or silicates can be
added that chemically tie up the scale
forming ions




epts of Alkalinity and
lcal Adjustment

eikalinity Increases when an alkali is added to a
Carbon cﬂge IS produced in a water when alkalinity
IS consume
Carbor‘oxide IS destroyed when an alkali is added

{0 a water.

The pH of a water will decrease when carbon dioxide
Is formed and will increase when CO, Is destroyed.

Knowing the changes that various chemicals make to
alkalinity and carbon dioxide levels allows prediction
of the pH of the water as a result of different
treatment regimes




als Used In Water Treatment
ange Alkalinity and pH

%wer Raise
Gas hlofim Sodium Hydroxide
' riatic)

Sulfuric Calcium Hydroxide (Lime)
Carbon dioxide Sodium bicarbonate (Soda)
Alum Sodium Carbonate (Soda Ash)

Ferric Chloride Calcium Hypochlorite
Hydrofluosilicic Acid




CHEMICAL

Alum

d Bases Raise and Lower

A Omg ALKALINITY,
CaCO; per mg CHEMICAL

-0.45

d €O, content when applied

ALl mg COyp,
er mg CHEMICAL

0.40

H>S04

-1.02

0.90

HCI

-1.37

1.20

Ca(OH)2

1.35

-1.19

NasCO3

0.94

-0.41

NaOH

1,25

=1. 10

NaOCl

0.67

-0.59

Chlorine {gas)

-1.41

1.24




>,
,‘D or mmg,pH of Water

%woe X (Alkalinity in mg/| as CaCOB)}

(CO5 In mg/l)

Measured Alkalinity Measured CO,
60 mg/l as CaCO;, = 7.4 mg/I

pH = log {2.2 x 108X 60/7.4 } = 7.25

Approximate pH between 7.0 to 8.0 at TDS ~ 100 ppm




Ing Alkalinity and pH

— — _
Measu nity'™= 60 mg/l (as CaCO.); Desired 75 mg/|

Measure - 7.4 mg/|
ChLAlkalinity Value CO, Value
Na,CO, wmgll - 0.41 mg/I
Amount Alﬂ\ity Needed 15 _16 mg/l Na,CO,
(75 -60) =15 0.94
Alkalinity = 60 + 15 = 75 mg/| as CaCO,
CO, =74 mg/l + (15 x -0.41) = 1.25 mg/I
New pH = log {2.2 x 10°X 75/1.25 } = 8.12

&




Ing CaCO, Saturation
we Marble Test

Water Saturation
Stability CaCoOa3

pH and Water is Water is Under
Alkalinity Corrosive Saturated
Increases

PH and Water is Water is
Alkalinity Scale Supersaturated
Decrease Forming

PH and Water is Water is
Alkalinity the Stable Saturated
same




e Langelier Index for

Iﬁemwg Water Stability
water has a particular pH value where
will neither deposit scale nor cause
corrosion.

A statﬂcondition IS termed saturation.

Saturation (pH.), varies depending on calcium
hardness, alkalinity, TDS, and temperature.

The Langelier Index = pH — pH,
Corrosive 0 > LI > 0 Scale Forming




ded Treatment for Corrosive

caling Water based on LI

Description General Recommendation

Mild Corrosion Treatment May Be Needed

None- Mild Corrosion Probably No Treatment

Near Balanced No Treatment

Some Faint Coating Probably No Treatment

Mild Scale Coating Treatment May Be Needed
Mild to Moderate Coatings Treatment May Be Needed




q" té LS| for Example

= A : g [Ca Hardness] - log [AIK]
158, Ca 20, Alkalinty 75 mq/I, pH 8.12

s Convert Ca to CaCO, Equivalent
“5 x 20 mg/l = 50 mg/l Ca as CaCO; and
“ Alkalinity = 75 mg/l as CaCO,
Compute A and B Values from Table
"&.01 B=9.78

Compute pHs
pHs = 11.8 - log [Calcium Hardness] — log [Alkalinity]
= 11.8 - 1.7 (from table) - 1.9 (from table)
= 8.2
Compute LSI
LSI = pH — pHs.
LSI = 8.1 -8.2
LSI = -0.1 (slightly corrosive)




pa

Langelier Index Calculation

Temperature A TDS B Caor Al log
C Value mg/1 Value as CaCO3 Ca or

me/l Alk

S 2.27 S0 9.72 10 1.0

10 2.20 100 9.75 20 13

15 212 200 9.80 40 16

20 2.05 400 9.86 60 18

25 T 1.98 S00 9.94 S0 1.9

30 191 1600 10.04 100 2.0

150 2.2

200 23

400 2.6




) €aCO3 Equivalent

#

CHEMICAL
FORMULA

FORMULA WEIGHT FOREQUALIVALENT

AS CaCOz MULTIPLY

BY

Alurminium

ERE
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Demineralization
* (RO, NF, UF, MF, ED, IE)

"The Rime of the Ancient Mariner": "Water, water,
everywhere / nor any drop to drink."




t Constituents of Dissolved Solids

PREDOMINANT CONSTITUENTS

Calcium and bicarbonate

Sodium and bicarbonate

Sodium and chloride

Calcium, magnesium and sulfate




Supply“Classification

B

 Fresh Water, less than 1,000 mg/|

DS

Brackish Water, 1,000 — 10,000
mg/l TDS

Seawater, 35,000 mg/| TDS




v

h(%a:ge Non-Phase Change

Freezing Reverse Osmosis
Distillation (Membrane Filtration)

Electro Dialysis
(Seawater) Ion Exchange

(Fresh to Brackish)




TDS CONCENTRATION mg/I

ELECTRO DIALYSIS

-
'/ERSE OSMOSIS

FREEZING

DISTILLATION

100,000

Note: The dashed lines indicate a feasible range of operation, but not typical range.




' ‘Den:n.i.neralization Process
Ineral Concentration in Source Water
Water Quality Required
Brine Disposal Alternatives

Pretreatment Required
Other Particle Removal Considerations

Cost Effectiveness




<
‘varane Filtration

-
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| BacTERIA |
I
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|

GIARDIA
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I
PROCESSES [Mi:a

Graphic courtesy of Watek Engineenng
Figure 1.6 Separation Chart

The nanofiliration typically has the highest operating pressures of the other membrane processes shown.



I'%ressures Lower Pressure
(1500 SEST) (20 to 70 PSI)
'. 1200

Desalination |

150
Electrodialysis

: Ultrafiltration
Conventional IO -
Reverse Osmosis?] Microfiltration

Nanofiltration |
Reverse Osmosis ¥ (Conventional) W
0

150

5
|
Reverse Osmosis | |
|
|
|

9




- -
* WREVERSE OSMOSIS

includes RO, NF, UF, MF)

"




averse Osmosis

e Osmosis (RO) systems are used for
nic mineral removal and for saline
- water including desalination of sea water.

RO exeludes atoms and molecules < 0.001
microns; the ionic or mineral size range.

Concentrate

RO Treatment Element




Lo

R’e\‘ Osmosis Treatment

Mpes of selective membranes are used for
rialization: Cellulose Acetate and Thin Film
Composite
Operateéd at 200 to 400 psi, @ 5.5 pH

Salt Rejection above 95%*

Quality and Quantity of Permeate increase with
higher Pressure

Flow (Flux) Rate depends on Mineral
Concentration

Subject to Fouling from biological contaminants




Osmosis System

Pressure Vessel Housing
*Concentrate Control Valve
Sample Valves

Flush Connection

Cleaning Connections
Permeate Rinse Valve

Permeate Drawback Tank
Reverse Osmosis Membranes
System Pumps

Piping

* Never Left Fully Closed!




se Osmosis Treatment

‘im Considerations

d for mineral removal only

Turbidity <1 NTU

Flux'Range 15 — 20 GFD (gallons Flux
per day per sqg. ft. membrane surface)




5 Of Semipermeable

A As the membrane hydrolyzes,
J . o a n es both the amount of water and
the amount of solute which
ermeate the membrane
-_ P

Acetate increase and the quality of the
product water deteriorates.

ercially available membrane TorF
‘.Opér ing e: 400 psi True
Operating pH: 4.0 - 6.0
Flux rate: 25 GFD Qallons of flux per square foot per day)
Subject to biological attack and hydrolysis
Thin Film Composites
Operating pressure: 200 psi
Operating pH: 3.0 — 10.0
More expensive than cellulose acetate membrane
Higher rejection (98%) and flux rates (25 — 30 GFD)

Not subject to biological attack, hydrolysis, or compaction but is
sensitive to oxidants in feedwater 15




" Effect of
Temperature and
pH on Hydrolysis
Rate for Cellulose

Acetate Membranes

Time required to achieve a
200% increase in mineral
passage at 23°C

pH
5.0
6.0
7.0
8.0
9.0

Time

6 years
3.8 years
1 year
51 days
3.6 days

100

100°F (37.8°C}

77°F (25°C)

34°F (1°C)

pH

Effect of temperature and pH on hydrolysis rate for cellulose acetate membrane



_' ‘Mﬁm Configurations

%’p‘ql Wound

‘Hollow Fine Fiber
Tubular




| Wound Membrane
. onfiguration
.

How a Spiral Wound Element Works

Spiral Design

- Feed spacer

Selective Separation of Feedwater
by Passage through Membrane

R
2
2 Permeate spacer

Feedwater / Brine Channel Spacer

Membrane leaf

Product
Water

Water Flow

Reject Water ——

Product Water Flow
(After Passage through
Membrane)

Membranes
Permeate
Channel Spacer

Duw Chemical Co



(a) Spiral-Wound Module (b) Spiral-Wound Module Cross Section

permeate
collection

pipe
Residue
collection tube

envelope

Figure 1: General Design Features of a Spiral-Wound Membrane Module




Fine Fiber Membrane
onfiguration

Hollow Fiber Configuration




-~ ? ‘ubular Membrane
"‘j 1ent Configuration

I l I I I l’— llmmwm
I . a
Feed Stream: k

Tubular Membrane Configuration




stituents Affecting the

S
‘55 Osmosis Process
G_H — slows hydrolysis and extends life of

cw acetate membranes
perature — as the temperature of the

eedwater increases, flux increases
Suspended Solids & Turbidity
Mineral Content (salts)

Microbes




b, > OH Adjustment with

.fr everse Osmosis

g owered with acid prior to treatment to
it minerals from coming out of solution
- and clogging membranes

A ph‘.S IS standard for most feedwater

If pH and temp. are allowed to increase,
Hydrolysis (breakdown of the acetate
membranes) will occur and mineral rejection
will decrease




se Os
—

4

Constitue Problem
Glgss suspended p ulates Blockage
Colloidal : Fouling

Microbiological Matter Fouling
Oxidizing agents (Cl) Failure
Carbonates (CO5;, HCO;) Scaling
Sulfate (SO,) Scaling
Silica Scaling
Iron (Ferric, +3) Scale/Foul
Hydrogen Sulfide (H,S) Scale/Foul

ent Requirements for
OSiS Systems What is the most

frequently used
scale inhibitor?

Hexametaphosphate
Treatment
Media Filtration
Coagulation/Filtration
Add oxidizing agent
GAC or Dechlorination
pH adjust or softening
Inhibitor or Cation Rem.
Lime Softening
Greensand (no aeration)
Degasification

24




_.r- Fof Microbial Contaminants

r' se Osmosis

- Prevent Biological Fouling

S removed to keep them from fouling or
- plugging membranes.

Orga‘ can be removed by pre-chlorination and

maintaining 1 to 2 mg/l chlorine residual through the
RO process. Too much chlorine can impair membrane
efficiency.

If oxidant-intolerant (composite polyamide-type)
membranes are used then chlorination must be
followed by de-chlorination




NI GEE R

ystems
-

Polarization is the buildup of mineral deposits along the
the membrane.
Polari atioﬁ‘ﬁges both flux and reject

Polarizat%s reduced by increasing flow velocity causing

deposits reakaway from the membrane walls.

Brine flow rates can be kept high as product water is
removed by staging.

The most common and serious problem resulting from
concentration polarization is the increasing tendency for
precipitation of sparingly soluble salts and the deposition
of particulate matter on the membrane surface.




Staglng

(ﬂ]uratlon yields an 85% recovery of
ct water.

Staging keeps velocity up — reject
brine fed to half as many vessels.

I\/\

Feedwater —» 7 l— Brine to Waste
=

Product Water not Shown




Reverse Osmosis

Applied Pressure: 225 psi
Min Salt Rejection: 75-80% Min Salt Rejection: 97-98%

Hardnessﬁction >95% Hardness Rejection >99%
Flux Range: 25 = 30 GFD Flux Range: 25-30 GFD

Used for softening or special Used for mineral removal
applications

GFD - gallons of flux per sqg. ft. per day




d‘RO Elements be Cleaned?

ement cleaning should be performed at regular
S to keep pressure as low as possible.

ure to maintain rated capacity increases by 15%.
When prod ater flow decreases by 15% at constant

pre

When a rise of 15% in the system differential pressure has
been observed.

Symptoms of membrane fouling
Lower product water flow rate

Lower salt rejection
High AP




‘HE‘ Clean'RO Membranes

%nove Inorganic precipitates, use an acid
flush of citric acid.

For bjﬁgi | or organic fouling, use various

solutions of detergents, sequestrants,
chelating agents, bactericides, or enzymes.

Clean at low pressure not to exceed 60 psi.

Membranes are typically cleaned for
approximately 45 minutes.




| ign Membrane Systems

%ally used for Pretreatment
rﬂe several treatment

processe

Extremely flexible for changed feed
water conditions

Operates at 50 psi




- Ultrafiltration Operation
&
nits are operated in parallel with some
%&gct:ivrculated to maintain high
flow Elo

Increase recirculation rates for higher
TDS removal

Units are backwashed to remove fouling
with product water




Microfiltration Membrane
’FWqTreatment Process

hfﬁra"qon Is used for removal of

particl uspended solids, bacteria
and cysts in source water.

Organics are not removed.
Operates at 20 to 35 PSI.

Typically used for Pretreatment in front
of RO Systems




Aﬂme of Microfiltration

*

ighly automated with little operator

attention
Watemquality achieved regardless of

source water changes
Chlorine Demand Reduced

Replaces conventional treatment
processes

Wide flow ranges (.6 to 22 MGD)




i

Clectrodialysis

ELECTRICAL
PANEL

HYDRAULIC
CONTROL PANELS

MEMBRANE
STACKS

PRETREATMENT . CIRCULATION D.C. POWER ELECTRODES
(FEEDWATER FILTERS) PUMP SUPPLY
RECTIFIER




’ Elﬁocﬂalysis Applications
] glective membrane process for removing
Gls Only!

Uses mWne filtration in combination with
electricity.

Electrodialysis can be less expensive to
operate for low TDS waters or when a 50%
mineral removal is adequate.

Positive ions are attracted to a negatively
charged cathode and negatively charged ions
are attracted to a positively charged anode.

36




ctrodialysis

| cal power to draw ions from
product water to the concentrate stream.

Cathode (=)

Cation-Transfer
Membrane

Demineralized
Product

Anion-Transfer
Membrane

Cation-Transfer
Membrane

Anode (+)




-~

£

Cations
Sodium Na*t

Calciu‘mclla2+
Magnes g%

Anions -
Chloride Cl
Bicarbonate HCOj
Sulfate SO,

TO POSITIVE
POLE OF
ELECTRICAL
SUPPLY

+-

ANODE

C CATION-PERMEABLE MEMBRANE
A ANION—PERMEABLE MEMEBRANE
FEEDWATER IN
—_— " [ —
TO NEGATIVE _]llcj'AlclAlclAlL
POLE OF
ELECTRICAL
SUPPLY
——— -1 Ngt Nat Na+
CATHODE
ci- Cl- Cl—+—
|\Nu+ \Na"'
C|7 C|7
— r
CONCENTRATED
BRINE WATER

e

| Electrodialysis demineralization process

FRESH PRODUCT WATER



-ating and Maintenance

X cfn‘tmnsfer ED Systems

w\g and Plugging of Membranes
Water Temperature

Alkaline Precipitation
Pretreatment for Solids Removal

Undesirable Minerals (Fe, Mn, HZS & Cl)
Hexametaphosphate o0 g




" Do Not Operate if
~eedwater has any
Qf the following:

Chlorine residual of any concentration
Hydr@en sulfide of any concentration

Calgon or other hexametaphosphates in
excee of 10 mg/|

Manganese in excess of 0.1 mg/I
Iron in excess of 0.3 mg/|

o




W of the following items is/are
r le'in the feedwater to an
iii electrodialysis unit?

1.
-

NERESE]

2. Hydrogen sulfide
3. Iron

4. Manganese
5. Sodium




Ion Exchange

'

Ion‘hange can be defined as exchanging

hardness causing ions (calcium and
magnesium) for the sodium ions that are
attached to the ion exchange resins to create
a soft water. The term “ion exchange” is the
same as the term “Zeolite”.




N EXCHANGE
-

moving of non-desirable ions by
hem with more desirable ions.

Generally, the process is used for softening

but can be used with any positively charged
ion including Tannins.

Can also be used with negative charged
particles.




Gra\'fﬂ Sand Filter Type Unit

Pressure Downflow




LUpper manifold

Vessel
Distributor

Backwash Space

™= Nozales

Resin

Ragernarant

Resin Support

Bachwash controller & - -:;‘ :- : ' " -';:- U n d e rd ra i n

Sight glass

- Piping & Valves
45

Backwaszh outlat



Xchange Resins

Niﬁra zeolites (crystalline aluminosilcates) no longer
Thes haG@g replaced by synthetic resins.

ES m ross-linked polymer matrixes that
attache unctional groups with covalent bonds

Resins are manufactured as beads and typically screened
to 0.3 to 1.3 mm dia.

A typical resin used for softening is poystyrene attached
to 6 to 8% divinylbenzene (DVB).

Service life can be as much as 10 years with 3 to 5
typical. Generally resin replaced when capacity is reduced
by 25%.

46




Flow Considerations for

Lo

1 change Softening

Limited by pressure loss and physical
ristics of the Cation resin

-lows ab 0 gpm/sf will break beads
Pressuredosses above 50 psi across bed will also

hreak beads

Pressure losses across beds < 20 psi

Generally a flow rate of 10 gpm/sf and a bed
depth of 3 feet is typical.

Ion Exchange Design is based on empty bed
contact time (EBCT), 1.5 - 7.5 min or its
reciprocal service flow rate (SFR) 1 - 5 gpm/cf »




ating Considerations
change Softening

%Ferrous captured deep inside resin bead
0 ric (precipitation) causes beads to

become clogged and can not be removed.

Corrdﬁeness of Brine Solution on metallic
parts

Oxidation of polymer from high chlorine level
Strainer blockage

Fouling of Resin from oil, grease or organic
matter (Resin cleaning takes about 8 hours)




< 500 mg/I
Turbidity < 0.3 NTU
Total Hardness <350 mg/I

Selectivity Considerations
S04-2>NO32>C032>N022>CL*?




Lo

i3 ‘s of Ion Exchange
% ]“Service Stage

Stage'2. Backwash Stage
Stage 3. Brine or Regeneration Stage

Stage 4. Rinse Stage




| ,I‘c&hgnggﬁervice Stage 1
"~ No perating stage where actual softening
s place.

gth ervice is mainly dependent on source
water haradness.

High source water sodium and or TDS can
hinder process.

TDS, unit size, and removal capacity affect
length of time between regeneration.

Beware of iron and manganese. Insoluble
particles will plug the filter media. Monitor
source water on a routine basis.




xchange Backwash

‘ Stage 2

everse flow through the softening unit is used to
clean resin particles.

Ideal bed nsion during backwash is 75 - 100 %

Some could be lost during backwash. Should
be monitored to minimize loss.

Too much loss of resin may be caused by an
improper freeboard on the tank or wash troughs.

Backwash durations widely vary based on the
manufacture, type and size of resin used and the
water temperature.




»
Io ange Regeneration Stage 3
»
lum ion content is recharged by pumping
ated brine solution onto the resin.
Optimum mﬁsolution IS between 10 -14% sodium
chloride solution.

A 26% Dbrine solution (fully concentrated or saturated)
can cause resin to break up.

The salt dosage used to prepare brine solution is one of
the most important factors affecting ion exchange
capacity. Ranges from 5 to 15 |bs/ft3.

The lower the concentration, the longer will be the
regeneration time.




o ,chan_a__e Rinse Stage 4
gle ter Is washed through the system to

%he resin and to washout the excess
| ‘%n.

If I‘il;]S*S t sufficient for removal of
concentrate a salty taste will be noticed in the
effluent. If a salty taste is noticed then rinse
rate and time should be increased.




0N exchange softener contains 50 cubic feet of resin with a
g?sfemov capacity of 20 kilograms per cubic foot of resin. The water

3000mg/l'as CaCO;. How many gallons of water
eitener will require regeneration?

bein

\ ie o)

alculate the exchange capacity:

Exchange capacit ins = (removal capacity, gr/ft3) x (media vol, ft3)
Exchange capacity, grai (20,000 gr/ft3) x (50 ft3) = 1,000,000 grains of removal cap.

Wat ted before regeneration

Water treated, gal = (exchange capacity, grains) / (hardness removed, grains/gal)

Water treated, gal = 1,000,000 gr x _1 x 17.1 mg/L = 57,000 gal
1 300 mg/L 1 gr/gal




rosion Concerns in
on Softening

el .
Ion Exchange produces a water with zero hardness.

Ve 0 hardness Is very corrosive creating red
- water proble

"Ideal" hardness for drinking water ranges between
appro y 50 to 100 mg/L.

Above this level, hardness can contribute to scaling of water
heaters and boilers.

Water with hardness below this level tends to be more aggressive
and can cause deterioration of the inner surface of pipes,
eventually leading to pinholes or leaks.
Water is adjusted by blending to achieve 86 mg/I| or 5 gpg
Hardness




e

(4 B‘gorﬁypass Flow
%oftener plant treats 120,000
ga termine the Blendlng Volume

or Bypass Flow

Bypass flow, gal/day = (total flow, gal/day) x (finished water hardness, gr/gal)
Raw water hardness, gr/gal

Bypass flow, gal/day = (120,000 gal/day) x (5 gr/gal) = 34,286 gal/day
17.5 gr/gal




e

(4 ‘eatraté Disposal
wine with reclaimed water and release to
surface water. (CWA & NPDES)

POTMB » Effluent & Biosolids)

Deep Well injection — (UIC)

Evaporation/Crystallization - Capacity limited
(RCRA)

Landfill (PELT (paint test), TCLP (leaching)




-

- lesmhlon and Disinfection

“Byproducts (DBP)




ory R‘e’quirements for
ISinfection By-Product

' anagement
- &

Disinfection By-Product
Monitoring for Water
Treatment Plants




Rule Requirements
—-_—

. -

Compliance DBPs

Stage 2 Q‘Ps-

Compliance with D/DBPs

Interim Enhanced
Surface Water Treatment-
Disinfection Profiles (DP)

Filter Backwash Recycle-
Monitoring & Construction

Applicability/
Rule or Change

Monitor Mo’ly/

Qtr’ly
Ave. D-DBPs
All SWTP & UDI

Individual D-DBPs
All SWTP & UDI

DP at Dosing Points

All SWTP & UDI
New Facilities on-line

Key
DEIER

1/01/04

mid.-2005

1/14/06

6/08/06

Stage 2 D & DBPs-
Compliance with IDSE

All CWS

10/01/06
\Varies




sinfection By-Product (DBP)

: ‘ Formation

Isinfection Byproducts (DBP) are produced by
ction of free chlorine with organic material

found In al waters.
The ameunt of organic materials in a natural water

called NOM ecan be approximated by the amount
of Total Organic Carbon (TOC) present in the
water source.

NOM consists of various chemical compounds
containing carbon, originating from decayed
natural vegetative matter found in water.




e

fo R‘aﬁr Considerations

%ﬂly surface waters or ground waters under
the direct influence of surface water will have

higheWe f 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.




/fr 3P Health Impacts

) be carcinogenic (cancer
~causinc

Cafﬂuﬁse reproduction problems
Can damage blood or kidneys

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




Bn of Trihalomethanes

Ihalomethanes (THMS) are produced by the reaction of
Ine with organic constituents found in natural waters.

The 4 comds of concern are:
oroform (typically 70%)

Bromoform
Bromodichloromethane
Dibromochloromethane

The sum of the concentrations of these four compounds are
Total Trihalomethanes (T THMS)




m&ﬂ?’n of.Haloacetic Acids
Eilo etic Acids (HAADS) are produced by the

ition of chlorine with organic constituent found
In urﬂam?‘tfrs

The 5 @p nds of concern are:

Monochloroacetic Acid
Dichloroacetic Acid
Trichloroacetic Acid
Monobromoacetic Acid
Dibromoacetic Acid

The total concentrations of these five compounds
are known as HAAbSs




Disinfection Byproducts (DBP) and
rination Considerations
m’_s are produced by the reaction of
free chlorine with organic material

called “precursors”

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




Affecting Disinfection

| ' oduct Production

|ty and the type of NOM present
Concerhon of Chlorine added

oH of water

Bromide lon Concentration
Temperature
Contact Time




@a_ter Age

Storage T 0 not fluctuate

No / Feﬁustomer Areas

Stagnant Areas

Dead Ends | _
Pipe Tuberculation

Bad Pipe with Bacterial

Growth producing
Regrowth Areas Organic Precursors




pcating | HAAS Areas
-

"ﬁow Demand Areas
W iddle System Areas w/ Stagnant / Low

Water Ag

Areas with No / Little Regrowth

Eliminate Biodegradation Locations

Free Chlorine Residuals < 0.2 mg/L
HPC Data
No Dead Ends
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— —_— — J
!

e 10" & 12" Water Line ‘ 1 POE, 1 Ave Flow, 2 THM, 2 HAAS

memeeem 8” \Water Line

s, Monticello Well #iL —
— 1,000 gpm & 150,000 gal
@

s 5" \Nater Line
e /" \Nater Line

2" Water Line 0"°"'M' I Elevated Tank |
Ly _
'M ' | H Monticello Wells¥2 & 3 -
r;sg\, H. a 700 & 400 gpm &1200,000
: Color Marker \ , gal Elevated Tank
|
: Lois ‘ _______ I ‘;92:
O Stage 1 Compliance !
Monitoring Sites Casa B [
A Candidate IDSE Sites - o I
POE, High TTHM, High HAAS,
Average Residence Time [ N
' N N
I Montlcizllo Well #4 — Sl e
350 gpn & 200,000 gal ==

EIevatqd Tank

inch




‘ .
tment Techniques for
,‘ ontrolling DBPs




rategies for Reducing DBPs
' " 0f Cost Effectiveness

“rsor Removal

Disinfeh By-Product Management using
System Flushing and Storage Tank

Management
Use of Alternative Disinfection Strategies
Disinfection By-Product Removal
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and DBP Production In a

ical Water System

' Comparison of the Production of THM s and HAAS s
For Free Chlorine and Chloramine for a Typical Water System

LV

._ Chilor :I.I'EI.L'I:J.I"

THM

concentrat

OncCeniran ol
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.
QB-P‘Pre"cursor Reduction
Strategies
-




Me 1:9r Reducing Precursors

I%ction By-Product Management
l.e. utrﬂ»%and biota control in source and
finished water.

Solids remaoval systems including:

pre-sedimentation, infiltration galleries,
filtration, coagulation and membrane filtration.

Addition of powdered or granular activated
carbon to remove organics.




o s~
%EP Management In
' Distribution System




DBP Reduction Technigues in a
| r Distribution System

S

Reduéﬁ% detention time In storage

tanks,

Ensuring turnover in distribution system
Flushing dead-end lines.




Distribution System

: f Water Age (Days)

o,

Miles of WM

Water Age

> 750,000

> 1,000

1 — 7 days

< 100,000

< 400

> 16 days

< 25,000

< 100

12 — 24 days

AWWA: Water Age for Ave and Dead End Conditions




Relationship Between TTHM Concentrations and
Distribution System Residence Time

1 |—e—Free Chiorine
. —m— Chloramines

TTHM (ugiL)

Residence Time (hours)

Franchi and Hill, 2002




S wWith Water Turnover

mejts in Storage Tanks

nts contain significant concentrations of

0 ut{aleents
Sedime rt a disinfectant demand

Sediments provide protective layers for biofilms
which allow pathogens to repair

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

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




yover Guidelines for Water

‘ Storage Tanks

- Dally Goal: 50% of storage volume
: WUm 30% of storage volume

-

Virginia - Complete turnover every 72 hrs

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




guction by Establishment of a
Flus@g Program

gggested

Actions/DEP Rule

Submit a Written Water Main
lushing Program.

Procedures Rule 62-555.350

Treatment Cle remove biogrowths,

Componen“calcium or iron / manganese
in Contact deposits, & sludge

With Water DEP Rule 62-555.350(2)

Clean & remove biogrowths,
Ca or Fe / Mn deposits, &
sludge from storage tanks.
DEP Rule 62-555.350(2) FAC

Reservoirs
and Storage
Tanks

Water
Distribution
Mains

Begin systematic flushing of
water system from treatment
plant to system extremities.

Flushing (every other day)
or Automatic Flushing.
DEP Rule 62-555.350(2)

Dead-End
Water Mains

Benefits to

Treatment System

Sampling is during normal operating
conditions, and is not valid if you
ONLY flush the day you are
collecting samples

Improves water quality, reduces
chlorine demand & regrowth in the
water system.

Improves water quality, reduces
chlorine demand & biological
regrowth in the water system.

Improves water quality, reduces
chlorine demand & biological
regrowth in the water system.

Improves water quality,& reduces

biological regrowth.
g g 26




A~ 2
o
“_Plant DBP Management
rgwufectant Strategies




’? Infectant Strategies

eDosmg Concentration of
- DisIn t

an@ Points of Application
Change forms of Disinfectant
Use of Multiple Disinfectants
Change Disinfectant




tive Chlorination
Modification Strategies

Action

Reduce chlorine feed
ates while maintaining
er chlorine residuals

Ch e point of chlorine

Chlorine -
Injection Pd‘njectlon to reduce the

Chlorine
Injection
Boosters

Alternate
Disinfection /
Application

age of chlorinated water

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

Use of chloramines in

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

Benefit

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

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

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

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




oving the Point of

/ r Disinfection

F 2

Effect of Alternative Locations for Chlornine Addition
Point on In-Plant DBP Formation

I TTHM
W HALS

TTHM or HAA S [ug/L

Pre- Rapid Mx Paost- “ost-
chlarination flocculation sedimentation

point of chlcrine addition




Ategies for the use of Primary and

Lo

4 ﬁnﬁary'Disinfectants
Wes a consideration for change of
ap |ca5‘0£oints

Incluh of changes In the types of

disinfectant to reduce DBP formation

Use of Chloramines, Ozone or Chlorine
Dioxide can be used separately (Primary
Disinfectant) or in combination (Secondary
Disinfectant, used in Distribution System)
with Free Chlorine reduce DBP formation




“
gae%i,‘ng the Disinfectant
to the Use of Chloramines




es are Formed by adding

e

o’ ‘monia.—to Chlorine
EJ
WOnia Gas Is fed like Chlorine Gas
A yd'r‘ﬁ\mmonia as a Liquid

Chlqr" Fed First

Quenched or Reacted by Ammonia

Taste & Odor Problems when Free Chlorinated
Water Interfaces with Chloraminated Water

Chloramine formed will have less disinfection
(Inactivation) power




aloramine Advantages

»
74 | -
L C es Not As Reactive With Organic
0 ds
mine 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

Chloramines Are Inexpensive
Chloramines Easy to Make




dramine Disadvantages

. -
ong As Other Disinfectants
eg. Chlorine, Ozone, & Chlorine Dioxide

t Oxidize lron, Manganese, & Sulfides.

Necessaweriodically Convert to Free
Chlorine for Biofilm Control in the Water

Distribution System
Chloramine Less Effective at High pH

Forms of Chloramine such as Dichloramine cause
Treatment & Operating Problems

Excess Ammonia Leads to Nitrification

Problems in Maintaining Residual in Dead Ends &
Other Locations

35




litrification Concerns in Water Storage
‘I' th the Use of Chloramine

Wion IS the conversion of ammonia to nitrate
Occurs In areas, at pH > 7, with at warm
temperatures long detention

Typically{ese problems are associated with systems

that use chloramine which contains ammonia and can
support the nitrification process

Nitrite (intermediate product) will consume free
chlorine and chloramine disinfectants

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




' Nitrifics

£

epressed Disinfectant Levels
DBPs
Elevat cterial Counts (HPC)*

Elevated Nitrate/Nitrite Levels for
Chloramination Systems

High Corrosion Potential
Note: Direct Monitoring ineffective

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




r- , ve Biofilm Control

Ir onsiderations

L4

Aicrobial Repalr Mechanism Increased
Some ploes can develop chloramine

resqqe

Free chlorine Is absorbed by biofilm surface
(4 ppm free chlorine ineffective In
controlling biofilm on pipe surface)

Chloramines at 2 mg/l continuous dose was
found effective for control




o O
%@t Removal of DBP

B




p Disir ection By-Product

e val*Systems

idation: Ozone, Chlorine
| Dioxide, and UV.

Aeratibn: Open Storage, Diffused
AIr and Packed Towers.

Adsorption: Powdered Activated
Carbon and Synthetic
ResIns

f




-

-
P Water Quality and

" Treatment Process Requirements

for D - DBP




Sale Drinking Water Act
JorTTHIM, HAAS, Chlorite and

Chlorite
Bromate

.060

1.0
0.010

T
i
mg/l*

mg/l **

* assoclated with the use of Chlorine Dioxide

** naturally occurring precursor in systems near
saltwater, associated with use of Ozone 42




Viaximum Residual
‘!r ‘ectant Limit

B

lorine 4 mg/|
nine 4 mg/l
cﬂ)rme Dioxide 0.8 mg/l

These concentrations have been found to
have adverse health effects




“55“ on Reductions for Pathogens

o, required for
ﬁlfWater/UDl Systems

#

mblia 99.9% or 3 log
Viruses 99.99% or 4 log

Cryptosporidium  99% or 2 log *

Water Systems are assumed to be in compliance

If they use conventional or direct filtration and meet
turbidity requirements




ultaneous Compliance

» . : . :
Bal ISinfeetion Protection with
& ﬁBP Removal

De!\ctlv?ﬁ(iis proportional to concentration of

chloring 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.




o
wll‘?didelines for Surface
ater Treatment
-~




| , igity.Standards
ternative filtration technology in combination with

lon consistently achieves removal and/or
Inactivati

99.9% oi Giardia lamblia cysts (filtration +

disinfection)
99.99% of viruses (filtration + disinfection)

99% of Cryptosporidium (filtration alone)
(Interim Enhanced SWTR 12/16/98)




Turbidity Reductions for Subpart H
dlajts Using Conventional or

Direct Filtration

95% O'Nples taken each month must be
less than 0.3 NTUs

no one sample can exceed 1 NTU

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

48




H SysLe__m requirements for
onventional Filtration

Must usWnced 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/I
2 VAVARS




ations for Required TOC Reductions

 fol part H Rlants for Enhanced
agﬁation and Softening

High Tlﬁ‘i;ource water concentrations
require greater removal rates

Higher Alkalinity source water
concentrations the lower the removal rate




7 -
..
nfection Profiling and
kﬁenchmarking
~(not on C/D Exam)




Disinfection Profiling and
enchmarking

S

Surface Water Plants
Ground Water Plants Under the Direct

Influence of Surface Water

Ground Water Plants Utilizing
Treatment Processes with Tanks Open
to the Atmosphere




equirments for Subpart H

'mqg Profiling and Benchmarking
‘l&xﬂbs that have annual average of

TTHM > 0.064 mg/I

Systems that have annual average of
HAAS > 0.048 mg/I

Must Develop System Disinfection Profiles and Benchmarks for their
Water Treatment Plant




Infection Profile
~ (definition)

wpllatlon of the daily inactivation

of Glardia or Viruses based on the
measured disinfection residual, pH,
temperature and peak flow that affects
the efficiency of the disinfection
process (microbial inactivation
potential) collected over a period of

one year.




Considerations for
ontact Basins

detention time in a basin is dependent on
Inlet, outlet and baffling

a tracreqst ug or continuous) may be used to
fy

identi e actual detention time in a basin

actual detention time (T,,) Is the time which 90%
of all the water passing though the basin is
retained

baffling factors can be used to estimate T,




, " [ blal Inactlvatlon

e blal Inactlvatlon IS derived from

sed on the disinfection
concentration and the actual contact
time in a plant process segment.

The sum of these microbial
Inactivation values are used to
determine the log reduction for Giardia
and viruses for the Plant.




 Disinfection Profile

4 feyelcpment

wre disinfectant residual concentration, pH
and temperature, daily at each disinfection
sampling point, i.e. if there are four disinfection

feed points there will be four disinfection
sampling points

The measurements must be taken at peak hourly
flow

Must be retained by PWS for review at 3 year
Sanitary Survey Interval




ummary

[fetngiS‘rﬁfection Profiles
F
“c e disinfection residual concentration,

peak hourly flow data for each segment

Calculate the CT,, value each segment

Determine the log inactivation for Giardia and
log Inactivation for Viruses for each segment

Add the Giardia and Viruses segments to
determine the log inactivation for the Plant




e

i Wegioa-Benchmark
»

alculated average microbial
Inactivation for each month developed
fromthe disinfection profile for the

lowest monthly average for the year or
for multi-year If more than one year is
used.




Be chmark Comparison to ldentify
)osed Modification Impact

o’

Med modifications are evaluated based on
rating conditions

NG ﬁhions are made using the temperature,

pH, and'contact times from the original
“Disinfection Profile”

From these the average log Giardia and virus
Inactivation's are determined.

If the modification results in a log inactivation that
IS lower than the original benchmark, it must
result in adequate disinfection




uidance Documents for

firﬁect-i-on Profiling
| E Isinfection Profiling and Benchmarking

Idance Manual
EPA 815-R-99-013

LTllﬁNTR Disinfection Profiling and
Benchmarking Technical Guidance
WERIET

EPA 816-R-03-004

These Documents can be obtained at:
http://lyosemite.epa.gov/water/owrccatolog.nsf/




or Reducing DBPs and meeting

Lo

wa | aactiuation Requirements

chemical or physical processes to remove precursors from
sours

Moving the f disinfection after clarification
Using enhanced coagulation before disintection

Developing a system to provide adequate contact time to achieve
sufficient disinfection

Developing seasonal modifications in disinfection to reduce
summer high DBP levels

Changing the primary or secondary disinfectant
Changing the contact basin geometry and/or baffling
Increasing the pH during disinfection > 1 unit




.
“msiat"e of Florida
Ing Water Rules

-




Drinking Water Rules are found in
Administrative Code (FAC)

%Jced each Year by DEP in “Florida
n

/@‘Wa ter Rules.”
Also DEP Updates each Year “Book of

Forms.”

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




inistrative Code and adoption of CFR 40

ederal Regulations
verage and Requirements

Florida Administrative Code — Only in FL

Drinking Water Standards, Monitoring and Reporting

40 CFR 141, Subpart H, 7/1/03,
Filtration and Disinfection

}OQFEML Subpart I, 7/1/02,

Control of Lead and Copper in Drinking Water

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




inistrative Code and adoption of CFR 40
ederal Regulations
verage and Requirements

C R 141, Subpart O, 12/09/02

nfidence Reports
40 CFR 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

62-555 FAC

Permitting, Construction, Operation and Maintenance of Public
Water Systems




inistrative Code and adoption of CFR 40
ederal Regulations
verage and Requirements

O FAC

of Public Water systems that are out of
Compllan

62-699‘

Treatment Plant Classification and Staffing

62-602 FAC

Drinking Water and Domestic Wastewater Treatment Plant
Operators

62-532 FAC
Well Permitting and Construction Requirements




&£ _
mmng and Reporting
gqg’ts from 62-550 FAC

-




Inforr-n‘rb public of dangerous
conditions

Verify compliance

Collect data on emerging contaminants
of concern

Determine program effectiveness




‘mjﬁoriﬂ'g Points

Beginning of Process

Mlent monitoring)

CWithin treatment

ProCesses

End of treatment
processes and
distribution system




'a;neters Monitored

emlcal

numeric standards for contaminants or
oth ameters

PhyS|

eric (flow, temperature, turbidity or narrative
(objectlonable color, taste)

Biological

Presence (total coliform, fecal coliform)
Radiological

Presence (gross alpha monitoring)




‘ -
Florida
ﬁ%ry and Secondary

g Water Standards

Drin
and

Other Regulated Parameters




Regulated Contaminants

' Table 1 MCLs for Inorganic Compounds
Table 2
Table 4 MCLs for Volatile Organic Contaminants

Maximum Residual Disinfectant Levels

Table 5 MCLs for Synthetic Organic Contaminants
Table 6 Secondary Drinking Water Standards
Table 7 Monitoring Frequencies and Locations
Table 8

Initial and Routine Monitoring Schedule



SDWA
- Curre NumbEL of Regulated
minants by Category

M of Regulated Contaminants

Inorgaﬂ (10C’s) 15
Synthetics and Volatiles

(SOC’s and VOC'’s) 51
Radionuclides (RAD’s) 4



Inorganic Contaminants and their
_—
um Contaminant Levels (MCLs)

MCL (mg/l)

%ammant
rsen

Discovered
by Dr Black
at UF

Asb

Fluorl

Mercury

Nickel

Nitrate

Nitrite

Total Nitrate+Nitrite
Sodium

0.010

y Million fibers per liter

7 (MFL)

40
0.002
0.1
10

1

10

160

2.01In FL




nd Synthetic Compounds

Selew MCL  Select Synthetic

Alachlor

7 A me Regulated
Vo

Vinyl Chloride . Diquat
Trichloroethane . EDB
Benzene _ Heptachlor

Removed by aeration




e

_ : ‘Juhe ‘Residuals

“- MCL in FL
COntarfrga?. MEDL (mg/I)

Chlori 4.0 (as Cl,)
Chloramines 4.0 (as Cl,)
Chlorine Dioxide 0.80 (as CIO,)

NH,CL + TOC = no DBPs




fidary Regulated Contaminants
(@plies' to CWS)

ontaminant MCL (mg/l)
' 250

250
TDS "\ 500

Copper = 1.0

Fluoride 2.0

Iron 0.30 > .30 causes red water
Manganese 0.05

Silver 0.1

pPH 5

Color 15 cu \

Corrosive Scale




M Contaminant Levels

- 'sinfegLon Byproducts
-
gntaminant MCL (mg/l)

Total Trihalomethanes 0.08

Hal Ic Acids (Five) 0.06
Bromate 0.010
Chlorite 1.0




7 -
s "‘Wl_onitoring
“_‘ ana
Reporting

-




DA Rule Applicability

‘ PWS Systems

CC Reports CWS

SWT P Notification PWS
Phase I* TNC

Arsenic CWS/NTNC
Phase 11 "NS/NTNC .

Radionuclides CWS
LT1IESWR Subpart H

4
Lead/Cu CWS/NTNC < 10% pop

S1DBPR  CWS/NTNC SWR™™ PWS (gw)
Filter BRR  Subpart H Radon™** CWS (gw)
& filter plants S2 DBPR**  PWS (gw)

Phase |IB CWS/NTNC
Phase V CWS/NTNC

* PWS for Nitrate & Nitrite ** Upcoming rules =




lalland Routine Monitoring

‘GWS & NTNCWS

arameter Frequency/Application

Oim Every 9 Yrs
Nitrat Yearly GW

Quarterly Subpart H
Microbiological Monthly Multiple Locations
CL and NH2Cl Monthly at Coliform Location

THMs and HAA5s <500 Yrly; Warm Mo
=500 Yrly GW, QTR Sub H

>10K 1/QTR GW, 4/QTR Sub H

20




lalland Routine Monitoring

- Jfor CWs & NTNCWS

Frequency/Application
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




mmlant’e Cycles

ear cycle - Three year compliance

perio si‘]
Largg‘ste s 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.




~I | -
. S ic State Requirements
“that Water Treatment Plant

@Dators Must Know




be IC Rules and Reqgulations that
lant Operators Must Know

hapter 62-550
ards, Monitoring, and Reporting
) 55

Permitting, struction and Operation and
Maintenance of Public Water Systems

Chapter 62-560
Requirements of Public Water Systems that are out of
Compliance

Chapter 62-602
Operator Certification Rule

Chapter 62-699
Plant Classification and Staffing Requirements




3.

logical Monitoring
Iciple DEP Requirements

WS Systems must test for coliform

eﬁg determine compliance.
S

All P“ stems must provide raw sample
fro ch source or each well.

The number of distribution samples is

dependent on the population served.

Provide bacteriological and chemica

analysis results to FDEP postmarkec
10t of following month.

by the




riological Monitoring

’FE‘ to Meet Standards

samples must be taken upon failure in the

S

h.
Repeat ;‘mbs must be taken at site of failure and
at location within 5 service connections upstream and

downstream.

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.




>

nts for Repeat Samples

.

Repeat Samples for Systems with Multiple
Service Connections

Upstream (Coliforms Present) Downstream
- l =
EEEEE & &E&E&EERE
- J ' AN J
Y Original Y
One Repeat Sample Site One Repeat
—
One Repeat

* One repeat sample must be at same site as the positive routine sample.

One repeat sample must be within § service connections upstream.

One repeat sample must be within 5 service connections downstream.

If a fourth repeat sample is required, the system should take the
sample wherever it feels it will help identify the area of contamination.




1emical Constituents

‘eﬂ\lltﬂte Testing

|ent Non-Community Water Systems
must test for Nitrate/Nitrite yearly,
along with quarterly bacteriological samples.

All PV@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/l
Combination — 10 mg/I




1emical Constituents

e‘éd‘ Copper Action Levels

Mmal Constituent Action Level
Lead%n level 0.015 mg/|
Copper action level 1.3  mg/l

All CWS and NTNCWS are covered.

Action levels are exceeded If 10% of the
samples exceed the above.

Samples are based on population served.




1emical Constituents

& Sfasy Contaminants

ranS|ent Non-Community Systems must
emical analyses excluding
Seco & ntaminates in their three year

compliance cycle.

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

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




imum Reporting

o I‘reneﬂ‘ts for CWS

S postmarked by the 10t of the
moni‘l@lowing the reporting period;

Submit chemical analysis results for

Pesticides & PCBs, Volatile Organics,
Radionuclides, Primary Inorganics,
TTHMSs, Asbestos, Nitrate and Nitrite,
Secondary Contaminants.




Lo

Nater System Record

/ ‘Digg Requirements
MWritten reports,
cr lon control
programs, %y

surveys, | be kept at

least 10 years.

Chemical analyses shall be
kept for 10 years.

Records of action to
correct a violation shall be
kept for 3 years.

Water plant operation
reports (MORS) shall be kept
for not less than 10 years.

Records concerning a
variance or exemption
granted shall be kept for at
least 5 years.

Records of bacteriological
analyses shall be kept for not
less than 5 years.




\/ate Treatment Plant
ting Requirements

m Must provide the required DEP certified water plant
%or.
m Plant shall be maintained in good condition

m A hard iu Operation and Maintenance logbook shall

be 0 and available for inspection; all maintenance
and daily testing records shall be recorded.

m Can not modify treatment or source without DEP
approval

m Monthly Operating Reports (MOR’s) are to be kept and
submitted to DEP each month by the 10th.

m Can not operate plant greater than capacity without DEP
approval




reatment Plant Category

'ID‘iws for C and D WTPs

tegory

Description

I i‘ Chemical Preparation

1

Demineralization

—lltration w/ Primary
Treatment or lon Exchange

IV

Primary Treatment, Aeration
and Stabilization

V

Disinfection Only




DEP WTP License

- Requirements

B

Water Treatment Process

Class A

Class B

Class C

Class D |

Category 1: Chemical preparation with filtration
including me softening, coagulation, direct filtration.

5.0 MGD
and above

1.0 MG
up 1o
SO0NG

up to
1.0 MGD

None
at this
leve

Category Il: Demineralization including reverse
osmosis desalinization, electrodialysis, and ultra
filtration.

6.5 MGD
and above

1.0 MG
up 1
6.5 MGD

up to
1.0 MGD

None
atthis
leve

Category lll: Filtration (other than category Il)
including primary treatment or ion exchange.

E0NMGD
and above

2.0 MGD
up
8.0 MGD

up to
2.0 MGD

None
at this
leve

Category IV: Primary Treatment (includes aeration,
stabilization, and disinfection).

None
at this leye

10 MGD
and above

0.1 MGD
up to

10 MGD

Upto
0.1 MGD

Category V: Disinfection only

None
at this leve

None
1 this level

25 MGD
and above

Up to
25 MGD

Lead Operator Must have License shown:




taffing Requirements
-\/\\V e

1 Il IV

ISi Below 0.25 {0.1to 1.0
and 1 visit/ MGD MGD
weekend f‘

Total hours/ 2.4 1.8 1.2
week

1 hr. ea. Day Less than | 0.1t00.25 |0.25t0 0.5 |1.0to 3.0
and weekend 0.1 MGD | MGD MGD MGD

3 hr. ea. Day 0.1to0.3 |0.25t00.5 ([0.5t01.0 [3.0t05.0
and weekend MGD MGD MGD MGD

6 hr. ea. Day 0.3tol.0 |0.5to1.0 [1.0to 5.0 to 10
and weekend MGD MGD 2.0 MGD MGD




ey -

e - :
' Ing Requirements
-

3 visits/week on nonconsecutive Less than
days for total of 0.6 hours/week 0.1 MGD

3 visits/week on nonconsecutive 0.05 to

days for total of 0.3 hours/week 0.25 MGD
2 visits/week on nonconsecutive Less than
days for total of 0.2 hours/week 0.05 MGD

with no more than 5 days
between visits




- ater System

(2 m’[j Requirements

[ new community water systems (CWS),
WS and NTNCWS that grew to
CWS status through facility expansion.

Cd‘ﬂruction Permit from FDEP and
demonstrate financial, managerial and
technical capacity.

Have required operator license

Have capability to conduct monitoring and
reporting




Distribution System
equirements

-%n 20 psi in distribution system at service

lon except for break or extraordinary
conditio‘r(\?‘

N Docum‘ program for exercising all system valves

m Must have guarterly dead-end system flushing
program and as necessary from complaints

m > 350 people or 150 connections
— must map locations of valves, fire hydrants and facilities

— must have Emergency Preparedness Plan for system,
— and have minimum of two wells and backup generator




OH Guidelines for
“e‘%itionary Boil Water
. (PBWN) Notice




of Problems Resulting

‘m PBWN

icrobiological
Zero oMative Pressure

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

Water Main Breaks or Interruptions
Flooding of Wells




med Microbiological

. ‘ Problems

resumptive test is that Total Coliform

The Confi tion test Is the confirmed

pres of fecal indicator such as E coli or

other fecal bacteria such as colip
Boil water notices must be issuec

nage;
ASAP but

no later than 24 hours after resu

ts;

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 ClI.

42




éw‘kﬁle‘a’rance Samples

|re two satisfactory days of sample
re u WN may be lifted after first
set cmtl ent on second set)

Two consecutive sets of repeat if
second set Is positive;

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




Pipeline Additions to

i3 memcm Systems

%have DEP permit
St provide a horizontal separation of 10’

from sanitary sewer pipe

Must maintain 12” vertical separation
between sanitary, storm and reclaimed
pipelines

Must maintain 1 full length centered of water

pipe to ensure joints are farthest away from
Intrusion points.

WM

@ aeeeees s s—




Disinfection

IRWrr}entsr

a free chlorine residual of 0.2 or

comblne h

orine residual of 0.6 mq/I

thre‘mut t

ne distribution system.

Provide an a
kit and daily

oproved DPD “free chlorine” test
checks 5 days per week

Chlorination facilities with a daily demand of
10 Ibs./day or more must provide gas
chlorination with automatic switchover.




reatment System Facility
nance Requirements

Inspect storage tanks with access every
5 years

Must ab“itate tanks as needed using

approved coatings
Must clean sludge accumulations yearly

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




anitary Lgveys Requirements

rrently cover Subpart H Systems and are
1ed every 3 years for CWS and 5 years for

NCWS bﬁp
On-sitwa uation

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




o O
. Filtration

B




litration

he process of passing water through

ateriaksuch as a bed of sand, coal, or other
granular substance to remove floc and

particulate impurities. Impurities include:
Suspended particles (fine silts and clays)
COLLOIDS

Biological forms (bacteria and plankton)
Floc




Sedimentation on media

Adsorpi' n Gathering of particles on the

surface of the media or
Interfaces

Biological Action Break down of organic material
by bacteria that cause a mat to
develop that stains particles

Absorption Soaking particles into the

body of the media by molecular
or chemical action

Capturing particles in media
pore spaces

Straining




o »
.fr Filtration Types

F
vity Filtration = 3. Diatomaceous Earth
Filtration

Du a (sand and Precoat Filtration
cite coal)

Multi or Mixed Media
(sand, anthracite coal,
and GARNET)

2. Pressure Filtration 4. Slow Sand
Mixed Media




Eange Tonic MMolecular Idacro kMicro Particle Idacro
ITlolecular Farticle
Tdicrons 0001 0.01 0.1 1.0 10 100
]
MMolecular
Weight oo 10,000 100,000 500,000
Criardia
Zize Fange Dhissolved Orzanics ) _
Of Selected Bacteria
Water YViruses
Constituents —— -
Sand
(e lloids
=alts
1 Cryptespoeridium
Farticle Filtration -
: : Flicro Filtrgption
Filtration or
Tdembrane
Frocess TTltra Filtratilen
I Filter Applications

Eewver

se stmosis




- olids Removal by
’G‘ and Pressure Filtration:

wmate Matter

Flocs fmd by Coagulation
Calcium Carbonate and Magnesium

Hydroxide Flocs formed in Lime Treatment
Precipitates such as Iron and Manganese

Some Microorganisms (effective removal
depends upon effective chemical
disinfection)




-f' g |ty and Pressure

/fr tion Processes

. etlonal Filtration

= Filtrationis preceded by coagulation,
flom‘tlon and sedimentation

Direct Filtration

Same as conventional filtration without
sedimentation




Filtration

Sedimentation

Basin Filters

Note: Basin

Needed if Source Clearwell

Water Turbidity
>5NTU




Direct Filtration

Filters

Can be Used If Source

. Clearwell
Water Turbidity <5 NTU

(with Coagulation)




7 - VA‘ ' 1\ /i
~ Methods of Classifying
ra\ ty‘and Pressure Filters

by
Loading Rates
-

Media
Depth
Stratification
and

Head Pressures
(1 MGD WTP Comparison)




General Properties

o ‘thratl’c')n VEGIE

‘&se enough to retain large quantities

of ﬂoc'i,.

Suffieiently fine to prevent passage of

suspended solids

Deep enough to allow relatively long
filter runs

Graded to permit backwash cleaning




a Configurations for

,;.» vﬂ?’ﬁlters

Rapid Sand Dual Media Mﬂumaia
o P e ﬁ
. -'.':.-'.'_:'_'_'. J" g;}_ rﬂh \_‘
LR qsin Cnarse CDE|1B”2 in. Cnarse Coal
spagr=1.6
/S

{, Medium Sana | Lgi%“g}m ﬁ e

nar= 26
T v - i .

9in Medium Sand

5'?9? =26

5-18in.

Fine Garnet
spgr=4.2

spar=26

Filter Media Configurations

'Iﬁ

=

Grave| 3

Single media (sand)

Dual Media (sand
and anthracite)

Mixed or multi-
media (sand,
anthracite and
garnet)




ledia Characteristics
—_—

Size Spec | Depth | Flow | Flow
"0l Grav| @ | Type

Slow Sand [ 0.2 2.6 36 — 48 Gravity

Rapid Sand Course Sand sh — 1.0 2.6 24 — 36 Gravity

Dual Media Anthracite 0.9-1.2 18— 24 Gravity
Sand 0,4 —0,55 . =10

Mixed Media Anthracite 09-1.2 16.5 Gravity
Sand 0,4 -0,55 5 9
Garnet 0.2 J 4.5

Diatom. Earth Diatomaceous 0.005 to 1/16 to 1/8 Pressure

0,125 or
Vacuum

Pressure All Media Application Pressure




edia

Size
(Unifor
Media Distribution

Loss of Head

Cycle Time
Penetration of Matter

Cleaning Method

Wash Water Used

Pretreatment

Chlorination

Raw Water Quality

Hydraulic Type

ﬁ 2 gpm/sft

gravel
0” sand
Permanent
.35 t0 .80 mm

. C<1.7.

ifiad

< . initial
9 ft. final
To 200 hrs.

e

Deep Vertical

Backwash/expansion

> 1%

Coagulation
Flocculation
Sedimentation
Always

High Turbidity
High Color
Moderate Algae
Gravity Flow

_—

Slow Sand

.06 gpm/stt.
11,000 sft.

12" gravel

42" sand to

12” after ultimate use
.20 to .40 mm
U.C.<25

Unstratified

0.2 ft. initial
4 ft. final

60 days
Shallow

Surface Scraping of
Schmutzdecke

<0.6 %

None

Sometimes Aeration
And/or Presettling
Always

Moderate Turbidity
Low Color
Moderate Algae
Gravity Flow

Diatomaceous Earth

or Pressure Filter

1 gpm/sf
700 sft.
1/16 to 1/8” surface

Recoating Required
.01 to .20 mm

Unstratified

2 psi (5 ft.) initial
30 psi (70 ft.) final
To 40 hrs

Surface

Air Bump/Backwash

< 1%

None, sometimes
Aeration, Presettling or
micro screening
Always

Low Turbidity

Low Color

Low Algae 14
Vacuum or Pressure




a [ype, Backwashing Frequency

ﬂr | Maximum Loading

Rate

Jual and Multimedia Filters allow more
me between Backwashing and can
han gher flow rates through the

filterwith the same removal efficiency.

Sand Only PG
Dual or Multi-Media 4 G
Deep Bed (depth > 60”") 6 G

PM/sf.
PM/sf.
PM/sf.




e

. fr";onTponents

Filter media

Und@rain

Washwater trough/ Backwash trough
Effluent Chamber
Scouring Mechanism




¥ ’i‘
ta
=

BACKWASH
WATER
TROUGHS

FILTER
MEDIA,

MEDIA
SUPPORT

LUNDERDRAIN

.
s,
S,

- s

o
‘*‘-:;::b‘ . | A
,r"' HEADER
]_ ; FLUME

3
'l..‘::.'l. o

&/

S FILTER

",
Sl 2

|' AR
DISTRIBUTION




hose and Types

" ‘Jndem‘rains

Distribute the water for backwas

scouring

of

ning and air

Common types of underdrains include:
e High-density polyethylene underdrain block
 Plastic nozzle underdrain systems




ter Operation

Water
to be hiltered

|

L 3ackwash water
Valve trough

Air valve
/ Flow
controller
Mctor

' I Filtered
i ‘ water
— | —
a-oc:woshJ Sand j LFilfer éUﬂderdruin Flow

Flow
waste valve support floar sensor  control
medwm

valve
(uswell
grow.-ly

Bockwaosh
water volve




d Loss Control

Materials collect on
surface raising head
pressure and filter
must be
backwashed

Generally 8 ft head
max. allowable loss

R | Some Systems also
use Turbidity Meter

20







Filter Bed Expansion

Sand Filter ~40%
Multimedia ~25%

Wash Water Trough Deep Bed ~50%

Expanded

15 to 20 _ . o Unexpanded | Media

gpm/sft Media

Gravel Bed

Backwash
Influent




Scouring Considerations

ose Is to dislodge deposits

“ from media surfaces

Airg:‘r Surface Water Scour

-

Run during backwash Fixed or Rotating Arm
Stops before bed is fully

expanded to prevent |
media loss Also used during

Stop and run Backwash back_wash to clean
2 min to restratify bed media

Break up Surface Mats




Filter Intluanit

Wash-%YWater Drain

I"'I3 Filler 10 ¥Wasies

Walar

Cparating Level

. "
E =Urace
Wash

Sy

.
I W Effluent

-
o Waste On-Line Twrbidimeter

Valwe Position During Filtration

Fifte ning
Irfluerit Opan
Effluant Owpan
Filter to Waste Closndd
Wash-Watar Supply Closad
Wash-Water Drain Closad
Suface Wash Supply Closad

Backwarsiung
Closad
Closad
Closed
Dipen
Cpen

e

Flifan ng Wastia
COhaan
Cilosaid
Cipean
Closad
oS

ST |




7 ’wash Parameters

aIIy at about 24 hour intervals

Rate: 1?@11/ft2

Bacﬂﬂshmg Duration: 5 - 10 min.
Filter to waste for 3 - 5 min.

Water used for backwashing: 2% - 4% of
filtered water




) | g ’_u 3
o’ estion:
M the backwash water value to fast

will surg!%e filters and cause...
Damage to the underdrain

Damage the media
Media to be displaced
All of the above




“
ﬁo nizing and Correcting
liter Problems

-




Causes of Poor

‘rtgr Performance
Problems: operational, mechanical
rh%tfailure, media failure

Tur rrors: calibration, air
bubbles debris

Chemical Feed Failures: coagulant,
coagulant aid, filter aid

Poor Water Quality: increased turbidity,
algae




dentification of Filter

B '
7 « _ Preblems
Mu S — Formed by chemical deposits of

%during backwashing (leads to coating
cﬁﬂrfaces)

Surfa cking — Caused by compressible
mat round media at surface

Media Boils — Caused by too rapid of
backwash and displaces gravel support below

Air Binding — Caused by excessive headloss
(infrequent backwashing) allowing air to
enter media from below







:,"'a?’ jity Filter Troubleshooting

s -

#

Problem
@_formaﬁon in the filter bed.
Cause hec;-hn

la

Poorm
Poor Sedimentation
Improper Backwashing

Solution
Correct coagulation and sedimentation problems

Adjust backwash cycle




rface Cracking in
_a Filter

Retraction:

Filter Media Separation
along wall.

Filter Cracking:

Cracks on the Filter

» 12 inches long or SUEEe-

» Y4-inch wide or . -l

L1

» Y2-inch deep. 2= @ \\




Gravel Movement In
Media Bed




19 Filter Breakthrough

-

oD =

Conents \
\h'“ Tk by
. ey
/ .
B

200 & A6

wj:j*jwlL M A |

-
« 25-4.0 um counts
indicate filter
r*l breakthtough 5-10
hours before _
H | turbidity
0 Particks ‘. wY

| L]

EI b

Filter Process
Control

e Head Pressure

e |ncrease In
Turbidity



S Of Temperature on
3ackwashing
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er Backwashing

wogtingr
Prr le
oils, Media Loss, Surface Cracking, Air

Binding llure of the filter to come clean
during&ck ash.

Cause/Check

Improper backwash flow rates, surface scour
rates or duration.

Solution
Backwash flow rates
Adjust surface scour rates
Change duration of backwash cycle.




‘Id\pﬁr cation Filters

wsand for Iron Removal
Activ arbon for Organic Removal




wsand added to filter media

Greenafi IS a Natural Resin specific to
Iron and Manganese

Regenerated by adding potassium
permanganate until pink color is
achieved




tivated Carbon Filtration
ste.and Odor Removal

%d at flash mixer in coagulation
or ce'si(?é/ahead of conventional filter

usin_p“

or wet slurry

Dry Feeders used for batches and Slurry
feeders used for continuous feeds.

Effective at doses from 1 to 15 mg/| for
taste and odors but > 100 mg/I for THM
or precursor removal




aular Activated Carbon

’qu’Taste and Odor

as a separate media layer or as a
conta@s‘ following filtration

Requires 10 minutes of contact time

with filter media

Process control checks include check for
microbes, head loss, turbidity and
taste/odor removal.




Sand Filtration




Control
. “WValve

Finished : LG E:Fﬁ&i; R
HNIH[ ] [ -\._. e 15 __%:_“_-“:_ 3
: Y ol T N AT
R R T R T e p.mﬁum

Ur.lijerr_‘_ dimns

SLOW SAND FILTER




 Benefits of
Slow Sand Filtration

Effﬁti In reducing disinfection by-

product precursors

Effective at removing Giardia
Require very little operator attention
Very Reliable




| f Filtration Operating
Pjram'eters
"‘l-r idity of less than 10 NTU.

ﬁ less than 30 units.

Algae of less than 5 mg per cubic meter
of chlorophyll A.




o' low Sand Filtration
~ Considerations
@t_o 100 times slower than
on\/‘%)nal filtration.

Reguires smaller sand particles (smaller

pore spaces), effective size 0.25 to 0.35
mm, with a uniformity coefficient of 2
to 3.




and Filtration Start-up and
ing Considerations

mp may take as long as 6 months to
e Initial biological mat

(Schmutz

ke).

May pﬁorm poorly for 1 to 2 days after filter

cleaning, cal

Because of t
cleaning anc
needed.

ed the “ripening period.”
ne length of time required for

ripening, redundant filters are

Filter must always be submerged to maintain
biological mat

46




and Filtration Head Loss
~Considerations

itlal headloss iIs about 0.2 feet,

maxim&g

Head"loss should be no more than 5
feet to avoid air binding and uneven
flow of water through the filter medium.




The normal length of
time between cleanings
IS 20 to 90 days.

Cleaning involves

scraping manually 1 to
2 Inches and discarding
the sand.

New sand should be
added when sand depth
approaches 24 inches,
approximately every 10
years.




_.ol" "
& ‘ R
‘ﬁessure Filters

-




8 Fllter & Schematic
—

Pres=sure Filter -




aceous Earth Filtration

-
omposed of siliceous skeletons of microscopic plants
-

- Skeleto gular in shape therefore particles interlace and
overlay in.a random strawpile pattern which makes it very
effec




omaceous Earth Filtration

e

', ‘Tc—\‘oat-Considerations
Difficulty In maintaining a perfect film of DE

it least 0.3 cm (1/8 in) thick has
disc ed widespread use except in waters
withslow turbidity and low bacteria counts.

The minimum amount of filter precoat should
pbe 0.2 Ib/sft and the minimum thickness of
precoat should be 0.5 to enhance cyst
removal.




iatoma eus Earth Filtration
lant Enhancement

‘“_se of a alum (1 to 2% by weight)
or cationic polymer (1 mg per gram of

earth)ito the body feed improves
removal of viruses, bacteria and
turbidity removal




Dlatomaceous Earth Filtration

Lo

’ ‘)(y Feed Considerations
%tiﬂgjs pody feed Is required because the

filter cake Is subject to cracking.

Lack of body feed increases headloss due to
buildup on the surface.

Body feed rates must be adjusted for
effective turbidity removal.

Filter runs range from 2 to 4 days depending
on the rate of body feed and media size.




aceous Earth Filtration
eed Considerations

In!e|| rrup’o& of flow cause the filter cake to

fall offﬂe ptum.

Precoating should be done any time there are
operating interruptions to reduce the
potential for passage of pathogens.

The use of the finest grades of diatomaceous
earth coating will increase the effectiveness
of the process to 3 logs bacteria removal and
98 percent removal for turbidity.

55




L
@a&ndﬂ Cartridge Filter
Technologies

-




#
F

Bag and Cartridge Filter

‘)aﬂing' Rates

generally for polishing flow into RO unit
SN c‘niccommodate flows up to 50 gpm.
As thesturbidity increases the life of the filters

decreases; bags will last only a few hours
with turbidity > 1 NTU.

Operate by physically straining the water
Can operate down to — 1.0 micron



' Ii ation of Bag and Cartridge

| as Finishing Filters

conventional or direct filtration
plant t!}Us on the borderline of
compliance installing bag/cart filtration
takes the pressure off by increasing the
turbidity level to 1 NTU

Increases public health protection by
applying two physical removal
technologies In series




Wr;)ductlon to Water
' Treatment




“Early Eiltration & Disinfection of
Water Supplies

S

Hippocrate - | Germ
s: boil and theory of
strain water | 8 | disease

of a well in
London

Cholera tied to
contamination

Microscopic
Identification of
Bacteria

Chlorination to
prevent “child
bed fever”

Bacteria
adopted as
Indicator of
fecal
contamination?




” "Development of Filtration &
~ Disi n in US Water Treatment

Poughkeepsie NY

-

Filtration System

1900

State and
county
programs
emerged

Large-scale
chlorination
Jersey City,
Albany, Elmira
Poughkeepsie

Typhoid
iIdentified In
contaminated
water in England

Filtration In
Philadelphia




Treatment Technigues

'qﬁtelﬂi-al |nactivation

nd Filtration (no backwash)

Large ds with relatively slow filtration rates that
stral ticles

Particles are removed by sieving and organic action

Disinfection

Chlorine added to drinking water in very small
concentrations




’ | arly Success in Drinking Water
£ ‘f:wn With Typhoid
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Gas'ﬂnteritis

Glardiasis
Hepatitis
Typhoid




rom Cultural Changes in US

Urbanization

Discharge from septic tanks,
storm and sanitary sewers

Industrialization

Discharges of metals and
chemicals

Production of nuclear material

Intensive Farming and Agriculture

Pesticide and fertilizer use

Feedlots and meat production




S of Contaminants, Some

aples and Sources

Contaminant

Examples Source

Sewage treatment
Microbial Cryptosporidium, | plants, septic systems,
Contaminants [E. cofi, Norovirus | agricultural livestock
operations, and wildlife

Maturally occurring or
result from urban
stormwater runoff,
industrial or domestic
wastewater discharges,
soil and gas production
and mining or farming
Water additive for

inactivating microbial
contaminants

Inorganic
Chemical
Contaminants

Arsenic, Copper,
Fluoride, Lead

Chlorine,

Disinfectants Chloramine

Disinfection Trihalomethane, |Byproduct of drinking
Byproducts Haloacetic acid water chlorination

Agriculture, stormwater
runoff, byproducts of
industrial processes
and petroleum
production, gas
stations, urban
stormwater runoff, and
septic systems

MNaturally occurring or
result from oil and gas
production and mining
activities

Organic Pesticides and
Chemical Herbicides,
Contaminants |Benzene, Toluene

Radioactive

Contaminants |Radium, Uranium




yatE'F Treatment

Chlorination

Surface Water contains Clis a very strong

Oxidant that destroys

orgenee integrity of Bacterial
Turbidity Is Cell Wall

representative of quality Highly effective for low
Graded sand provides turbidity water

effective removal Residual provides
evidence for continued
effectiveness




Monitoring and
Compliance:
Detecting and
Fixing Problems

53,8 Risk Management:
oy # Treatment Methods
- and Efficiencies

: Individual Action:
i) ¢ CONSUMer

: mﬂ*l'

;:' — . Awareness and

il Participation




3.
-’r ole as'an Operator

F 2

asponsible for the operation of the water
Syste

Corr n of any problems that make the

™

water unsafe
Monitoring the water for contamination

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







irface Area of a Tank

.

..

umference * height

@K




mine Area of the

p of the Tank

-
s

SURFACE AREA OF THE CIRCLE

RADIUS =20 FT

Area = T * R?
=3.14*20* 20
=1,256 SQ FT




b ‘." ‘rmine Area of the
/;’ es of the Tank

A LATE THE SURFACE AREA OF THE SIDE

»

AREA OF ARECTANGLE:
AREA =L * W (or H)

In this case L = circumference
AREA =n * D*H

AREA =3.14 * 40 * 20 = 2,512 ft?




e the tank has a radius of 20 ft
and a I%q ht of 20 ft and both sides are
to be painted.

From previous:

Area of Top = 1,256 * 3 (both sides of top and
bottom inside) = 3,768 ft?

Area of Sides = 2,512 * 2 (inside and outside)
Total area to be painted = 6,280 ft?




\olume of our Tank?

A .
PSRN | 256 ft2

O ft

B R H = 25,120 ft3

@K




of Water

-
ol

8 gal =1 cu ft

-




viany Gallons of Water
' ank Hold?

E

Fr_ - fofmula sheet
cft =7.48 gal

Area =1t X F

e

"Determine # Gallons in a 25,120 ft3 Tank

R = 20 ft
Gallons in Tank = 25,210 ft3 x 7.48 gal
ft3

= 187,898 Gallons

Vol = Area x Height




( ’3ty15'f Water
ﬂ_m(

,‘ 8.34 LBS = 1 GAL




Ga‘c@Poﬁnds Example

8.34 LBS / GAL

Determin‘unds of Water in a 187,898 Gallon Tank

Gal of Water x Ibs/gal = Pounds of Water

187,898 gal x 8.34 Ibs/gal = 1,567,066 Pounds




' &r Overflow Rate

dlng Rate = Filter GPD/Foot of Welr
- Load i@ooo gpd
- Diameter = 40 ft

Circumference =t * D =3.14 * 40 = 125.6 ft

Weir Overflow Rate = 150,000gpd/125.6 ft
= 1,194 gpd/ft.




‘Cc’)—‘ration'of Chemicals

ﬁentration of Chemical PPM = mg/I:

1 Pound Wemlcal Added to 1,000,000 Ibs of Water

10 Pounds of chemical are added to 1,567,066 pounds of
water. What is Concentration in PPM and mg/I?

10 Ibs chemical or 10 Ibs or 6.25PPM
1,567,066 lbs water 1.6 M Ibs




4 ning Height of Water

T

with Pressure Gauge

— .31 feet

"~ Given: 20 ps
Needﬁ. of water

20 psi X 2.31 = 46.2 feet of head
And about 48 ft from the ground

PSI t




CON mTION MAY ALSO BE REFERED TO AS

DOSAGE.
1 ppm =1 mg/I
1% = 10,000 ppm
Given: 1.4% Solution

Need: Parts per Million
1.4 X 10,000 = 14,000 PPM




ate Hydraulic Loading

‘;)f Tank

IC Loadlng Rate, gpd/ft> = Total Flow Applied, gpd
Area, ft?

Given: Load of TIMGD and a tank 50 ft in diameter = © x R? find
the HI:‘ ft/min.

HLR = 1,000,000 gal x 1 = 510 gpd/ft?
day 3.14 x 25 ft x 25 ft

= 510gal x f x 1lday X 1hour = 047 ft/min
day x ft>  7.48 gal 24 hours 60 min




-
-’r > Flow Problems

F 2

e ULATE FLOW IN A PIPELINE

Qﬂ: velocity (fps) X Pipe Area (ft?) = VA

0 24 v=21ps

. Pipe = 24" DIA
Q=2ft/sx3.14x1ftx1ft Find Q

Q =6.28 ft¥/ sec




-

al

-
=  TANK CAP. (GAL))
RATE OF FLOW (GAL/TIME)

-
-

100,000 GAL/HR

300,000 GAL
100,000 GAL/HR

= 3 HOURS




n Time Calculation
-

the detention time in hours for a 30-foot diameter circular
flow is 0.5 MGD. The clarifier is 8 feet deep.

Detention Time (hrs) = Volume
Flow
Volume = .785 x Diameter? x Height
= .785 x 302 x 8
= 5,652 ft3

DT = 5,652 ft2 x day X 24 hrs x 7.48 gal
1 500,000 gal 1 day 1 ft3

DT = 2.0 hrs




ay per Million Pounds of Water/Day

= mg/L = POUNDS OF CHEMICAL/DAY
(8.34 LBS/ GAL * MGD)

PPM=mg/L= 1Ibs Xx gal X day
day 8.34 Ibs \Y[€




Cal Dose Calculation
Example

2
PER MILLION = mg/l

= POUNDS OF CHEMICAL PER DAY
(8.34 LBS/ GAL * MGD)

CL,/Day
Dose=121bs x gal x day

day 8.341Ibs .75 MG

Dose = 1.9 PPM = 1.9 mg/I




cal Dose Wheel

-
-low X Dose x 8.34

. . Feed (Ibs/day)

Flow (MGD) g 34 (1ps/gal)

Dose (mg/l)




cal Dosing Example

LS
4 -eed OW X Dose x 8.34

»

Te——

Dry Alum dose from a Jar Test has been
determined to be 10 mg/l. Determine the setting
Feed (Ibs/day) on the alum feeder in pounds per day for flow of 3
MGD.

Feeder Setting (lbs/day) = Flow (MGD) x Dose
Flow (MGD) = 8.34 (1bs/zal) SRS NN LYW

Feeder Setting = 3 MGD x 10 mg/l x 8.34 Ibs/gal
Feeder Setting = 250.2 Ibs/day

Dose (mg/l)

Cover the Variable Desired

Divide Top by Bottom or Multiply




E

J ;‘:r [:i ,

) treated with a 20% solution of hydrofluosilicic acid
e purity of 79.2%. The water to be treated contains

ne desired fluoride concentration is 1.8 mg/Il. Assume the
MO QO eighs 9.8 Ibs per gallon. What should be the feed rate

ydrofluosilicic & alculate the feed rate in lbs/day and gal/day.

lon Example

Feed = Flow x Dose x 3.785

Feed (Ibs/day)

Note: In this problem the dose quality
has to adjusted. It comes from a 20%
solution and is only 79.2% pure.

Flow (MGD) 8.34 (Ibs/gal)

Dose (mg/l)




ridation Example

IS t‘e treated with a 20% solution of hydrofluosilicic
ains a fluoride purity of 79.2%. The water to be treated

contains no fluoride and the desired fluoride concentration is 1.8 mg/I.
A hydrofluosilicic acid weighs 9.8 Ibs per gallon. What should

be the feed r f hydrofluosilicic acid? Calculate the feed rate.

Feed (Ibs/day“ Flow x Dose x 8.34

(Acid solution) x (purity)

Feed Rate =4.0 MG x1.8mgx 8341bs x 1 x 1
(Ibs/day) Day | gal 2 792

Feed Rate = 379 Ibs acid/day

What is the feed rate in gallons/day?

Feed rate, gal/day = feed rate, |Ibs/day = 379 Ibs/day = 39 gal/day
chemical sol'n, Ibs/gal 9.8 Ibs/gal

24
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@ Drinking Water Act




fnment Regulation of
Ing Water in US

Regulation Early
as local Early State Federal
health issue || regulations involvement

Early1800’s 1914 1925
Early 1970

SDWA and
amendments
enacted —>»

Early recognition of
water-disease link




éf‘king Water Act 1974
W s for paSS&lgi SDWA enacted
Nnc ease‘%oncern and awareness

Incons'ﬁen tate Requirements ~ DPecember 16,1974

Development of Standards
Scientifically Based on Health Impacts
National Enforceable Standards

Required Water Systems to Monitor to
Ensure Compliance




Drinking Water Act
. Contents

stablished National Primary (Enforceable) and Secondary
er Standards (Recommended)

Regulatioi 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

Requires Licensed Operators




e

,fsfriakin'g Water Act

%FPA authority to set drinking water
S rds in Three Ways:

Max'mn Contaminant Level Goal (MCLG) (Secondary
Standards) Note: all are MCLs in Florida!

Maximum Contaminant Level (MCL) or numeric standards
(Primary Standards)

Provided for Treatment Techniques (TT) for Surface
Water Plants

5




SDWA Contaminant Monitoring

&

%jcals (Inorganic)

PesticiMOrganic)

Bacteria and Viruses (Micro-organisms)
Radioactivity
Turbidity

Trihalomethanes (Disinfection By-
products)




y "86 SD)/_,VA Additions
| -,

mn of the NTNC category of water
Sy l..

Organi¢"Chemical Monitoring and Detection
Added

Surface Water Treatment Rule provided for

Higher Filtered Water Standards (NTU
requirements)

CT calculations for Giardia (Birds) and Viral
Inactivation ’




aterand Federal Regulations

7 N‘ir@rs F?é'g'julated:
Plans and Specifications for Water Systems

350 customers

Plans

Backup Generation

Sanitary Surveys Required
Training for Operators Required

PWS Permit System Revised and Incorporated

8




Efg of 1986 Amendments
-, (continued)

ound water under the direct influence
“ must meet Surface Water

Standa Icroscopic Particle Analysis)
Public Notification for CWS (Tier 1, 2 & 3)

More stringent coliform monitoring
requirements added for all PWS

Lead/Copper and Corrosion Monitoring




’ - .
C-

Publi¢ Water System (PWS)

Designations




latory Distinctions Between
Vater Systems

-_—
Water Systems

L \ |
Not A Public Water System Public Water System
—_ !

| |
Community Water System NonCommunity Water System

I |
NonTransient Transient
NonCommunity Water NonCommunity Water
System System




| PdWVa}er System (PWS) i':
@ or the provision to the public of

water&a as at least fifteen service

connections or regularly serves an average
of at least twenty-five individuals

daily at least 60 days out of the year




| y}Vate-F System (CWS)

ublic water system that serves at

1§?s;rvice 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.




o

| ougity Water System (NCWS)

Ly

,%ub.'lic water system that is not a
Ity water system.

Theresare two types of non-community

systems (based on the length of
exposure of the consumers to the
water): transient and non-transient.




ansient Non-community Water

S'ys‘QTyCWS)
w water system that is not a community
wat put that regularly serves at

least 2“ € same persons over 6 months

of the year.

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

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




lent Non-community Water

7 ' System (TNCWS)

F

%ommunlty water system that does
not re serve at least 25 of the same

|nd|V|dals least 6 months per year.

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

Individual exposure to the water Is very
short-term.




. | ; ’_ 4
§ ’

- "

“Iflc Rules and Regulations of
th fe Drinking Water Act

-

‘ —




- ent SDWA Regulations
| -
Iom&anes (TTHMs and HAASS)
emical Rules (Phases I, II, 1lb, and V)
&_Water Treatment Rule (Turbidity Control)
Total Co Rule (Monitoring Based on Population)
Lead a*Co er 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




finalomethanes (TTHM)
pacetic Acids (HAASs)

Dmon By-Products are Trihalomethanes and
Ha c&&s. They are the by-products of

disinfectants that combine with organic materials
In the

Standard applies to CWS’ and NTNCS’ that use a
disinfectant

TTHM < 80 PPB and HAA5 < 60 PPB based on
RAA (Rolling Annual Average)




al Contaminants
-

lons cover 69 drinking water
Inants, most of which are carcinogens

Applies Ss and NTNCWSs
Cont‘lants cover three types:

Volatile organic chemicals (Solvents)

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

Inorganic chemicals (metals)




%Su‘V)bate‘r Treatment Rule

WS to systems that use surface water
(including GWUDI)

Estal_“es reatment techniques for G/ardia,

Viruses, Legionella, and Turbidity
Requires Disinfection and usually Filtration

Establishes monitoring requirements for
turbidity and disinfectant residuals




‘[ab Coliform Rule

ntrol microbiological contaminants
[l PWSs

Requwes systems to sample for coliform in the
distribution system based on Size

Generally at least 4 samples or 1 per 1000 customers
and representative of water system; Larger Systems
>5%

Presence of coliform can indicate treatment failures
or deterioration of the distribution system

Coliform presence indicate potential of pathogens




Lo

i3 ‘abd Copper Rule

‘untrol lead and copper leaching into

drmkm@s“ater

Applies to all CWS & NTNCW

Requires systems to sample water
distribution system based on size

Must meet Pb and Cu standards based
on 90t percentile (< 10% failure)




e

# ‘eﬂ. D/DBP Rule

TTHMs and HAASs Iin drinking water

EspaEii'si&treatment performance standards

1{0]§ filtriti , enhanced coagulation and

softe
Applies to all NTNCWS and CWS s

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

Number of Samples based on source and
system size




.ong Term Enhanced
ater ITreatment Rule
ITR) and (LTESWTR)

% tlng conventional treatment

system athogen removal

Require dlsmfectlon profiling and
benchmarking

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

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




ufe‘\msh’Recycling Rule

ﬁ_ntrol microbiological contaminants
in plan‘@ycling streams
Appliés to surface water and GWUDI

plants

Requires systems to monitoring filter
packwash frequency and loading rates




e

# ‘e,'a D/DBP Rule
mes Monitoring Plan when Stage 1 > 60
P ‘I‘ﬁmd/or > 40 PPM HAAS

Must__ﬁam Monitoring Plan or Apply for
exemption

Must submit beginning 4/1/2007 or later
depending on size

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




Jperator Certification

. ‘ Requirement
»
EI@ State Role

Publish ONI‘ certification Determine appropriate
and re«__:,"‘ica lon guidelines experience, education

and training

Specify minimum standards .
requirements

for State programs

Apply to CWSs and
NTNCWSs

Certify operators




' Red | onsumer Confidence Reports

wed Annually all CWS

Easy-to%ﬂerstand explanations of
drinking water standards and health effects

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

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




onella (Typhi,
ther sp.)

Typhoid, Paratyphoid,
Gastroenteritis

Shlgellq‘

Dysentery

Vibrio cholarae

Cholera

E. coli 0157:H7

Gastroenteritis

Yersinia enterocolitica

Gastroenteritis

Heliobacter Pylori

Peptic Ulcer




nic Contaminants
_—

-

Probable Source

Health Effect

Aluminum

Dialysis Dementia

Arsenic

'nglution of Rock

Gastrointestinal, Cardiac

Asbestos

Dissolution of Rock and
As pipeline

Gastric, kidney, pancreatic cancer

Barium

Industrial Release

Hypertension

Cadmium

Industrial Release

Testicular, prostrate tumors

Chromium

Industrial Release

Liver and kidney damage




ganic Contaminants
o (cont.)

‘Probable Source

Health Effect

Nickel

Nitrate/Nitrite

ndustrial Discharge

Bone loss, infertility

trial Discharge

Possible carcinogen

Agriculture and Urban
septic tanks

Methemoglobin, possible
carcinogen

Selenium

Industrial Discharge

Liver, fatigue, diarrhea

Sodium

Water Softeners

Hypertension

Sulfate

Natural Waters

Laxative Effects

Zinc

Corrosion

Muscular weakness, pain,
nausea 32




gvaporative) Organic
gom.pounds

nt Constituents Probable Source

m or Benzene, Toluene and | Leaky fuel tanks

Petroleu'nr“ Xylenes (also MBTE)
additives

Halog d Dichlorobenzene, Degreaser
VOCs DiChloroethane, and solvent disposaL

Dichloroethelyne, former use as Septic
Tetrachloroethylene Tank cleaners

(PCE),
Trichloroethylene (TCE)

Chlorinated Trihalomethanes Industrial discharge
Disinfection by-
products

(low odor thresholds)




Organic (Pesticides)
- Contaminants

Constituents Probable Source

DDT, DDE, DDE. Agricultural

Carbamates, i.e.
icarb, Carbofuran,
Oxamyl, Dieldrin.

Organophosphates, i.e.
Diazinon

Herbicides Alachlor, Atrazine, Agriculture, Picloram is
Cyanazine, Dachal, used in ROWSs; Mecoprop is
Dicamba, 2,4,D, used on lawns

Picloram, Microprop

Fungicides 1,2-Dichloropropane, Agriculture
Ethylene Thiourea (ETU)




"/ “Radio Dgical Contaminants

o
E -

of Radiation

Description

Alpha Radiati

(massive | :\%'on
cells)

damage

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

Beta Radiation

(smaller size with less damage to
organs)

Electrons or positrons.

Gamma Radiation
(min. effect at small levels)

Electromagnetic or wave energy
such as X-rays
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- “Sedimentation




Rectangular Sedimentation Basin

Courtesy of FMC Carporation, MHS Division

iy Seum
i Scrapsr
\
1 i
E Scum
—_— :
— ; i '-.T —= Lo
Sludge LOUaSg8e
Pipe ol

Circeular Sedimentation Basin

Rectangular

Achieve Higher
Solids Removal

Less Sensitive to
Short Circuiting

Circular

More Compact

per Unit Space



‘mRatE’ Settling

e Settlers

Increase -e;‘ allow

more S g

Tubes are placed at 60°
angles to allow solids to
be removed by gravity

Currents and Wind are
dampened by tubes

Loading Rates 2 to 5X
conventional

Plate Settlers

Based on theory that
shallow basins provide

same settling as deep

Area Is increased
proportional to the area of
each plate

Use much smaller footprint

Loading rates 5 to 10X
conventional




8s of Sedimentation
ro nd their Applications

*

%ription
Plai Sed'ir‘gtion

-

Coagulation Sedimentation

Reactor Clarifier (Up flow
Clarifier)

Application

Used to remove sand and
course silt lowering turbidity

Follows the coagulation
process to remove floc

Combines coagulation and
sedimentation in one process
In water softening plants




’T‘@‘ Sedimentation

velouty of water to provide

sedlm&lglon

Two 0 four hours detention is usually

provided

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




*
1.
2
3
4.
S)
6
7
38
9

ticle size and distribution
e Particles

Densi artlcles
Temp ature (viscosity and density of water)
Electrical Charge on Particles
Dissolved Substances in the Water
Flocculation Characteristics of particles
Wind
Inlet and Outlet conditions and Shape of Basin

6



atic Of a Sedimentation

-~

FOUR ZONES OF A SEDIMENTATION BASIN




End p-oﬁﬂ'n a rectangular tank and
middle'in a round tank

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




*

wst Portion of the Tank

Veloci't?!gduced to 1 to 3 ft/min
Detention times ranges from 2 to 4

S'et‘S@Iin‘réntation Zone

hours
Overload Loading rates of
~800 gpd/sft.

Tube settlers can greatly improve
settling rates




-.ﬂ

Turbidity Removal 800-1200
Color and Taste Removal 600-1000
High Algae Content 500-800




Ef'i

*

‘Sedimentation Zone

t Lander collects effluent flow
Weirs awthe edge skim water evenly
Typically weirs have V notches every foot

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

Baffle plate used to retain floating solids

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




“ctlon zone at bottom of tank

Sludgeﬁyst be removed at min. once
per.day to prevent septicity and bulking

Turbine or rake equipped with torgue
iIndicator: high torque will break shear
pin (too much sludge); fluctuating
torque (uneven sludge distribution)




2matic and Operation of an
Eoflow Clarifier

Upflow Clarifiers are also
kKnown as Solids-Contact
Clarifiers, and Reactor Clarifiers
(Iime softening).

The sludge produced is
recycled to aid settling

The process performs
coagulation, flocculation and
sedimentation in one Basin

Slurry refers to the suspended
Up-Flow Clarifier clumps produced by the
mixture of solids and floc.




vantages of Solids Contact
JQUHTTS

w to adjust the volume of Slurry

Adjus:ch of Slurry Blanket allows the
operator to cope with operating

conditions that require more solids




perating Considerations of
s Contact Units

ntages Disadvantages

Ability iust the Instability to rapid
volume of Slurry changes in flow,

temperature or turbidity

Rising flow rate increases
the depth of slurry but
not volume

Adjustment of Slurry
Blanket allows the
operator to cope

with operating Falling flow rate
conditions that decreases the depth of
require more solids slurry by not volume

113




fformance Monitoring for

| egtatien Processes
- The rmance of a Sedimentation Tank iIs
%suqred by a comparison of the turbidity
nd leaving the basin measure several

times per shift or when quality changes
Observe clarity of settled water noting size and

appearance of any suspended floc
Ensure clean weirs at influent and effluent

Observe sludge blanket depth; high blanket
depths favor particles passing over weirs at
nigher flows.

Remove sludge at min. daily
DO not exceed loading rates




7 Record to be Maintained for
Séd‘iian Basin Performance

*

Mess Water Quality (NTU) in and

out bﬁisin

Process Water Production

Process Equipment Performance
Solids Removed from Basin




ort Circuiting In
entation Tanks
hort=circuiting occurs when the path of the flow
S directly through potions of the sedimentation
; can usually be observed as floc over the
ends of bas

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 &




‘ Question

may currents in sedimentation

-i neficial?
tribute suspended solids

y throughout the basin

Currents Increase the expected performance
of the basin

Currents promote flocculation in the basin

Currents reduce adverse effects caused by
winds




.
uu-d‘ge Treatment and
Disposal

-




es of Waste Sludge

& ‘ Produced
h_Water Quallty

FaC|I|t

Flow‘

Treatment Process Employed




ituents in Water Plant

: ‘ ~Sludge

sively high or low pH;

téiﬁjspended solids (TSS);
I

High ssolved 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,

High concentrations of radionuclides and
daughter products




ALTERNATIVES EOR
R PLANT SLUDGE

Deep \MInjectlon

Dlscﬂge to POTW
Surface Water Disposal
Beneficial Reuse




SSING OF LIQUID

‘SLU'DGE

anlcal Dewatering

Filter I%‘

Evaﬁtlon and Drying
Thermal Processing




'7 ' '5 cts of Concentrating

‘ejlica'rSIudge

Concentration Volume Water
(% solids) Total Removed
(gallons) (gallons)

O 50 10000

4% 5,000
8% 2,500
16% 1,250
32% 625
64% 312




f=site Disposal of Waste

o ‘ _Sludge
ﬁoring Requirements

Flow Ization

Brirrﬁecycling

pH Neutralization

Settling and Gravity Thickening
Evaporation

Chemical Precipitation




udgg_g)isposal
-

Wne with reclaimed water and release to
su acelier. (CWA & NPDES)

POTMB , Effluent & Biosolids)
Deep Well injection — (UIC)

Evaporation/Crystallization - Capacity limited
(RCRA)

Landfill (PELT (paint test), TCLP (leaching)




tion: Cs ulate the theoretical detention time for a
iImentation basin. The basin is 80 feet long,
eet'deep, and treats a flow of 1.8 MGD.
Detwve = Volume / Flow
Volume = t x 30 ft x 10 ft

i4, fts
Flow = 1. = 1,800,000 gal/day

DT (hrs) = 24,000 ft3 x day X 7.48 gals x 24 hrs
1,800,000 gals fte day

DT (hrs) = 2.4 hrs




Sr Softening for
S'Removal

]




Definitions In
tgnin.g Treatment

RDNESS is caused mainly by the salts of calcium and magnesium, such as
arbonate, carbonate, sulfate, chloride, and nitrate.

CALCIUM H%is caused by calcium ions (Ca?*).
MAGNES_ARDNESS is caused by magnesium ions (Mg?*).

TOTAL HARDNESS is the sum of the hardness caused by both calcium and
magnesium ions.

CARBONATE HARDNESS is caused by alkalinity present in the water up to the
total hardness. This value is usually less than the total hardness.

NONCARBONATE HARDNESS is that portion of the total hardness in excess of
the alkalinity.




. Wness In Water
Igh concentration of calcium (Ca*) and magnesium
lons In water cause hardness

Generallhiwhr containing more than 100 mg/| of

hardn pressed as calcium carbonate (CaCOy) is
considered to be hard

Excessive hardness is undesirable because it causes
the formation of soap curds, increased use of soap,
deposition of scale in bolilers, pipelines and home
appliances, damage in industrial processes and can
cause objectionable tastes.




D Hardness

- ‘ess Descriptions

=N (mg/l of CaCO,)
Extremely it to soft 0-45

Soft to moderately hard 46-90
Moderately hard to hard 91-130
Hard to very hard 131-170
Very hard to excessively hard 171-250
Too hard for ordinary domestic use Over 250

4




ﬁ’us Hardness?

|s due to the presence of divalent (having a valance of

ﬁons (Ca2+ and Mg2+) in water .
Hardne usually reported as Calcium Carbonate (CaCO,)

Equwa

Equivalent weight of an element is that weight which will
combine with an equivalent weight of another element.

Equivalent Weight of CaCO, = Molecular Weight
Number of Equivalents




Hf)vm/g calculate hardness?

rdness we use the following expressions:

Equivalent Welgwslecular Weight
alence

Calcium Hardness = Calcium, mg/l (Equivalent Weight of CaCQO,)
(mg/l as CaCOs,) Equivalent Weight of Calcium

Magnesium Hardness = Magnesium, mg/l (Equivalent Weight of CaCQO,)
(mg/l as CaCOs,) Equivalent Weight of Calcium

Total Hardness = Calcium Hardness + Magnesium Hardness




What |s Hardness?

| rep(ﬂd as CALCIUM CARBONATE EQUIVALENT.
s llow dd the hardness caused by calcium and magnesium and other
d report the results as total hardness.

In calculating hardr%use the following expressions:
Chemical H % s = Chemical, mg/I (Equivalent Weight of CaCO.)
&

(mg/l as Equivalent Weight of Chemical

Exa: Calcium Hardness = Calcium, mg/l x 50 = (calcium, mg/l) x 2.5
(mg/l as CaCO,) 20

Equivalent Weight of Chemical = Atomic Weight
Valence

Exa: Equivalent Weight of Calcium = 40 = 20
2




Chemical
Weight

Calcium Carbonate 100

. Calcium (Ca®*) 40
Magnesium (Mg=*)  24.3
Cloride (CI) 35.45
Sulfate (SO,%) 96.07

N P DD N DN

Molecular Valence Equivalent Calcium

Weight of
Chemical

50
20
12.15
35.45
48.03

Equivalent Weight of Chemical = Molecular Weight

Valence

um Carbonate Equivalents

Carbonate
Equivalent

NA
2.5
4.12
1.41
1.04

Calcium Carbonate Equivalent = (Equivalent Weight of CaCO.)

(mg/l as CaCOs,)

Equivalent Weight of Chemical



‘ ~ Example

ﬂample of water contains 80 mg/L of Ca?* (expressed
as Ca*) an [L of Mg-* (expressed as Mg-*). Determine the

total hardnesi of the water in terms of mg/L as CaCO,

— calcium hardness = (80)(50/20) = 200 mg/L as CaCO,
— magnesium hardness = (20)(50/12.2) = 82 mg/L as CaCO,
— total hardness = 200 + 82 = 282 mg/L as CaCO,




Lo

ods of Removing

i3 ‘ Hardness

hnt Method
-

Hardness Levels
Retained

Lime Softening
(Chemical Precipitation)

Solubility Level of
about 35 mg/|l (CaCO,)

RO (Nanofiltration)
(Membrane Filtration)

85 — 90% removal

lon Exchange
(Chemical Exchange)

Basically Zero
Water must be blended

10




Benefits of Lime Softening

“(al of Ca and Mg Hardness

Removhiron, manganese, arsenic

and uranium.

Reduction of solids, turbidity and TOC

Inactivation of Bacteria and viral
removal due to high pH.

Raises pH and prevents Corrosion
Removal of excess fluoride.




v eneralizations
55 "TOC with Lime Softening

mm Carbonate Precipitation removes
from '@%30% of color, TOC and DBP

DFGCWFS

Magnesium Hydroxide Precipitation removes
30 to 60% of color, TOC and DBP precursors

Iron or Alum augmentation can remove
another 5 to 15% of color, TOC and DBP
precursors




i
.AIWypeﬂmtlons
F
capacity of water to neutralize acids.
Mof now much acid must be
added to a liguid to lower the pH to 4.5

It is caused by the water’s content of

bicarbonate, carbonate, hydroxide, and
occasionally borate, silicate, and phosphate.

Carbonate Hardness is the sum of the
bicarbonate, carbonate, hydroxide hardness

Alkalinity = Carbonate Hardness (all forms)




portant Terms in Lime
- Softening

rdness
&1 Hardness
Magnesimrdness
Carbo dness

Non—éﬁnate Hardness

Calcium Carbonate Equivalent

Alkalinity (neutralize acids)

Bicarbonate Alkalinity

Carbonate Alkalinity

Hydroxide Alkalinity

Total Alkalinity (Bicarbonate, Carbonate, Hydroxide)
Natural Alkalinity (Bicarbonate) 14




lonships among pH,

A‘tﬁ and Indicators

Bicarbonate and
— Carbonate

/ Bicarbonate

Carbonate and
e Hydroxide

| CaCO3\\M
9.4| . |

r
1U.0 |

g2 100% 19, 03




ies of Alkalinity that can be

#rﬁ at'pH Values

w 4.5 only CO, present, no Alkalinity
Be weéiA.gS to 8.3 only Bicarbonate present
8

Betw .3 to 10.2 Bicarbonate &
Carbonate.

Between 10.2 to 11.3 Carbonate & Hydroxide
At 9.4 Calcium Carbonate becomes insoluble
and precipitates

At 10.6 Magnesium Hydroxide becomes
Insoluble and precipitates




- Softening Chemical

Process
Regy Fie
m having hardness caused by calcium
a sium bicarbonate can be softened

@e‘n
using only lime.

Lime reacts with the bicarbonate to form
calcium carbonate which will precipitate and
settle out at a pH greater than 9.4.

At a pH greater than 10.6 magnesium reacts
to form magnesium hydroxide which will
precipitate.




Ical Titration with Methyl
a and Phenolphthalein (P)

ethyl Orange is used to Phenolphthalein is used to
e the combination determine the carbonate
of alkalini vided by and hydroxide alkalinity
carbonate, bicarbonate and present.

hydroxm Total Alkalinity. A sample of the water is
A sample of the water is titrated by adding the
titrated by adding the Methyl Phenolphthalein color
Orange color indicator and indicator and adding
adding measured amount of measured amount of acid
acid until the color is absent. until the color is absent.

The Total Alkalinity (T) is The Hydroxide and
then computed Carbonate Alkalinity (P) is
then computed




ess Relationships

%H + NCH (each expressed as mg/l as CaCO,)
ount of carbonate and noncarbonate hardness
depends on alkalinity of the water

Alka‘y > Total Hardness (all hardness is in
carbonate form)

TH = CH

Alkalinity < Total Hardness (both Carbonate Hardness
and Noncarbonate Hardness are present)

CH = Alkalinity
NCH = TH - CH = TH - Alkalinity




Alkalinity Constituents in Drinking Water
ange anE__I?henolphthaIein Titrations

-

tion Bicarbonate Carbonate Hydroxide
Result ph 4.5 to 8.3 >PH 8.3 >11.3

&

Key: P — phenolphthalein alkalinity; T — total alkalinity




ination of Alkalinity

| ‘ Example

n T = 180 mg/I

P= 34mg/

2.) Co@ute Values for T, %2 T and P

T=180, 2T =90 mg/l, P = 34 mg/l

3.) Enter Table and use Equation #2

4.) Compute Values: Bicarbonate = 112
Carbonate = 68 mg/I

21




‘I._im_e, Used in WTP

uick Lime (CaO) (molecular wt. 56)
% - 99% purity (typically 85%)

Dry r and must be slaked for 15 - 30

miﬁs cold temperature
Slaking (agitating) produces CaOH,

Used at Large WTP because lower cost

Hydrated Lime (CaOH,) (molecular wt. 74)
Made when Quick Lime is slaked
Very stable
Small WTPs use directly due to convenience

Hydrated Lime shipped 80% - 99% purity
(typically 95%o)




Softening

»

~I? Imitations
PO

ble to remove all carbonate (— 30 mg/l)

a -Carbonate hardness.
High degﬁ?e'w operator control.

Color removal for highly colored waters may
be hindered due

to high pH.

Sludge handling

and disposal are
costly (— 2.5 mg/|
per mg/l lime added)




ry coagulants are aluminum

|
sulfatéWm), ferrous sulfate, ferric

sulfate and ferric chloride.

These inorganic salts will react with the
alkalinity in the water to form insoluble
flocs which will trap the suspendec
matter in them.




agulant Aids
‘Used in Lime Softening

@Iant alds often added to help stimulate
th pr()‘ion of floc.
u

They | sodium aluminate, bentonite or
clay, sodium silicate and various synthetic
cationic and non-ionic polymers.

Bentonite is often used in waters with high
color and low turbidity to bind with small floc




Removal of Organics

by I&(ﬁen’mg Precipitation
(MCarbonate 10% to 30% of

Color, TOC & DBP
Magnesmdroxide 30% to 60% of

TOC & DBP an