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Module 5: Disinfection and
Chlorination

Wastewater Treatment Plant
Operator Certification Training



Unit 1 — Disinfection and Chlorination Principles

Learning Objectives

* State the purpose of disinfection in
wastewater.

* |dentify the three types of chlorine used as
disinfectants in wastewater.

* Describe the breakpoint chlorination curve.

* |dentify alternate feed points and the use of
chlorination in wastewater treatment.
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Pathogen Removal

Treatment Process

Microorganism Removal

Type

DEPARTMENT OF ENVIRONMENTAL

Screening 10-20% Physical Removal

Grit Removal 10-25% Physical Removal

Primary Sedimentation 25-75% Physical Removal

Chemical Precipitation 40-80% Physical Removal

Trickling Filters 90-95% Physical Removal

Activated Sludge 90-98% Physical Removal

Chlorination 98-99% Disinfection
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Elemental Chlorine (Cl,) Chemistr

Chlorine + Water = Hypochlorous Acid +
Hydrochloric Acid

Cl, + H,O = HOC| + H* CI
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Distribution of HOCL and OCL-
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Sodium Hypochlorite (OCI-

Sodium Hypochlorite + Water = Sodium Hydroxide +
Hypochlorous Acid + Hypochlorite- + Hydrogen

2NaOCl + 2H,0 = 2NaOH + HOCI + OCI + H*

s Y% pennsylvania

WB 1-6 r ' DEPARTMENT OF ENVIRONMENTAL
PROTECTION



Calcium Hypochlorite Chemistr

Calcium Hypochlorite + Water = Calcium Hydroxide +
Hypochlorous Acid

Ca(OCl), + 2H,0 = Ca(OH), + 2HOCI
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Chlorine Dioxide Chemistr

Sodium Chlorite + Chlorine = Sodium Chloride + Chlorine
Dioxide

2NaC|Oz + Clz = 2NaCl + 2C|Oz

Chlorine dioxide + Water = Chlorate lon + Chlorite lon +
Hydrogen lon

2C|Oz + Hzo = C|O3-+ C|Oz'+2H+
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Chlorine Demand

Chloring ﬁ Organics Chloring 1s

added consumed.
Reacts with :;h which is

knwwnaﬁ

Inorganics Chiorme

Demand
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Chlorine Residual

Chlorne Chlorme Chlorme
Jose Demand Residual

il
-3
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Establishing Dosages

Davidson Pie

lbs
Day

MGD 8.34

Feed Rate, Ibs/day = Flow (MGD) x Dosage (mg/L) x 8.34 |bs/gal
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Breakpoint Chlorination Curve

A INITIAL COMBINED OXIDATION OF
CHLORINE ~ RESIDUAL COMBINED RESI-
DEMAND CHLORINE DUAL MATERIALS
) .y (CHLORAMINES) R ~BREAKPOINT
FOR SECONDARY
T WASTEWATER
APPROXIMATELY

2510 150 mg/L

CHLORINE
RESIDUAL,
mg/L

FREE CHLORINE
RESIDUAL ON A
1101 BASIS

>

CHLORINE DOSAGE, mg/L
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Factors Influencing Disinfection
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Requirements:

* 40:1 length to width

* 15 min. contact time at peak hourly flow

* 30 min. contact time at maximum monthly average flow
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Relative Effectiveness vs. pH
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Relative Effectiveness vs. Temperature
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Relative Effectiveness vs. Dosage

Relative Effectiveness
of Chlorine

Dosage
Y% pennsylvania
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Relative Effectiveness vs. Contact Time

of Chlorine

Relative Effectiveness

Contact Time
Y% pennsylvania
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Application Points

* Collection Systems

* Pre-chlorination

* Plant Chlorination

* Chlorination prior to filtration
e Post filtration chlorination

Y% pennsylvania
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Key Points and Exercise

* Turn to page 1-18 to summarize the unit key
points.

e Turn to page 1-19 for exercise

Y% pennsylvania
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Unit 1 Exercise

1. kill, inactivate
2. bacteria, viruses, cysts

3. screening, grit removal, primary
sedimentation

chlorination
All of the above
6.5 mg/L

7. Short-circuiting =V Cennsylvania
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Unit 1 Exercise con’t

8. All of the above
9. ALC,CB,C,D,D,B

Y% pennsylvania

21
r r DEPARTMENT OF ENVIRONMENTAL
PROTECTION



Unit 2 — Chlorination Process Control

Learning Objectives

* List the ways in which a chlorine feed can be
controlled.

* Describe chlorine residual and identify the types
of chlorine residuals expected to be present
during disinfection.

* Describe the common methods used for
measuring chlorine residual in wastewater
operations.
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Manual Control

Chlorine Feed Rate

Time
s BV pennsylvania
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Start Stop Control

Chlorine Feed Rate/
Start - Stop

Time
.. %= pennsylvania
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Step Rate Control

Incremental
Incremental
: _\ decrease
increase |

Station Flow

Chlorine Feed Rate/

Time
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Timed Program Control

Chlorine Feed Rate/
Projected Flow

12 Midnight 6 Noon 6 12 Midnight
Time
.« V% pennsylvania
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Flow Proportional Control

Chlorine Feed Rate/
Metered Flow

Time
., BV% pennsylvania
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Chlorine Residual Analyzer

CONSTANT HEAD CEVICE
BUFFER RESERVOR

RECORDER
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Measurement of Chlorine Residual

FLOW CONTROL
YALVE
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Determining Chlorine Feed Rate

Bottom diagonal lines = multiply by (x)

Y% pennsylvania
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Key Points and Exercise

* Turn to page 2-10 to summarize the unit key
points.

* Turn to page 2-11 for exercise

Y% pennsylvania
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. 93.8 Ibs/day
. 0.6 mg/L
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Unit 3 — Chlorine Safety & Handling

Learning Objectives

*Describe an effective chlorine safety
program.

*Describe the handling procedure for each

chlorine container and some of the related
safety devices provided.

°Describe the measures to take in the event
of a chlorine leak.
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ojical Response to Chlorine Gas

PHYSIOLOGICAL RESPONSE TO
CONCENTRATIONS OF CHLORINE GAS

Parts of Chlorine Gas
Effect Per Million Parts of Air
By Volume (ppm)

Slight symptoms after several 12
hours’ exposure

Detectable odor 0.08 - 0.4

60-minute inhalation without 4
serious effects

Noxiousness 5

Throat irritation 15

Coughing 30

Dangerous from one-half 40
to one hour

Death after a few deep breaths 1,000

2 (OSHA regulations specify that exposure to chlorine shall at NO
time exceed 1 ppm.
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Personnel Safety Protection & First Aid

Safetymatters

.- V% pennsylvania
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Chlorine Cylinder

Chlorine Cylinder

Protection
Hood

Valve

L.._.___ MNeck Ring
=

Cwylinder

f 3 Body
b .
4
=S =
r .-E-—- Foot Ring
Net AP PO, Dimensions,
Cwylinder Tare, Inches
Contents Lbs. A B
100 Lbs. 3 8 a 542
150 Lbs. o2 10 Vas 54z

- Stamped tare weight on cylinder shoulder doaes
not include valve protection hood.
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Net Weight of Chlorine .....2000 Ibs. 2-Ton Minimum 1%¢" 174 Sp:r?&r -
Tare Wt. of Tank (average) 1550 Ibs. Capacity Hoist 4 7@ 1T each end
Gross Weight Full (average VL. R .

g ( ge) / 4 - I

3550 Ibs.
 — 6!’_45 2 L]
gaid'!w —'IF— 1" 14 Bott | % H"‘{;jl i
Grab Handle AR SR
o e See —a@ '\ Detail ‘A"
Chlorine Gas  Eduction Pipe Detail “A" g :-:b 1':5" .
-~ rab Handle
Valve _f |
Protection 1@
Hood ED [6] Fusible Plugs,
=g it (at least 3 each end)
Chlorine \ J‘
Liquid /-
l‘ 5!.91,@*_—..]
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Trunnions
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Excess Flow Valve
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Chlorine Leaks & Response

CHLORINE
SEE MATERIAL SAFETY
DATA SHEETS
FOR INFORMATION

e pennsylvama
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Chlorine Repair Kit
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Chlorine Scrubber

pennsylvania
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Key Points and Exercise

* Turn to page 3-12 to summarize the unit key
points.

* Turn to page 3-13 for exercise

Y% pennsylvania
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Unit 3 Exercise

a
safety

10

Risk Management
158 to 165

6and 12

top
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8. trunnions
9. a

10. railroad tank

11. ammonia, white smoke
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Unit 4 — Chlorination Equipment and Maintenance

Learning Objectives

 |dentify equipment related to a gas feed
system.

* |dentify equipment related to a
nypochlorite feed system.

 |dentify equipment related to a chlorine
dioxide feed system, and how it differs from
the gas and hypochlorite feed systems.

s 2% pennsylvania
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Gas Feed System

CHEMICAL FEED PLANT SERVICE
ROOM WATER
CHEMIE;{I;(?';UHJIGE VENT
Y
L]
2 9 9 9 ‘I
(o
{t
:’1
34" SCH, ¢
HEADER | @ il : ::l
VALVE FLEXBLES 4 [ / ﬁ 2
TUBING o L "
1 §
o 1 [ 1 [cYunDeR T V(] N PWEIGHT IR FLEYIBLE
/|7 |vauve \ Il \ {- INDICATOR TUBING (
Ll ) L ) AUTO [ [ )
. “ﬂ.l!! -u* P SWITCHOVER Ni, 1 Ni, 2 CHEMICAL
CYLINDER orpLeG/  UNT } / FEED
MOUNTED W/ HEATER i /A CONNECTION
VACUUM A
REGULATOR b V-NOTCH -/ BALL
p— CHLORINATOR  VALVE CONTACT
HLORIME
CYLIDER BASIN INFLUENT

LCHLORINE
WALE CHLORINE FEED SCHEMATIC
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Evaporator

GAS
PRESSURE REDUCING
WALWVE

GAS OUTLET «jumm
PRESSURE SWITCH

AND DIAFHRAGM \

RELIEF
WALVE

GAS
RELIEF e |
LINE

B vouvio T

LIMEOM WITH
RUPTURE DISC

REMOVABLE TOP

REMOVABLE RISER

=

HOT WATER BATH TANK
WEMNT AND OVERFLOW ————={
COMMNECTION

INSTRUMENT PANEL

GAS

GAS CHAMBER

- HOT WATER BATH TAMK

AJ[—. - L HCILIRDY

ELECTRIC IMMERSIOMN
HEATER

WATER INLET AMND DRAJ
COMNMNECTHON B o2

ALTERMNATE 1" LIQUIU

LNLEEOT MUS EL.

CONNECTION D Fie -
OR MORE EVAPORATons;
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ré DEPARTMENT OF ENVIRONMENTAL

WB 4-6
PROTECTION



Sodium Hypochlorite Feed System

+ £ D0

BULK
STORAGE TANK

INFLUENT

7

BUCTION -\
7

|
s e / Lowan
ovERpLOw  VALVE DRAIN DRAN
VALVE PUWP CONTANMENT PUMP NO.1 PUMP NO.2
OTECTONRONE  LYSTRANER

SODIUM HYPOCHLORITE FEED SCHEMATIC
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Hypochlorite Generator

OSEC” HYPOCHLORITE GENERATION SYSTEMS AND COMPONENTS

—  Hydrogen
Discharge
Power Supply/Rectifier

Hypochlorite i ‘N » b __t= Hypochiorite

Electrolyzer

pennsylvania
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Chlorine Dioxide Facility

=
/J\ CI0, SOLUTION TO
TREATMENT PROCESS
[y
~— Ci, GAS
Cl0, SUPPLY
REACTOR o
CHLORINATOR %
< WATER
SUPPLY TO
— CHLORINATION
PUMP i
CHLORINE SOLUTION
| = ol
i ) SODIUM CHLORITE
SOLUTION TANK
C J . |
NaCI02
., B pennsylvania
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Key Points and Exercise

* Turn to page 4-13 to summarize the unit key
points.

e Turn to page 4-14 for exercise

Y% pennsylvania
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Unit 4 Exercise

WB 4-14

A e

Qv O T Q

Answers may vary and include any of the
components listed on pages 4-2 to 4-5.

. Answers may vary. See page 4-7 for a list of

items suggested for a maintenance plan.
. % pennsylvania
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Unit 5 — Dechlorination

Learning Objectives

 Describe the need for dechlorination and
how it is usually accomplished.

e State the differences between the sulfur
compounds used for dechlorination.

s B pennsylvania
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Sulfur Compounds

fu Ihfur .

Dioxide
v pennsylvania
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Checkpoint

Example 5.1: How many pounds per day of SO,
must be fed if the plant is operating at a flow
rate of 3.0 MGD, and has a chlorine residual of
5.0mg/l and the desired SO, residual is 0.5mg/I?

Feed Rate, Ibs/day = Flow (MGD) x Dosage (mg/L) x 8.34 |bs/gal

.. % pennsylvania
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Sulfur Dioxide Safety

(DANGERD &
/) 5%
SULFUR / &
DIOXIDE Sulfur Dioxide

SrvartSig e + BDO-953- 1457 - 56288

ferminicide liquid; sulfurous acid anhydride;
sulfurous anhydride

WARNING! COMPRESSED GAS IRRITANT

Emargency Overview:
Codorless gas with a sharp, pungent cdor. Comprassed gas. May cause
frastbita. Highty irritating to eyes/skin‘respiratory tract. May cause burns by
forming sulfuric acid on contact with moist skin or mucous membranes. Lung
damage may occur.

Precautionary Measures: Avoid exposure fo skin, Wear protective clothing: Goggles,
Gloves, Full Suil, Bools,

First Ald Procedunes: Inhaltion: Remone 10 fresh air and Support breathing as nesded.
Eyes/Skin: for frostbie, mmerss skin in tepsd (104°F) water unill completaly
rawarmed. Do nol b or use dry heal, Flush ayes with tepid water. Ingestion: Linkikedy.

Fire Procedures: Moncombustibla. Usa agants suilable for surrounding fire. Remove
eylinders from fire 10 prenvvent exphoding due 1o heat,

Spill Procedures: Natehy salaty parsonndl, isolate and ventilale area. Shut off gas. I heak
cannol be stopped, remove o sale outdoor anea of fume hood and emply slowly. Tag

cylinder as defective and raturn o supplier. Cleamusp crew should protect against

EDOELAng. CAS K, TS5

. %b pennsylvania
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Key Points and Exercise

* Turn to page 5-6 to summarize the unit key
points.

e Turn to page 5-7 for exercise

Y% pennsylvania
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Unit 5 Exercise

1. a

2. detention ponds, aeration, sunlight, activated
carbon, and the addition of sulfur
compounds.

3. C
4. a
5. 67 lbs/day

- %= pennsylvania
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Unit 6 — Ultraviolet Radiation

Learning Objectives

* Describe why ultraviolet (UV) radiation is an
effective means of disinfection.

e State the differences between the three
types of UV systems.

* Describe the UV radiation process.

s W% pennsylvania

WB 6-1 r { DEPARTMENT OF ENVIRONMENTAL
PROTECTION



Typical UV Lamp Configurations

VERTICAL AND PERPENDICULAR TO
FLOW LAMP ARRANGEMENT

HORIZONTAL AND PARALLEL TO
FLOW LAMP ARRANGEMENT

o % pennsylvania
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Key Points and Exercise

* Turn to page 6-8 to summarize the unit key
points.

e Turn to page 6-9 for exercise

Y% pennsylvania
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Unit 6 Exercise

effluent turbidity
Sleeve, lamp

. C

Closed vessel lamp, vertical & perpendicular
to flow lamp, horizontal & parallel flow to
lamp

d

6. flow pacing

B 6-9
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3. a
9. a,b &cC
10. b
11. a
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