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Activated Sludge Process

» The term “Activated Sludge” comes from the sludge
particles teeming with active bacteria, fungi and
protozoans.

» This fundamental process is the heart of activated sludge

treatment.
Activated Sludge
» Organics + O, + nutrients + inert matter >
I Advanced Wastewater Treatment CO, + H,0 + new microorganisms + additional inert
matter
1 TDEC - Fleming Training Center » 2 TDEC - Fleming Training Center
Design Parameters for Various Activated
Sludge Processes Performance problems can be caused by
Process MCRT,  F:Mratio, Ibs BOD  MLSS, mg/L » Changes in influent characteristics
days applied/d / Ib MLVSS

Conventional 5-15 02-04 1500 — 3000 » Hydraulic overloading
Complete Mix 5-15 02-06 2500 — 4000 » Mechanical equipment failures
Steplficed S=1B 0250 2000523500 » Insufficient operator training
Modified Aeration 02-0.5 1.5-5.0 200 - 1000
Contact Stabilization 5-15 02-06 1000 — 3000

4000 — 10000
Extended Aeration 20-30 [0.05-0.I5 3000 — 6000
High Rate Aeration 5-10 04-15 4000 — 10000
High Purity Aeration 3-10 0.25-1.0 2000 - 5000
Oxidation Ditch 10-30 |0.05-030 3000 — 6000
Single Stage Nitrification 8-20 0.10-0.25 2000 — 3500
Separate Stage Nitrification I5-100 |0.05-0.20 2000 - 3500

> ° This page is enlarged at 'tHe '€8Y B¥'this section. >4 TDEC Fleming Training Center

» Biological Reactors - The tanks where aerobic, anaerobic,
or anoxic conditions are created to produce healthy
mixed liquor and facilitate biological treatment processes.

» Clarifiers - Sedimentation tanks used to remove
settleable solids in water or wastewater.

System Components

5 TDEC - Fleming Training Center » 6 TDEC - Fleming Training Center
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Section 1

» Mixed Liquor - A mixture of raw or settled wastewater
and activated sludge contained in an aeration tank or
biological reactor.

» Suspended Solids - Insoluble solids that either float on the
surface of, or are in suspension in, water, wastewater, or
other liquid.

» Mixed Liquor Suspended Solids (MLSS) —The
concentration (mg/L) of suspended solids in activated
sludge mixed liquor.

b7 TDEC - Fleming Training Center

Return Activated Sludge (RAS)

» Return Activated Sludge (RAS) - Settled activated sludge
returned to mix with incoming raw or primary settled
wastewater.

Biological Reactor Clarifier
A
Return Activated Sludge
RAS
Pump
> 8 TDEC - Fleming Training Center

Waste Activated Sludge (WAS)

» Waste Activated Sludge (WAS) - Solids removed from the
activated sludge process.

Biological Reactor Clarifier
WAS WAS
To solids To solids
handling handling
process process
o TDEC - Fleming Training Center

» Solids Retention Time (SRT) - The average time
suspended solids are held in a biological wastewater
treatment system.

» Also called Mean Cell Residence Time (MCRT)

» Mixed Liquor Volatile Suspended Solids (MLVSS) - The
organic fraction of the suspended solids in activated
sludge mixed liquor that can be driven off by combustion
at 550 °C.

» 10 TDEC - Fleming Training Center

Microbiology

u TDEC - Fleming Training Center

Microorganisms

» Types of microorganisms present in activated sludge
depend on
» Composition of the wastewater

» Length of the system’s MCRT

» pH

» Temperature

» DO concentration

v

Microorganism population type affects both activated
sludge characteristics and treatment potential.

) 12 TDEC - Fleming Training Center
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What are Microbes?

» Bacteria

» Protozoa

» Viruses

» Algae Crawling ciliate on activated sludge
floc

» Metazoa- worms, rotifers
» Fungi

TDEC - Fleming Training Center

Why are they important?

Norwalk ) Can cause disease
virus . .
» Most immediate

importance

» Role in environment
» Major decomposers in
nature
» Essential in a balanced
ecosystem

Poliomyelitis

) 14 TDEC - Fleming Training Center

Why are they important?

» Role in treatment systems
» Removed in water treatment
» Key role in wastewater treatment
» Major role in problems & solutions to solid waste

p 15 TDEC - Fleming Training Center

Examples of Bacteria Found
in Wastewater

» Most are soil bacteria. A

» For WW Treatment, bacteria are the most important
microorganisms in the process.

» They are one of the simplest forms of life, use soluble
food and are capable of self-reproduction

» Individual cells come in sphere (coccus), rod (bacillus) and
spiral (spirillum) shapes and range in size from 0.5 to 5.0
microns

» About 95% of microorganisms in mixed liquor for
activated sludge systems are the bacteria.

» Don’t want to see many spiral, they are disease-causing
bacteria

) 17 TDEC - Fleming Training Center

Viruses and Bacteria

» Viruses

v

Genetic material + protein
coat

v

Reproduce only by infecting
cells of other organisms

v

Pathogenic

» Bacteria

» Most important

) 16 TDEC - Fleming Training Center

Size Range of Microorganisms

Bacteria
0.5-5.0um Human Hair
sized 70-100 pm or
0.003-0.004 inch,
(0.001 in = 25 pm)
Flagellate Amoeba
10 - 200 um 30500 um
p 18 TDEC - Fleming Training Center
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Bacteria

» Binary fission is the process by which one mature cell
divides into two new cells.

» Under ideal conditions,a bacterium can grow to maturity
and reproduce by binary fission in less than 30 min.

» Mother produces two daughter cells

» Bacteria Reproducing \/ -‘

Cell division is part
of binary fission

Section 1

Two Types of Bacteria

» Heterotrophic and autotrophic bacteria differ in the
source of nutrition they require.

» Heterotrophic:
» CBOD removers
» Denitrifiers

» Autotrophic
» Nitrifiers
» Algae
» Higher plants

» 20 TDEC - Fleming Training Center

p 19 TDEC - Fleming Training Center
Heterotrophic
» Need organic carbon as their food source.
» Humans
» Protozoa

» Most wastewater bacteria

» All animals are heterotrophs, as are most microorganisms
(the major exceptions being microscopic algae and blue-
green bacteria).

b 21 TDEC - Fleming Training Center

Heterotrophic

» Heterotrophs can also be further classified based ont
their oxygen requirements:
» Aerobes require free DO to function

» Anoxic use nitrogen bound oxygen like nitrate (NO;’) and
nitrite (NO;), no free DO

Anaerobes thrive in the absence of free DO, use sulfate (SO,)
or carbon dioxide (CO,)

Facultative bacteria prefer free DO but can function in its

v

v

Autotrophic

» Use carbon dioxide (inorganic) as a carbon source

» Autotrophic organisms take inorganic substances into
their bodies and transform them into organic
nourishment.

» Nitrifiers like Nitrosomonas and Nitrobacter are important
autotrophic bacteria.

» Autotrophic bacteria make their own food, either by
photosynthesis (which uses sunlight, carbon dioxide and
water to make food) or by chemosynthesis (which uses
carbon dioxide, water and chemicals like ammonia to
make food - these bacteria are called nitrogen fixers and
include the bacteria found living in legume roots and in

)
p 2 ST VENRS) TDEC - Fleming Training Center
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absence
> 22 TDEC - Fleming Training Center
Food
» Two types of “food”
» Dissolved
» Example: sugar in oatmeal
» “Chunky”

» Example: oats in oatmeal

» Our body uses both “foods”

» We eat and our stomach and gut breaks the “chunky
food” down into smaller dissolved food that our cells in
our bodies can use.

» If you had to stay in the hospital and could not eat, they
would “feed” you dissolved food in the form of sucrose, a
sugar water.

» 24 TDEC - Fleming Training Center
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Microorganisms “Eating”

v

METABOLIC WASTE

Step | —Adsorb
UCTS 4

Step 2 — Enzymes
break down organic
matter into soluble
particles

ENZYME) Step 3 —Absorb

Step 4 —Waste
products (nitrogen gas
for some, carbon
dioxide, water and

v

CELL

MEMBRAN(EE

BACTERIUM
(ABSORBED ORGANICS)

OLUBLE

030RBED!
PARTICLE

v

SORPTION OF DEGRADABLE ORGANICS stable matter) and
reproduce
p 25 TDEC - Fleming Training Center
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Microorganisms

» Bacteria have a little tail, they swim around and eat food

» Once food runs low, they loose their tail and start leaving
behind waste product that is sticky (polysaccharide slime)

» This sticky waste makes them stick to other bacteria and
creates heavy floc

» If high slug of BOD, they don’t loose their tail, they
continue to swim around and don’t have sticky stuff to
attach to them, therefore, the don’t floc and settle out.

» 26 TDEC - Fleming Training Center

Micrograph of Floc and Filaments

Filamentous bacteria are not
“floc formers” but are also
of interest in WW
treatment.

Small amounts of them can
improve floc structure,
acting as a back bone,
providing mass to help in
settling after treatment.
Large amounts can -
negatively affect ‘ o
performance of activated
sludge systems by keeping
floc apart and which makes
it light and fluffy, therefore,
not settling well.

v

v

v

» 27 TDEC - Fleming Training Center

Protozoa

» Single-celled animals that also reproduce by binary fission

» Protozoans are much larger than bacteria.

» Their size ranges from 10-500 microns

» Have complex digestive systems that ingest organic
matter which they use as an energy and carbon source

» Graze on bacteria

» They are an important link in the activated sludge food chain
because they consume bacteria to fill a large part of their
nutritional needs.

This seems not only to remove excess bacteria from WW, but
appears to stimulate the growth of healthy bacteria, which
produce floc more quickly and aid in the clarification of the

v

Protozoa

» Form cysts
» Beneficial in wastewater treatment
» Indicators of health of system

» Examples:

» Paramecium
» Stalked Ciliates
» Amoeba
» Euglena
» Flagellate

) 20 TDEC - Fleming Training Center

effluent
» 28 TDEC - Fleming Training Center
Protozoa
» Flagellates are usually 2

found with a: -

Flagellate

» light, dispersed, straggler
floc

» low population of
microorganisms

» high organic (BOD) load

With a high organic load,  » Flagellate have a whip-like

other microorganisms will tail and compete with

start to thrive and a more bacteria

dense sludge floc will

develop and the flagellate

population will decrease.

v

» 30 TDEC - Fleming Training Center
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Section 1

Protozoa

o » Free Swimming are usually present
» Ciliates are usually found when there is a large number of

in large numbers when the bacteria in the activated sludge
activated sIudge is in fair They feed on bacteria and help

. o produce a clear effluent.
to g°°d Settlmg condition They are associated with a good

degree of treatment.

-

-

» Ciliates are classified into
2 basic groups

» Free-swimming ciliates

v

Stalked ciliates are usually present
when the free-swimming ciliates

» Stalked ciliates are unable to compete for the
available food

A large number of stalked ciliates
and rotifers will indicate a stable
and efficiently operating activated
sludge process.

-

p 31 TDEC - Fleming Training Center

Protozoa
Free Swimming Ciliate -

Paramecium Paramecium eatmg

Contractile
vacuole
Pellicle

Macronucleus
Food vacuole

Micronucleus

s e 3 Trichocysts
IR s Anal pore

» Most common protozoa are the ciliates that use hair-like
projections (cilia) to help them move and/or get food.

Protozoa

» Stalked ciliates - as adults, attach to something; as a “baby”, has little
hairs (cilia) to move around and move water and food into “mouth”

» 33 TDEC - Fleming Training Center

) 32 TDEC - Fleming Training Center
Protozoa
Amoeba eating

N

S 3 o

v

Amoebas don’t like being in WW, they encyst themselves to make it
through the system

Look like donuts

v v

Can be found during plant start up or after a plant is recovering from an
upset.
» 34 TDEC - Fleming Training Center

Protozoa

» A euglena is a protist that
can eat food like animals
do (partly heterotrophic)
and can make food like
plants do (partly
autotrophic).

v

Use | or more whip-like
tail to move

v

Many Euglena contain
chloroplasts and
chlorophyll a and b.

b 35 TDEC - Fleming Training Center

Fungi

» Fungi
Soil organisms

v

Degrade dead organic matter (saprophytic)

Microscopic non-photosynthetic plants
Not desireable in WW

They like low pH ~ 4-5; therefore their presence is a warning
sign in mixed liquor

v v v v

v

Attached growth systems may have more of them because of
attachment to biofilm on media

» 36 TDEC - Fleming Training Center
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Algae

» Algae

Multi-cellular

v v

Photosynthetic

v

Autotrophic — use carbon dioxide as carbon source and
require nitrogen, phosphorous and sunlight to grow.

Eutrophication can cause algal blooms in receiving streams

v v

Key in operation of wastewater ponds: produce oxygen
needed by bacteria

v

They can be a nuisance on clarifier effluent weirs and launders.

TDEC - Fleming Training Center

Worms

» Multicellular organisms

» Diseases (tapeworms, Ascaris and egg
roundworms)

» Beneficial in trickling
filters (increase air
penetration in biofilm and
help in sloughing)

) 38 TDEC - Fleming Training Center

Metazoa

» Multi-cellular animals
» Examples:
» Rotifer
» Water Mite
» Water Bear
» Nematodes
» Ostracods

» 39 TDEC - Fleming Training Center

Water Bear

b 4 TDEC - Fleming Training Center

Rotifer o

Digestive gland

» Simple multi-celled organisms

» Need aerobic environment

» Consume solid food including bac :
Intestin:

» In lagoons, they eat lots of algae
» Means happy, healthy population

Rotifer

Rotifer
Video

ng Training Center

Bacteria Population vs. Sludge Age

100D REMAINING
N

\
\
\ BACTERIA

\
\
\
\l
\
\
\ i
\ SwiMING
\ Gtiams
sanconpin |

\
nvro- Y,
FLAGELLATES) ~ romiFERs
\
\

\
\/ sraam
CILIATES

RELATIVE NUMBERS

>  This page is enlarged at The €8 B¥this section.

Overview - Activated Sludge




TDEC - Fleming Training Center

—Good Settling—{ L his page is enlarged
at the end of this
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Section 1

Microorganisms Predominance

-

If conventional plant and you start to see more rotifers
and less free-swimming ciliates, you need to increase
wasting to make old sludge go away/

v

If extended aeration plant and you have pin floc and
nematodes, you are holding your sludge too long.

v

If you see a predominance of amoebas and flagellates in
the microbial population, this is an indication of young or
recovering sludge.

) 4 TDEC - Fleming Training Center

Phases of Microorganism’s Life

Exponential
Growth

Declining Endogenous
Growth Respiration

s

Number of Microorganisms

Time ——M——

p 45 TDEC - Fleming Training Center

Phases of Microorganism’s Life

v

Exponential Growth —The number of microorganisms in
a culture broth will grow exponentially until an essential
nutrient is exhausted. Typically the first organism splits
into two daughter organisms, who then each split to form
four, who split to form eight, and so on

-

Declining Growth — As food supply declines, the
microorganisms work harder to get their food.
Reproduction rates gradually slow down.

-

Endogenous Respiration — There is inadequate food to
maintain the biomass. Some microorganisms starve and
die others use their own stored energy to live.

) 46 TDEC - Fleming Training Center

» Food-to-Microorganism Ratio (F:M) - The ratio of
organic loading to microorganisms in the activated sludge

system
F/MRatio = — . BOD or.COD,Ibs/day -
Mixed Liquor Volatile Suspended Solids, lbs
p a7 TDEC - Fleming Training Center

Overview - Activated Sludge

» Most plants operate right before endogenous respiration

Exponential
Growth

Declining Endogenous
Growth Respiration

Number of Microorganisms

Time ——M >

] TDEC - Fleming Training Center
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Bulking

TDEC - Fleming Training Center

» Clouds of billowing sludge that occur throughout the
secondary clarifiers and sludge thickeners when the
sludge does not settle properly.

» In the activated sludge process, bulking is usually caused by
filamentous bacteria or bound water.

v

Bulking activated sludges can be caused by:
» Elevated levels of hydrogen sulfide

» Low F/M

» Nutrient deficiencies

p 49 TDEC - Fleming Training Center

Filaments
An overabundance of
Microorganisms act as a filamentous
kind of skeleton for the microorganisms can cause

“bulking” sludge.

» 50 TDEC - Fleming Training Center

Filaments

» Some filamentous organisms are good, but too many are
bad

» Filamentous organisms can form a network or backbone
upon which clumps of activated sludge can gather
» This produces a floc with excellent settling characteristics

» If filaments become excessive, a bridging mechanism
forms and prevents the numerous small clumps of sludge
from gathering or packing together
» If they are prevented from clumping together, sufficient particle

mass will not be produced to achieve good settling rates

» Activated sludge with good settling characteristics do not

have a predominance of filamentous bacteria.

p 51 TDEC - Fleming Training Center

Filaments

» Specific conditions can allow a particular filamentous
organism to dominate.

» 52 TDEC - Fleming Training Center

Filaments

» Conditions that promote filamentous organism growth:
» Consistently low DO in biological reactors ~ 0.4 — 0.7

» High-BOD wastewater (for example, high-sugar industrial
wastewater)

» Low pH — j‘—’

» Chlorination may be used
for temporary control of RAS Pump
filamentous organisms. Cl,

» Dose of | — 10 mg/L and so that chlorine will be in contact
with RAS for ~ | min before mixing with incoming settled WW

p 53 TDEC - Fleming Training Center

Filaments

N

-

AL

* Missing cells
and empty
sheaths.

-

) 54 TDEC - Fleming Training Center
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Filaments

» Thiothrix filaments are usually
attached to the flocs.

» The sulphur globules are
very characteristic.

» The sulphides are oxidised
and elementary sulphur is
temporarily stored in the
cell as an intermediary
product.

» These are the bright globules

that can be microscopically
observed.

p 55 TDEC - Fleming Training Center

Section 1

Foaming Problems

» White, billowy foam is
often caused by
surfactants.

» Development of white,
billowy foam is also
common under start-up
conditions.

» 56 TDEC - Fleming Training Center

Foaming Problems

» Filamentous bacteria also cause foaming.
» Nocardia
» Identified by true branching

» FOG encourages growth

p 57 TDEC - Fleming Training Center

Nocardia

» Nocardia can be controlled by
Maintaining an MCRT <1 day in warm weather
» Works with pure oxygen systems

v

» Can be very difficult in nitrifying plants

v

Physical removal and disposal by skimming and disposal

v

Spray with chlorine

) 58 TDEC - Fleming Training Center

Process Goals

Successful activated sludge process performance is
judged by effluent quality.

59 TDEC - Fleming Training Center

Activated Sludge Process Goals

» CBOD removal
» Nitrification (where required)

» TSS removal

» Maintaining neutral pH

» Minimizing the amount of solids produced
» Optimizing the energy used

» 60 TDEC - Fleming Training Center
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BOD Distribution

Oxygen Consumed

Time

p 61 TDEC - Fleming Training Center

TDEC - Fleming Training Center

» Biochemical Oxygen Demand (BOD) — Measure of
quantity of oxygen used in biochemical oxidation of
organic matter.

» Can be divided into:
» CBOD - carbon-based compounds
» NBOD - nitrogen-based compounds

) 62 TDEC - Fleming Training Center

CBOD

» Conventional activated
sludge processes are
designed to remove only
CBOD from wastewater.

p 63 TDEC - Fleming Training Center

Nitrification Reaction

Nitrosomonas
» NH,+ 150, —>NO, + 2 H* + H,0 + Energy

Ammonia Oxygen Nitrite Acid Water

Nitrobacter

» NO, + 050, NO;- + Energy

Total Oxygen Demand

» NBOD + CBOD = Total
Oxygen Demand

v

Nitrogenous oxygen demand
is a measure of the oxygen
required by the nitrifying
bacteria to convert ammonia
nitrogen to nitrite and nitrate.

v

The combined requirement to
decrease CBOD and
nitrogenous BOD makes up
the total oxygen requirement
for the nitrifying activated
sludge process.

Total
Oxygen
Demand

) 65 TDEC - Fleming Training Center

12

Nitrite Oxygen Nitrate
) 64 TDEC - Fleming Training Center
acidic Q
[lemon uice pH 20 )
-
» A measure of the hydrogen ion il 2
Lo : neutral mostite
concentration in a solution. pHess2 & A Toon P Ty
. s =0
» The pH scale typically runs o =
. . e D
0 to 14, with 7 being neutral. & ]

basic
» When neutral pH levels are not maintained, there may be
» Inability to maintain a healthy biomass;
» Potential damage to process equipment; and/or
» Increased cost because of chemical addition.

» During nitrification, alkalinity is needed to buffer the pH.

) 66 TDEC - Fleming Training Center
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Typical Activated Sludge Values

Section 1

Parameter Influent Effluent
BOD; 100 — 300 mg/L |5 —20 mg/L
TSS 100 — 300 mg/L |5 — 30 mg/L
Ammonia 10 — 30 mg/L <2 mg/L
pH 6.5-85 ~70
) 67 TDEC - Fleming Training Center

Activated Sludge Process Modes

Activated Sludge Process Modes

» Plug-flow (conventional)

» Complete mix

» Contact stabilization

» Step feed

» Extended aeration

» Oxidation ditches

» High-rate aeration

» High-purity oxygen

» Sequencing batch reactors

p 69 TDEC - Fleming Training Center

68 TDEC - Fleming Training Center
Plug Flow
Air Line
I
E..). pan e

1 ye A
H :

Biplogical Reactors [~ Clarifier == Effluent

Criteria for a Plug-Flow Reactor

» High length-to width ratio;

» Air flow rate minimized to meet specific treatment needs;
and

» Fairly high wastewater velocity through the reactor.

To
™ Clarifier

» 7L TDEC - Fleming Training Center

Influent
—_—

Influent H
—C
RAS ¥
WAS
p 70 TDEC - Fleming Training Center
Plug Flow

» Raw wastewater goes in as a “plug” and leaves as a “plug”
» Smaller foot print needed

» Highest DO requirement at inlet

» Highest F:M at inlet

» F:M decreases as you go through the process

» You must have a primary clarifier, State won’t let you
otherwise

) 72 TDEC - Fleming Training Center
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Plug Flow Design Parameters

Application Domestic and Industrial

BOD Removal Efficiency 85— 95%

Aeration Type Diffused or Mechanical

MCRT 5— 15 days

Aeration Time 4 — 12 hours

MLSS 1500 — 3000 mg/L

RAS Flow 25 — 75% of influent

F:M 0.2 - 0.4 Ibs BOD/d/Ibs MLVSS
Organic Loading 20 — 40 Ibs BOD/d/1000 f¢?
» 73 TDEC - Fleming Training Center

Complete Mix

A
Influent - _) Clarter | Effluent
\§ ]
Biological Reactor
RAS ¥
WAS
» 74 TDEC - Fleming Training Center

Criteria for a Complete-Mix Reactor

» Low length-to-width ratio
» High air flow rate or mixing power

» Low velocity through the reactor

COMPLETE MIX ACTIVATED SLUOGE

e i

waste
At
g

75 TDEC - Fleming Training Center

Complete-mix

v

Conventional plant — but modified

v

If you take an MLSS sample at one corner; it should be the
same at the opposite corner

v

Can handle toxic loads or organic loads — dilutes them
out
» Primary reason to have one of these

v

Oxygen demand same throughout

-

Needs lots of air and/or mixing

-

Susceptible to growth of filamentous bacteria due to
nutrient deficiency
» If organic loads stop coming in, this could become a problem

» 7 TDEC - Fleming Training Center

Complete Mix Design Parameters

Application Domestic and Industrial

BOD Removal Efficiency 85— 95%

Aeration Type Mechanical

MCRT 5— 15 days

Aeration Time 3 - 10 hours

MLSS 2500 — 4000 mg/L

RAS Flow 25 — 100% of influent

F:M 0.2 - 0.6 Ibs BOD/d/Ibs MLVSS
Organic Loading 50 — 120 Ibs BOD/d/1000 f¢?
» 77 TDEC - Fleming Training Center

Contact Stabilization

Influent N gmg > /c:,:,\_, Effluent
Reaeration Reactor RAS
WAS
» 78 TDEC - Fleming Training Center
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Contact Stabilization Design Parameters

Contact Stabilization

Application

Modification of Existing Plant

BOD Removal Efficiency

80 — 90%

Aeration Type

Diffused or Mechanical

MCRT

5— 15 days

Aeration Time

0.5 — | hour Contact
3 — 6 hours Reaeration

MLSS 1000 — 3000 mg/L Contact
4000 — 10000 mg/L Reaeration

RAS Flow 50 — 150% of influent

F:M 0.2 - 0.6 Ibs BOD/d/Ibs MLVSS

Organic Loading

60 — 75 Ibs BOD/d/1000 ft3

» If toxic load comes in, it will shock the contact tank and
not affect the stabilization tank

» Both contact tank and reaeration tank are aerated
» Reaeration tank is for RAS.
» No new food is added
» Organisms must use stored energy, once used up, they begin searching
for more food, this is when they are moved on to the contact tank
» Contact tank is where the organic load is applied
» Attempts to have microorganisms take in and store large portions of
influent waste in a short period of time (30-90 minutes)
» Can avoid a complete wash-out when high flows or toxic load comes
in

» 80 TDEC - Fleming Training Center

Step Feed - Variations

Influent Step Feed Variations of

Activated Sludge Raw Skudge
i ~~@=

A
A\
B
A B
4 Retum c
i Siudge
=

Cwn @ -

~ Efuant EMMusnt
sl

» 79 TDEC - Fleming Training Center

Step Feed

Biological Reactor
i AT Effluent
Influent U {
r. Clarifier s
e )
RAS ¥
WAS

) 81 TDEC - Fleming Training Center

» 82 TDEC - Fleming Training Center

Step Feed Design Parameters

Step Feed

Application Domestic and Industrial
BOD Removal Efficiency 85— 95%

Aeration Type Diffused

MCRT 5— 15 days

Aeration Time

3 — 6 hours Flow
5 — 7.5 hours Solids

MLSS 2500 — 3500 mg/L
RAS Flow 25 — 75% of influent
F:M 0.2 — 0.4 Ibs BOD/d/Ibs MLVSS

Organic Loading

40 — 60 Ibs BOD/d/1000 ft*

» Advantages over conventional operation:
» Less aeration volume to treat same volume of wastewater
» Better control in handling shock loads
» Potential for handling lower applied solids to the secondary clarifier
» Mode | works more like a conventional activated sludge
process to handle ordinary domestic flows
» Then you have the flexibility to switch to Mode 2, 3 or 4 depending
on the quantity of industrial waste flows, seasonal WW or
temperature variations
» Mode | should provide the best treatment with the longest
detention time for microorganisms to have contact with food and
aeration
» Mode 4 works more like a contact stabilization plant during
peak flows resulting from storms or when treating strong
industrial wastes

TDEC - Fleming Training Center

) 84 TDEC - Fleming Training Center
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Section 1
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Step Feed
Step-Feed
% WH%  3h% 334% Primary Effuant
MODE 3 ‘ 1 |
Rowm Slucge ~ —= | | | = Einuont
o ' e
Stop-Feod
o% o ' 5% 50% Primary Efiluent
MODE 4 | [ |
Aerator
Rotun Studge ~ —= | | | > Eftvont
or Contact Stabization
100% influant
b 86 TDEC - Fleming Training Center

Extended Aeration Design Parameters

Application Smaller Communities and Package
Plants

BOD Removal Efficiency 85— 95%

Aeration Type Diffused or Mechanical

MCRT 20 — 30 days

Aeration Time 18 — 36 hours

MLSS 3000 — 6000 mg/L

RAS Flow 50 — 150% of influent

F:M 0.05 - 0.15 Ibs BOD/d/Ibs MLVSS

Organic Loading 10 — 25 Ibs BOD/d/1000 ft?

) 88 TDEC - Fleming Training Center

Step Feed
100% Primary Effuent
Conventional Flow Activated Slydge Process
i) 1 | |
Return Siuags — | | | > 'éﬁ:'-
Flow | | —
Stop-Foed
5% 5% 25% 25% Primary Effivent
MODE2 ] 1 [
Roum Siudge  ——=| | | I - oot
o | | |
b 8 TDEC - Fleming Training Center
Extended Aeration
N
-
Influent Biological Reactor / % Effluent
> Clariier =~
RAS ¥
WAS
p 87 TDEC - Fleming Training Center
Oxidation Ditch
Horizontal Rotors
(or other aeration mixing device) E_fflu ent Weir
A — N
e -, To
. Clarifier
-\\‘ - ..-"/

Hdrizontal Rotors

(or other aeration mixing device)

Influent

TDEC - Fleming Training Center

Oxidation Ditch

Brush rotor — first oxidation ditch
» To control DO, play with depth of water

v

» Some brush rotors were covered to keep down air-borne diseases

v

Simple to operate

v

Velocity of | ft/sec

v

Large tank volume and high oxygen demand are disadvantages
» Requires more aeration energy than conventional or complete mix
High MCRT and low F:M

» Well stabilized sludge

» Very low effluent BOD

» Adaptable to nutrient removal

v

» 9% TDEC - Fleming Training Center
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Murfreesboro Wastewater Treatment
Plant

b o TDEC - Fleming Training Center

Section 1

High Rate Aeration

/A\

£ \
Influent - Ly Clariter :._Efﬂuent

Biological Reactor
RAS
WAS
» 92 TDEC - Fleming Training Center

High Rate Aeration Design Parameters

Application Industrial

BOD Removal Efficiency 75— 85%

Aeration Type Mechanical or Diffused (rare)

MCRT 12 — 24 days

Aeration Time 2 — 4 hours

MLSS 4000 — 10000 mg/L

RAS Flow 100 — 500% of influent

F:M 0.4 — 1.5 Ibs BOD/d/Ibs MLVSS

Organic Loading 100 — 1000 Ibs BOD/d/1000 ft>
) 93 TDEC - Fleming Training Center

High Purity Oxygen

» The modification of the activated sludge process which
allows the closest match between the amount of oxygen
supplied and the oxygen uptake rate of the mixed liquor

Surface Aerator \ Exhaust Gas

Oxygen @;

MLSS to
Infl
nfluent Clarifier

; 94 TDEC - Fleming Training Center

High Purity Aeration Design Parameters

High-Purity Oxygen Facility

Application Domestic and Industrial
BOD Removal Efficiency 85— 95%
Aeration Type Mechanical
MCRT 3 — 10 days
Aeration Time | =3 hours
MLSS 2000 — 5000 mg/L
RAS Flow 25 — 50% of influent
F:M 0.25 — 1.0 Ibs BOD/d/Ibs MLVSS
Organic Loading 100 — 200 Ibs BOD/d/1000 f¢?
p 95 TDEC - Fleming Training Center

» Oxygen for this process

can be supplied by:

» Trucked-in liquid oxygen
(LOX)

» Cryogenic oxygen
generation

» Pressure-swing adsorption
generation

» 9% TDEC - Fleming Training Center
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Section 1

TDEC - Fleming Training Center

High-Purity Oxygen Facility

» Liquid oxygen is a fire hazard, comes delivered at -300°F

» Continuously control oxygen feed rate depending on how
active the microorganisms are

» Always has a covered tank to prevent costly pure oxygen
from going off into the atmosphere, keeps it in the tank

» Nitrification ability limited due to accumulation of CO, in
gas headspace which causes low pH in mixed liquor

p 97 TDEC - Fleming Training Center

Sequencing Batch Reactor (SBR)

» Compact, simplified process
» Flexible; operational changes for nutrient removal

» Higher maintenance skills for instruments, automatic
valves and monitoring devices

) 98 TDEC - Fleming Training Center

Sequencing Batch Reactor (SBR)

I. Fill — reactor is filled with
wastewater.

Inflyent =
!
I

Efflutnt

2.React — the wastewater is
aerated.

Ian‘Jenl N
Eﬁl&ent

L was

» 9 TDEC - Fleming Training Center

Sequencing Batch Reactor (SBR)

3.Settle — MLSS is
separated.

Inflyent @
f
Efflu%nt

WAS

4. Decant — treated
wastewater is removed.

Inflyent &
“{.
Effl u%nt

IAS

» 100 TDEC - Fleming Training Center

Sequencing Batch Reactor (SBR)

5. 5.Idle — a portion of the
- = waste sludge is
=™ =" 2| removed with adequate
= w

sludge left in the tank
to provide biomass for
the next treatment
cycle.

p 101 TDEC - Fleming Training Center

Sequencing Batch Reactor Design
Parameters

Application Smaller Communities

BOD Removal Efficiency 85— 95%

Aeration Type Diffused

MCRT N/A

Aeration Time 12 — 50 hours

MLSS 1500 — 5000 mg/L

RAS Flow N/A

F:M 0.05 — 0.3 Ibs BOD/d/Ibs MLVSS
Organic Loading 25 Ibs BOD/d/1000 f¢?
» 102 TDEC - Fleming Training Center

18 Overview - Activated Sludge



TDEC - Fleming Training Center

Section

Criteria for choosing the optimal
activated sludge process variation:

» Construction capital availability
» Land availability
» Influent flow and loading considerations

» Operational expertise available

p 103 TDEC - Fleming Training Center

Aeration

104 TDEC - Fleming Training Center

Aeration

» Aeration is a process that occurs naturally, not just in an
aerator

» Two purposes:
» To keep biomass, food and
oxygen in contact (mixing)

» Oxygen supplied to bugs

RS =

p 105 TDEC - Fleming Training Center

Biological Reactors

» Biological reactors provide oxygen and promote contact
with waste.
» RAS maintains the microorganism population

Influent

nd

== Raiiias

) 106 TDEC - Fleming Training Center

Aeration

» In biological reactors, adequate DO must be maintained.
The typical concentration range for most reactors is:

1.0 to 4.0 mg/L

» Adding dissolved oxygen to the mixed liquor creates the
highest single electrical demand at most activated sludge

facilities $ $ !s :

______________________________________ BEBRRAR S

p 107 TDEC - Fleming Training Center

High Purity Oxygen System

» High purity oxygen
systems use aeration
equipment similar to a
conventional plant

» 108 TDEC - Fleming Training Center
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Section 1

High Purity Oxygen System

TDEC - Fleming Training Center

» An advantage of high-purity oxygen systems is that a
smaller reactor size is required

» Disadvantages of high-purity oxygen processes:
» Higher capital costs
» Higher operating costs
» Systems are more prone to operational problems
» Additional safety concerns

p 109 TDEC - Fleming Training Center

Surface Aerators

Horizontal Rotor Surface
Aerator Surface Aerator

) 110 TDEC - Fleming Training Center

Surface Aerators

» Surface aerators generate a lot of splashing and mist

» Deflector plate keeps most spray from going up

p 11 TDEC - Fleming Training Center

Surface Aerators

» For surface aerators, the most common way to control
the DO and mixing is through the use of variable-speed
motors.

» Typically, a two-speed motor is used.

) 112 TDEC - Fleming Training Center

Waste Activated Sludge Systems

13 TDEC - Fleming Training Center

Waste Sludge Options

ifluent - Slege | Sgamen | Secondary
e = Effluent

RAS )
ﬂ—> Separate
I I, Waste Line

Waste Waste  From Clarifier
from from
Reactors WAS
Line
p 114 TDEC - Fleming Training Center
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Section 1

Waste Sludge Options

» Increasing the wasting rate will:
» Decrease the MLSS concentration

» Decrease the MCRT
» Increase the F:M ratio

» Increase the SVI

p 115 TDEC - Fleming Training Center

Wasting Rates

» The most important feature of a WAS pumping
system is its flexibility to allow different wasting rates.

» Develop a wasting strategy that works best for your
facility.

) 116 TDEC - Fleming Training Center

Process Control

u7 TDEC - Fleming Training Center

High 228

) 118 TDEC - Fleming Training Center

Organic Tests

» CBOD/BOD tests provide [l BOD, mg ob

a good indication of the 10/1/2007_ | 125 240
. 10/2/2007 | 120 23|

organic strength of a
10/3/2007 | 145 279

wastewater.
10/4/2007 | 136 262
» Because of fairly long 10/5/2007 | 110 202
detention times, 10/6/2007 | 100 192
BOD/COD variations are |10/7/2007 |94 181
typically only of concern if | 10/82007 | 112 215
they last 24 hours or 10/9/2007 | 117 225
longer. 10/10/2007 | 119 229
. 10/11/2007 | 128 246
» Correlation between ‘2007 138 265
BOD and COD 10/13/2007 | 155 282
p 119 TDEC - Fleming Training Center

Temperature vs. Population

» Temperature affects the size of the microorganism
population.

Number of Microorganisms

Temperature

» 120 TDEC - Fleming Training Center
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Section 1

MCRT and Temperature

TDEC - Fleming Training Center

MCRT & Mixed Liquor Temperature versus Time = Temperature
al XYZ Wastewater Treatment Plant = MCRT

%5 30
20

15 - 20

MCRT, days
mj

104715

a
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Time

p 121 TDEC - Fleming Training Center

Sludge Volume Index

» The SVl is a measure of sludge settleability

» Acceptable SVI target levels are no greater than 150 mL/g
and ideally less than 100 mL/g
» High SVI’s are associated with:
» Filamentous bacteria
» Young sludge
» Industrial wastewaters, with nutrient deficiencies

SSVzo, mL/L x 1000
MLSS, mg/L

SVI =

» 122 TDEC - Fleming Training Center

pH

» Optimum pH ranges:
» Conventional Process: 6.5 — 8.5
» Nitrifying Process: 7.0 — 8.0

) 123 TDEC - Fleming Training Center

Nitrification

» Nitrification consumes bicarbonate alkalinity

» To convert | mg of ammonia to nitrite, approximately 7
mg of alkalinity are consumed.

» Minimum alkalinity levels
» 50 mg/L where pH is adjusted automatically
» 100 mg/L pH is adjusted manually

) 124 TDEC - Fleming Training Center

BOD ratios

» The minimum ratio of BOD to nitrogen to
phosphorus is 100:5:1.
» This is very critical:

BOD:N:P = 100:5:|

p 125 TDEC - Fleming Training Center

Nutrient Deficiencies

» When essential nutrient ratios drop, less-desirable

R 3.

i R
lous Bacleria Growth W

) 126 TDEC - Fleming Training Center
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Toxins

Section 1

» Influent wastewater may contain constituents that can be
toxic to activated sludge microorganisms.

» These types of constituents are:
» Metals

» Inorganics

= Level of Toxicity

_ Number of
» Organics Microorganisms

p 127 TDEC - Fleming Training Center

Industrial Wastes

v

Industrial wastes could inhibit the activity of
microorganisms in a treatment plant

v

Examples of industrial wastes:
» Heavy metals
» Toxic wastes
» Low pH

» Organic Mate

2\

DANGER
Acid

Cadmium

) 128 TDEC - Fleming Training Center

Recognition of a Toxic Waste Load

» The first indication of a toxic waste load within the treatment
plant is recognized by observing the aeration basin DO levels.

» As the toxic load moves into and through the aeration basin, the DO
will increase significantly.

v

A DO increase without an increase in air input indicates that a toxic
waste load is killing the microorganisms in the aeration tank, thus
reducing the oxygen uptake by the microorganisms
» The second indication of a toxic waste reaching the plant may
be observed in the secondary clarifier effluent.
» The effluent will be to have floc carryover (an indication of cell
death)

» The degree of carryover will depend on the substance and quantity
of the toxic waste.

p 129 TDEC - Fleming Training Center

Operational Strategy for Toxic Wastes

» The operator’s primary mission in the case of toxic
wastes is to save the activated sludge system.

» When the operator at the plant recognizes a toxic waste
condition, the RAS flow rate is reduced significantly.
» If this action is taken promptly, it isolates in the secondary

clarifiers most of the bacteria affected by the toxic waste

» The operator then significantly increases the WAS flow to
purge the activated sludge process of the toxic waste and
the sick or dead microorganisms.

» 130 TDEC - Fleming Training Center

Recognition of a High Organic Load

» The first indication of a high organic waste load within the
treatment plant is recognized by observing the aeration basin
DO levels.

As the high organic load moves into and through the aeration basin,

the DO will decrease significantly.

A DO decrease without an air input decrease indicates that htte high

organic waste load is too great for the available microorganisms to

properly assimilate and metabolize the waste (food to
microorganism ratio is out of balance because of greater BOD

(food)).

A second indication of high organic waste reaching the plant

may be observed in the secondary clarifier effluent.

» The effluent will be more turbid (less clear) indicating that the waste
flow has not been adequately treated.

v

-

v

) 131 TDEC - Fleming Training Center

Operational Strategy for High Organic
Loads
» The operator’s primary mission in the case of high

organic loads is to improve the microorganisms
treatment efficiency.

v

The RAS flow must be significantly increase to provide
more microorganisms to the aeration contact basin to
adequately treat the high organic waste.

v

The rate of RAS increase must be accomplished gradually
so that both design hydraulic and solids loading rates for
the secondary clarifiers are not exceeded.

v

In addition, every attempt should be made to increase the
air or oxygen input to maintain proper DO levels in the
aeration basins.

) 132 TDEC - Fleming Training Center
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Section 1

Biological Treatment

TDEC - Fleming Training Center

» Biological treatment processes can not easily adjust to
great fluctuations of flows and/or wastes (BOD)

p 133 TDEC - Fleming Training Center

Dissolved Oxygen Control

134 TDEC - Fleming Training Center

DO Requirements

» For low-BOD wastewater, the minimum airflow rate is
often based on mixing rather than DO requirements.

» Typically, oxygen requirements are met when the DO in
the mixed liquor is at 2 mg/L or more.

p 135 TDEC - Fleming Training Center

Low DO

» Signs that low-DO conditions may be present:

» Dominance of “low-DO” filamentous bacteria
» Turbid effluent
» Gray or black mixed liquor

Filamentous bacteria may indicate low DO conditions.

) 136 TDEC - Fleming Training Center

Turbid Effluent

Low DO can lead to effluent turbidity.

p 137 TDEC - Fleming Training Center

Black Mixed Liquor

p 138 TDEC - Fleming Training Center
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Uniform Mixing

Section 1

» Reactors should be monitored to ensure mixing is
uniform

p 139 TDEC - Fleming Training Center

Over Aeration

» Overaeration can ensure adequate DO is available but
wastes energy.

) 140 TDEC - Fleming Training Center

Solids Inventory and Control

141 TDEC - Fleming Training Center

Solids

» It is important to account for and control the solids in
the activated sludge process.

» As BOD is reduced, additional microorganisms are
produced.

» Measuring flow and solids concentration allows
calculation of mass balances.

) 142 TDEC - Fleming Training Center

Controllable Settling

» Hydraulic Overload

» Inadequate Sludge Return

) 143 TDEC - Fleming Training Center

Uncontrollable Settling

v

Good Settling with
Diluted Settleometer
» Excess Old Sludge

» Glutted System

» Poor Settlmg with Diluted India ink stain shows slime bulking due to
Settleometer nutrient deficient waste (exocellular
» Bulking Sludge lipopolysaccharide slime)
» Slime : e

» Filamentous

) 144 TDEC - Fleming Training Genteria Foam (200%)
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Section 1

Solids Inventory

TDEC - Fleming Training Center

Sec?Indary MLSS Secondary
Influent  “gigiogical M LVSS Effluent
Secondal
Qinf REEEtor"Qrc + Qrl, cf::“':y/ Qeft
TSS;¢ ~ TSSe
BOD; ¢
RAS
o l
TSSg WAS
Qw
TSSw
p 145 TDEC - Fleming Training Center

= =
Solids Wasted |

V\}AS
QW
TSSy,

» WAS, Ibs/day = (TSSy, mg/L)(Quw MGD)(8.34 Ibs/gal)

» Example: WAS flow of 200 gpm with a WAS TSS of 8050
mg/L
(200 gpm)(1440 min/day) /1,000,000 = 0.288 MGD

» WAS, Ibs/day = (8050 mg/L)(0.288 MGD)(8.34 Ibs/gal)

= 19,335 Ibs/day WAS

) 146 TDEC - Fleming Training Center

F:M Ratio

» One of the most important process control parameters is
maintaining the optimum amount of solids to remove
BOD from influent wastewater.

» BOD =“food”
» Activated sludge solids = “microorganisms”

» F:M Ratio
» Food (BOD, Ibs/day) divided by Microorganisms (MLVSS, Ibs)

p 147 TDEC - Fleming Training Center

i<— Good Settling —i

Rotifers

F:M Ratio

» F:M = (BOD, . mg/L)(Q; . MGD)(8.34 Ibs/gal)
(MLVSS, mg/L)(Aerator Vol, MG)(8.34 Ibs/gal)

Secondary . MLSS
Influent Biological  MLVSS ‘
Qin Reaclor Q.+ QRlclarifier ) -
TSSin ,.//
BOD, b
) 149 TDEC - Fleming Training Center

Stragglers " Pin Floc
N
Rotifers
Stalked Ciliates Stalked Ciliates
N,
Free-Swimming o~y 8§ Nematodes|
Ciliates Ll Q\{
Free-Swimming (o Stalked Ciliates ¢
T 'Q% Giliates -
2 <D,
= ! N Free-Swimming Rotifers
& % Ciliates (oo
Flagellates NGV - —-— Stalked Ciliates
\L') Free-Swimming Free-Swimming
Ciliates Ciliates
Flagellates Elagellate: Flagellates Flagellates
Amoeba ‘Amoeba Amoeba Amoeba Amoeta
High svi Low
148 High TDECEMming Training Center Low
Low MCRT, High
F:M Ratio
» Target F:M values
» Conventional = 0.2 - 0.5
» Nitrifying less than or equal to 0.10
» F:M based on BOD measurements does not give
immediate process control feedback
» Running averages of F:M provide useful monitoring input
» F:M can be based on COD measurements when
immediate process feedback is required
» Target F:Mcqp =Target F:Mpop
BOD:COD
) 150 TDEC - Fleming Training Center
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F:M Example
BOD, 145 mg/L
Qi 15 MGD
MLVSS 2500 mg/L
Aerator Volume 2 MG

» M = (BOD, » mg/L)(Q, . MGD)(8.34 Ibs/gal)
(MLVSS, mg/L)(Aerator Vol, MG)(8.34 Ibs/gal)

» F:M = (145 mg/L)(15 MGD)(8.34 lbs/gal) = 0.44
(2500 mg/L)(2 MG)(8.34 Ibs/gal)

p 151 TDEC - Fleming Training Center

Section 1
F:M Ratio
Calculated F:M Result Action
Less than target F:M Too many Increase wasting
microorganisms in rate

process

Greater than target Not enough Reduce wasting rate
F:M microorganisms in
process

» Excess sludge to waste:

» Excess M to waste = Current M — F (Food)
(Microorganisms) F:M Target

p 152 TDEC - Fleming Training Center

F:M Ratio

» Excess sludge to waste:

» Excess M to waste = Current M — F (Food)
(Microorganisms) F:M Target

» Wastewater formula book, pg. 10 has this as three
different formulas:
» Desired MLVSS, Ibs = BOD or COD, Ibs
Desired F:M ratio
» Desired MLSS, Ibs = Desired MLVSS, Ibs
% Vol. Solids, as decimal
» SS, Ibs to waste = Actual MLSS, Ibs — Desired MLSS, Ibs

p 153 TDEC - Fleming Training Center

Excess Sludge to Waste Example

» Given the following data, use the desired F:M ratio to
determine the Ibs SS to be wasted:
Aeration Vol = 1,300,000 gal MLSS = 2980 mg/L
Q. = 3,190,000 gpd %VS = 70%
COD = 115 mg/L
Desired F:M = 0.15 Ibs COD/day/Ib MLVSS
» Desired MLVSS, Ibs = BOD or COD, Ibs
Desired F:M ratio
= (115 mg/L)(3.19 MGD)(8.34)
0.15

= 20,396.86 Ibs desired MLVSS

) 154 TDEC - Fleming Training Center

Excess Sludge to Waste Example

» Given the following data, use the desired F:M ratio to
determine the Ibs SS to be wasted:

Aeration Vol = 1,300,000 gal MLSS = 2980 mg/L
Q,s = 3,190,000 gpd %VS =70%
COD = 115 mg/L Desired MLVSS = 20,396.86 Ibs

Desired FM = 0.15

» Desired MLSS, Ibs = Desired MLVSS, Ibs
% Vol. Solids, as decimal

=20,396.86 Ibs
0.70

=29,138.37 Ibs desired MLSS

» 155 TDEC - Fleming Training Center

Excess Sludge to Waste Example

» Given the following data, use the desired F:M ratio to
determine the Ibs SS to be wasted:

Aeration Vol = 1,300,000 gal MLSS = 2980 mg/L

Qinf = 3,190,000 gpd %VS =70%

COD = 115 mg/L Desired MLVSS = 20,396.86 Ibs
Desired F:-M = 0.15 Desired MLSS = 29,138.37 Ibs

» SS, Ibs to waste = Actual MLSS, Ibs — Desired MLSS, Ibs
= (2980 mg/L)(1.3 MG)(8.34) —29,138.37 Ibs
= 32,309.16 Ibs — 29,138.37 Ibs
=3170.79 Ibs to waste

) 156 TDEC - Fleming Training Center
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MCRT

» Mean Cell Residence Time

» The average time a given unit of cell mass stays in the biological
reactor.

» Higher MCRT'’s create higher MLSS concentrations
» Lower MCRT’s create lower MLSS concentrations

» MCRT, days = Suspended Solids in System, Ibs
SS Leaving System, Ibs/day

p 157 TDEC - Fleming Training Center

* CCSS is the average clarifier core SS
concentration of the entire water

MCRT column sampled by a core sampler.

MLSS, lIbs  + CCSS*, Ibs

(MLSS, mg/L)(Aerator Vol, MG)(8.34) (CC SS, mg/L)(Final Clarifier Vol, MG)(8.34)

, B Tudaw]

Solids in 4 Reactor . Claritier
System | N %
Solids
Leaving )

System (WAS SS, mg/L)(WAS Q, MGD)(8.34)
WAS SS, lIbs+ S.E. SS, Ibs

(SE SS, mg/L)(Plant Q, MGD)(8.34)

) 158 TDEC - Fleming Training Center

MCRT

» Given the following data, use the information below to
determine the MCRT, days:
Aeration Vol = 1.5 MG
Final Clar.Vol = 0.1 | MG WAS SS = 8040 mg/L
PE Flow = 3.4 MGD SE SS = 18 mg/L
WAS Pump Rate = 60,000 gpd ~ CC SS = 1850 mg/L

» MCRT = (2460 mg/L)(1.5 MG)(8.34) + (1850 mg/L)(0.11 MG)(8.34)
(8040 mg/L)(0.06 MGD)(8.34) + (18 mg/L)(3.4 MGD)(8.34)

MLSS = 2460 mg/L

= 30774.6 Ibs MLSS + 1697.19 Ibs CCSS = 32471.79 lbs
4023.216 Ibs/d WAS + 510.408 Ibs/d SE SS 4533.624 Ibs/d

=7.2 days

p 159 TDEC - Fleming Training Center

MCRT

» Note that when using this equation, the highly variable
solids concentration throughout the clarifier sludge
blanket can make this calculation difficult

» If Clarifier Core Suspended Solids (CCSS) sample is not
taken, but you are given the clarifier volume, add that to
your aerator volume before figuring your MLSS Ibs.

» Target MCRT
» High Rate =5 — 10 days
» Conventional = 5 — |5 days
» Nitrifying = 8 — 20 days
» Extended Aeration = 20+

MCRT

» Given the following data, use the information below to determine
the MCRT, days(same as previous, just missing the CCSS sample:
AerationVol = 1.5 MG MLSS = 2460 mg/L
Final Clar.Vol = 0.11 MG WAS SS = 8040 mg/L
PE Flow = 3.4 MGD SESS = 18 mg/L
WAS Pump Rate = 60,000 gpd

» MCRT =( 2460 mg/L ) ( I.5MG + 0.1 MG ) ( 834 )
(8040 mg/L)(0.06 MGD)(8.34) + (18 mg/L)(3.4 MGD)(8.34)

=(2460mg/L ) (_1.61 MG ) (_8.34 )=33031.404 Ibs
4023.216 Ibs/d WAS + 510.408 Ibs/d SE SS 4533.624 Ibs/d

=7.3 days

p 161 TDEC - Fleming Training Center

) 160 TDEC - Fleming Training Center
MCRT
» MCRT/solids inventory must be adjusted as temperatures
change.

» Temperature changes affect
» Metabolic rates of microorganisms
» Oxygen transfer rates
» Solids settling rates

MCRT RAS Rate

Low 30 — 40% of influent
High Up to 150% of influent
) 162 TDEC - Fleming Training Center
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Section 1

Conditions to Avoid in Activated Sludge

Effects of Temperature on Activated
Sludge

» Temperature > 35°C

» TDS > 50,000 mg/L

» Ammonia-N > 480 mg/L
» Sulfide > 25 mg/L

» Surfactants > 100 mg/L

>35°C | Deterioration of biological floc

>40°C | Protozoa disappear
>43°C | Dispersed floc dominated by filaments
>35°C |Sharp decrease in zone settle velocity of

p 163 TDEC - Fleming Training Center

activated sludge

) 164 TDEC - Fleming Training Center

Foaming

165 TDEC - Fleming Training Center

§ Thick Scummy
Dark Foam

White Foam

» Stiff white foam is typically an indication of a high F:M,
possibly caused by:
» High influent BOD, low MLSS — high F:-M
» Detergents (surfactants) not being fully metabolized

p 167 TDEC - Fleming Training Center

Bad Day at the Plant

» Excessive stiff white foam can become a nuisance and hazard for
your facility.

) 168 TDEC - Fleming Training Center
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White Foam

» For a long-term solution
to stiff white foam:
» Find the cause of the
problem

» Figure out a way to alter
or eliminate the cause

p 169 TDEC - Fleming Training Center

White Foam Scenario 2

» Cause: High F:M ratio due to toxic slug in the influent
causing biomass to die off

v

Solution: Rebuild biomass as soon as possible

» Maximizing the RAS rate

» Reducing WAS rate

» Maintaining adequate DO levels throughout the aerators

» Also, investigate the source of the toxic load to prevent future
problems

p 171 TDEC - Fleming Training Center

White Foam Scenario 4

» Cause: High F:M caused by high or low pH
» Solution:

» Short-term: correct pH by adding chemicals

» Long-term: determine the cause and correct it

) 173 TDEC - Fleming Training Center
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White Foam Scenario 1

» Cause: High F:M ratio from a new process startup
» Solution: Build up the biomass in the aerators as quickly
as possible by:
» Maximizing the RAS rate
» Reducing WAS rate
» Maintaining adequate DO levels throughout the aerators

» 170 TDEC - Fleming Training Center

White Foam Scenario 3

» Cause: High F:M ratio due to nutrient deficiencies
» Solution: Adjust ratio of BOD:N:P to maintain 100:5:1

» 172 TDEC - Fleming Training Center

White Foam Scenario 5

» Cause: High F:M due to cold temperatures

» Solution: Raise MLSS in aerators by:
» Reducing WAS rate
» Increasing the RAS rate

) 174 TDEC - Fleming Training Center
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White Foam Scenario 6

Section 1

» Cause: High F:M due to solids loss in effluent
» Solution: Rebuild biomass as soon as possible
» Maximizing the RAS rate
» Reducing WAS rate
» Maintaining adequate DO levels throughout the aerators

p 175 TDEC - Fleming Training Center

White Foam Scenario 7

» Cause: High F:M by insufficient RAS to aerators
» Solution:

» Make sure RAS flow is going to aerators

» Make sure RAS pumps are operating

» Make sure RAS flow meter is working

» Check clarifier sludge blanket level

» 176 TDEC - Fleming Training Center

Nocardia Foam

» Nocardia foaming is a thick, greasy, dark tan foam

» 177 TDEC - Fleming Training Center

Nocardia Foam

» Nocardia foam is caused by a longer MCRT and low F:-M
ratio

» To correct a Nocardia foam problem in a conventional
system, increase wasting to raise F:M.

» Nocardia already present in your system must be
physically removed

» Nocardia foam can cause problems with aerobic digesters
and be returned to the reactors through recycled water.

» 178 TDEC - Fleming Training Center

Dark Foam

» Dark or black foam is typically the result of insufficient aeration or
industrial wastes.

p 179 TDEC - Fleming Training Center
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Clarifier Covered in “Ash” Ashing

» Ashing may occur when:

» Denitrification is beginning to occur in the clarifier
» F:Mis extremely low and beyond normal extended aeration
» Mixed liquor contains excessive levels of grease

» Ashing may be a symptom of overoxidized (overaerated)
mixed liquor.

p 181 TDEC - Fleming Training Center p 182 TDEC - Fleming Training Center

Pinpoint and Straggler Floc

183 TDEC - Fleming Training Center ) 184 TDEC - Fleming Training Center

Pinpoint Floc

» Possible Causes of Pinpoint Floc:
» Old sludge with poor floc-forming characteristics
» Excessive turbulence shearing the floc

» Straggler floc is indicative of a low MCRT.

» Pinpoint Floc Strategy

» If tests indicate your sludge is old, decrease MCRT by
increasing the WAS flow rate

p 185 TDEC - Fleming Training Center
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Design Parameters for Various Activated
Sludge Processes

Process F:M ratio, Ibs BOD MLSS, mg/L
applied/d / Ib MLVSS
Conventional 5-15 02-04 500 — 3000
Complete Mix 5-15 0.2-0.6 2500 — 4000
Step Feed 5-15 0.2-04 2000 —- 3500
Modified Aeration 0.2-0.5 |.5-5.0 200 - 1000
Contact Stabilization 5-15 0.2-0.6 1000 — 3000
4000 — 10000
Extended Aeration 20 - 30 0.05-0.15 3000 — 6000
High Rate Aeration 5-10 04-15 4000 — 10000
High Purity Aeration 3—-10 025-1.0 2000 - 5000
Oxidation Ditch 10 — 30 0.05-0.30 3000 — 6000
Single Stage Nitrification 8 —20 0.10-0.25 2000 — 3500
Separate Stage Nitrification I15—-100 |0.05-0.20 2000 — 3500
; __________________________________________________________________________________________________________________________
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Bacteria Population vs. Sludge Age

EACTERIA

FREE
SWIMBMING
CILIATES

SARCONDIA '|'|.
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e o
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Relative Predominance
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Activated Sludge Vocabulary

1. Absorption 20. Heterotrophic

2. Activated Sludge Process 21. Mean Cell Residence Time
3. Adsorption (MCRT)

4. Aeration Tank 22. Mechanical Aeration

5. Aerobes 23. Mixed Liquor

6. Anaerobes 24. Mixed Liguor Suspended
7. Anoxic Solids (MLSS)

8. Biomass 25. Mixed Liquor Volatile

9. Bulking Suspended Solids (MLVSS)

10. Coagulation 26. Nitrification

11. Ciliates 27. Oxidation

12. Composite Sample 28. Protozoa

13. Denitrification 29. Reduction

14. Diffuser 30. Rotifer

15. Endogenous Respiration 31. Septic

16. Facultative 32. Sludge Age

17. Filamentous Bacteria 33. Sludge Volume Index
18. Floc 34. Supernatant

19. F/M Ratio 35. Zoogleal

A.  Clumps of bacteria and particles or coagulants and impurities that have come
together and formed a cluster. Found in aeration tanks, secondary clarifiers and
chemical precipitation processes.

B.  When the activated sludge in an aeration tank is mixed with primary effluent or
the raw wastewater and return sludge, this mixture is then referred to as mixed
liquor as long as it is in the aeration tank.

C. Bacteria that must have molecular (dissolved) oxygen (DO) to survive. Aerobes
are aerobic bacteria.

D. The clumping together of very fine particles into larger particles (floc) caused by
the use of chemicals (coagulants).

E. This test is a measure of the volume of sludge compared to its weight. The
volume occupied by one gram of sludge after 30 minutes settling.

F.  The organic or volatile suspended solids in the mixed liquor of an aeration tank.
This volatile portion is used as a measure or indication of the microorganisms
present.

G. Describes the organisms that use organic matter for energy and growth.
Animals, fungi and most bacteria are these.

H.  The taking in or soaking up of one substance into the body of another by
molecular or chemical action (as tree roots absorb dissolved nutrients in the soil)

I.  The addition of oxygen, removal of hydrogen, or the removal of electrons from
an element or compound. In wastewater treatment, organic matter is oxidized
to more stable substances.
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BB.

CC.

DD.

A device (porous plate, tube, bag) used to break the air stream from the blower
system into fine bubbles in an aeration tank or reactor.

Oxygen deficient or lacking sufficient oxygen, but nitrate is available.

A condition produced by anaerobic bacteria. If sever, the wastewater produces
hydrogen sulfide, turns black, gives off foul odors, contains little or no dissolved
oxygen and the wastewater has a high oxygen demand.

Microscopic animals characterized by short hairs on their front ends.

These bacteria can use either dissolved molecular oxygen or oxygen obtained
from food materials such as sulfate or nitrate ions. In other words, these
bacteria can live under aerobic or anaerobic conditions.

Bacteria that do not need molecular (dissolved) oxygen (DO) to survive.
Suspended solids in the mixed liquor of an aeration tank.

A situation where living organisms oxidize some of their own cellular mass
instead of new organic matter they adsorb or absorb from their environment.
An expression of the average time that a microorganism will spend in the
activated sludge process.

Clouds of billowing sludge that occur throughout secondary clarifiers and sludge
thickeners when the sludge does not settle properly. In the activated sludge
process, this is usually caused by filamentous bacteria or bound water.

A measure of the length of time a particle of suspended solids has been retained
in the activated sludge process.

A class of protozoans distinguished by short hairs on all or part of their bodies.
A biological wastewater treatment process that speeds up the decomposition of
wastes in the wastewater being treated. Activated sludge is added to the
wastewater and the mixture (mixed liquor) is aerated and agitated. After some
time in the aeration tank, the activated sludge is allowed to settle out by
sedimentation and is disposed of (wasted) or reused (returned to aeration tank)
as needed. The remaining wastewater then undergoes more treatment.

Food to microorganism ratio. A measure of food provided to bacteria in an
aeration tank.

Liquid removed from settle sludge. This liquid is usually returned to the influent
wet well or to the primary clarifier.

The tank where raw or settled wastewater is mixed with return sludge and
aerated.

A group of motile microscopic organisms (usually single-celled and aerobic) that
sometimes cluster into colonies and often consume bacteria as an energy source.
The use of machinery to mix air and water so that oxygen can be absorbed into
the water.

A mass or clump or organic material consisting of living organisms feeding on the
wastes in wastewater, dead organisms and other debris.

Jelly-like masses of bacteria found in both the trickling filter and activated sludge
processes.

The gathering of a gas, liquid or dissolved substance on the surface or interface
zone of another material.
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EE.

FF.

GG.

HH.
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Bacteria that grown in a thread or filamentous form. A common cause of sludge
bulking in the activated sludge process.

An aerobic process where bacteria change the ammonia and organic nitrogen in
wastewater into oxidized nitrogen (usually nitrate). The second-stage BOD is
sometimes referred to as the “nitrogenous BOD” (first stage is called the
“carbonaceous BOD”)

A collection of individual samples obtained at regular intervals, usually every one
or two hours during a 24-hour period. Each individual sample is combined with
others in proportion to the rate of flow when the sample was collected.

The anoxic biological reduction of nitrate nitrogen to nitrogen gas. An anoxic
process that occurs when nitrite or nitrate ions are reduced to nitrogen gas and
nitrogen bubbles are formed as a results of this process. The bubbles attach to
the biological floc in the activated sludge process and float the floc to the surface
of the secondary clarifiers. This condition is often the cause of rising sludge
observed in secondary clarifiers or gravity thickeners.

The addition of hydrogen, removal of oxygen, or the addition of electrons to an
element or compound. Under aerobic conditions (no dissolved oxygen present),
sulfur compounds are reduced to odor-producing hydrogen sulfide (H.S) and
other compounds.

Review Questions
In the activated sludge process, microorganisms convert organic matter to

New cells, carbon dioxide and water
New cells, ammonia and water
Carbon dioxide, water and nitrate
Carbon dioxide, water and chlorine

oo o

. The basic components of the activated sludge process are

a. Thickeners and digesters

b. Screens and clarifiers

c. Sand filters and chlorine contact chambers
d. Biological reactors and clarifiers

. Solids that settle to the bottom of clarifiers and are pumped back to the head of

biological reactors are referred to as
a. RAS
b. WAS
c. TSS
d. Total residual chlorine

Overview - Activated Sludge
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4. The amount of time that microorganisms spend in the activated sludge process
before they are wasted is called the
a. Total residual chlorine
b. MLSS
c. MCRT
d. WAS

5. The process of reproduction where one mature cell divides into two new cells is
known as :
a. Cellular deduction
b. Binary fission
c. Bacterial degradation
d. Resectioning

6. Protozoans are
a. Bacteria
b. Microscopic plants
c. Single-celled animals
d. Worms

7. Conventional activated sludge processes are designed to remove soluble
carbonaceous BOD from wastewater.
a. True
b. False

8. Return activated sludge is typically pumped back to which of the following?
a. The headworks
b. Primary clarifier
c. Influent side of a biological reactor
d. Effluent side of a biological reactor

9. The measure of biochemical or organic strength of wastewater is referred to as:
a. Total residual chlorine
b. TSS
c. BOD
d. F:-M

10. Potential visual indicators of low DO concentrations include
a. Presence of filamentous bacteria
b. Turbid effluent
c. Dark gray to black mixed liquor
d. All of the above
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11.The MCRT for most conventional activated sludge processes is typically
5 — 15 days

5 — 15 hours

20 — 30 days

20 — 30 hours

aoop

12.RAS flow is typically a percentage of plant influent flow that is based on
a. Temperature and pH levels
b. BOD and nutrient concentrations
c. Mean cell residence time

Inert solids and metal concentrations

d.

13. Nitrification is a two step process. At the end of the second and final step, to
what has ammonia been oxidized?

a

b.
C.
d.

O

W%XOO-<U<I

OO>T0O0OWO >0 >

Nitrite
Nitrate

Ammonium hydroxide

Nitric acid

Answers to Vocabulary

10. D 19. W 28. Z
11. U 20. G 29. 1l
12. GG 21. R 30. M
13. HH 22.  AA 3. L
14. 23. B 32. T
15. Q 24. P 33. E
16. N 25. F 34. X
17. EE 26. FF 35. CC
18. A 27. 1

Answers to Review Questions

10.
11.
12.
13.

o OX>o
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Nutrient Removal
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Phosphorus and Nitrogen

TEWHESSEE DERARTMENT OF
ENYIROMMENT AND SONIERYATION

TDEC - Fleming Training Center 1

. Phosphorus and nitrogen provide a
nutrient or food source for algae to grow
- Combined with inorganic nitrogen greatly
increases algae growth
- Algae in water is considered unsightly and
can cause taste and odor problems in
drinking water supplies
. Dead and decaying algae can cause
serious oxygen depletion problems in
receiving streams
- This can in turn cause fish kills

TDEC - Fleming Training Center 2

Oxygen Control

. Oxygen control is the key to
operating biological nutrient
removal processes

. The microorganisms always require
some type of oxygen to support
their growth and reproduction
- This oxygen can be free dissolved

oxygen or oxygen bound in other
substances like nitrate, nitrite or
sulfate

TDEC - Fleming Training Center 3

Oxygen Availability

- Aerobic
- Also called oxic
- Free dissolved oxygen available
- Anoxic
- No free dissolved oxygen available
- Chemically bound oxygen is present, such as
nitrate
- Anaerobic
Does not contain free or bound oxygen
compounds
- Though, sulfate is considered to be in this
group

TDEC - Fleming Training Center 3

Nutrients

Eutrophication

Algal blooms can be caused by excess nutrient
levels.
Aquatic and marine dead zones can be caused by an
increase in chemical nutrients in the water, known
as eutrophication.
Chemical fertilizer is considered the prime cause of
dead zones around the world
The growth of excess algae in receiving streams is
not desirable. Algae can cause the following except
« Fish kill

Unsightly appearance
- Serious oxygen depletion
. Taste and odor problems for drinking water supplies

TDEC - Fleming Training Center 5

42 Nutrient Removal

Eutrophication is an increase in chemical
nutrients (compounds containing nitrogen or
phosphorus) in an ecosystem, and may occur
on land or in water.

+ However, the term is often used to mean the
resultant increase in the ecosystem's primary
productivity (excessive plant growth and
decay), and further effects including lack of
oxygen and severe reductions in water quality,
fish, and other animal populations.

Once algae blooms, it will die off and as the
algae decay bacteria will consume it and use up
all the oxygen.

TDEC - Fleming Training Center 6
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Eutrophication

- Gulf of Mexico
« Currently the most notorious dead zone s
a 8,543 mi? region in the Gulf of Mexico,
where the Mississippi River dumps high-
nutrient runoff from its vast drainage
basin, which includes the heart of U.S.

agribusiness, the Midwest.

. The drainage of these nutrients are
affecting important shrimp fishing
grounds.

. This is equivalent to a dead zone the size

_of New Jersey.

- TDEC - Fleming Training Center 7

Reversal of Dead Zones

. Dead zones are reversible.
. The Black Sea dead zone, previously

the largest dead zone in the world,
largely disappeared between 1991 and
2001 after fertilizers became too costly
to use following the collapse of the
Soviet Union and the demise of
centrally planned economies in Eastern
and Central Europe.

- Fishing has again become a major

economic activity in the region

TDEC - Fleming Training Center 8

Phosphorus Removal

Systems for Phosphorus Removal

Generally speaking, phosphorous
levels in wastewater have dropped
due to phosphate detergent bans

TDEC - Fleming Training Center 9

. Biological phosphorus removal
. Lime precipitation
- Filtration following aluminum sulfate

TDEC - Fleming Training Center 10

Biological Phosphorus Removal

Biological Phosphorus Removal

- Microorganisms found in
conventional activated sludge
processes use phosphorus within
their cell makeup
. Most bacteria contain 1-2% Phosphorus

in their cell bodies
- Phosphate accumulating organisms can
contain up to 5-7%

TDEC - Fleming Training Center 11

- Phosphorus is stored as a
polyphosphate.

- The organisms store the maximum
amount of phosphorus in their cells
when they are in the aerobic zone

. Then they are transferred to an
anaerobic zone

TDEC - Fleming Training Center 12
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Biological Phosphorus Removal

. To survive under anaerobic conditions,
the microorganisms must chemically
convert some of the carbon materials
in their cells to get the oxygen they
need for metabolism

- The energy used in this process comes
from the polyphosphates they stored
in their cells

. As a result, phosphorus is released from
the cell

TDEC - Fleming Training Center 13
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Biological Phosphorus Removal

. After releasing phosphorus, the
microorganisms are returned to the
aeration tank where food, oxygen
and phosphorus is plentiful

. Since the bugs just used up
phosphorus to stay alive in the
anaerobic environment, the first
thing they want to do is take up and
store a large amount of phosphorus

TDEC - Fleming Training Center 14

Biological Phosphorus Removal

. They store much more than they need
for their life processes
- This is called “luxury uptake” because
they take in more than they need
. Then:
. The sequence is repeated
. Organisms are transferred to an anaerobic
stripping tank
. Settled out in clarifiers and wasted with
biosolids

TDEC - Fleming Training Center 15

Biological Phosphorus Removal

Anaerobic Selector

Soluble COD
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-0

Carbon
Storage

Energ,

Primary ..

Effluent % Gu'rv'mwhme
/ —

Cell
wall
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Luxury Uptake of Phosphorus
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Lime Precipitation

- Lime is also known as calcium
hydroxide or Ca(OH),

- When lime is mixed with effluent
waters in a high enough concentration
to raise the pH to 11 or higher, a
chemical compound is formed
consisting of phosphorus, calcium and
the hydroxyl ion (OH")

- This compound can be flocculated to
form a heavier solid that can settle out
in a clarifier for phosphorous removal

TDEC - Fleming Training Center 18
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Lime Precipitation Sampling

Section 2

- Daily phosphorus tests should be
run on composite samples of
chemical clarifier effluent and also
secondary clarifier effluent to
compare results to determine:

- Which pH setting works best?

- Does the treatment plant meet effluent
discharge requirement for P?

- Are you achieving your desired removal
efficiency?

TDEC - Fleming Training Center 19

Lime Feed System

. The lime feed system must operate
very reliably

- Make frequent checks (several
times each shift) on the automatic
dry lime feed system, the mixing of
dry lime and water, the slurry
transfer to the rapid-mix basin and
the grit removal system that
removes sand from the lime slurry

TDEC - Fleming Training Center 20

Aluminum Sulfate Flocculation

. Aluminum sulfate can flocculate
effluent waters the same as lime

. The compound that is created is
aluminum phosphate particles that
attach to each other and settle out
. The alum floc is difficult to settle out

and needs to be run through a pressure
filter or sand or mixed-media filter to
remove any remaining floc that does
not settle in the clarifier

TDEC - Fleming Training Center 21

Aluminum Sulfate Flocculation

- When using
aluminum
sulfate as a
filtration aid,
dosages must be| |
precise

- Operators must
rely on jar test
to accurately
dose their plant

TDEC - Fleming Training Center 22

Nitrogen Removal

Nitrogen

UNDER THE CORRECT ENVIROHNMENTAL
CONDITIONS

HTROGEN
GAS &
FoOD CARBOMN
IOXIDE
j STABLE
NITRATE A EOLIDE

Jn

NUTRIENTS
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Nutrient Removal

- Nitrogenous compounds not only need to
be controlled to prevent algae growth, but
also:

- To prevent adverse impact from ammonia
toxicity to fish life

- Reduction of chlorine disinfection efficiency
- Increase in DO depletion in receiving waters
- Adverse public health effects

« Mainly in groundwater being used for drinking
water where high levels of nitrate can hurt
newborn babies

- Reduction in the water’s suitability for reuse

TDEC - Fleming Training Center 24
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Systems for Nitrogen Removal

- Nitrogen removal can be
accomplished by a variety of:
. Physical
. Chemical and
- Biological process
. Most common:
- Nitrification/denitrification
. Ammonia stripping
. Breakpoint chlorination

TDEC - Fleming Training Center 25

Systems for Nitrogen Removal

Physical Treatment Methods Expensive
« Sedimentation
* Gas Stripping
Chemical Treatment Methods Expensive

« Breakpoint Chlorination

+ lon Exchange

Biological Treatment Methods

+ Activated Sludge Process

« Trickling Filter Process

+ Rotating Biological Contactor Process

« Oxidation Pond Process

« Operational control.
« Additional cost for oxygen to
produce nitrification.

« Land Treatment Process (Overland Flow)

* Wetland Treatment Systems$pec - Fleming Trainin:

« Land Requirements.
asttjitable Temperatures.
¢E6ntrol of plants.

Nitrification

. The conversion of ammonia to
nitrate requires a large amount of
oxygen

- Nitrification is a biological process
accomplished by two main types of
microorganisms
. Nitrosomonas
- Nitrobacter

TDEC - Fleming Training Center 27

Genera of Nitrifying Bacteria

Ammonia
Oxidizers

- Nitrosomonas

- Nitrosococcus

- Nitrosospira

- Nitrosorbio
Nitrite Oxidizers
- Nitrobacter

Nitrification

- These microorganisms are
autotrophic, which means they get
their food source from inorganic
sources, such as carbon dioxide
(CO,) and bicarbonate (HCO;")
alkalinity

TDEC - Fleming Training Center 29

- Nitrospira
- Nitrococcus
- Nitrospina ————
C - Ammonia oxidizers appear red
and Nitrospira appear green
TDEC - Fleming Training Center 28
Nitrification

. Step 1 — Ammonia (NH;) or
ammonium (NH,*) gets converted

Ammonia Oxygen Nitrite Water

to nitrite (NO,") by the
Nitrosomonas bacteria.

2NH,* + 30, > 2NO,” + 2H,0 + 4H

TDEC - Fleming Training Center

Strong Acid
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Nitrification

Section 2

. Step 2 — The second step is
conversion of nitrite to nitrate
(NO3) by the Nitrobacter bacteria.

2NO, + 0O, > 2NOs
Nitrite Oxygen Nitrate

TDEC - Fleming Training Center 31

Nitrification

. The proper conditions must exist for
Nitrosomonas to be able to separate the
nitrogen from the hydrogen in the
ammonium molecule and replace the
hydrogen with oxygen molecules.
There needs to be plenty of oxygen,
correct temperature and food for this
process to occur

- Nitrobacter also rely on oxygen to
complete the stabilization of the nitrite
molecule into the more stable nitrate
substance

TDEC - Fleming Training Center 32

Effect of pH on the Rate of

Nitrification
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Optimum pH about 7.5 to 9.
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Effect of Temperature on the
Rate of Nitrification

Growth rate increases
exponentially with
temperature
+ Maximum at 30-35 C
« Declines at 40 C
. Process variables that
/ an operator does can
adjust to compensate
for slower winter
/ - growth rates in the
/ nitrification process
/ - Adjust pH to higher
. levels
Increase the MCRT
Increase the MLVSS
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Effect of Dissolved Oxygen on the
Rate of Nitrification
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Nitrification

Nutrient Removal

4.6 mg oxygen required per mg nitrogen
oxidized
7.1 mg CaCOg; alkalinity depleted per mg
nitrogen oxidized
60-95° is optimum temperature for good
nitrification
- At lower temperatures, up to five times as much
detention time may be needed to accomplish
complete nitrification
Increase MLSS, MCRT and pH can help during
winter months
Alkalinity is the best water quality indicator to
monitor an enhanced nitrogen oxidation
process

TDEC - Fleming Training Center 36
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Denitrification

TDEC - Fleming Training Center

- Biological denitrification is the
process where microorganisms
reduce nitrate (NO3") to nitrogen
gas that is released to the
atmosphere

- These bacteria are heterotrophic

TDEC - Fleming Training Center 37

Denitrification

- When these microorganisms are
placed into an environment where
dissolved oxygen is not present but
there is food (BOD), they will reduce
nitrate to nitrogen gas by breaking the
bond between nitrogen and oxygen

- This is how they get their oxygen

- This reduction or breaking down is also
called microorganism dissimilation

TDEC - Fleming Training Center 38

Denitrification

. Step 1 — Nitrate is reduced to nitrite

- Step 2 — Nitrite is reduced to nitric oxide (NO),
nitrous oxide (N,O) or nitrogen gas (N,)
Denitrification et

TDEC - Fleming Training Center 39

Denitrification

. This can also

- This nitrogen

gas is the
released to the
atmosphere
once it gets to
an aerated tank

occur in primary
or secondary
clarifiers

TDEC - Fleming Training Center 40

Denitrification

- Optimum pH for denitrification is
7.51t0 9.0

- Over the range of 5-30°C, rate of
denitrification increases
exponentially with temperature
increases.

- Denitrification can occur in
thermophilic range (50-60°C).

- Food concentration strongly
influences denitrification rate.

TDEC - Fleming Training Center a1

Denitrification
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- 2.9 mg oxygen released per mg

oxidized nitrogen removed

- 3.6 mg CaCO; alkalinity recovered
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Nitrification vs Denitrification

- Nitrification
- NH, + O, > NO, + acid
- NO, + O, > NO,
- Uses 4.6 mg of O, and 7.1 mg of Alk

- Denitrification
- NOz; + cBOD - N,
- Get back 2.9 mg of O, and 3.6 mg Alk

TDEC - Fleming Training Center a3

Section 2

Denitrification Methods

- Pre-anoxic zone with nitrate recycle
from aeration tank

- On-Off aeration
- Low D.O. operation
. D.O. of 0.1 - 0.4 mg/L

- D.O. of 0.4 mg/L appears below that
required by obligate aerobic low D.O.
filaments

. Typical D.O. for low D.O. filaments is
0.5-1.0 mg/L
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Factors Effecting Simultaneous
Nitrification/Denitrification (SNdN)

N N,

Organic carbon source o \

Wlth_TCOD:TKN 7:1; . a- W

9:1 if P removal also. NO, o A

Dissolved oxygen g 3

concentration: optimal | 4 NDy N, J

N removal when rate of ANOXIC

nitrification equals rate \ /

of denitrification at 0.5

mg/L

Floc size produces gz

separate zones within * D.O. penetrates floc,

the floc theoretically to the center at
2.0 mg/L

* Less D.O. provides anaerobic

center; anoxic if NO;™ is available
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Process Modes for Biological
Nitrification/Denitrification

. Conventional or plug flow aeration
system

. Complete mix activated sludge process
. Contact stabilization

. Extended aeration

. Step-feed aeration

. SBR

. Attached Growth

. Overland Flow
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Conventional or Plug Flow

- This process is good
because of the flow
configuration and
detention time

- pH levels may drop
during this
detention time
because nitrification
destroys alkalinity

TDEC - Fleming Training Center a7

Complete Mix

Nutrient Removal

. Provides a uniform
dissolved oxygen
within the reactor

- May be more
sensitive to pH
drops

TDEC - Fleming Training Center a8
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Contact Stabilization

Extended Aeration

- This process is not ideal for
nitrification because:

- An insufficient number of nitrifying
bacteria may be left in biomass from
separate RAS used in contact
stabilization

. Main flow stream reactor is too small

-
@

Frasrntuan Rrsctsr
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- Well suited for nitrification due to
long aeration time and the long
sludge age maintained

Step Feed Aeration

. This can be used to accomplish
partial nitrification
. Detention time is usually too short

to achieve complete nitrification
Biological Reactor

Influent -, Cuarifier —3 Effluent

RAS
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WAS

SBR Operating Guidelines

Flow 1.2 to 2 times ADF
Reactors 2 or more

10 to 20 ft (TWL)

Reactor Depth

Cycles/Day 2to 6

F/M Ratio 0.02 to 0.05
MLSS Concentration 2000 to 6000 mg/L
SRT 25-45 days

D.O. During React 1.0 to 3.0 mg/L
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:/’,_L \-.
Bivlogical Reactor Clarifier ‘
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Cperating Sequence for SER
SBR Stages o
Oyele Time B
Operation ety
Ad Sufistrate
20
Sl
Air T
13 -
Bemewe Ffffacnt
Dyaar
Air Off
'll';un Slnpe
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SBR Advantages

- Simplified process (final clarification
and RAS pumping not necessary)

. Treatment occurring at all stages

- Operating flexibility and control
(PLCs)

. Compact-minimal footprint
- Variety of WWTP sizes
- Can retrofit existing WWTPs

TDEC - Fleming Training Center 54
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SBR Advantages

Section 2

- Very stable due to high sludge age
with long solids retention times

- Quiescent settling enhances solids
separation (low effluent SS)

- Operate as selector to minimize
sludge bulking potential

- Reduced capital costs
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SBR Limitations

- Process control more complicated

- Higher maintenance skills required
for instruments, monitoring devices,
valves, switches, etc.

- Batch discharge may require
equalization before disinfection
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SBRs for Nitrogen Removal

- Mixing during fill cycles is added

. Preanoxic denitrification using BOD
in influent wastewater

- Mixing during fill also improves
sludge settleability

- Nearly all nitrate removed during
settle and decant steps (< 5 mg/L)
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SBRs for Phosphorus Removal

- Nitrate concentration minimized
before settling
If enough nitrate is removed, an
anaerobic period can develop during
and after fill cycle

- Readily degradable organics also
available for uptake and storage by
PAOs from influent wastewater
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Nitrification using Attached Growth
Reactors: Trickling Filters

Most trickling filters not
designed for
nitrification
BOD must be low
(often 2-stage system)
- Aerobic conditions
essential
Natural ventilation
often supplemented
with forced air
ventilation
- Cover can decrease
temperature effects
and increase cold
weather performance.
BOD:N:P 100:5:1 key.
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Packed Tower for Nitrification

.- Tall trickling filter
with synthetic
media

- Recirculation allows
for constant & even
distribution of WW

. Constant flow &
appropriate oxygen
levels must be

monitored closely
Diagram excerpted from Chapter 6: Nllrogen Remvoal. In Advance Waste Treatment.
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Denitrification with Attached
Growth Systems

TDEC - Fleming Training Center

- Food source is needed for
denitrification units
. High carbon food
- Acetic acid
. Citric acid
- Methanol
- Methane gas
. Ethanol
. Primary effluent
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Rotating Biological Contactors

- Rotating shaft
surrounded by
HDPE media
(D=12 ft)

. Zoogleal mass
grows on media
surface

- Usually,
nitrification in last
unit(s) of train
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Rotating Biological Contactors

Covers keep media insulated, protect biofilm from
rain, control odors

Monitor oxygen, alkalinity & nitrogen throughout
reactors

Nitrification takes place in the last stage or final
contactor in a series of contactors

Minimum 1-2 mg/L D.O. in solution at all times

FIGURE 1037
Trymad REG 2 smain for by it
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Typical Biological Nutrient
Removal System

Nitrate Recycle

N,

T

Anaerobic | Aerobic ffluent
Fermentation AIEHE

Return Sludge

Waste Sludge High
in Phosphorus
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Overland Flow

. The water flows or trickles as sheet
flow through water-tolerant grass at
the soil surface effectively reduce
BOD and cause both nitrification
and denitrification to occur.
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Microbiological Summary

52 Nutrient Removal

Energy
BOD . —  (cells)
o, — ——— CO
2 BNR System :
NH; —— N,
PO,2 — —— High P
solids
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Physical Nitrogen Removal -
Ammonia Stripping

« Ammonia nitrogen in the
gaseous ammonia (NHy)
form has a natural
tendency to leave the
wastewater and go into
the atmosphere

The bulk of “ammonia” in
wastewater comes in the

form of ammonium - i
(NH,+), which needs to
be converted to ammonia 1] ([

by raising the pH
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Section 2

Physical Nitrogen Removal -
Ammonia Stripping

At normal temps and a pH of 7, ammonium ion

(NH,*) dominates

By feeding lime to increase pH to 10.8-11.5,

ammonium (NH,*) converts to dissolved ammonia

gas (NHy).

- At 25°Cand pH 11, the percentage of ammonia is
about 98%

Wastewater pumped to top of packed bed media

(wood or plastic).

Water droplets fall on media, releasing ammonia

gas as large amounts of air move through tower.

- Calcium carbonate scale can plug media void spaces
& build up inside channels, pipes and pumps. Clean
with hot water or muriatic acid.

TDEC - Fleming Training Center 68

Physical Nitrogen Removal -
Ammonia Stripping

NIE, NH 5

TREATED
EFFLLENT

Diagram excerpted from Chapter 6: Nitrogen Removal. In Advance Waste Treatment.
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Chemical Nitrogen Removal -
Breakpoint Chlorination

Ammonia nitrogen can be oxidized to

nitrogen gas (N,) through the use of

chlorine

Enough chlorine is added until the ammonia

nitrogen has been oxidized to nitrogen gas

Unfortunately, this takes a large amount of

chlorine to remove ammonia

. For every 1 mg/L of ammonia nitrogen, 10 mg/L
of chlorine is needed

Therefore, this is normally used to remove

small amounts of ammonia still left in the

wastewater
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Chemical Nitrogen Removal -
Breakpoint Chlorination

Zone 1- formation
of chloro-organic &
chloramine
compounds

Zone 2-destruction
of chloro-organic &
chloramine :
compounds

Zone 3-formation of:

free chlorine
residual

Diagram excerpted from Chapter 6: Nitrogen Removal. In Advance Waste Treatment.
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Chemical Nitrogen Removal —
lon Exchange

Nutrient Removal

- The ion exchange process is used to
remove undesirable ions from water
and wastewater.

- The nitrogen removal process
involves passing ammonia-laden
wastewater downward through a
series of columns packed with
natural or synthetic ion exchange
resins

TDEC - Fleming Training Center 72

53




Section 2

Lemna Duckweed System

. Use of aquatic duckweed plants for
wastewater treatment

. Used effectively as a polishing pond
after a conventional wastewater
treatment pond
The duckweed cover the polishing
pond’s surface, preventing sunlight to
get to the algae and the algae die off

- Duckweed are capable of removing
phosphorus and nitrogen from the
water
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Enhanced Biological (Nutrient)
Control

- The key to successful process
control of enhanced biological
systems is for liquid-solids
separation

. Operators are not only able to
control nutrient removal, but also
. Sludge settleability
. Filamentous organisms growth
. Effluent BOD
- Effluent suspended solids
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Oxidation Reduction Potential

Allows evaluation of biological conditions
with or without DO available

Simple and cheap

. Portable pH meter

. ORP probe

- Immerse probe in tank and read

Responds to chemical ion concentrations

ORP Control (Goronzy, 1992)
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ORP Election I
{mVi P | - it Canditians
+ 300
- 00— 3 0y e ot aerobic I

NO Knoxie or anasrohic
-100 | 5
6 7 504
0 — e o
) Conh: r i hic
- M08 — organics
-
- 400 —
1. Urganic corbon exidation 2, Polyphosphate development
3. Hitrification 4. Denitrification
5. Polyphasphate breakdown . Sulfids: farmation
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cBOD oxidation +50 to +200 0,
Poly-P production +40 to +250 0,
Nitrification +150 to +350 0O,
Denitrification -50 to +50 NO5~
Poly-P breakdown -40 to -175 NOjy, SO,~
Sulfide formation -50 to -250 SO,~
Acid formation -40 to —200 Organics
Methane formation -200 to -350 Organics
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Operations

- Many operators have a tendency to
overreact to situations

- When making a process change,
remember that all processes reflect
changing influences of process recycle
flows as well as immediate changes
associated with influent conditions or
chemical reactions

. After making a change, you should wait at
least 2-3 times the overall MCRT before
deciding if the change was beneficial

TDEC - Fleming Training Center 78
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Biological Nutrient Removal
Review Questions

1. Phosphorous is removed from wastewater treatment plant effluent so that
it will not combine with nitrogen and Kkill algae in receiving waters.
a. True
b. False

2. The main reason lime is preferred over alum for the precipitation of
phosphorous is the lower cost of lime.
a. True
b. False

3. Chemicals used to remove phosphorous from wastewater include all but:
Aluminum sulfate

Calcium hydroxide

Chlorine

Lime

None of the above

®oo T

4. Lime feeding equipment should be routinely checked:
Every hour

Several times during each shift

Once each shift

Three times a week

Once a week

®oo o

5. In the lime precipitation process for phosphorous removal, the pH of the
combined wastewater and lime slurry should be or above.

a. 5

b. 7

c. 8

d. 9

e. 11

6. Important variables the operator must control in the luxury uptake
process include all but:

Detention time in the anaerobic tank

Dissolved oxygen level in the stripping tank

Predominance of anaerobic microorganisms in the activated sludge

Primary effluent supply to the aeration tank

Stripping tank sludge recycle rate

®oo T
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7. The key to operating selectors and biological nutrient removal systems is:
a. Mixing
b. Nitrogen
c. Oxygen
d. Phosphorous

8.  Generally speaking, phosphorous levels in wastewater have dropped due
to:
a. Better phosphorous removal processes
b. Changes in drinking water consumption
c. Increased phosphorous uptake by plants and aquatic life
d. Phosphate detergent bans

9.  After making a change in the operation of a biological treatment process,
how long does it take to properly evaluate whether the change was
beneficial?

a. One MCRT interval

b. Two to four days

c. Two to three times the MCRT

d. Until jar tests have been completed

10. Nitrification is the process by which bacteria reduce nitrate to gaseous
nitrogen forms, primarily nitrous oxide and nitrogen gas.
a. True
b. False

11. The recommended dissolved oxygen level for nitrification in a suspended
growth reactor is 2.0 to 4.0 mg/L.
a. True
b. False

12.  An anoxic reactor is one which is lacking in dissolved molecular oxygen
but may contain chemically bound oxygen.
a. True
b. False

13. If cold temperatures are limiting the efficiency of a nitrification process,
the operator should increase the organic loading on the unit or decrease
the number of microorganisms.

a. True
b. False
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14.

15.

16.

17.

18.

19.

20.

For nitrogen to be biologically removed from an effluent, the process must
consist of both nitrification and denitrification.

a. True

b. False

pH levels may increase during nitrification because nitrification destroys
alkalinity.

a. True

b. False

Nitrification is inhibited at low wastewater temperatures.
a. True
b. False

Some of the harmful effects of discharging treatment plant effluent
containing nitrogen include all but:

Ammonia toxicity to fish in receiving waters

Increased dissolved oxygen depletion in receiving waters
Potential health hazards to newborn infants

Reduction in nutrients available to algae

Reduction of chlorine disinfection efficiency

®oo o

Which of the following activated sludge process modes is best suited for
nitrification in a suspended growth reactor?

Complete mix

Contact stabilization

Convention or plug flow

Modified aeration

Step-feed aeration

®oo o

Which of the following can’'t be used as a food source in an attached
growth (fixed film) reactor?

High carbon food

Methane gas

Methanol

Primary effluent

Secondary effluent

®oo o

An anaerobic or anoxic process will show an alkalinity loss whereas a
nitrifying process will show an alkalinity gain.

a. True

b. False
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21. Bulking activated sludge can be caused by all but:
Elevated levels of sulfide

High pH

Low BOD loading rates

Nutrient deficiencies

Septic wastewaters

®oo T

22.  The required basic features of anoxic zones is:
a. Ability to completely drain basin for inspection and maintenance
b. Provisions for the buildup of an adequate sludge blanket
c. Sufficient mixing of contents to maintain the microbial solids in
suspension without transferring oxygen to the biomass
d. Recycling facilities to automatically control the MCRT
e. All of the above

23. Disadvantage(s) of mechanical aeration include:
Creation of excessive turbulence

High heat loss in cold weather

High maintenance requirements

Noisy operation

Aand C

®oo o

24.  Acceptable SVI target levels are ideally less than mL/g.
a. 200
b. 150
c. 120
d. 100

25.  The Sludge Volume Index (SVI) is a measure of:
a. Clarifier removal efficiency
b. Sludge settleability
c. Sludge volume in relation to clarifier volume
d. Sludge wasted in relation to sludge recycled

Answers:

1. B 8. D 15. B 22. C
2 A 9. C 16. A 23. B
3 C 10. B 17. D 24. D
4 B 11. A 18. C 25. B
5 E 12. A 19. E

6 C 13. B 20. B

7 C 14. A 21. B
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- or -

Now What Do We Do With It?

TDEC - Fleming Training Center

Sludge Types and Characteristics

Primary Sludge Secondary Sludge

® Coarse and fibrous ® More flocculant, less
® Higher density than water fibrous
* 40-80% volatile (organic) ® Specific gravity close to
solids water
® 20-60% nonvolatile ® 75-80% volatile (organic)
(inorganic) solids matter
® 20-25% nonvolatile

(inorganic) matter

TDEC - Fleming Training Center

Secondary Sludge Production

® The quantity of secondary sludge generated depends on:
¢ Influent flow to the biological or secondary system
¢ Influent organic load to the biological system
e Efficiency of the biological system in removing organic matter
® Growth rate of the bacteria in the system, which is highly dependent
on:
o Temperature

® Nutrient balances

Amount of oxygen supplied to the system
Ratio between the amount of food supplied (BOD)
Mass quantity of biological cells developed within the system

Detention time

and other factors

TDEC - Fleming Training Center
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Sludge Types and Characteristics

® Primary sludge is defined as all suspended solids that are
removed from the wastestream and that are not a by-product
of biological removal of organic matter.
® Secondary sludge is from new bacterial cells that are
produced as the bacteria feed on and degrade organic matter
® Usually these bacterial cells are removed in the secondary
clarifier to maintain the proper balance between food and
microorganisms (F/M)

TDEC - Fleming Training Center

Primary Sludge Production

® The quantity of primary sludge generated depends on:
® Influent wastewater flow
¢ Concentration of influent settleable suspended solids

® Efficiency of the primary sedimentation basin

TDEC - Fleming Training Center

60

Secondary Sludge Production

® General rule of thumb that operators may use to estimate
secondary sludge production is that for every pound of
organic matter (soluble 5-day BOD) used by the bacterial
cells, approximately 0.30 — 0.70 pounds of new bacterial
cells are produced and have to be taken out of the system

TDEC - Fleming Training Center
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Sludge Thickening, Digestion,

and Dewatering

¢ Thickening
® Gravity
® Floatation
® Gravity belt
® Stabilization

® Anacrobic digestion

® Dewatering
¢ Centrifuge
® Plate and frame
® Belt filter press
® Vacuum filter

® Drying beds

® Acrobic digestion

TDEC - Fleming Training Center

Main component of sludge is water

~90% or more before treatment
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Thickening

¢ Settled solids removed from the bottom of the primary
clarifier (primary sludge) and settled biological solids
removed from the bottom of secondary clarifiers (secondary
sludge) contain large volumes of water
® Primary sludge = 95.97% water
® For every pound of primary solids, there are 20-30 pounds of water
® For every pound of secondary solids, approximately 50-150
pounds of water are incorporated in the sludge mass

TDEC - Fleming Training Center

Thickening

¢ The advantages normally associated with sludge thickening
include:
® Improved digester performance due to a smaller volume of
sludge
® Construction cost savings for new digestion facilities due to
smaller sludge volumes treated

® A reduction in digester heating requirements because less water
has to be heated

TDEC - Fleming Training Center

Gravity Thickening

® Most effective on primary sludge
® Detention time is around 24 hours
® Thickening tank looks like a primary circular clarifier
® Monitored for blanket depth and sludge concentration
¢ Affected by temperature of sludge
® Increased temperature will increase biological activity and gas
production
® Scparates solids into three zones
@ Clear supernatant
® Sedimentation zone

® Thickening zone
TDEC - Fleming Training Center
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Gravity Thickening

Dilute sludge is fed into center well

Sludge rake provides for movement of the settled (thickening) sludge.
® As the rake slowly rotates, the settled solids are moved to the center of the
tank where they are deposited in a sludge hopper.

The vertical steel members (pickets) that are usually mounted on the

sludge rake assembly provide for gentle stirring or flocculation of the

settled sludge as the rake rotates

® This gentle stirring action serves 2 purposes

® Trapped gasses in the sludge are released to prevent rising of the solids

¢ Also, stirring prevents accumulation of a large volume of solids (scum)
floating on the thickener surface

Supernatant is returned to primary clarifier or plant headworks

¢ Thickened sludge is pumped to digester or dewatered

TDEC - Fleming Training Center

Factors Affecting Gravity
Thickeners

Type of sludge

Age of the feed sludge

Sludge temperature

Sludge blanket depth

Solids and hydraulic detention times

Solids and hydraulic loadings

TDEC - Fleming Training Center

Factors Affecting Gravity
Thickeners

¢ Secondary sludges are not as well suited for gravity
thickening as primary sludge
¢ Secondary sludges contain large quantities of bound water
that makes the sludge less dense than primary sludge solids
¢ Biological solids are composed of approximately 85-90% water
by weight within the cell mass
® The water contained within the cell wall is referred to as
“bound water”
® The fact that biological solids contain large volumes of cell
water and are often smaller or finer than primary sludge solids
makes them harder to separate by gravity concentration
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Factors Affecting Gravity
Thickeners

If sufficient oxygen is not

available in the aeration basin or
nutrient imbalances are present,
filamentous organisms may

grow in the aeration basin E

The predominance of these
organisms will decrease the
settleability of activated sludge
and it will not settle as rcadi?y in
the secondary clarifiers or
compact to its highest degree in
gravity thickeners

Greater compaction can be
achieved by the addition of
chemicals
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Factors Affecting Gravity
Thickeners

¢ As the temperature of the sludge (primary or secondary)
increases, the rate of biological activity is increased and the
sludge tends to gasify and rise at a faster rate

¢ During summertime (warm weather) operation, the settled
sludge has to be removed at a faster rate from the thickener
than during wintertime operations.
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Gravity Thickening

Normal operating procedures:

® Monitoring of the influent, effluent and concentrated sludge streams
should be done at least once per shift and should include collection of
samples for later laboratory analysis

® Water at the surface should be relatively clear and free from solids
and gas bubbles

® The sludge blanket is usually kept around 5-8 feet

® The speed of the sludge collectors should be fast enough to allow the
settled solids to move toward the sludge collection sump

On occasion, sludge in primary sedimentation tanks and gravity

thickeners can become very thick and resistant to pumping,

© If this happens, a hole (coning) can develop in the blanket and liquid
from above the blanket can be pulled through the pump

TDEC - Fleming Training Center
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Flotation Thickener

® Treats waste activated sludge
® Often with added polymers
Dissolved-air flotation (DAF)

Small amount of recycled water is acrated under pressure

Air bubbles attach to the solids and carry them to the surface
The “Float Cake” is skimmed off the surface

Cake is 2
with polymer fed

4% solids without polymer fed, or 3 — 5% solids

Primary sludges are not easier to treat than biological sludges
in a DAF

TDEC - Fleming Training Center

Section 3

RECYCLE
FLOW

SLUDGE
REMOVAL
MECHANISM

FLOATED
SLUDGE
DISCHARG

-—
YCLE FEED

POLYMER FEED
—

BOTTOM INFLUENT
SLUDGE DISTRIBUTION
COLLECTOR BOX
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Flotation Thickener

¢ The objective of flotation thickening is to separate solids from the
liquid phase in an upward direction by attaching air bubbles to
particles of suspended solids
¢ Dispersed air flotation where bubbles are generated by mixers or
diffused aerators
® Biological flotation where gases formed by biological activity are used
to float solids
® Dissolved air (vacuum) flotation where water is aerated at
atmospheric pressure and released under a vacuum
® Dissolved air (pressure) flotation where air is put into solution under
pressure and released at atmospheric pressure
¢ Flotation by dissolved air (pressure) is the most commonly used
procedure for wastewater sludges
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Factors Affecting DAF

® Primary sludges are generally heavier than excess biological
sludges and are not as easy to treat by flotation concentration
¢ Gritty or heavy primary sludge particles will settle and be
deposited on the floor of the flotation unit and provisions
should be made to remove these settled solids
¢ Sludge age usually does not affect flotation performance as
drastically as it affects gravity concentrators.
A rclativcly old sludgc has a natural tcndcncy to float due to
gasification and this natural buoyancy will have little or no
negative effect on the operation of flotation thickeners

TDEC - Fleming Training Center

Gravity Belt Thickener

¢ Very effective sludge
thickening alternative for
secondary sludges

Sludge to be thickened is
preconditioned (usually with a
polymer) then applied to the
gravity belt thickener where
free water drains through
small openings in the belt and
is collected in a trough below

the belt.
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Gravity Belt Thickener

Belts are available in a variety of materials (nylon, polypropylene)
cach with various porosities

® As the porosity increases, the resistance to flow decreases and larger
volumes of water are able to be drained

¢ If the porosity is too large, sludge solids may pass through the belt and
result in poor filtrate quality

¢ If the porosity is too low, the belt may bind or plug, which will
produce frequent washouts
® Washout occurs when a large quantity of free water is unable to be released

in the drainage zone and it travels to the discharge end where it is carried out
with the thickened sludge.

With proper operating conditions, secondary sludges can be
thickened from concentrations of 0.3-0.6% suspended solids to
concentrations of 4-6% suspended solids

TDEC - Fleming Training Center
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Gravity Belt Thickener -
Troubleshooting

® The most frequent problem encountered with gravity belt
thickeners is washing out
® Usually this problem is indicated by large volumes of water
carrying over with the thickened sludge

When this happens check

© The polymer dosage
* Hydraulic loading
o Solids loading

® Belt speed

® Belt washing equipment

TDEC - Fleming Training Center
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Gravity Belt Filter Thickener
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Stabilization

¢ Converts the volatile (organic) or odor-causing portion of

the sludge solids to

® Non-odorous end products

® Prevents the brccding of insects upon disposal

® Reduces the number of pathogenic (disease-carrying) bacteria
content

® Improves the sludge dewaterability

® Can be done:
® Anaerobically
® Aecrobically

® Chemically

TDEC - Fleming Training Center
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Gravity Belt Thickener -
Troubleshooting

If the polymer dose is too low, the solids will not flocculate and free
water will not be released from the sludge mass

If the polymer dose is adequate, evidenced by large floc particles and
free water, increase the belt speed so as to provide more belt surface
arca for drainage

If the belt is already at its maximum setting, check the flow rate to the
belt and reduce it if the rate is higher than normal

If the polymer dose, belt speed and hydraulic loading are set properly

but washing out is still occurring, the problem may be related to binding

of the belt

® Check the appearance of the belt as it leaves the washing chamber

@ If the belt appears to be dirtier than normal, increase the wash water rate,
turn off the polymer and feed pumps and allow the belt to be washed until it
is clean

o Belt binding often develops because of polymer overdosing

TDEC - Fleming Training Center
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Reduce volume
Stabilize organic matter

Eliminate pathogenic organisms

TDEC - Fleming Training Center
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General Overview

Before digestion of 100 After a 65% reduction in

pounds of sludge: 75% Volatile Solids there is less
Volatile, 25% Fixed Solids sludge remaining to process

50 Lbs of CH,, CO,, H,0

25 LbsVS

75 Lbs VS

TDEC - Fleming Training Center
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Anacrobic Digestion

TDEC - Fleming Training Center

Anaerobic Digestion

® Anacrobic digesters are usually heated to maintain
temperatures of 94-97° F (34-36 ° C).

¢ If the temperature falls below this range or if the digestion

time falls below 15 days, the digester may become upset and

require close monitoring and attention

TDEC - Fleming Training Center

Section 3

Anaerobic Digestion

® The most widely used method of sludge stabilization is
anaerobic digestion in which decomposition of organic
matter is performed by microorganisms in the absence of
oxygen

Anaerobic digestion is complex biochemical process in which

several groups of anaerobic and facultative (survive with or

without oxygen) organisms break down organic matter.

® In the first phase, facultative, acid-forming organisms convert
complex organic matter to volatile (organic) acids

® In the second phase, anacrobic methane-forming organisms
convert the acids to odorless end products of methane gas and
carbon dioxide

TDEC - Fleming Training Center

Anaerobic Digestion

® 2-phase process:
¢ Acid formers - Facultative bacteria convert organic matter to volatile
acids, CO,, and H,S
® SAPROPHYTIC ORGANISMS
® Methane producers - Anaerobic bacteria convert acids to CH, and
co,

® The methane producers are not as abundant in raw wastewater as are the acid
formers.

® The methane producers desire a pH range of 6.6 to 7.6 and will reproduce
only in that range.

® 28-40% carbon dioxide, 60-72% methane

® Minimum methane for reuse is 62%

¢ Sludge retention time is 30-60 days

TDEC - Fleming Training Center
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Psychrophilic Bacteria

® The lowest range (in an unheated digester) utilizes
Psychrophilic (cold temperature loving) bacteria.
¢ The psychrophilic upper range is around 68°F (20°C).
® Digestion in this range requires from 50 to 180 days, dcpcnding
upon the degree of treatment or solids reduction required.

TDEC - Fleming Training Center

36

Mesophilic Bacteria

¢ Organisms in the middle temperature range are called the

Mesophilic (medium temperature loving) bacteria

® Thrive between about 68°F (20°C) and 113°F (45°C).

® The optimum temperature range is 85°F (30°C) to 100°F
(38°C), with temperatures being maintained at about 95°F
(35°C) in most anaerobic digesters.

® Digestion at 95°F may take from 5 to 50 days or more
(normally around 25 to 30 days), depending upon the required

dcgrcc of volatile solids reduction and adcquacy of mixing.

TDEC - Fleming Training Center
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Thermophilic Bacteria

¢ Organisms in the third temperature range are called
Thermophilic (hot temperature loving) bacteria and they
thrive above 113 °F (45°C).

® The optimum temperature range is considered 120 °F (49°C).

® The time required for digestion in this range falls between 5
and 12 days, depending upon operational conditions and
degree of volatile solids reduction.
® However, the problems of maintaining temperature, sensitivity of

the organisms to temperature change, and some reported
problems of poor solids - liquid separation are reasons why only a

few plants have actually been operated in the thermophilic range.

- TDEC - Fleming Training Center

Anaerobic Digestion

Superaatant <

e Biosolids [nlet
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Anaerobic Digestion
® Volatile Acids to Alkalinity Ratio

volatile acids concentration, mg/L
alkalinity concentration, mg/L

Ratio =
® Must monitor alkalinity
® Can be used to control operation of anaerobic digester
® Very sensitive indicator of process condition

® One of the first indicators that the digester is going sour

" TDEC - Fleming Training Center
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Changing Temperatures

® You can’t change temperature and expect a quick change in
bacteria population and therefore a shorter digestion time

¢ An excellent rule for digestion is never change the
temperature more than one degree a day to allow the
bacterial culture to become acclimated (adjust to the
temperature changes).

TDEC - Fleming Training Center
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Anaerobic Digestion - Normal Ranges

Parameter Normal Ranges

Sludge retention time

30 — 60 days (Heated)

Operating Temperature

90 — 95 °F (Heated)

Volatile Solids Loading

0.04 — 0.1 1bVM/day/ft’

% Methane in gas 60 —72%
% Carbon Dioxide in gas 28 —40%
pH 6.8-7.2

Volatile acids: alkalinity ratio <0.1
Volatile solids reduction 40 —60%

* For every 1 |b. of VM destroyed, 12-18 ft of gas is produced.

TDEC - Fleming Training Center

66

42

Acid-Alkalinity Relationship

Optimum V.A./ALK =.05-0.1
Stress V.A./ALK=0.3-0.4
Deep Trouble V.A./ALK =0.5-0.7
Failure V.A./ALK = 0.8 and above

TDEC - Fleming Training Center
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Anaerobic Digestion
® Mixing
¢ Puts microorganisms in contact with food
¢ Controls pH, distributes buffering alkalinity
¢ Distributes heat throughout the tank
® Mixing combined with heating speeds up the digestion rate

3 TDEC - Fleming Training Center

Anaerobic Digestion

Anaerobic Digestion — Sludge Parameters

Loss of alkalinity
Decreased Sludge retention time
< 4% Solids : .

Increased heating requirements

Decreased volatile acid/alkalinity ratio

4 — 8% Solids Normal Operation

Poor mixing

> 8% Solids Organic overloading

Decreased volatile acid/alkalinity ratio

4 TDEC - Fleming Training Center

Anaerobic Digestion

¢ Foaming
® Problems: odors, excess pressure on cover, plugs gas piping system

® Cause: Gas production at startup with insufficient solids separation

® Prevention: Adequate mixing before foaming starts

47

Section 3

Anaerobic Digestion

® Mechanical mixing is most common method
® Shaft-driven propeller extended down into sludge
® Susceptible to wear
® Cleaning and replacement necessary
e Other methods
® Propeller with draft tube
® Bubble-gun type

TDEC - Fleming Training Center

Anaerobic Digestion

® A digester can be compared with
your own body.
® Both require food; but if fed too
much will become upset.
® Excess acid will upset both.
® Sour digester?

® Lime

® Lime is added ata 1:1 ratio, 1 Ib of lime
for every 1 Ib or volatile acid

® Soda ash
® Transfer alkalinity from secondary

digester to primary
TDEC - Fleming Training Center
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Neutralizing a Sour Digester

® The recovery of a sour digester can be accelerated by
neutralizing the acids with a caustic material such as
anhydrous ammonia, soda ash, or lime, by transferring
alkalinity in the form of digested sludge from the secondary
digester.

Such neutralization reduces the volatile acid/alkalinity to a
level suitable from growth of the methane fermenters and
provides buffering material which will help maintain the
required volatile acid/alkalinity relationship and pH.

If digestion capacity and available recovery time are great
enough, it is probably preferable to simply reduce loading
while heating and mixing so that natural recovery occurs.

TDEC - Fleming Training Center
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Neutralizing a Sour Digester

® When neutralizing a digester, the prescribed dose must be
carefully calculated.
® Too little will be ineffective, and too much is both toxic and wasteful.
In considering dosage with lime, the small plant without laboratory
facilities could use a rough guide a dosage of about one pound of
lime added for every 1000 gallons of sludge to be treated.
® You must realize that neutralizing a sour digester will only bring the
PH to a suitable level, it will not cure the cause of the upset.
® Stuck Digester - A stuck digester does not decompose organic
matter properly.
¢ The digester is characterized by low gas production, high VA/alk
relationship, and poor liquid-solids separation.
® A digester in a stuck condition is sometimes called a “sour” or “upset’
digester.

TDEC - Fleming Training Center
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Gas Production

‘When methane fermentation starts and the methane content
reaches around 60%, the gas will be capable of burning.

Methane production eventually should predominate,
generating a gas with 65-70% methane and 30-35% carbon
dioxide by volume.

Digester gas will burn when it contains 56% methane, but is
not usable as a fuel until the methane content approaches
62%.

When the gas produced is burnable, it may be used to heat
the digester as well as for powering engines and for providing

building heating.

TDEC - Fleming Training Center
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Aerobic Digestion

TDEC - Fleming Training Center

Factors Affecting Aerobic Digestion

Sludge type

Digestion time

Digestion temperature

Volatile solids loading

Quantity of air supplied

Dissolved oxygen (DO) concentrations within the digester

® This is the most important water quality test for an aerobic

digester

TDEC - Fleming Training Center
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Aerobic Digestion

e Extended aeration of wastewater

Wastes stabilized by long-term aeration of about 10-20 days
Check pH weekly and adjust if less than 6.5

Lower equipment costs than anaerobic (but higher energy costs)

¢ Less noxious odors at DO 2 1 mg/L

Better on secondary sludge than primary sludge

Sludge has higher water content
By products: residual solids, CO,, H,0, SO,, NOy

TDEC - Fleming Training Center
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Aerobic Digestion

Widest application is with secondary sludges

® Which are made primarily of biological cells that are produced
in activated sludge or trickling filter processes as a by-product
of degrading organic matter

® In the absence of an external food source (no new food being
introduced), these microorganisms enter the endogenous or
death phase of their life cycle.

® When no new food is available, the biomass bcgins to self-
metabolize (consume its own cellular material), which results in
a conversion of biomass to end products of carbon dioxide and
water; and a net decrease in the sludge mass

TDEC - Fleming Training Center
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Aerobic Digestion

® When primary sludge is fed into an aerobic digester, food

becomes available to the microorganisms

¢ In the presence of an external food source (the primary sludge), the
biomass will convert the food to end products of carbon dioxide and
water; and will function in the growth phase, the biomass will
reproduce, resulting in a net increase in the sludge mass

® Aerobic digestion times are long enough to allow the food to be
depleted and the biomass to eventually enter the endogenous or death
phase

¢ The main drawback to aerobically digested primary sludge is that
more air has to be supplied to maintain a desirable DO level because
the bacteria are more active when food is available

TDEC - Fleming Training Center

Chemical Stabilization
Sludges that are not biologically digested or thermally

stabilized can be made stable by the addition of large doses of
lime or chlorine to destroy pathogenic and nonpathogenic

organisms.

Chemical addition to sludge to prepare it for ultimate

disposal is not a common practice

Chemical addition is usually considered to be a temporary
stabilization process and finds application at overloaded

plants or at plants experiencing stabilization facility upsets

The main drawback to chemical stabilization is the cost

associated with the large quantities of chemical required.

TDEC - Fleming Training Center
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Chemical Stabilization

TDEC - Fleming Training Center

Lime Stabilization

® Lime stabilization is accomplished by adding sufficient

quantities of lime to the sludge to raise the pH to 11.5 -12.0

¢ Estimated dosages to achieve a pH of 11.5-12.0 are generally
200-220 pounds of lime per ton for primary sludge solids

® The addition of lime adds to the overall quantity of solids that
must be ultimately disposed

® The high pH of the stabilized solids may also reduce the
range of beneficial reuse opportunities

TDEC - Fleming Training Center

Lime Stabilization

® Lim arrives from the supplier in powder form and can’t be
added directly to the sludge

® The powdered lime must be made into a slurry with the
addition of water prior to blending with the sludge

® The process of lime stabilization produces an unfavorable
environment and destroys pathogenic and nonpathogenic
bacteria
® Studies have shown that >99% of the fecal coliforms and fecal

streptococci can be destroyed

e If the pH is not adjusted to the 11.5-12.0 range, the goals of

stabilization will not be achieved.

TDEC - Fleming Training Center

Chlorine Stabilization

¢ Chlorine stabilization is accomplished by adding sufficient
quantities of gaseous chlorine to the sludge to kill pathogenic
and nonpathogenic organisms.

¢ Estimated dosages to achieve disinfection are generally 100-
300 Ibs chlorine/ton of sludge solids

® Waste activated sludge (WAS) requires higher doses than
primary sludge

® The addition of the large quantities of chlorine required for
stabilization will result in an acidic (pH less than 3.5) sludge
and neutralization with lime or caustic may be required prior

to dewatering due to the corrosive condition of the mixture.

TDEC - Fleming Training Center
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Centrifuge

Used to thicken or dewater
secondary sludges

Sludge fed at constant rate

into rotating horizontal
bowl

Solids separated from liquid

and compacted by
centrifugal force (1000 —
2000 rpm)

TDEC - Fleming Training Center
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Sludge Dewatering

® Dewatering reduces sludge moisture and volume to allow for
more economical disposal
® Types:
® Centrifuge
® Plate and Frame Press
® Belt Press
® Vacuum Filter

® Drying Beds

TDEC - Fleming Training Center

i« —
! soups !
| DRYING |

SEPARATION — SCREW CONVEYORS

SLUDGE FEED

CENTRATE
DISCHARGE
SLUDGE CAKE

SCROLL CENTRIFUGE
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Plate-and-Frame

® Solids are pumped in batches
into spaces between plates

® 200 — 250 psi pressure applied wasn

to squeeze out water

® Atend of cycle (1.5 — 4
hours), plates are separated
and solid drops out onto
conveyor

® Pressure filtration that forces
liquid through the filter media

TDEC - Fleming Training Center

Filter cloth  Filter plate

concentrate|

Filter cake

‘Wash
liquid

Filter cake washing ina
plate and frame filter press

70

JVAP (US Filter) — Chattanooga
* Modified plate and frame that is

vacuum assisted

6 TDEC - Fleming Training Center
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Belt Filter Press

Low power use
Reliable

Continuous operation

Two long belts that travel over a series
of rollers

Sludge applied to free water zone
(much water will drain off here)

Solids then squeezed between a series
of rollers (and more water is removed)

Remaining solids are scraped from the
belt

Belts are washed and the process
repeats

TDEC - Fleming Training Center
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Belt Filter Press

HIGH PRESSURE

FREE WATER
DRAINAGE ZONE
S

— ContiTIONED
SLUBGE caxe /" swose
To DisposAL

LOW PRESSURE
PRESSING ZONE

{__ renromaren

PREss acLLEn TENSION ROLLER

(Y earouot vo
@1

Vacuum Filter

¢ Sludge pumped into a tank around a partially submerged
rotating drum

® Drum rotates, vacuum collects solids on surface
® Vacuum removes excess water

® Vacuum is then released and solids are removed

TDEC - Fleming Training Center
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Drying Bed

 Simplest of all methods

Sludge deposited in layer on
sand bed or other surface
with drain

Dewatering occurs by
drainage and evaporation

Time required is affected by
climate, depth of solids, and
type of solids

Sometimes drying beds are
covered while others have
vacuum assisted drainage

TDEC - Fleming Training Center

Sludge Feed Line
From Digesters
R,

Cleanouts

PLAN SECTION At Grade

Bedding
Underdrain

72

Cleanowt /'

At Grade

Bedding Return Line to Head Works

CROSS SECTION

Sludge Inlet

Bed Drain Lines
Bed Detail

sand ——»
Pea Gravel — |

Crushed Rock
Drain Line O
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Anaerobic Digestion
2000 Communication Arts Multimedia, Inc.
28 minutes
1. Objectives of digestion:
a. Inactivate (maintaining a detention time of > 15 days at 95°F).
e Some organisms we are trying to destroy are:
1.
2.
3.
4.
S.
b. Reduce sludge volume by 9% (through carbon dioxide and water
production).
c. Produce gas.
e 70% methane and % carbon dioxide
d. Obtain a residual of solids.
2. Food to the digester.

a. Primary clarifier sludge is typically to % solids.

b.  Expect 3500 gallons of primary sludge / 1IMG wastewater flow.

c.  Thickening in a DAF unit generates sludge at to % solids.

d. Ammonia, calcium, magnesium, potassium and sodium are analyzed for their
effect on the digestion process.
e. Industrial discharges may cause: poor digestion, solids,

pathogens, and poor quality.

72 Biosolids
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3. Calculations
a. Digester loading: 0.05 Ibs VS/day/ft® (expected).
b. Volatile acids/Alkalinity ratio: 0.05-0.25.
c. Gas production: 12-18 ft*/Ib volatile matter destroyed.
d. Detention time, days.
e. Volatile solids reduction, %.
4. Sludge physical characteristics:
a. Good quality sludge is in color and has a - like odor.

b.  Poor quality sludge has an unpleasant odor and or

colored streaks.
5. Digester gas:
a. Usable fuelat % methane.
b. Good flame color has a color.
6. Special Precautions:
a. No smoking in the digester area.

b. Confined space hazards: monitor for and gases

and deficiency.

c. Dangerous microorganisms in the sludge.

Biosolids 73
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Answers for Anaerobic Digestion
2000 Communication Arts Multimedia, Inc.

28 minutes
1.
a. pathogens
[ ]
1. Typhoid
2. Paratyphoid
3. Cholera
4. Polio
5. Giardia
b. 50
c. methane
e 30
2.
a. 4-7
C. 6-7
e. Unstable, gas
4,
a. black, tar
b. green, grey
5.
a. 62.
b. blue
6.
a.

b. Toxic, explosive, oxygen
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Sludge Digestion Math
Volatile Solids to the Digester, Ibs/day

1. If 8,250 Ibs/day of solids with a volatile solids content of 68% are sent to the
digester, how many lbs/day volatile solids are sent to the digester?

2. Atotal of 3600 gpd of sludge is pumped to a digester. If the sludge has 5.7% solids
content with 71% volatile solids, how many Ibs/day volatile solids are pumped to the
digester.

Digester Loading Rate, Ibs VS added / day / ft

3. What is the digester loading if a digester, 45 ft. diameter with a liquid level of 20 ft.,
receives 82,500 Ibs/day of sludge with 5.8% solids and 69% volatile solids?

4. A digester, 40 ft. in diameter with a liquid level of 18 ft. receives 26,400 gpd of
sludge with 5.7% solids and 71% volatile solids. What is the digester loading in Ibs
VS added/day/ft>?
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Volatile Acids / Alkalinity Ratio

5. The volatile acids concentration of the sludge in an anaerobic digester is 170 mg/L.
If the measured alkalinity is 2150 mg/L, what is the VA/Alkalinity ratio?

6. What is the VA/Alkalinity ratio if the volatile acids concentration of the sludge in an
anaerobic digester is 215 mg/L and the measured alkalinity is 1957 mg/L?

Percent Volatile Solids Reduction

7. The raw sludge to a digester has a volatile solids content of 69%. The digested
sludge volatile solids content is 53%. What is the percent volatile solids reduction?

8. The raw sludge to a digester has a volatile solids content of 72%. The digested
sludge volatile solids content is 51%. What is the percent volatile solids reduction?
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Volatile Solids Destroyed, Ibs VS / day / ft*

9. A flow of 3750 gpd sludge is pumped to a 35,000 ft* digester. The solids
concentration of the sludge is 6.3% with a volatile solids content of 68%. If the
volatile solids reduction during digestion is 54%, how many Ibs/day volatile solids
are destroyed per ft° of digester capacity?

10. A flow of 2165 gpd sludge is pumped to a 22,500 ft* digester. The solids
concentration of the sludge is 4.5% with a volatile solids content of 72%. If the
volatile solids reduction during digestion is 45%, how many |bs/day volatile solids
are destroyed per ft® of digester capacity?

Digester Gas Production, ft® Gas Produced / Ib. VS destroyed

11. The anaerobic digester at a treatment plant receives a total of 10,500 gpd of raw
sludge. This sludge has a solids content of 5.3% of which 64% is volatile. If the
digester yields a volatile solids reduction of 61%, and the average digester gas
production is 22,300 ft*, what is the daily gas production in ft*/Ib VS destroyed
daily?

12. The anaerobic digester at a treatment plant receives a total of 11,400 gpd of raw
sludge. This sludge has a solids content of 5.4% of which 62% is volatile. If the
digester yields a volatile solids reduction of 58%, and the average digester gas
production is 25,850 ft*, what is the daily gas production in ft*/Ib VS destroyed
daily?
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Digestion Time, days

13. An aerobic digester 40 ft. in diameter has a side water depth of 12 ft. The sludge
flow to the digester is 8200 gpd. Calculate the hydraulic detention time in days.

14. A 50 ft. aerobic digester has a side water depth of 10 ft. The sludge flow to the
digester is 9500 gpd. Calculate the detention time in days.

Oxygen Uptake Rate, mg/L/hr

15. Dissolved air concentrations are taken on an air-saturated sample of digested
aerobic sludge at one-minute intervals. Given the following results, calculate the
oxygen uptake, mg/L/hr.

Elapsed Time, Min DO, mg/L
7.9
6.8
6.1
5.3
4.6
3.9

ab~hwdNhDEFL O

16. Dissolved air concentrations are taken on an air-saturated sample of digested
aerobic sludge at one-minute intervals. Given the following results, calculate the
oxygen uptake, mg/L/hr.

Elapsed Time, Min DO, mg/L
6.9
5.8
5.0
4.3
3.7
2.9

ab~hwdNDEFLO

78 Biosolids



TDEC - Fleming Training Center

Answers

©CoNoh,~whE

5610 VS Ibs/day

1215 Ibs/day

0.10 Ibs VS added/day/ft®
0.39 Ibs VS added/day/ft®
0.08

0.11

49%

59.5%

0.021 Ibs VS/day/ft®

. 0.012 Ibs VS/day/ft®

. 12.3 ft¥/lb VS destroyed
. 14.0 ft*/Ib VS destroyed
. 13.7 days

. 15.5 days

. 44 mg/L/hr

. 42 mg/L/hr

Biosolids
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Sludge Digestion Math

Volatile Solids to the Digester, lbs/day

1. 1f 8,250 Ibs/day of solids with a volatile solids content of 68% are sent to the
digester, how many Ibs/day volatile solids are sent to the digester?

VS, = (Total Solids, Ibs]d X% vS)
&G < (3350 lbs[d)0.08)
~ =|56l0 Vs Ibs|d \

2. A total of 3600 gp:d"of Sludgé Is pumped to a digester. If the sludge has 5.7% solids
content with 71% volatlle soilds how many Ibs/day volatile solids are pumped to the
digester.

V.5. lb$|d (31900qu3(8 )0 0!37)(0 N l)

So\\ds lbs

v

Digester Loading Rate, Ibs VS added/day/ft“\aj 15 -0.35 m a heated mixed, J

hich iy digester
3. Whati |§ the digester loading if a digester, 45 ft. |amet'er with a fiquid level of 20 ft.,
receives 82,500 Ibs/day of sludge with 5.8% solids and 69% volatile solids?

Digesker Load\rg (s\udee Wos|dX % SolidX % v<)
(085X D, £)*(d, &)

- (82,5&%5]&)(0\05%‘(0.@61)
(0,185 Y 457)2( 20 £t)

B 5,10 los VS added]day |3
4. A digester, 40 ft. in diameter with a liquid level of 18 ft. receives 26,400 gpd of

sludge with 5. 7% solids and 71% volatile solids. What is the digester loading in Ibs
VS added/day/ft>?

Dt%es\er Load s (9L 40D gde‘@‘%‘*XO ,0%"[XO;’]>

(085Y 40f) (18 )
= gilosa llos V'S added|day |
a2 1008 \"861 i YI J

~Sludge Thickening, Digestion and Dewatering
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5. The volatile acids concentration of the sludge in an anaerobic digester is 170 mg/L.
If the measured alkalinity is 2150 mg/L, what is the VA/Alkalinity ratio?

Volatile Acids / Alkalinity Ratio

‘ e Ac o T indicale
VAL raf Yolehle Acids mall Tnerease in
Mk rabio- Py ossible excess leedi
A0 Mkalinity mglC i%?smgsm oyt M@g
A

6. Whatis the VA/Alkalinity ratio if the volatile acids concentration of the sludge in an
anaerobic digester is 215 mg/L. and the measured alkalinity is 1957 mg/L.?

\M/Hlk (atio _@g}_ oo |

lon gl

:Qane of the best indi cotors of +he
eflectiveness of the di%esh 0N Process

7. The raw sludge to a digester has a volatile solids content of 69%. The digested
sludge volatile solids content is 53%. What is the percent volatile solids reduction?

Percent Volatile Solids Reduction

7NVS Reduckion= (Tn-0ut) (o0 0l @
(In- Lﬂotk’r)) vl
_;__‘O.LOOI‘O.[OS. X \OU :
0.6 - (0.6)0.53) e
Ollo X \OU
OVWA—0.B3LS]

8. The raw sludge to a digester has a volatile solids content of 72%. The digested
sludge volatile solids content is 51%. What is the percent volatile solids reduction?

% VS Reduchion = 012051 x \OD
n 51 7%

O 12~ (6712)0

= 0.\ - X\CD
0\11—’0;3[012,

= ._O__,_._"z‘\ L X \GD ’

Sludge Thickening, Digestion and Dewatering
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Volatile Solids Destroyed, Ibs VS / day / ft*

9. A flow of 3750 gpd sludge is pumped to a 35,000 ft° digester. The solids -
concentration of the sludge is 6.3% with a volatile solids content of 68%. If the

volatile solids reduchon during digestion is 54%, how many Ibs/day volatile solids
are destroyed per ft* of digester capacity?

VS des)rroyerl s VS\d&y\ f>- (Sudge, Sgdl’s 24Y 2 Shids) 2V % VS veduc)
(6 185D, ) %(d,#)
Csveso quj(a 34Y0.0L30 . WBYO 54)

5 35,000 &%

= 10,02\ Vos Va[day [$15 |

10. A flow of 2165 gpd sludge is pumped to a 22,500 ft° digester. The solids
concentration of the sludge is 4.5% with a volatile solids content of 72%. If the

volatile solids. reductlon during digestion is 45%, how many Ibs/day volatile solids
are destroyed per ft® of digester capagcity?

VS deswox{czd s VS da\llﬁ3 (a\m‘f‘bquX% )e) ‘O‘leOﬂQ—)(OHS)
_ 22.500 {>
=0, 0% s vs|day[3)

Digester Gas Production, ft® Gas Produced / Ib. VS destroyed

11. The anaerobic digester at a treatment plant receives a total of 10,500 gpd of raw
sludge. This sludge has a solids content of 5.3% of which 64% is volatile. If the
digester yields a volatile solids reduction of 61%, and the average digester gas

production is 22,300 ft?, what is the daily gas production in ft%/b VS destroyed
daily?

])'s%es_\b( (oas Produchon = zgﬂf_pﬁﬁ.\&dxﬁsld
" s vs destroyed (VS 1o digster, Hos|dY % VS Reduc.)

. 22,3043
(@11037144 s O o)

12. The anaerobic digeéter at a treatment plant receives a total of 11,400 gpd of raw
sludge. This sludge has a solids content of 5.4% of which 62% is volatile. If the
digester yields a volatrie solids reduction of 58%, and the average digester gas

production is 25,850 ft°, what is the daily gas production in ft*/Ib VS destroyed
dally’?

Xor bas Production= 25,850 f1®
g ?\si’\bsas\?s E!C(’es&l:r%yg(? (uqcsbgodlg 20(0.0510.u2N053)

2970, 2144 \bspV'S

V3 s+ (10,5mgpd)3.34Y.053) oy

°Inc\tca+or ot the progress ot d\

¢ Noenal mv:%t [ lZ*\ G s b VS c\e:-,‘rro ed

done
«Jower 1ndicedesSHides Qﬂé @H}@aﬂqng erna | Moy ba over
82 sharp increasz. indica r\)fasevﬁ;@?%@shuh 0 danic, conke n1 0 :Judge,
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Digestion Time, days * Flow e o%h ‘Hma in d]gzsﬁf

13. An aerobic digester 40 ft. in diameter has a side water depth of 12 ft. The sludge
flow to the digester is 8200 gpd. Calculate the hydraulic detention time in days.

Diggstion Time days= (0 185 ) (D, 8020, £ X(1:48)
' Studge How Rate ﬂPd
- (0. 185XHOM2 (12 ¢ Y(T48)

R200 Sfad

| l 13,71 da\‘s \ - |
14. A 50 ft. aerobic d[gester has a side watér depth of 10 ft. The sludge flow to the

digester is 9500 gpd. Calculate the detention time in days.

Diggstion Time,days= (0 185YF04) *(10AX7.48)
Q20 c*pd

(U )lb 5 da\, SJ

g Oxvgen Upfake Rate, mg/L/hr * Indicates lotomas.s CL‘C“'\V‘JTY byl
A ¢ AN INCIOASE TNeans \NCrease. mlc\roorﬁoms;m acny
"5 15. Dissolved air concentrations are taken on an air-saturated sample of digesteds a decrease
- aerobic sludge at one-minute intervals. Given the following results, calculate the accurs

oxygen uptake, mg/L/hr. when bugs
0 are less
Elapsed Time, Min DO, mg/L Ob\ﬂ,ﬂ\g\u hes 3&)“} - ‘g‘o achive
0 7.9 ——————— X 0
«DO on cligesked 68 elapsedt

somple & measitred T
at \min, ¥ntervals 73 B : - bd~-38 x o
ePor Hmin +otal 4 , _%ﬂ | T Zwin
ace el Jea fEEEEDI
Drssolved a|r concentratlons are taken on an air-saturated samplé of digeste

aerobic sludge at one-minute mtervals leen the followmg results calculate the
oxygen uptake, mg/L/hr.

Elapsed Time,Min DO, mgr. ~ OUR 0’5\1— - ’9_.(?-_2-1 x 0
| 0 8.9 | 3min
1 : e 9.8 '
o Y =42 nB\L\hr
3 4.3 |
4 3.7
<GB 29D

Sludge Thlckenlng Digestion and Dewaterlng
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Section 4

® Solids Removal

Secondary Effluent

TENNESSEE DEPARTMENT OF
ENVIRONMENT AND CONSERVATION

1 TDEC - Fleming Training Center

TDEC - Fleming Training Center

Physical-Chemical
Treatment

- Coagulation: clumping together of
very fine particles into larger particles
(microfloc) caused by the use of
chemicals (coagulant) added during
rapid mixing

- Flocculation: gathering together of fine
particles after coagulation to form
larger particles (floc) by gentle mixing

- Liquid/solids separation (gravity, DAF)

2 TDEC - Fleming Training Center

Coagulation/Flocculation

Coagulation/Flocculation
Process

- WW solids tend to have negative
charge

« Including bacteria

.- Destabilization adds chemicals to

change or neutralize charge of
particles

4 TDEC - Fleming Training Center

[ ]
Process
- Nonsettleable
solids resist settling
e due to particle size
b e & natural forces
% ,—/fii\*gf‘* between particles
AT - Suspended,

N colloidal (fine silt,
bacteria, viruses) &
dissolved (color,
chemicals)

Q@ = Cot-Floc  Cation Polymer Unit [ Mer)
. Coagulation/Flocculation

Process

- During the coagulation phase, chemicals
are added to the wastewater and rapidly
mixed with the water
- Certain chemical reactions occur quickly

resulting in the formation of very small
particles, usually called “pinpoint floc”

« Flocculation follows coagulation and
consists of gentle mixing of the
wastewater
- The main purpose is to bring together

microfloc particles

5 TDEC - Fleming Training Center

86 Secondary Effluent Solids

Liquid/solids Separation

- Liquid/solids separation step follows

flocculation and is almost always

conventional sedimentation by gravity

settling

- Although other processes are used
occasionally like DAF, gravity filtration
and membrane filtration

6 TDEC - Fleming Training Center
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° Chemical Treatment ° Chemical Treatment
- Regardless of the form of chemical . Often, filters are installed after chemical
treatment process, the most important treatment to produce a highly polished
process controls are: effluent
- Provide enough mixing energy to - Chemicals can also be used as a “band-
completely mix the chemical with the aid” effectively during problem situations
water - Reduce sludge bulking
. Control the mixing intensity during « Upstream equipment failure
flocculation - Accidental spills entering the plant
- Control the chemical dose - Seasonal overloads
. Chemicals Used to Improve
° Chemical Treatment . P
Settling
« Aluminum (3+) (alum) oriron « Aluminum Sulfate (Dry)
(3+)(ferl‘IC) metal SaltS are used to . A|uminum Su'fate (L|qu|d)
coagulate wastewater solids . FEerric Chloride
« The cationic (positively charged) .
- - Lime
metals salts adsorb onto negatively
charged wastewater solids and - Polymers
neutralize their negative charges
Aluminum Sulfate
° Alum

(Alum)

. Al(SO,); * 14 H,0

- Reacts with alkalinity in water to for
aluminum hydroxide as the precipitate

- Works best at pH of 5.8 to 8.5 with
sufficient alkalinity

- Dry alum: powder, lump form
- Liquid alum: pH < 4; very corrosive

-1 mg/L alum consumes 0.5 mg/L
alkalinity

TDEC - Fleming Training Center

m

-« Alum will support a bacterial growth
and cause sludge deposits in feed
lines if wastewater is used to transport
the alum to the point of application
- These growths can clog feed lines
- By keeping a velocity high enough to

scour the lines continuously, this
problem can be reduced

TDEC - Fleming Training Center

Secondary Effluent Solids
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o Alum

- A 1% solution will have a pH of 3.5

- Overdosing of alum may decrease the
pH to a point that will reduce
biological activity

- Alower pH may also allow chlorine to
further decrease the pH and affect the
aquatic life in the receiving streams

13 TDEC - Fleming Training Center
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Ferric Chloride
(FeCly)

- Highly corrosive

. Liquid is 35-45% strength; will crystallize at
30°F

- Effective over wider pH range than alum;
works better in cold water, forming heavier,
denser floc

- Reacts with alkalinity to form iron hydroxide
(Fe(OH)3)
- 1 mg/L consumes 0.6 mg/L alkalinity

- Decomposes in presence of light, producing
hydrochloric acid

14 TDEC - Fleming Training Center

° Lime (Ca(OH),)

. Calcium hydroxide or quicklime
- Coagulate solids or adjust pH

+ Quicklime must be mixed with water
(slaked) before used

- Heat generated when water is added

. Inspect mixers and pumps daily for
wear

. Irritates skin, eyes, lungs on contact

15 TDEC - Fleming Training Center

- Full face respirator

- Acid resistant goggles/
face shield

- Rubber gloves and boots #=ams
- Rubber suit/apron

- Emergency eye wash and
shower (within 25 ft of
storage and feed

° A Polymer Map

- Polymers fed in
very small doses
. <1%

- Solutions made in
water prior to use.

- High to very high
MW polymers
require several

Polymer ionic charges “charge density”  hours to hydrate.

17 TDEC - Fleming Training Center

88 Secondary Effluent Solids

systems)
16 TDEG - Fieming Traing Center
Polymers
. Advantages .- Disadvantages
. Little effect on pH - Overfeeding can
clog filters
+ Make work better
in cold water with . Must clean up
low turbidity spills immediately-
slick & often
- Produces less corrosive (low pH)

sludge

18 TDEC - Fleming Training Center
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° Jar Testing Equipment

- Most valuable tool
in operating &
controlling chemical
treatment process

. Simulates
coag./floc. with
different chemicals
and/or doses

- Full scale plant
operation may not
match results

19 TDEC - Fleming Training Center

Section 4

° Dry Chemical Feed System

Accurately controls \Ji]= 1'

dosage ; st
Known amount of i o e ) [

chemical and water (1) 2
mixed using high |

speed mixer (2 P

Solution held in day
tank (3)

Metered output
ensures proper dosage
into WW (4)

Safety: dust dangerous
if inhaled or on contact
with skin/eyes

20 TDEC - Fleming Training Center

Liquid Chemical Feed
System

TRCE AL LI

860104 WYBRNIOL

. May draw directly
from storage tank
or diluted in
smaller tank then
fed

VN, orarion
50 GRais
siTIon

- Positive
displacement

metering pump —_—

21 TDEC - Fleming Training Center
rounT or
armication

Positive Displacement
Pumps

Top: flexible rubber,
plastic or metal
diaphragm draws
liquid in and out.
When raised, suction
is exerted. When
depressed, liquid is
forced through the
discharge valve.

Bottom: easy to
adjust piston stroke

to regulate chemical

2 AL DT R—
feed.

° Screw Feeder

] + Maintains desired
- output by varying

i speed and/or amount

of time screw rotates

as chemical is

discharged

Must keep screw

f clean

Chemical may cake
in hopper

23 TDEC - Fleming Training Center

° Mechanical Flocculators

- Done in same or
separate tank as
sedimentation

. Tapered flocculation

- Paddle speed critical

- Top: variation in paddle
size to control floc
shearing

- Bottom: variable speed
woec- re@H V@ Uit

Secondary Effluent Solids 89
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Rectangular Sedimentation
Clarifiers

Rectilinear flow
Influent enters one end
Flow hits baffle & moves
by gravity to opposite
end where effluent
overflows outlet weirs

- Settled sludge moved by
flights or bridge to
hopper

« On return scraper skims
scum into trough

25 TDEC - Fleming Training Center

Circular Clarifiers

~—

—
N N
A

Sludge collected at
center of conical base
Scum and oil removed
by radial arm at )
surface
PM & visual inspection:
worn parts, corrosion,
proper Operathn I cancu .
Hazards due to slips,
trips, drowning,
exposure to diseases,
electrocution

g . s
UYEINELAN CONTENEEE TLNITIER TR
A SENPE SR RO TTETIN

. o
IBRNLIC SHETIEN SERCC ATNBVAL SYSTCH

LIRS, 1R TR L

2 TDEC - Fleming Training Center

Tube Settler Module

Shallow depth
sedimentation

Reduces settling time

- Tubes of steel or
fiberglass

. Allows basin to settle
larger flow

Requires more frequent
sludge removal

27 TDEC - Fleming Training Center

Causes of Short Circuiting

- Water density due
to temperature or
suspended solids
differences

- Strong winds

- High inlet/outlet
velocities

28 TDEC - Fleming Trair il o

Factors Considered in
Clarifier Design

- Weir Overflow Rate, gpd/ft
. Surface Overflow Rate, gpd/ft?
- Detention Time, hrs

. Solids Loading Rate, Ibs/day/ft2

29 TDEC - Fleming Training Center

Wastewater Filtration

- Microscreens
- Gravity Filtration
- Synthetic Media Filter

. Continuous Backwash, Upflow &
Deep-Bed Granular Media Filtration

. Surface Filtration
. Cross Flow Membrane Filtration

30 TDEC - Fleming Training Center
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Microscreens

Straining occurs over
submerged section of
microfabric

20-25 um PE, PPE,
stainless steel wire, copper
or Teflon screen

Filters out very small SS,

decreases turbidity &

improves effectiveness of

disinfection

Blinding or clogging due to
| - iron or magnesium: clean

a T e memngMiTRLDOL Water or steam

Section 4

Gravity Filter Configurations

- Deep bed filtration

- One or more
materials and/or
grades of material
Most are gravity flow
from top down
Most operate on
batch basis

- Underdrain collects
filtered WW

32 TDEC - Fleming Training Center

Gravity Filter Configurations

Backwashing indicated by headloss

Backwashing a sand filter, treated water is used in

order to avoid contamination of the filter bed

Incomplete cleaning leads to formation of

mudballs

In a dual media filter, the finer, denser media

(sand) is placed on the bottom with the course,

lighter media (anthracite) on the top.

« The coarse media removes larger solids that
would quickly clog the finer media

« The fine media will surface strain solids that
penetrate the full depth of the coarse media bed

33 TDEC - Fleming Training Center

| Rapid Sand Filter

34 TDEC - Fleming Training Center

Synthetic Medium Filter

Schreiber Fuzzy Filter:
wastewater flows upward
through polyvalinadene
media between a lower
fixed glate & upper
movable plate.
To clean, upper plate is
raised mechanically.
Flow to filter continues as
air is introduced to
scour/wash media
Beriodically (external
lower). Freed solids

continuously exit filter
during washing.

35 TDEC - Fleming Training Center

Synthetic Medium Filter

. Closed, self contained
unit

- Small footprint

- No odors or flies

- Filter media is
compressible, so
porosity can be altered

Clayton County, GA NE STP uses - Media life: > 10 yrs
five 7" X 7" filters handling up to .
15 MGD at 30 gpmisq ft. - No media loss
36 TDEC - Fleming Training Center
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Bottom Feed Cylindrical

Filter

. Continuous backwash,
upflow, deep bed silica
sand media filter

. Do not have to be taken
out of service for
backwashing

. Fewer and/or smaller
filters due to » ===
continuous | ; L
operation 1 " i ]

bl )

37

TDEC - Fleming Training Center

Cloth membrane as filter media
removes fine particles

Each disk has 6 pie-shaped
sections mounted vertically to
hollow tube that collects filtered
effluent

Low head-gravity feed

Filter is static during filtering
Backwashes automatically base
on water level differential

Disks rotate only during cleaning

Maintains continuous filtration
during backwash

Surface Filtration: Disk
Filters s =2

=

N

38 TDEC - Fleming Training Center

Membrane Filtration

- Membrane filtration processes are classified
on the basis of the size of the particle they

separate from the wastestream
- Microfiltration (MF)

- Ultrafiltration (UF)

- Nanofiltration (NF)

- Reverse Osmosis (RO)

- The separation technique involves a thin,
semipermeable membrane that acts as a
selective barrier that separates the particles

on the basis of molecular size

39 TDEC - Fleming Training Center

Membrane Filtration

R —

foric Ramge Hckocu Range Mcro Holecular Range  Hicra

i

Relative
Size of
Commen
Materials

Process For
Separation

Cross Flow Membrane
Filtration

WW pumped at high
velocity along surface
Driving force is
pressure differential
between WW side and
effluent side

Table: particle size &
mw retention
capacities for KOCH
membranes

41 TDEC - Fleming Training Center

92

Cross Flow Membrane
Filtration

Microfiltration membranes
« Have pores ranging from 0.1-2.0 microns
-« Less common
Ultrafiltration membranes
« Most common
- Pore sizes range from 0.005-0.1 micron
- Examples of particles that are retained are:
« Emulsified oils
* Metal hydroxides
« Proteins
 Starches
« Suspended solids
- Examples of molecules that pass through the pores
« Water
« Alcohols
« Salts
* Sugars

42 TDEC - Fleming Training Center
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Cross Flow Membrane
Filtration

- Nanofiltration
- Have pores between UF and RO
- Effective at removing salts
. Reverse Osmosis
- The tightest membrane process that allows
only water to pass through the membrane
- Retains salts and higher molecular weight
components
- Used for tertiary treatment producing water
with low BOD/COD and of near-potable
water quality

43 TDEC - Fleming Training Center

Membrane Configuration

- Membranes are housed in various types
of modular units
- The basic types of membrane
configurations are:
- Tubular
- Hollow fiber
. Spiral
. Plate and frame
« Ceramic Tube or Monolith

44 TDEC - Fleming Training Center

° Hollow Fiber Cartridge i

feoncenTRATE)

Semi-permeable polymer PeRMEATE
membrane

Water (permeate) passes through,
but solids are rejected

Membrane fouling due to oils and
greases

Chemically cleaned in place using
water, caustics, surfactants, &
acids prescribed by manufacturer
(2-3 times/week)

5-40 psi

3-10 yr membrane life

45 TDEC - Fleming Training Center

Spiral Wound Module

Pack large surface
area into compact
design.

Membrane cast on
non-woven polyester
flat sheets & put into
spiral modules.

Operate at 50-150 psi.

46 TDEC - Fleming Training Center

° Membrane Bioreactors

=

it
oy et

. Membrane
immersed in WW

- Flat plate
microfiltration o _ —

. Eliminates need Ej_
for secondary ol e—
clarification and | re ]
filtration ot

. MLSS: 15,000- | ..
a7 30,000 mg/LCEC—F\emmgTvammgCenléf'“'*" e

[ —————— ke

Membrane Bioreactors

. Sludge age > 40 days
. Cleaned 2-3
times/year in place

. >99.9% removal
bacteria & viruses

48 TDEC - Fleming Training Center
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Solids Removal from Secondary Effluents
Review Questions

1. Coagulation is a process of gentle mixing to ensure contact between the
coagulant chemicals and the suspended particles.
a. True
b. False

2. Dry alum is corrosive unless it absorbs moisture.
a. True
b. False

3. The settling rate of particles is faster at a warmer temperature than it is at
a lower temperature.
a. True
b. False

4.  The conventional single-media filter bed commonly used in potable water
systems is generally unsatisfactory in removing solids found in wastewater
because of plugging.

a. True
b. False

5. In a dual-media filter, the finer, denser sand is placed over the coarse
media, anthracite.
a. True
b. False

6. Downflow filters are designed to remove suspended solids by either the
surface-straining method or the depth filtration method.
a. True
b. False

7. The cause of mudball formation in a filter is inadequate oil and grease
removal by earlier processes.
a. True
b. False

8.  Growth of algae and slime in gravity filters can be controlled with
occasional applications of chlorine ahead of the filter.
a. True
b. False

94 Secondary Effluent Solids
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10.

11.

12.

13.

14.

The rate of flow through a granular media filter is expressed as the
surface loading rate.

a. True

b. False

The performance of treatment chemicals during a jar test does not
depend on:

Chemical concentration

Mixing intensity

Method of application

Time of day sample is collected

Time of reaction

®oo o

The most critical water quality indicator influencing the performance of
polymers is:

Ammonia

Conductivity

Hardness

pH

Phosphate

®oo T

What could be the possible causes of the floc being too small in a
chemical coagulation and flocculation system?

Change in pH

Chemical feed pump adjusted too low

Improper chemical dosage

Paddle speed in flocculators too fast

All the above

®oo o

Which of the following tests should not be run daily for process control
when chemicals are used to reduce effluent suspended solids?
Chemical dosage

Chemical viscosity

Influent and effluent suspended solids

pH

All the above

®oo o

A jar test cannot be used to determine:

The most economical dosages

The pH of the sample

The plant response to wastewater changes by using lab equipment
What the clarity will probably be in the plant effluent

None of the above

®oo T
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15.  Short-circuiting in a clarifier may be caused or made worse by:
Differences in the density of suspended solids in the influent
High inlet and outlet velocities

Strong winds blowing across the surface of the tank
Temperature differences within the tank

All of the above

®oo T

16. What is the one invariable requirement in all jar test procedures?
a. Chemicals of the highest possible purity should be used
b. Jar test apparatus must have at least 6 jars
c. pH of the samples must be within the range of 6.5 to 8.5
d. Test conditions should match actual plant conditions

17.  Clarifier efficiency is determined using:

Effluent grab samples

Influent and effluent 24-hour composite samples
Nephelometric measuring devices

24-hour sludge accumulation (volume) measurements
None of the above

®oo o

Answers:
1. B 6 A 11. D 16. D
2. B 7 B 12. E 17. B
3. A 8 A 13. B
4, A 9. A 14. B
5. B 10. D 15. E
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4 Wastewater Pumps

TDEC - Fleming Training Center

Types of Pumps

e Classified by character of material handled:
- Raw wastewater
Choppae Py Recessed

- Grit
- Sludge
- Effluent

impeller

Velocity Pumps

e Spinning impeller or propeller accelerates
water to high velocity in pump casing (or
volute)

Volute

TDEC - Fleming Training Center
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Pumps

TDEC - Fleming Training Center

"~ Wastewater Pumps

- e U OE Lol
Raw wastewater pumps, South Truckee Meadows,
Ames, TA Reno, NV
TDEC - Fleming Training Center 2

Types of Pumps

e Velocity Pumps

¢ Positive-Displacement Pumps

TDEC - Fleming Training Center 4

Velocity Pumps

¢ High velocity, low pressure water is
converted to low velocity, high pressure
water

Diffuser

TDEC - Fleming Training Center
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Velocity Pump Design
Characteristics
¢ Axial - flow designs

o Propeller shaped impeller adds head by lifting
action on vanes

° Water moves parallel to pump instead of
being thrown outward

e High volume, but limited head
o Not self-priming

TDEC - Fleming Training Center

Velocity Pump Design
Characteristics
* Mixed - flow designs
o Has features of axial and radial flow
o Works well for water with solids

TDEC - Fleming Training Center

o Impeller rotates in sealed casing

e Impeller connected to motor which
provides spinning energy

TDEC - Fleming Training Center

Pumps

Section 5

Velocity Pump Design
Characteristics

¢ Radial flow designs

° Water comes in
through center (eye)
of impeller

°

Water thrown
outward from impeller
to diffusers that
convert velocity to
pressure

o

The discharge is
perpendicular to the
pump shaft

Impalior

TDEC - Fleming Training Center 8

Types of Velocity Pumps

¢ Centrifugal pumps-
most common type
in wastewater lift
stations

¢ Turbine pumps

&

with ratural sumoundings, since e 3 0 pump
ek el Ui B & e of s o e oL
Ofher acvantages 10 below-Ground instalations ace sose
reductions asd |ess safery-hazard concerns.

TDEC - Fleming Training Center 10

Pump Discharge
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Self-Priming Pump Basics — Part |

TDEC - Fleming Training Center

100

Pumps

TDEC - Fleming Training Center

Pump Discharge

Centrifugal Pumps

¢ By varying size, shape, and width of impeller

¢ Wide range of flows and pressures can be
achieved

Chopper ] Revessed
Pump Impallar

End Suction

Self-Priming Pump Basics — Part 2

GORMAN-RUPP

TDEC - Fleming Training Center
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Vertical Turbine Pumps

e Impeller rotates in a channel of constant
cross-sectional area

e Mixed or radial flow

¢ Create highest head available from
velocity pumps

TDEC - Fleming Training Center

Positive-Displacement Pumps

e Sludge & chemical
feed pumps

e Less efficient than
centrifugal pumps

e Cannot operate
against a closed
discharge valve

TDEC - Fleming Training Center

Positive-Displacement Pumps

¢ Rotary pump - Use lobes or gears to
move liquid through pump

Incline screw pumps handle
large solids without plugging

TDEC - Fleming Training Center

Pumps

Section 5

Vertical Turbine Pumps

e Backflow limited
o Efficiencies up to 95% possible

¢ Water must be very clean

TDEC - Fleming Training Center 20

Positive-Displacement Pumps

» Reciprocating (piston) pump - piston
moves back and forth in cylinder, liquid
enters and leaves through check valves

TDEC - Fleming Training Center 22

Screw Pumps

o Screw pumps are used to lift wastewater
to a higher elevation

o This pump consists of a screw operating
at a constant speed within a housing or
trough

e The screw has a pitch and is set at a
specific angle

* When revolving, it carries wastewater up
the trough to a discharge point

TDEC - Fleming Training Center 24
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General Considerations

¢ Centrifugal pumps: wastewater
e Piston or diaphragm pumps: heavy solids
e Gear and piston pumps: high pressures

e Turbine or propeller pumps: mixing air or
chemicals

TDEC - Fleming Training Center 25

Flow Control

¢ Flow usually controlled by starting and
stopping pumps

e Throttling flow should be avoided -
wastes energy

e Variable speed drives or motor are best
way to vary flow

TDEC - Fleming Training Center 27

Monitoring Operational Variables

e Suction and Discharge Heads
° Pressure gauges
e Bearing and Motor Temperature

° Temp indicators can shut down pump if temp
gets too high

° Check temp of motor by feel

TDEC - Fleming Training Center 29
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Centrifugal Pump Operation

e Pump Starting and Stopping -

° Impeller must be submerged for a pump to
start

° Foot valve helps hold prime

o Discharge valve should open slowly to control
water hammer

° In small pumps, a check valve closes
immediately when pump stops to prevent
flow reversal

° In large pumps, discharge valve may close
before pump stops

TDEC - Fleming Training Center 2

Monitoring Operational Variables

¢ Pump and motor should be tested and
complete test results recorded as a
baseline for the measurement of
performance within the first 30 days of
operation

TDEC - Fleming Training Center 28

Monitoring Operational Variables

¢ Vibration

o Detectors can sense malfunctions causing
excess vibration

o Operators can learn to distinguish between
normal and abnormal sounds

TDEC - Fleming Training Center 30
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7

Monitoring Operational Variables

o Likely causes of vibration
° Bad bearings or bearing failure

° Imbalance of rotating elements, damage to
impeller

o Misalignment from shifts in underlying
foundation

TDEC - Fleming Training Center 31

Monitoring Operational Variables

¢ Cavitation is a noise coming from a centrifugal
pump that sounds like marbles trapped in the
volute

¢ A condition where small bubbles of vapor form
and explode against the impeller, causing a
pinging sound

TDEC - Fleming Training Center 33

S
,f

¢ Discharge Cavitation occurs when the pump
discharge is extremely high.

e It normally occurs in a pump that is running
at less than 10% of its best efficiency point.

¢ The high discharge pressure causes the
majority of the fluid to circulate inside the

pump instead of being allowed to flow out
the discharge.

e As the liquid flows around the impeller it
must pass through the small clearance
between the impeller and the pump
cutwater at extremely high velocity.

Information from http://www.pumpworld.com/Cavitation_discharge.htm

Discharge Cavitation
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Monitoring Operational Variables

¢ Speed
o Cavitation can occur
at low and high speeds

o Creation of vapor
bubbles due to partial
vacuum created by
incomplete filling of
the pump
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Suction Cavitation

Suction Cavitation occurs when the pump suction is
under a low pressure/high vacuum condition where
the liquid turns into a vapor at the eye of the pump
impeller.

This vapor is carried over to the discharge side of the
pump where it no longer sees vacuum and is
compressed back into a liquid by the discharge
pressure.

This imploding action occurs violently and attacks the
face of the impeller.

An impeller that has been operating under a suction
cavitation condition has large chunks of material
removed from its face causing premature failure of
the pump.

Information from http://www.pumpworld.com/Cavitation_discharge.htm
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e This velocity causes a vacuum to develop at

the cutwater similar to what occurs in a
venturi and turns the liquid into a vapor.

A pump that has been operating under these
conditions shows premature wear of the
impeller vane tips and the pump cutwater.

In addition due to the high pressure
condition premature failure of the pump
mechanical seal and bearings can be
expected and under extreme conditions will
break the impeller shaft.

Information from http://www.pumpworld.com/Cavitation_discharge.htm

Discharge Cavitation
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Monitoring Operational Variables

e If a pump has packing glands, water should
drip slowly

o [f it has a mechanical seal, no leakage
should occur
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Mechanical Details of Centrifugal
Pumps
o Impeller

° Bronze or stainless steel

o Closed; some single-suction have semi-open;
open designs

° Inspect regularly
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Mechanical Details of Centrifugal
Pumps
o Shaft

o Connects impeller to pump; steel or stainless
steel

o Should be repaired/replaced if grooves or
scores appear on the shaft

e Shaft Sleeves
° Protect shaft from wear from packing rings

- oy
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Mechanical Details of Centrifugal
Pumps
e Casing

o Designed to minimize friction loss as water is
thrown outward from impeller

o Usually made of cast iron, spiral shape

Dischame

Mechanical
Pumps

e Wear rings

o Restrict flow between
impeller discharge and
suction

Details of Centrifugal

o Internal leakage is
prevented by wear
rings
* Leakage reduces pump

efficiency

° Inspect regularly
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Mechanical Details of Centrifugal
Pumps
e Packing Rings
o Asbestos or metal ring lubricated with Teflon
or graphite
° Provides a seal where the shaft passes
through the pump casing in order to keep air
form being drawn or sucked into the pump

and/or the water being pumped from coming
out
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Mechanical Details of Centrifugal Mechanical Details of Centrifugal

Pumps —| Pumps
g ¢ Packing Rings @ e Packing Rings

o If new packing leaks, stop the motor and repack > If packing is not maintained properly, the

the pump . .
. following troubles can arise:

o Pumps need new packing when the gland or ] o

follower is pulled all the way down * Loss of suction due to air being allowed to enter
o The packing around the shaft should be tightened pump

slowly, over a period of several hours to just * Shaft or shaft sleeve damage

enough to allow an occasional drop of liquid (20- * Water or wastewater contaminating bearings

60 drops per minute is desired) * Flooding of pump station

* Leakage acts as a lubricant

Joins of packing should be sta d at least 90° * Rust corrosion and unsightliness of pump and area
> Joints of packing should be staggered at leas
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Mechanical Details of Centrifugal

‘ Packing Rings
g Ring Pumps
g * Advantages « Disadvantages g e Lantern Rings

o Less expensive, short ° Increased wear on o Perforated ring placed in stuffing box

term shaft or shaft sleeve o Forms seal around shaft, helps keep air from

» Can accommodate ‘ Incre,ase‘j labor entering the pump and lubricates packing
some looseness required for
§ — ) Packing Rivgs Over-Cumpresse
iy K adjustment and
replacement
L]
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Mechanical Details of Centrifugal

Pumps e‘{hs 0 g g

Mechanical Seal

e Mechanical Seals @.‘)q’_ * Advantages * Disadvantages
° Located in stuffing box = (F @ o Maintenance free > High initial cost
b .
o Prevents water from leaking along shaft; keeps ° No wastewater o Great skill and care
air out of pump leakage needed to replace

o Less wear on shaft and

o Should not leak shaft sleeve

o Consists of a rotating ring and stationary

o Should last for years
element

o The operating temperature on a mechanical
seal should never exceed 160°F (71°C)

TDEC - Fleming Training Center 47
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Mechanical Details of Centrifugal
Pumps
e Bearings
o Anti-friction devices for supporting and
guiding pump and motor shafts
o Get noisy as they wear out

o If pump bearings are over lubricated, the
bearings will overheat and can be damaged or
fail

o Types: ball, roller, sleeve

TDEC - Fleming Training Center 49

Inspection and Maintenance

e Inspection and maintenance prolongs life
of pumps

¢ Necessary for warranty

o Keep records of all maintenance on each
pump

» Keep log of operating hours
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Pump Won’t Start?

¢ Incorrect power supply
¢ No power supply

¢ Incorrectly connected
¢ Fuse out, loose or open connection

» Rotating parts of motor jammed
mechanically

e Internal circuitry open

TDEC - Fleming Training Center 53
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Mechanical Details of Centrifugal
Pumps
¢ Couplings

o Connect pump and motor shafts

o Lubricated require greasing at 6 month
intervals

° Dry has rubber or elastomeric membrane

o Calipers and thickness gauges can be used to
check alignment on flexible couplings
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Inspection: Impellers

o Cavitation marks

e Chips, broken tips,
corrosion, unusual
wear

e Tightness on shaft
e Clearances

e Tears or bubbles (if
rubber coated)
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Pump Safety

e Machinery should always be turned off
and locked out/tagged out before any
work is performed on it

o Make sure all moving parts are free to
move and all guards in place before
restarting

i

MATIC
EQuiPHEAT

WILL START AT ANY TIME
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Pump Safety:Wet Wells

g ¢ Confined spaces

e Corrosion of ladder rungs

e Explosive atmospheres

¢ Hydrogen sulfide accumulation
o Slippery surfaces
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Beware of Electricity

e Be careful around electrical panels,
circuits, wiring, & equipment
o Serious injury
o Damage costly equipment

o Basic working knowledge is key

\
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Tools, Meters & Testers

¢ Ohmmeter: ¢ Voltage tester:
measures resistance determines if circuit
in a circuit. Tests is energized,
fuses, relays, resistors measures voltage,
and switches. tests for blown fuses,

single phasing of
motors, and grounds

Pumps

Section 5
Equipment Maintenance
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Tools, Meters & Testers
e Ammeter: records o Megger: checks
the current or amps insulation resistance
in circuit on motors, feeders,

grounds, and branch
circuit wiring
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Need for Maintenance

¢ Performance and life of pumps and other
equipment affected by:
° Water
° Dust
° Humidity
o Heat and cold
° Vibration

\

[ ASGRA
e

),

o=

o Corrosive atmosphere

A
W
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Need for Maintenance

¢ Inspect & maintain electrical equipment
annually.

¢ Inspection should include:
o Thorough examination
o Replacement of worn & expendable parts
o Operational checks & tests
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Electrical Protective Devices:
Circuit Breaker

¢ Protect electrical
systems from short
circuiting

¢ Switch opens when
current or voltage
out of range

e Unlike fuse, can be
reset
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A.C. Induction Motor

e Most common pump driver in wastewater
pump stations

e Motors pull the most current on start up.
¢ Malfunction due to:

o Thermal overload (40°C max.)
o Contaminants Q

o Single phasing
> Old age
° Rotor failure

TDEC - Fleming Training Center 65
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Electrical Protective Devices: Fuses

¢ Protect control panel
from excess voltage
or amperage

Ba g
i

-y
E‘Ga u

¢ Fusible metal strip
melts and breaks
circuit

e One-time use
devices
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Transformer

¢ Transformers are used to convert high voltage
to low voltage

¢ High voltage is 440 volts or higher

¢ Standby engines should be run weekly to ensure
that it is working properly

¢ Relays are used to protect electric motors

 Fleming Training Center 64

Motor Components

Stabor

Current Flow =™y IRotor 4‘3&
A S

e

Opposing
“Magnetic Felds
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Motors

e In order to prevent damage, turn the
circuit off immediately if the fuse on one
of the legs of a three-phase circuit blows.

An electric motor changes electrical
energy into mechanical energy

Power factors can be improved by:
o Changing motor loading

o Changing the motor type

o Using capacitors
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Motors

¢ Routine cleaning of pump motors
includes:
o Checking alignment and balance
o Checking brushes
> Removing dirt and moisture
o Removal of obstructions that prevent air
circulation
o Cool air extends the useful life of motors
¢ A motor (electrical or internal
combustion) used to drive a pump is

o llad A i sy | TDEC - Fleming Training Center 68

Motors

o If a variable speed belt drive is not used
for 30 days or more, shift the unit to
minimum speed setting

¢ Emory cloth should not be used on
electric motor components because it is
electronically conductive and may
contaminate parts

e Ohmmeters used to test a fuse in a
motor starter circuit

e The most likely cause of a three-phase
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Misalignment of Pump & Motor

o Excessive bearing loading
o Shaft bending
® Premature bearing failure

o Shaft damage s mmssomia

[ ™ -
| ML, W T |5 F—_ﬂ"':'—-.__
froes e
Paralisl Mizadiganest ==
+ oy
Migicr ghut g —
Do shaft
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Compressors

¢ Increase the pressure
of air or gas

e Common uses:

° Wastewater ejectors

o Pump control systems
(bubblers)

o Water pressure
systems

° Portable pneumatic
tools

TDEC - Fleming Training Center 7

Compressors

¢ Inspect suction filter at least monthly
e Lubrication

o Oil bearings

o Oil cup, grease fittings, crankcase reservoir

o Change oil every 3 months (unless otherwise
specified)

e Inspect belt tension
e Clean dirt, oil & grease at least monthly

¢ Drain condensate daily using valve on air
receiver

¢ Examine operating controls
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Valves

¢ Controlling device in
piping systems to stop,
regulate, check, or divert
flow of liquids or gases

¢ Gate valve:

o Open valve fully; reverse &
close one-half turn

o Operate all large valves at
least yearly

° Inspect valve stem packing
for leaks; tighten if needed

o Close valves slowly in
pressure lines to prevent
water hammer
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Valves

o Butterfly valves: often
clog on sewer lines
when installed to
carry stormwater or

wastewat ---
dﬁ—;—’

e Plug valves: less
susceptible to

plugging; sludge
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Bearings

e Screw pumps are
supported by 2
bearings, a ball or
roller bearing above
the flights & a sleeve
bearing in the WW

B
\
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Valves

o Check valves:
discharge of pump
to provide positive
shut off from forcesckvave
main pressure &
prevent force main
from draining back
into wet well
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Lubrication

¢ Purposes:
o Reduce friction between two surfaces
> Remove heat due to friction
¢ Oils in service becomes acidic & may
cause corrosion, deposits, sludging, etc.
¢ Oils & greases:
o Can create fire hazard
o Clean up spills immediately
o Don’t contaminate
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Bearings

e Usually last for years if serviced properly
¢ Failures:

o Fatigue — excessive load

o Contamination

° Brinelling — improper mounting

o Electric arching — leakage; short circuiting

o Misalignment

o Cam failure

o Lubrication failure — dirty; too much; not
enough; wrong kind
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Building Maintenance

o Keep facility clean, store tools in proper
place

* Type of maintenance needed influenced
by age, type & use of building

¢ Maintenance program includes:
° Floors & roofs
o Heating, cooling & ventilation
o Lighting
° Plumbing
° Windows

TDEC - Fleming Training Center

Pumps

Section 5

111



Section 5 TDEC - Fleming Training Center

10.

11.
12.

13.

14.

15.
16.

17.
18.
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Pump Vocabulary

Axial-Flow Pump —a pump in which a propeller-like impeller forces water out in the
direction parallel to the shaft. Also called a propeller pump.

Bearing — anti-friction device used to support and guide a pump and motor shafts.
Casing — the enclosure surrounding a pump impeller, into which the suction and
discharge ports are machined.

Cavitation — a condition that can occur when pumps are run too fast or water is
forced to change direction quickly. A partial vacuum forms near the pipe wall or
impeller blade causing potentially rapid pitting of the metal.

Centrifugal Pumps —a pump consisting of an impeller on a rotating shaft enclosed
by a casing having suction and discharge connections. The spinning impeller throws
water outward at high velocity, and the casing shape converts this velocity to
pressure.

Closed-Coupled Pump — a pump assembly where the impeller is mounted on the
shaft of the motor that drives the pump.

Diffuser Vanes — vanes installed within a pump casing on diffuser centrifugal pumps
to change velocity head to pressure head.

Double-Suction Pump — a centrifugal pump in which the water enters from both
sides of the impeller. Also called a split-case pump.

Foot Valve — a check valve placed in the bottom of the suction pipe of a pump,
which opens to allow water to enter the suction pipe but closes to prevent water
from passing out of it at the bottom end. Keeps prime.

Frame-Mounted Pump — a centrifugal pump in which the pump shaft is connected
to the motor shaft with a coupling.

Impeller — the rotating set of vanes that forces water through the pump.

Jet Pump — a device that pumps fluid by converting the energy of a high-pressure
fluid into that of a high-velocity fluid.

Lantern Ring — a perforated ring placed around the pump shaft in the stuffing box.
Water from the pump discharge is piped to this ring. The water forms a liquid seal
around the shaft and lubricates the packing.

Mechanical Seal — a seal placed on the pump shaft to prevent water from leaking
from the pump along the shaft; the seal also prevents air from entering the pump.
Mixed-Flow Pump —a pump that imparts both radial and axial flow to the water.
Packing — rings of graphite-impregnated cotton, flax, or synthetic materials, used to
control leakage along a valve stem or a pump shaft.

Packing Gland — a follower ring that compressed the packing in the stuffing box.
Positive Displacement Pump —a pump that delivers a precise volume of liquid for
each stroke of the piston or rotation of the shaft.

Pumps
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19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Prime Mover — a source of power, such as an internal combustion engine or an
electric motor, designed to supply force and motion to drive machinery, such as a
pump.

Radial-Flow Pump — a pump that moves water by centrifugal force, spinning the
water radially outward from the center of the impeller.

Reciprocating Pump — a type of positive-displacement pump consisting of a closed
cylinder containing a piston or plunger to draw liquid into the cylinder through an
inlet valve and forces it out through an outlet valve.

Rotary Pump — a type of positive-displacement pump consisting of elements
resembling gears that rotate in a close-fitting pump case. The rotation of these
elements alternately draws in and discharges the water being pumped.
Single-Suction Pump — a centrifugal pump in which the water enters from only one
side of the impeller. Also called an end-suction pump.

Stuffing Box — a portion of the pump casing through which the shaft extends and in
which packing or a mechanical seal is placed to prevent leakage.

Submersible Pump — a vertical-turbine pump with the motor placed below the
impellers. The motor is designed to be submersed in water.

Suction Lift — the condition existing when the source of water supply is below the
centerline of the pump.

Velocity Pump — the general class of pumps that use a rapidly turning impeller to
impart kinetic energy or velocity to fluids. The pump casing then converts this
velocity head, in part, to pressure head. Also known as kinetic pumps.

Vertical Turbine Pump — a centrifugal pump, commonly of the multistage, diffuser
type, in which the pump shaft is mounted vertically.

Volute — the expanding section of pump casing (in a volute centrifugal pump),
which converts velocity head to pressure head..

Water Hammer — the potentially damaging slam that occurs in a pipe when a
sudden change in water velocity (usually as a result of too-rapidly starting a pump
or operating a valve) creates a great increase in water pressure.

Wear Rings — rings made of brass or bronze placed on the impeller and/or casing of
a centrifugal pump to control the amount of water that is allowed to leak from the
discharge to the suction side of the pump.
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Equipment Maintenance Vocabulary

1. Amperage 7. Fuse

2. Brinelling 8. Jogging
3. Cavitation 9. Mandrel
4. Circuit 10. Megger
5. Circuit Breaker 11. Resistance
6. Current 12. Voltage

A. A safety device in an electric circuit that automatically shuts off the circuit when it
becomes overloaded. The device can be manually reset.

B. Tiny indentations (dents) high on the shoulder of the bearing race or bearing. A
type of bearing failure.

C. A special tool used to push bearing in or to pull sleeves out. Also can be a gage
used to measure for excessive deflection in a flexible conduit.

D. A protective device having a strip or wire of fusible metal that, when placed in a
circuit, will melt and break the electric circuit if heated too much. High
temperatures will develop in the fuse when a current flows through the fuse in
excess of that which the circuit will carry safely.

E. The formation and collapse of a gas pocket or bubble on the blade of an impeller or
the gate of a valve. The collapse of this gas pocket or bubble drives water into the
impeller or gate with a terrific force that can cause pitting on the impeller or gate
surface. This is accompanied by loud noises that sound like someone is pounding
on the impeller or gate with a hammer.

F. The electrical pressure available to cause a flow of current (amperage) when an
electric circuit is closed.

G. The frequent starting and stopping of an electric motor.

H. A movement or flow of electricity.

I.  Aninstrument used for checking the insulation resistance on motors, feeders, bus
bar systems, grounds and branch circuit wiring.

J.  The strength of an electric current measured in amperes. The amount of electric
current flow, similar to the flow of water in gallons per minute.

K. That property of a conductor or wire that opposes the passage of a current, thus
causing electrical energy to be transformed into heat.

L. The complete path of en electric current, including the generating apparatus or
other source; or, a specific segment or section of the complete path.

Equipment Maintenance Questions

1. What are some of the uses of a voltage tester?

2. How often should motors and wirings be megged?
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3. An ohmmeter is used to check the ohms of resistance in what control circuit
components?

4. What are the two types of safety devices found in main electrical panels or control
units?

5. What is the most common pump driver used in lift stations?

6. Why should inexperienced, unqualified or unauthorized persons and even qualified
and authorized persons be extremely careful around electrical panels, circuits,
wiring and equipment?

7. Under what conditions would you recommend the installation of a screw pump?

8. What are the advantages of a pneumatic ejector?

9. What is the purpose of packing?

10. What is the purpose of the lantern ring?
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11. How often should impellers be inspected for wear?

12. What is the purpose of wear rings?

13. What causes cavitation?

14. How often should the suction filter of a compressor be cleaned?

15. How often should the condensate from the air receiver be drained?

16. What is the purpose of lubrication?

17. What precautions must be taken before oiling or greasing equipment?

18. If an ammeter reads higher than expected, the high current could produce
a. “Freezing” of motor windings
b. Irregular meter readings
c. Lower than expected output horsepower
d. Overheating and damage equipment
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19. The greatest cause of electric motor failures is
a. Bearing failures
b. Contaminants
c. Overload (thermal)
d. Single phasing

20. Flexible shafting is used where the pump and driver are
a. Coupled with belts
b. Difficult to keep properly aligned
c. Located relatively far apart
d. Required to be coupled with universal joints

21. Never operate a compressor without the suction filter because dirt and foreign
materials will cause
a. Deterioration of lubricants
b. Effluent contamination
c. Excessive water
d. Plugging of the rotors, pistons or blades

Answers to Vocabulary and Questions

Vocabulary:

1. J 5 A 9. C

2. B 6. H 10. 1

3. E 7. D 11. K

4. L 8. G 12. F

Questions:

1. A voltage tester can be used to test for voltage, open circuits, blown fuses, single

phasing of motors and grounds.

At least once a year and twice a year if possible

Coils, fuses, relays, resistors and switches

Fuses and circuit breakers

A.C. induction motor

You can seriously injure yourself or damage costly equipment.

To pump fluctuating flows with large solids and rags.

They can handle limited flows with relatively large solids. Maintenance is not as

complicated as the maintenance on most pumps; however, maintenance must be

performed when scheduled.

9. To keep air from leaking in and water leaking out where the shaft passes through
the casing

N~ LDN
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10.

11.

12.
13.

14.

15.
16.
17.
18.
19.
20.
21.
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To allow outside water or grease to enter the packing for lubrication, flushing, and
cooling and to prevent air from being sucked or drawn into the pump

Every 6 months or annually, depending on pumping conditions; if grit, sand or
other abrasive material is being pumped, inspections should be more frequent
They protect the impeller and pump body from damage due to excessive wear.
Cavitation can be caused by a pump operating under different conditions than what
it was designed for, such as off the design curve, poor suction conditions, high
speed, air leaks into suction end and water hammer conditions.

The frequency of cleaning a suction filter on a compressor depends on the use of a
compressor and the atmosphere around it. The filter should be inspected at least
monthly and cleaned or replaced every three to six months. More frequent
inspections, cleanings and replacements are required under dusty conditions such
as operating a jackhammer on a street.

Daily

To reduce friction between two surfaces and to remove heat caused by friction
Shut it off, lock it out and tag it so it can’t be started unexpectedly and injure you

OO OO0
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Odor and Corrosion Control

TENMNESSEE DEPARTMENT OF
ENVIRONMENT AND CONSERVATION

TDEC - Fleming Training Center
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What is Odor?

@ “It smells like money to me!”

@ “Fresh” wastewater does not have an offensive
odor

@ Chemical/physical interaction with olfactory
hairs

@ Complex — depends on humidity, temperature,
pH
@ Subjective — no two people perceive odors alike

@ Anaerobic decomposition of organic
compounds containing sulfur or nitrogen

@ Two major culprits —H,S and NH,

TDEC - Fleming Training Center 2

Need for Odor Control

@ With increased population, collection systems are
being stretched farther and farther away from the
WWTP

@ Longer collection systems create longer flow times to
reach the WWTP
@ |ncreased travel times can cause the wastewater to
become septic and therefore cause odor and corrosion
problems
@ Also with increase population, the buffer zone
initially around a WWTP is being encroached upon
with neighborhoods being built around WWTP

@ Good housekeeping is an effective means for
controlling odors

TDEC — Fleming Training Center 3

Characteristic Odors

Ammonia NH; 0.037 Sharp, pungent
Cadaverine H,N(CH,)sNH, 0.24 Putrid, decaying
flesh
Dibutylamine (C4Hg),NH === Fishy
Hydrogen H,S 0.00047 Rotten eggs
Sulfide
Indole C,HgNH - Fecal
Thiocresol CH;CgH,SH 0.0001 Skunk, rancid

Summary of odors we can detect from various substances and the threshold
odor concentration (the level at which our nose first detects an odor)

TDEC — Fleming Training Center 4

Odor Measurement

@ Difficult to define nature,
cause, extent with just

the human nose
“ FYI - Taste and odor are
closely related
@ Threshold Concentration
Level
@ Odor is diluted until no
longer detectable A
@ Odor panel (group of
people)

@ Olfactometer (instrument)

TDEC — Fleming Training Center 5

Su |fu r Cycle The Sulfur Cycle

(US. EPA, 1985)

TDEC - Fleming Training Center 6
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The Main Characters

@ H,S and NH; are easily identified and give off
most offensive odors
@ Difficult to measure in liquid phase
@ Volatile, tend to off-gas when disturbed
@ More easily measured in atmosphere
@ Many types of test/monitoring devices
@ Color change strip or disc
@ Electronic device (with or w/o high alarm)
@ Data log for record of long term exposure

TDEC - Fleming Training Center 7
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H,S — Hydrogen Sulfide

@ Colorless, combustible, toxic gas; heavier than air
(5.G.=1.19)

@ Characteristic rotten egg odor
@ But at high concentrations it is not noticeable

@ Can cause almost instantaneous unconsciousness,
permanent brain damage (at concentrations
commonly found in unvented lift stations), or even
death

@ Anaerobic bacteria reduce SO, to HS-
@ HS- goes into equilibrium with air layer
@ In water, HS" no problem
@ In air, HS  becomes H,S

TDEC - Fleming Training Center 8

H,S — Hydrogen Sulfide

@ Hydrogen sulfide causes most problems ata pH <5
@ At a pH below 5, all sulfide is present in the gaseous
H,S for and most of it can be released from wastewater
and may cause odors, corrosion, explosive conditions
and respiratory problems.

Hs

% OF TOTAL
—

TDEC — Fleming Training Center 9

Sulfate to Sulfide Conversion

@ DO

@ ORP

@ BOD

@ Detention time

@ Temperature

@ Sulfur Concentration
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Sulfate to Sulfide Conversion

@ DO, ORP, BOD, and Detention Time are all
related
@ As DO increases, ORP increases (and vice versa)
@ BOD affects the amount of DO in waste stream
@ Detention time supports the oxidation of BOD
@ As temperature increases, reduction rate of
SO, to HS  increases
© Reaction rate doubles every 10°C (up to 40°C)

@ Areas with higher temps have more problems than
areas with lower temps

@ Sulfur concentration rarely a limiting factor

TDEC — Fleming Training Center 11

pH Chart

Solubility of Hydrogen Sulfide and Ammonia

3 4 5 6 7 & 9 10 11 12 13

Hydrogen Sulfide

Odor
H,S

10 11 12 13

pH
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H,S Toxicity

@ Easily detectable at low concentrations
@ Rotten egg odor

@ Will fatigue olfactory system even at low
concentrations

@ If you smell hydrogen sulfide and then it goes away,
move quickly to a well-ventilated area

@ Higher concentrations will mask olfactory system
entirely
@ Always use a gas meter, the nose is not always reliable
@ Length of exposure vs. Concentration
@ Long term exposure to 10 ppm vs. 30 min. at 600 ppm
@ Deaths due to H,S poisoning have been reported

TDEC - Fleming Training Center 13

H,S Corrosion

@ H,S is biologically s 2o o Ciinken
converted to H,SO, in the

———.LocatonolHS
presence of waterand e ToTeT, Oncang Badeia
oxygen

[} o, o,

@ Corrosion occurs: pipe
crown, lift stations, OT J.M AR ° .Il
headworks, sludge ) Waatewater
storage and dewatering, , aoericcondons sime Laye
and others .
Settled Solds
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H,S Corrosion

@ H,SO, attacks:
@ Concrete
@ Pipe failure, trench collapse
@ Metal
@ Manhole ladders, support structures
@ Electronics

@ Copper wiring converted to non-conductive copper
sulfide

TDEC — Fleming Training Center 15

NH, - Ammonia

@ Toxic, distinct odor

@ Very corrosive, especially to copper

@ Primarily occurs in lime stabilization process
@ Increase in pH will increase NH,

@ Most common treatment is acid-based
scrubbers

TDEC — Fleming Training Center 16

Control Strategies

TDEC — Fleming Training Center 17

Possible Control Strategies

@ Minimize hydraulic detention time in pipes and wet wells
Maintain DO in the wastewater

Ensuring sufficient flow velocities to prevent solids
deposition in pipelines and channels

Routinely cleaning structures to remove slime, grease
and sludge accumulation

Treating liquid and solids recycle streams

Changing or enforcing sewer-use ordinance

Routinely and frequently disposing of screenings and grit
Immediately removing floating scum/solids

Promptly and thoroughly cleaning process units as they
are removed from service

[ [ N

e c e e

TDEC - Fleming Training Center 18

122 Odor and Corrosion Control




TDEC - Fleming Training Center

Section 6

Control Strategies

@ There are 2 major methods of odor control
© Chemical addition to the wastewater

@ Mechanical control by odorous air treatment,
where odorous vapors can be contained and
collected

TDEC - Fleming Training Center 19

Chemical Controls

@ Try to keep sulfides in aqueous solution

@ Manipulates factors that contribute to H,S
formation:
% DO
@ BOD
@ ORP
@ pH, etc.
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Chemical Controls

@ Chlorination

@ Oxygen and aeration
@ Ozone

@ Chromate

@ Metallic ions

@ Nitrate compounds

Chlorine —Cl,

@ Often used to destroy hydrogen sulfide at the
point of application

@ 81010 Ibs Cl, for 1 Ib H,S

@ Dangerous to handle Cl,; bleach adds to cost

@ Strong bactericide

© Reduces bacteria responsible for sulfide production
by inhibiting the growth of biofilm inside sewer
lines

@ Could also neutralize bacteria in WWTP

TDEC — Fleming Training Center 22

@ pH control
TDEC — Fleming Training Center 21
Chlorine —Cl,

@ Chlorination is one of the oldest and most
effective methods used for odor control

@ Chlorine is a very reactive chemical and oxidizes
many compounds in wastewater
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Chlorine —Cl,

@ Reaction between Cl, and H,S
9 H,S +4Cl, + 4H,0 > H,50, + 8HCI

@ Reaction between Cl, and NH;
@ NH, + Cl, > NH,Cl + HCl (monochloramine)
@ NH,Cl + Cl, > NHCI, + HCI (dichloramine)
@ NHC, + Cl, & NCl; + HCI (trichloramine)

TDEC - Fleming Training Center 24
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Chlorine —Cl,

@ The most important roles that chlorine plays in
controlling odors are to
@ Inhibit the growth of slime layers in sewers
@ Destroy bacteria that convert sulfate to sulfide
@ Destroy hydrogen sulfide at the point of application

@ This controls requires less chemical than trying to oxidize
the odor once formed

@ This means that chlorine should be added in the
collection system prior to the plant
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Chlorine —Cl,

@ Doses as high as 12 mg/L Cl, for every 1 mg/L
H,S (in solution, not in the atmosphere) may be
needed to control the generation of hydrogen
sulfide in sewers

@ Dangerous to handle Cl,; bleach adds to cost
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Hydrogen Peroxide —H,0,

@ Widely used, relatively safe to handle
@ Non-toxic by-product (O,)
© adds to waste stream DO
@ Requires good mixing, long contact time
@ typical to have multiple feed points
© Can need 15 minutes to 2 hours of contact time
@ Less than 51b H,0, per 11b H,S

@ Usually a 2:1 to 4:1 of H,0, to S,- is needed for
control
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Hydrogen Peroxide — H,0,

@ Reacts in 3 possible ways to control odors
© Oxidant action
@ Converts H,S to sulfate compounds (SO,’)
@ Oxygen producing
@ Keeps system aerobic
@ Bactericidal to the sulfate-reducing bacteria
@ Kills bacteria that produce odors
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Hydrogen Peroxide — H,0,

@ Benefit: increases DO and slows sulfide
formation

@ Typical 51b O, to 11b H,S
@ Only suitable for force mains
@ Requires storage and handling of liquid O,
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ORP Adjustment

@ All of the oxidizing agents will increase ORP
@ ozone may be exception

@ Another method may be to add nitrate
upstream

© Bacteria prefer to take O, from nitrate instead of
sulfate

@ Reaction also adds DO to system and raises ORP
© Bioxide® - trade name, in wide use

TDEC - Fleming Training Center 30
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Ozone -0,

@ Powerful oxidizing agent that effectively
removes odors

@ Toxic
@ Must be generated on-site ($$$)
@ Very short contact time, less than 1 min

@ Rarely used

@ Although, Water Authority of Dickson County
installed an ozone generator in March 2012 at one
of their lift stations.
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Chromate — CrO,*

@ Effectively inhibit the sulfate reduction to
sulfide.

@ Cause serious toxic conditions that limit their
usefulness.
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Metallic lons

@ Iron or zinc (mainly) has been used to precipitate sulfide
compounds.
@ React with sulfides and settle out
@ Sulfur is permanently removed from waste stream

@ Zinc is rarely used anymore due to effluent and sludge
limitations

@ Has a toxic effect on biological treatment such as sludge
digestion and therefore has limitations

@ |nexpensive, safe to handle
@ Typically fed upstream of problem area
@ Avg. 4 to 5 Ibs iron for 1 Ib sulfur
@ Disadvantages - sludge, low pH
@ Added benefit — can also precipitate out phosphorus
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Nitrate Compounds — NO;

@ The first chemicals used in the anaerobic
breakdown of wastes are nitrate ions

@ |f enough nitrate ions are present, the sulfate
ions will not be broken down

@ The cost of this type of treatment to halt
hydrogen sulfide production is very high and, at
present, is not practical
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Potassium Permanganate —KMnO,,

@ Very costly

@ Rarely used in this application

@ Non-corrosive, stable

@ Effective for wide range of odor-causing agents
@ Precipitates out sulfide compounds
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pH Control — Continuous

@ Increasing the pH of the wastewater is an
effective odor control method for H,S

@ By increasing the pH above 9, biological slimes
and sludge growth are inhibited.

@ Any sulfide present will be in the form of HS ion
or S ion rather than as H,S gas, which is formed
and released at low pH values

TDEC - Fleming Training Center 36
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pH Control — Shock Treatment

@ Short-term, high pH (greater than 12.5) slug
dosing with sodium hydroxide is effective in
controlling sulfide generation for periods of up
to a month or more depending on sewer
temperature and sewer conditions
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pH Control

@ Small pH drop can cause large shift in
equilibrium (vapor vs. aqueous)

@ Lime and caustic soda most commonly used to
keep pH up

@ Continuous control disrupts WWTP
@ Shock pH treatment used instead
© pHto 12 for 10 to 20 min or so to destroy biofilm

@ Pipe crown corrosion sometimes controlled by
spraying with caustic soda
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Metal Precipitation

L 2

Most common treatment method
Iron (or zinc) added to waste stream
@ React with sulfides and settle out
@ Sulfur is permanently removed from waste stream

@ Zinc is rarely used anymore due to effluent and sludge
limitations

Inexpensive, safe to handle
Disadvantages - sludge, low pH
Typically fed upstream of problem area
Avg. 4 to 5 Ibs iron for 1 Ib sulfur

Added benefit — can also precipitate out
phosphorus

[

[ N 2N I 2
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Mechanical Controls

@ Attempt to remove or neutralize the ambient
vapor H,S

@ Covers, scrubbers, ventilation, and use of non-
corrosive liners or coatings
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Safety

@ Safety items that should be considered when
working with or installing chemical odor control
systems include:

@ Personal protective equipment

@ Proper lockout/tagout procedures
© Handling chemicals

@ Secondary containment
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Covers

@ Installed over problem area and generated gas
is vented off and treated

@ |n anaerobic digesters, H,S is removed and
remainder of gas is used as fuel

@ Materials should be corrosion resistant
@ Work well for odor control

TDEC - Fleming Training Center 42
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Scrubbers

@ Combined with cover and ventilation
“ Gas is collected and vented out to scrubber
@ Packed bed of non-corrosive media
@ Chemical misted down from top
@ Gas pulled up from bottom
@ Some are multi-stage: separate sections for
oxidation, pH, etc.
@ Effective for odor and corrosion control
@ Lift stations, clear wells, and other
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Chemical Mist Odor Control System

@ Wet scrubber, no media
@ Bleach is recirculated
@ KMnO, and H,0, can also
be used
“ NaOH only used when H,S
concentration in gas phase
is high
@ Softened water is used to
minimize scaling

Diagram excerpted from Chapter 1: Odor Control. In Advance Waste Treatment.
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Packed Tower Scrubber with
Countercurrent Air Flow

@ Oxidant used:
@ Chlorine
@ Sodium hydroxide
@ Bleach
% Hydrogen peroxide
@ To remove hydrogen sulfide
Sulfuric acid, diluted
@ To remove ammonia

¢

Diagram excerpted from Chapter 1: Odor Control. In Advance Waste Treatment.
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Packed Tower Scrubber
with Cross Air Flow

MAKEUP
CHEMICAL

N

FOUL AIR Az
— 4 PACKING MEDIA —» AR
(NLET) (DISCHARGE)

REGYGLE CHEMIGAL

MsT
ELIMINATOR

DRAN

Diagram excerpted from Chapter 1: Odor Control. In Advance Waste Treatment.
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More Scrubbers?

@ Biofilters
@ Media is compost or B e wioes e s merves
wood chips
@ H,S is controlled
biologically

@ Activated carbon filters
@ Absorb sulfides and other
odor-causing compounds
@ Does not have the same
capacity for odor removal
if regenerated

TDEC — Fleming Training Center 48
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Electrolytic Chemical Scrubber
Using a Brine Solution

Diagram excerpted from Chapter 1:0dor Control. In Advance Waste Treatment.

TDEC - Fleming Training Center 49

An Activated Carbon System

Diagram excerpted from Chapter 1: Odor Control. In Advance Waste Treatment.
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Ventilation

@ Wet wells, covered tanks, covered channels

@ Introduces oxygen to vapor phase and keeps
liquid phase from becoming anaerobic

@ Bonus! - provides safe environment for
operators and minimizes buildup of flammable
or explosive gases
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Liners and Coatings

@ Very effective at controlling corrosion
@ Liners used widely to repair damaged pipes
@ Many types:
@ Slip liners
Cured-in-place pipe
Specialty concrete
Epoxies

¢ ¢ ¢
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Electronics Protection

@ Degree of protection depends on severity of
corrosion potential

@ Achieved by airtight enclosures, air conditioned
workspaces, corrosion resistant coatings, and/or
nitrogen-purged systems

TDEC — Fleming Training Center 54
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Masking Agents

@ Counteractants

“ impose stronger, more pleasant odor over
problem

@ Neutralizers

“ attempt to combine with odor and reduce its
effect
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Masking Agents

@ Consider this:

@ Never mask the
odor of a toxic
substance

@ Not a substitute for
good operation or
housekeeping

@ Odor problems

should be
controlled at their
source
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Procedures to Solve Odor Problems

@ Evaluation of plant performance

@ Examination of engineering or design features
of plant

@ |dentification of source or cause of problem

@ On-site inspection and investigation of the
problem areas

TDEC — Fleming Training Center 57
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Odor Control
Review Questions

1. The most common source of sulfide in wastewater is biological activity in
the collection sewer or treatment plant
a. True
b. False

2.  The threshold odor level is the average level at which odors are
considered objectionable as measured by an odor panel
a. True
b. False

3. Treatment plant operators develop “educated noses” and are usually able
to detect odors most other people would not notice.
a. True
b. False

4.  Adsorption is the taking in or soaking up of one substance into the body
of another substance.
a. True
b. False

5. At a pH below 5, all sulfide present in wastewater is in the gaseous form.
a. True
b. False

6. In a biological odor removal tower, odors will not be removed from the
gas stream until a biomass is established on the filter media.
a. True
b. False

7. Chemical mist and packed bed odor control units are examples of wet
scrubber systems.
a. True
b. False

8. Regenerated carbon has the same capacity for odor removal as new
carbon.
a. True
b. False
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10.

11.

12.

13.

14.

Besides chlorine, what other chemical(s) are used to control or prevent

odors?

®oo o

Chlorophenol
Dichloramine
Hydrogen peroxide
Sodium hypochlorite
Both C and D

Microorganisms that can use either molecular (atmospheric) or combined
(bound) oxygen are called:

®oo T

Anaerobes

Facultative organisms

Obligate aerobes

Strictly aerobic microorganisms
Strictly anaerobic microorganisms

Hydrogen sulfide causes the most serious problems at what pH range?

a.
b.
C.
d.
e. Greater than 9

Less than 5
5to7

7, neutral
7109

Odors in AIR cannot be treated by:

o

d.
e

a. Absorption
b.

Adsoprtion

pH adjustment
Ozonation

None of the above

Conditions that favor hydrogen sulfide production are also associated with
other problems such as:

®oo o

Corrosion of concrete pipelines and manholes
Explosive gas mixtures

Respiratory hazards for operators

All of the above

None of the above

Ways that chlorine controls odors include(s):

®oo o

Destroying bacteria that convert sulfate to sulfide
Destroying hydrogen sulfide at the point of application
Inhibiting the growth of slime layers in sewers

All of the above

None of the above
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15.  Steps followed (not in order) in procedures used when attempting to solve
odor problems include:

Evaluation of plant performance

Examination of engineering or design features of plant

Identification of source or cause of problem

On-site inspection and investigation of the problem areas

All of the above

®oo o

16.  Offensive-smelling inorganic gases found in treatment plants include:
Ammonia

Hydrogen sulfide

Mercaptans

Methane

A and B

®oo o

17.  Safety items that should be considered when working with or installing
chemical odor control systems include:

Personal protective equipment

Proper lockout/tagout procedures

Handling of chemicals

Secondary containment

All of the above

®oo o

18. Oxidants commonly used in packed bed scrubber systems include all but:
Chlorine

Hydrogen peroxide

Ozone

Sodium hydroxide

Sodium hypochlorite

®oo o

Answers:

1. A 6 A 11. A 16. E
2. B 7 A 12. C 17. E
3. B 8 B 13. D 18. C
4, B 9. E 14. D

5. A 10. B 15. E
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Section 7

Fats, Oil and ®
Grease Controlj -

Fleming Training Center

TDEC - Fleming Training Center

p————
/
Background

¢ Oil and grease in sewers causing problems for many
TN cities.

¢ Contributing factors:
e increase in restaurants
e aging collection system
¢ decrease in disposal options
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p—— g
/
Background

® Minimizing oil and grease discharges to collection
system will reduce sewer blockages and sewage
backup into service laterals.

e Guidance document focuses on edible oil and grease
from restaurants and other food processors (prisons,
churches, schools, etc.)
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ey
Introduction

e Review information presented in Tennessee Oil and
Grease Control Document, June 2002, TDEC-WPC.

¢ Editors: Jennifer Peters Dodd and Roger D. Lemasters,
TDEC.

® Purpose: Tool for municipalities to create regulations
and enforcement plans dealing with oil and grease on
alocal level.

TDEC - Fleming Training Center 2

——
Background

o Federal pretreatment regulations (40 CFR 403.5(b)(6))
specifically prohibit petroleum oil, non-biodegradable
cutting oil, or products of mineral origin in amounts
that will cause interference or pass through.

o Few cities have regulations that specify limits and
enforcement of oil and grease discharges from
restaurants.

TDEC - Fleming Training Center 4

e,
Contents

e Introduction
e Fats, Oil, and Grease Limits

e Preventing Grease from Entering the Sewer Collection
System

® Grease Separation Devices
¢ Disposal Options

¢ Education

e Appendices

TDEC - Fleming Training Center 6
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Characteristics of Oil & Grease

e Found in wastewater as an emulsion or free-floating
agglomerates.

® WEF’s Pretreatment of Industrial Wastes, Manual of
Practice FD-3 defines grease as: “fats, oils, waxes, and
soaps according to their effect on wastewater
collection and treatment systems and their physical
(semisolid) forms”.

® FOG: general term for fats, oil, and grease.

TDEC - Fleming Training Center

——
/

Characteristics of Oil &Grease

® Grease blockages may lead to sewage backup at
service laterals or manholes.

e Sewer agency is responsible for any damage that
occurs.

e If the damage results in a violation of a permit issued
by TDEC-WPC, enforcement action against the sewer
agency is possible.

TDEC - Fleming Training Center

g
/

Numerical Limits

® Most commonly used limit is 100 mg/L.

o Some cities specify different FOG limits for FOG from
different sources.

e Limits may vary due to:
¢ number of wet wells

e sewer type, slope, and flow
e sewer O & M

¢ history of grease related clogs

TDEC - Fleming Training Center

p———
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Section 7

g
Characteristics of Oil &Grease

® Due to its structure, grease
collects on cool internal
surfaces of sewers
¢ blockages
* grease logs
e Grease also accumulates due
to cooling and dilution of
surfactants, that allows
grease to separate and collect
on pipes and wet wells
o fouling of controls

¢ prevent proper operation of
pumps

TDEC - Fleming Training Center

Fats, Oil and Grease Limits
® When setting FOG limits, cities must consider:
e protection of CS and WWTP

e practicality of monitoring and enforcement
e cost and manpower needed for enforcement

TDEC - Fleming Training Center

ey
Numerical Limits

® EPA suggested influent to biological treatment
contain less than 50 mg/L of FOG and that dilution in
CS would reduce any 100 mg/L discharges to
acceptable levels for the WWTP.

® Use of numerical limits allow uniform regulation of
local restaurants.

® FOG analysis is somewhat costly and some
restaurants resist paying for sampling.

TDEC - Fleming Training Center

Fats, Oil and Grease 135



Section 7

Numerical Limits

e Instead, may use temperature limit for grease trap
effluent.

® Grease traps are not effective if temperature is too
high (85°F).

® Numerical temperature limits can aid in applying and
enforcing limits.
® Can easily be monitored.

¢ Cannot guarantee grease trap is properly maintained
and operated.

TDEC - Fleming Training Center
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T
BesrManagementPractices |
(BMP)

e Effective tool in controlling FOG without requiring
extensive monitoring

e dry wiping pots, pans, and dishware

e discontinue use of garbage grinders

e routine cleaning of grease traps

e retain copies of grease trap hauler manifests

¢ place oil recycle container in convenient location

Numerical Limits vs. BMP

o Cities may consider surcharging restaurants for high-
strength BOD and suspended solids.

e Whether numerical limits or BMPs are used, authority
for the FOG program is based on the local sewer use
ordinance.

© Should not conflict with local building codes,
plumbing codes, and health department regulations.
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/
Sampling

¢ Frequency depends on the need for data
e Perform surcharge monitoring monthly

® When scheduling compliance monitoring consider:
e staff availability
e cost of sampling
e compliance history of the facility

® May be scheduled or unannounced

TDEC - Fleming Training Center
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Sampling
e Collect as grab samples

e Specially cleaned 1 L wide-mouth glass container
® Preserve with HCl or H,SO, to pH < 2
o Refrigerate at 6°C or less up to 28 days

e Sample at peak flows to determine adequacy of
equipment

e For surcharge purposes, sample at average flow

TDEC - Fleming Training Center
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Analysis

® New EPA-approved FOG method is Method 1664

e Uses hexane instead of freon
e More labor intensive than Method 413.1

e Average price for analysis is similar

TDEC - Fleming Training Center
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P
|_Preventing Gre

Entering Sewers

® The most economical and prudent method is proper
pretreatment of waste streams to reduce or eliminate
grease.

e Since waste streams vary, consider several options.
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g
/

Grease Removal Devices

® Must remove emulsified and
free-floating FOG

o Three types:
e passive under-sink devices
o large outside passive devices
¢ mechanical devices

TDEC - Fleming Training Center 2

P
|_Prevénting Gre

Entering Sewers

e Remember, multiple sources of FOG in restaurant
kitchens

e Commercial/residential sources of FOG:
¢ food manufacturers and processors
e food providers
¢ normal cooking and cleaning in homes
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Section 7

g
Zero Discharge of FOG

o Scrape food into solid waste
container

o Scrape cookware before
washing

® No garbage grinders

® Train restaurant managers
and employees in disposal of
cooking oil in recycling
containers

TDEC - Fleming Training Center 20

g

Grease Interceptor

OUTLET.

CTATIC
WATER
LINE

copyright Pumbing and Drainsge Institule
TDEC - Fleming Training Center 2

ey
Use of Additives by Facilities

e Should be regulated by the Control Authority.

e Solvents, caustics, and acids dissolve FOG, but can
harm WWTP and its workers.

¢ Enzymes and detergents dissolve FOG, but this
reaction is often reversible. This benefits the
restaurant, but causes accumulation in downstream
areas.

e Bacteria consume grease-must use proper
microorganisms; often more effective in CS.

TDEC - Fleming Training Center 24
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Grease Separation Devices

e Grease trap or interceptor consists of enclosed

e

Criteria to Ensure Separation

e Time: retention time to allow emulsified grease and
chamber, designed to separate and retain oil and oil to separate and float.
grease from wastewater. e Temperature: adequate volume to allow wastewater to
e Fats and greases have lower specific gravity than cool, allowing FOG to separate.
water and rise to surface. e Turbulence: during high discharge rates, ensure solids
® Wastewater passes through to sewer.

and grease are not kept in suspension.
e Periodic cleaning needed to remove accumulated

grease and settled solids, restoring separation volume.
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Passive Separation Devices

¢ Small Point-of-Use Interceptors:

¢ installed near wastewater source e concrete with min. 2 compartments
o fabricated steel

—————
Passive Separation Devices

® Precast In-Ground Traps:

» manhole for cleaning/inspection
¢ sized by storage capacity and flow

¢ min. 2 hrs detention time at design flow, modified by a
loading factor

¢ inspect and clean regularly

¢ sampling ports in inlet and outlet piping
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Automatic Separation Devices

Automatic Separation Devices
e Trap and remove free-floating grease and oils (and

® Heat accumulated grease to 115-130°F so it melts and
sometimes accumulated solids) can be dipped or skimmed off to a separate storage
container.

e Stainless steel enclosure, internal baffles, removable
solids separator screen, grease level sensing probe, e Typically not located after dishwashers since
electric heater element, and skimmer or dipper. detention times are inadequate to break hot,

detergent-laden grease and water emulsions.

TDEC - Fleming Training Center
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Disposal Options: Pumping

o Ultimate disposal of FOG is important part of a FOG
control program.

® Traps should generally be pumped when grease and
solids combined measure 30% of the depth of the
tank.

e TDEC recommends pumping the entire contents of
the trap, followed by cleaning with a scraper. Tees,
baffles and bottom are then inspected.

TDEC - Fleming Training Center
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|_Dtsp0osal Options:
Application

e To landfill, must pass paint filter test.

® Most grease trap waste contains free water, so must
therefore be dewatered:

e add absorbent (sawdust, straw, etc.)
¢ mechanical drying or drying bed

» mechanical dewatering (JEA uses gravity draining and
vacuum filtration with polymer)

TDEC - Fleming Training Center

Section 7

g
Disposal Options: Recycling

e Encourage facility managers stress waste cooking oil
be placed only in recycle container

® Uses: dust suppressant, manufacturing lubricant, and
binder for pesticides and fertilizers to help them stick
to plants when sprayed on fields.

TDEC - Fleming Training Center

—————
Education

® To ensure your FOG control program is successful,
you must educate:

¢ public officials
o restaurants and other facilities

e recyclers

¢ public (civic and environmental groups, scouts, local
media, etc.)

p—
/
Information Sources

e Oregon Association of Clean Water Agencies’ FOG
BMP Manual

® www.oracwa.org/pages/ intro.htm

e North Carolina Pollution Prevention
¢ www.papays.org/food/index.htm

e Town of Cary, NC
¢ http://townofcary.org/grease/

TDEC - Fleming Training Center
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EXAMPLE FOG ORDI NANCE

AN CORDI NANCE TO REGULATE ANl MAL AND VECETABLE FATS, O LS AND
GREASE AS WELL AS SO L/ SAND AND LI NT TRAPS AND | NTERCEPTORS

BE | T ENACTED BY THE OF THE
CITY OF , TENNESSEE, THAT: [O
what ever introductory provision, if any, is required by the city’s
charter.]

Section 1. Purpose. The purpose of this ordinance is to
control discharges into the public sewerage collection system and
treatnment plant that interfere with the operations or the system
cause bl ockage and pluggi ng of pipelines, interfere with nornma
operation of punps and their controls and contribute waste of a
strength or formthat is beyond the treatnent capability of the
treatment plant.

Section 2. Fat, Gl, and Grease (FOG ,waste food, and sand
interceptors. FOG waste food and sand interceptors shall be
installed when, in the opinion of the Superintendent, they are
necessary for the proper handling of liquid wastes containing Fats,
Ols, and G ease, ground food waste, sand, soil, and solids, or other
harnful ingredients in excessive anmpbunts which inpact the wastewater
coll ection system Such interceptors shall not be required for
single famly residences, but may be required on multiple famly
residences. All interceptors shall be of a type and capacity
approved by the Superintendent, and shall be l|ocated as to be readily
and easily accessible for cleaning and inspection.

Section 3. Definitions. |In the interpretation and application
of this chapter the follow ng words and phrases shall have the
i ndi cat ed neani ngs:

(1) “Interceptor.” A devise designed and installed to separate
and retain for renoval, by automatic or manual neans, del eterious,
hazardous or undesirable matter fromnormal wastes, while permtting
normal sewage or waste to discharge into the drai nage system by

gravity.

(2) “Gease Trap.” An interceptor whose rated fl ow exceeds 50
g.p.m and is |ocated outside the building.

(3) “Grease Interceptor.” An interceptor whose rated flowis

50 g.p.m or less and is typically located inside the building.

Section 4. Fat, Ol, Gease, and Food Waste. (1) New
construction and renovation. Upon construction or renovation, al
restaurants, cafeterias, hotels, motels, hospitals, nursing hones,
school s, grocery stores, prisons, jails, churches, canps, caterers,
manuf acturing plants and any other sewer users who di scharge
applicable waste shall submt a FOG and food waste control plan that
will effectively control the discharge of FOG and food waste.

(2) Existing structures. Al existing restaurants, cafeterias,
hotels, notels, hospitals, nursing honmes, schools, grocery stores,
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prisons, jails, churches, canps, caterers, manufacturing plants and
any ot her sewer users who discharge applicable waste shall be
required to submt a plan for control of FOG and food waste, if and
when the Superintendent determ nes that FOG and food waste are
causi ng excessive | oadi ng, plugging, damage or operational problens
to structures or equipnment in the public sewer system

(3) Inplenentation of plan. After approval of the FOG Pl an by
t he Superintendent the sewer user nust: inplenent the plan within a
reasonabl e amobunt of tine; service and maintain the equipnment in
order to prevent adverse inpact upon the sewer collection system and
treatnment facility. |If in the opinion of the Superintendent the user
continues to inpact the collection systemand treatnent plant,
addi tional pretreatnent nmeasures may be required.

Section 5. Sand, soil, and oil interceptors. Al car washes,
truck washes, garages, service stations and other sources of sand,
soil, and oil shall install effective sand, soil, and oil
interceptors. These interceptors will be sized to effectively renove
sand, soil, and oil at the expected flow rates. These interceptors
will be cleaned on a regular basis to prevent inpact upon the
wast ewater collection and treatnent system Oawners whose
interceptors are deened to be ineffective by the Superintendent may
be asked to change the cleaning frequency or to increase the size of
the interceptors. Owners or operators of washing facilities wll
prevent the inflow of rainwater into the sanitary sewers.

Section 6. Laundries. Conmercial |aundries shall be equipped
with an interceptor with a wire basket or simlar device, renovable
for cleaning, that prevents passage into the sewer system of solids %
inch or larger in size such as ,strings, rags, buttons, or other
solids detrinmental to the system

Section 7.Control equi pnent. The equipnent or facilities
installed to control FOG food waste, sand and soil, nust be designed
in accordance with Southern Plunbing Code and Tennessee Departnent of
Envi ronment and Conservation engi neering standards or applicable city
gui del i nes. Under ground equi prent shall be tightly sealed to prevent
inflow of rainwater and easily accessible to allow regul ar
mai nt enance. Control equi pnment shall be maintained by the owner or
operator of the facility so as to prevent a stoppage of the public
sewer, and the accunulation of FOGin the lines, punp stations and
treatnment plant. |If the Gty is required to clean out the public
sewer lines as a result of a stoppage resulting from poorly
mai nt ai ned control equi prent, or |lack there of, the owner or operator
shall be required to refund the | abor, equipnent, materials and
overhead costs to the City. Nothing in this section shall be
construed to prohibit or restrict any other renedy the City has under
this ordinance, or state or federal |aw

The Gty retains the right to inspect and approve installation
of the control equipnent.

Section 8. Sol vents Prohibited. The use of degreasing or
i ne cl eani ng products containing petrol eum based sol vents is
pr ohi bi t ed.

Fats, Oil and Grease 141



Section 7 TDEC - Fleming Training Center

Section 9. Enforcenent and penalties. Any person who viol ates
this ordinance shall be guilty of a civil violation punishable under
and according to the general penalty provision of the City's
muni ci pal code of ordinances. Each day’'s violation of this ordinance
shall be considered a separate offense.

Section 10. Alteration of Control Methods. The city through
t he Superintendent reserves the right to request additional control
nmeasures if measures taken are shown to be insufficient to protect
sewer collection systemand treatnent plant frominterference due to
the discharge of fats, oils, and grease, sand/soil, or lint.

Section 11. Each section, subsection, paragraph sentence, and
cl ause of this ordinance, is declared to be separable and severabl e.

Section 12. [ Ordi nance publication requirenments or other
formalities, upon which the legality of the ordi nance depends, nay be
stated here.]

Passed first reading:

Passed second readi ng:

(Mayor)

(Recorder)

142 Fats, Oil and Grease



Fleming Training Center Section 7

Town of Cary
Sewer Use Ordinance — Fats, Oils, and Grease Control

Adopted by Town Council: December 10, 1998
Modified by Town Council: August 10, 2006

Sec. 36-183. Fat, oil, and grease control

(a) Scope and purpose. The objective of this section is to aid in preventing the introduction and accumulation of fats,
oils, and greases into the municipal wastewater system which will or tend to cause or contribute to sanitary sewer
blockages and obstructions. Food Service Establishments and other industrial or commercial establishments
generating wastewater containing fats, oils or greases are subject to this section. This section regulates such
users by requiring that grease interceptors and other approved strategies be installed, implemented, and
maintained in accordance with the provisions hereof.

(b) Definitions. The definitions contained in Section 36-172 and the following terms, when used in this section, shall
apply.

Action Level means the concentration based numeric value that the Grease interceptor effluent, at the device’s outlet
tee and prior to mixing with any other waste water from the contributing establishment’s property, are expected to
achieve on a consistent or stipulated basis.

Common interceptor means one or more interceptors receiving FOG laden wastewater from more than on
establishment. Common interceptors may be located at shopping centers, malls, entertainment complexes, sporting
arenas, hotels, multi-tenant “flex” spaces, mixed use spaces, and other sites where multiple establishments are
connected to a single grease interceptor. The owner of the property on which the common grease interceptor is
located shall be primarily responsible for the maintenance, upkeep, and repair of the common interceptor.

Fats, oils, and greases means organic polar compounds derived from animal and/or plant sources that contain
multiple carbon chain triglyceride molecules. These substances are detectable and measurable using analytical test
procedures established in 40 CFR 136, as may be amended from time to time. All are sometimes referred to herein as
"grease" or "greases:" or “FOG”.

Food Service Establishments or “FSE” means those establishments primarily engaged in activities of preparing,
serving, or otherwise making available for consumption foodstuffs and that use one or more of the following
preparation activities: Cooking by frying (all methods), baking (all methods), grilling, sautéing, rotisserie cooking,
broiling (all methods), boiling blanching, roasting, toasting, or poaching, and infrared heating, searing, barbecuing,
and any other food preparation or serving activity that produces a consumable food product in or on a receptacle
requiring washing to be reused.

FOG enforcement response plan means the document and written plan and procedures by which the director
implements an enforcement strategy applicable to the FOG control and management program established herein.
The plan applies to FOG program violations and matters of program noncompliance. Stipulated penalties for specific
and programmatic infractions are addressed in the plan and set forth in the Town’s annual budget ordinance. The
director shall make site and case specific determinations of program non-conformance in accordance with this
Division 2.

Grease trap or interceptor means a device for separating waterborne greases and grease complexes from wastewater
and retaining such greases and grease complexes prior to the wastewater exiting the trap and entering the sanitary
sewer collection and treatment system. Grease traps also serve to collect solids that settle, generated by and from
activities that subject Users to this section, prior to the water exiting the trap and entering the sanitary sewer collection
and treatment system. Grease traps and interceptors are sometimes referred to herein as "grease interceptors."

Minimum design capability means the design features of a grease interceptor and its ability or volume required to
effectively intercept and retain greases and settled solids from grease-laden wastewaters discharged to the public
sanitary sewer.

Noncooking establishments means those establishments primarily engaged in the preparation of precooked foodstuffs
that do not include any form of cooking: but that may produce a consumable food product in or on a receptacle

requiring washing to be reused. .
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On-site grease interceptor treatment (sometimes “Onsite Treatment”) means mechanisms or procedures utilized by a
User to treat grease interceptor contents on the User’s site, followed by the reintroduction of such treated wastewater
back into the interceptor. On-site grease interceptor treatment may only be accomplished by a User if the User or the
User’s contract service provider is permitted by the NC Division of Waste Management as a septage management
firm or service provider.

Program Acknowledgement Certificate means program confirmation documentation issued by the Director. The User
is required to keep Program Acknowledgement Certificate on premises and produce it upon request of Town of Cary.

Service provider means any third party not in the employment of the User that performs maintenance, repair, and
other services on a User’s grease interceptor at the User’s directive.

User is as defined in Section 36-172 for the purpose of this Section. Users include property owners who provide
common interceptors for one or more independent establishments, including tenants.

(c) Grease interceptor installation, maintenance, recordkeeping, and grease removal.

(1) Grease interceptors shall be installed and maintained at the User’s expense, when a User operators a
food service establishment. Grease interceptors may be required in noncooking or cold dairy and frozen
foodstuffs establishments and other industrial or commercial establishments when the establishment
generates wastewater containing fat or grease and the director determines an interceptor is necessary to
prevent contribution or accumulation of grease to the sanitary sewer collection and treatment system.
Upon notification by the Director or designee that the User is subject to the terms of an enforcement
action, as stipulated in the FOG Enforcement Response Plan, said user shall not allow wastewater
discharge concentration from subject grease interceptor to exceed an establishment action level of 200
milligrams per liter, expressed as Hexane Extractable Material. All grease interceptors shall be of a type,
design, and capacity approved by the director and shall be readily and easily accessible for maintenance
and repair, including cleaning and for town inspection. All grease interceptors shall be serviced and
emptied of accumulated waste content as required in order to maintain minimum design capability or
effective volume of the grease interceptor, but not less often than every sixty (60) days or as permitted in
a valid program modification. Users who are required to pass wastewater through a grease interceptor
shall:

a. Provide for a minimum hydraulic retention time of 24 minutes at actual peak flow between the
influent and effluent baffles, with twenty-five percent (25%) of the total volume of the grease
interceptor being allowed for any food-derived solids to settle or-accumulate and floatable grease-
derived materials to rise and accumulate, identified hereafter as a solids blanket and grease cap
respectively."

b. Remove any accumulated grease cap and solids blanket as required, but at intervals of not longer
than sixty (60) days at the user's expense, or in accordance with a valid program modification or
other director’s requirements. Grease interceptors shall be kept free of inorganic solid materials,
such as grit, rocks, gravel, sand, eating utensils, cigarettes, shells, towels, rags, etc., which could
settle into this solids blanket and thereby reduce the effective volume of the grease interceptor.

c. If the User performs on-site grease interceptor treatment pursuant to a modification granted under
36-183(g)(5) below, User shall

1. Prior to commencement of Onsite Treatment obtain written approval by and from the
Director of all processes utilized in said Onsite Treatment.

2. If any pumped wastes or other materials removed from the grease interceptor are treated
in any fashion on-site and reintroduced back into the grease interceptor as an activity of
and after such on-site treatment, the user shall meet the criteria contained in (c)(1)(c)(3)
below.
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3. Attain and adhere to the criteria listed below:
a. After 30 minutes of settling time, not more than 3.0 ml/L of settlable solids, as
measured in a 1 liter Imhoff cone shall be allowed, and;
b. Within and not more than 24 hours after onsite grease interceptor servicing,

not more than 2” (inches) of settlable solids and/or grease shall be allowed to
have accumulated therein as a result of said operations.

c. Service vehicles and equipment used in onsite Grease interceptor servicing
shall be registered with the Public Works and Utilities Department, and as
required by the North Carolina Division of Waste Management.

d. When servicing Grease interceptors service vehicles and equipment shall
have onboard, at all times, a certificate of approval for the operations and
methods used, issued by the Director.

e. Any tanks, tankage, or vessel(s) associated with a modification shall be
empty upon arrival at the initial FSE user site for which this modification is
intended to be applied.

d. Operate and maintain the grease interceptor to achieve and consistently maintain any applicable
grease action level . "Consistent" shall mean any wastewater sample taken from such grease
interceptor must meet the terms of numerical limit attainment described in subsection (c)(1). If a
User documents that conditions exist (“space constraints”) on their establishment site that limit the
ability to locate a grease interceptor on the exterior of the establishment, the User may request an
interior location for the interceptor. Such request shall contain the following information:

1. Location of town sewer main and easement in relation to available exterior space outside
building.

2. Existing plumbing layout at or in a site.

3. A Statement of Understanding, signed by the User or authorized agent, acknowledging and
accepting conditions Director may place on permitting an identified interior location.
Conditions may include requirements to use alternative mechanisms, devices, procedures,
or operations relative to an interior location.

4. Such other information as may be required by the Director.

e. The use of biological or other additives as a grease degradation or conditioning agent is permissible
only upon prior written approval of the director. Any User using biological or other additives shall
maintain the trap or interceptor in such a manner that attainment of any grease wastewater, action
level, solids blanket or grease cap criteria, goal or directive, as measured from the grease
interceptor outlet or interior, is consistently achieved.

f. The use of automatic grease removal systems is permissible only upon prior written approval of the
director, the lead plumbing inspector of the town, and the Wake County Department of
Environmental Services or the US Department of Agriculture. Any user using a grease interceptor
located on the interior of the site shall be subject to any operational requirements set forth by the
North Carolina Division of Waste Management. Any User using this equipment shall operate the
system in such a manner that attainment of the grease wastewater discharge limit, as measured
from the unit's outlet, is consistently achieved as required by the Director.

g. The director may make determinations of grease interceptor adequacy need, design,
appropriateness, application, location, modification(s), and conditional usage based on review of all
relevant information regarding grease interceptor performance, facility site and building plan review
by all regulatory reviewing agencies and may require repairs to, or modification or replacement of
grease interceptors.
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(2)

The user shall maintain a written record of grease interceptor maintenance for three years. All such
records will be available for inspection by the town at all times. These records shall include:

FSE name and physical location

Date of grease interceptor service

Time of grease interceptor service

Name of grease interceptor service company

Name and signature of grease interceptor service company agent performing said service
Established service frequency and type of service: full pumpout, partial pumpout, on-site
treatment (type of nature of operations)

Number and size of each grease interceptor serviced at FSE location

Approximated amount, per best professional judgement of contract service provider, of
grease and solids removed from each grease interceptor

i Total volume of waste removed from each grease interceptor

j- Destination of removed wastes, food solids, and wastewater disposal

k. Signature and date of FSE personnel confirming service completion

I Such other information as required by Director

~0ooow®

J@

No nongrease-laden sources are allowed to be connected to sewer lines intended for grease interceptor
service.

Access manholes shall have an installed diameter of 24 inches, a maximum weight of 50 pounds, and
shall be provided over each chamber, interior baffle wall, and each sanitary tee. The access
penetrations, commonly referred to as “risers” into the grease interceptor shall also be, at a minimum,
24 inches in diameter. The access manholes shall extend at least to finished grade and be designed
and maintained to prevent water inflow or infiltration. The manholes shall also have readily removable
covers to facilitate inspection, grease removal, and wastewater sampling activities.

A User may request a modification to the following requirements of this ordinance. Such request for a
modification shall be in writing and shall provide the information set forth below.

(a) The user’s grease interceptor pumping frequency. The Director may modify the 60 day grease
interceptor pump out frequency when the User provides data, and performance criteria
relative to the overall effectiveness of a proposed alternate and such can be substantiated by
the Director. Proposed alternatives may include: grease interceptor pumping or maintenance
matters, bioremediation as a complement to Grease interceptor maintenance, Grease
interceptor selection and sizing criteria, onsite grease interceptor maintenance, and
specialized ware washing procedures

(b) Grease interceptor maintenance and service procedures. The Director may modify the
method(s) or procedure(s) utilized service a grease interceptor when the User provides data,
and performance criteria relatie to the overall effectiveness of a proposed alternate method or
procedure and such can be substantiated by the Director. If a modification to maintenance
and service procedures is permitted it shall be a conditional discharged permit approval.

(c) Any modification must be approved by the Director in written form before implementation by
the User or the user’s designated service provider. The User shall pay modification fees as
set forth in the Budget Ordinance Fee Schedule.

Sec. 36-184. Severability.

If any provision, paragraph, word, section or article of this division is invalidated by any court of competent jurisdiction,
the remaining provisions, paragraphs, words, sections, and chapters shall not be affected and shall continue in full
force and effect.

Sec. 36-185. Conflict.

All other ordinances and parts of other ordinances inconsistent or conflicting with any part of this division are hereby
repealed to the extent of such inconsistency or conflict.
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FOOD SERVICE ESTABLISHMENT GREASE CONTROL INSPECTION FORM

Inspection Date:

Facility Name:

Facility Representative: Mr-/Ms. Title:
Phone: Owner/Regional Manager Name:
Facility Address: Mail Address;
(if different)
Sewer Map ID: Sewer Plat ID: GPS ID:
1. Grease Interceptor? __Yes __ No 2. Interceptor Size (gallons) 500 __ 750 __ 1000 ___ 1500 __ 2000
(For #1, if “NO” then go to #14) ___3000 ___ Two interceptors in series  Other _
3. Manhole Access to interceptor: _1_2_3_ 4 4. Estimated Grease Layer Depth:
5. Effluent T visible? __Yes _ No 6. Effluent T attached &in good condition: __ Yes __ No ___ Unknown
(inspector can see the T) 8. Bacteria/ Enzymens used: ___Yes __ No

7. Grease Interceptor Hauler Used:
. | 9. Product Name:

10. Frequency Interceptor Cleaned? 11. Complete Contents Pumped? __ Yes __No

12. Records of Maintenance/Cleaning Available? __Yes __ No 13. Last date cleaned:

Grease Trap — —

14.GreaseTrap? ___Yes __ No 15. Location: ___Undersinktrap ___Floortrap __ Outside "floor” trap
(For #14, if “NO” "then go to #20) .

16. Grease Trap flow-through rating / grease capacity Estimate: ~ ___ 5gpm/10lb __10gpm/201b ___15gpm/30 b
___20gpm/40lb _ 35gpm/701b ___ 50 gpm/100 Ib - Other:

17. Frequency Trap is cleaned: ’ 18. Maintenance/Cleaning Records: ___Yes ___ No

19. Grease Trap comments/location disposed of waste:

BMPs & outside conditons, other than grease interceptor or trap

20. Best Management Practices Implemented ___Yes __ No 21. Grease Recycle Bin ___Yes _ 'No
22. Cleanout Covers missing or damaged? ___Yes ___No (# Cleanout covers missing: _____ damaged: __)
(Facility needs to repair missing or damaged cleanout covers immediatiey)
~ 23. FOG impact at dumpster or around recycle bin? ___Yes __ No (if Yes, give explanation below)
24. DOWNSTREAM MANHOLE: ___Evidence of Grease in Manhole (__slight __ moderate __ heavy) |
Comments:
25. SAMPLE POINT Access? ___Yes ____No Effluent Temp: Effluent pH:
26. Sample point ID: ___Interceptor EffluentT ___Downstream MH ___Cleanout ___ Sample drop box
27. Picture ID: i of Interceptor ___ of downstream MH ;_other:

Visual inspection results, comments:

Inspector Name: Signature:

Facility Representative Signature:
. Fats. Oil and Grease Inspection form copy provided to facil{tx% Yes
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Bacteriological
Analysis

Coliform Bacteria

¢ MPN of coliform bacteria are estimated to
indicate the presence of bacteria originating
from the intestines of warm-blooded animals

 Coliform bacteria are generally considered
harmless

¢ But their presence may indicate the presence of
pathogenic organisms

Coliform Bacteria

* Comprises all the aerobic
and facultative anaerobic
gram negative, nonspore-
forming, rod-shaped
bacteria that ferment
lactose within 48 hours ~
35°C

* Coliform bacteria can be
split into fecal and non-fecal
groups

* The fecal group can grow at
higher temperatures (45 °C)
than the non-fecal coliforms

Sampling

¢ Clean, sterilized
borosilicate glass or
plastic bottles or sterile
plastic bags.

Leave ample air space
for mixing.

Collect samples
representative of
wastewater tested.

Use aseptic techniques;
avoid sample
contamination.

Test samples as soon as
possible.

Approved Methods

Bachuria are
[eaptured by
the filter.

* Coliform (fecal)
* Number per 100 mL
* Membrane filtration ué
* E. coli varereges
* Number per 100 mL i
* Multiple tub/multiple well (Colilert®)
* Membrane filtration
* m-ColiBlue24®
* Modified mTEC agar

Membrane Filtration

[

1. Usecterilized forceps L Invertampules o 3. Setup the Membrane 4. Shake the sample
to place a sterile, or three times bo mix Tilter Apparatus. With  vigorously to mix. Pour
absorbent pad in asterile broth Breakopenan  sserile forceps, plicea 100 mL of sample or
petri dish. Replace the lid ampule of m-ColiBlue2d  membrane filser. gridside diluted sample into the
on the dish. Hroth using an ampule  up, Inko the assembly.  hannel. Apply vacuum
P — vl eyt scarmple

Fra inside of the pak sk Rinse: twe frunneed walls
Note: o sischize the toepaps, masrieit puacd. Repalacss Hunme fmrsee, sty 20 by
0 i i dscon anafieme i the petn dish led. 30 ml of stenle bulfered
& 0N OF DUNISN Smee dilution water.

L8 I IOTTHGE COOY D Lee.

M-ColiBlue24® Membrane Filtration Method, Hach Company, www.Hach.com
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Membrane Filtration

Bacteria, Coliform

IS =i

5. Turnoff the vacuum 6. Witha slight rolling 7. Invert the petri dish 8. Remove the petridich
and lift off the funned top, motion, place the filter,  and incubase a1 from the incubutor and
Using sserile forceps, grid side up. on the 35 #05°C for 24 hours.  examine the filers for
transior the hiler to the  absarbent pad. Check bor weth Calomes

prresivmmly proquonad puetri  brapped s ander s sl

dish Filber and make suse the ver,
Filtor bousches: Hha st herensrOpic M
padd. Replace the peisi ar olher 10=15%
dlish lid. magnifier may be useful

Kext and blue colones.
indicar- total califorms
and blue colonses
specifically ndicate F.
o,

M-ColiBlue24® Membrane Filtration Method, Hach Company, www.Hach.com

Section 8

Membrane Filtration
Equipment

* Water bath or air
__incubator operating at
| | appropriate
B temperature
* Vacuum pump
* UV sterilizer or boiling
~ water bath
¢ 10-15 X dissecting
microscope; should
have fluorescent
illuminator
¢ Alcohol burner

Membrane Filtration Supplies
and Glassware

* Sterile graduated
cylinder

« Sterile pipets

« Sterile MF filtration flask
« Sterile dilution water
 Sterile sample vessels

* Samples containing
chlorine must be treated
with 3% sodium
thiosulfate solution

* mFC Broth

Fecal Coliform

Fecal Coliform

A 100 mL volume of sample is filtered through a 47-mm
membrane filter using standard techniques.

Filter is transferred to a 50-mm petri plate containing an
absorbent pad saturated with mFC Broth.

Invert filter and incubate at 44.5+0.2°C for 24 hrs.
Count blue colonies.
Interferences

* None, but excess particulates may cause colonies to grow
together on a crowded filter or slow the sample filtration process.

Fecal Coliform

¢ Maximum hold time is 6 hrs at < 10°C
* |deal sample volume yields 20-60 colonies

* Samples <20 mL, add 10 mL sterile dilution water
to filter funnel before applying vacuum.

* Sanitize funnel between samples.

E. coli Testing
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Fecal Data Analysis Fecal Data Interpretation

* Visually determine colony counts on membrane ¢ Incubation time is 24 £ 2 hrs.
filters.

* Verify using 10-15 X binocular wide-field * Fecal coliform density reported as number of
microscope.

colonies per 100 mL of sample.
* Fecal coliforms appear blue.

* NPDES permit limit: monthly average of 200/100
mL; daily maximum of 1000/100 mL.

Family Portrait

¢ Indicators of water contamination

Total caliform

/" Pecal Coliform *,

|/ Themmorclerant ", |
1 Goliform )

(E.coli)

Colilert

Techniques for Measuring Colilert® & Colilert-18®

* Most Probable Number (MPN) MPN Method

' . ¢ Add substrate to a

100 mL sample

* Membrane Filter

* If making dilutions,
use sterile DI water,
not sterile buffered
water.
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Colilert® & Colilert-18®

* Shake sample
vigorously. Wait for
bubbles to dissipate.

* Pour into QuantiTray.

Colilert® & Colilert-18®

¢ Examine tray for
appropriate color
change

* Yellow is an indicator
of total coliforms

Left: The 97 well QuantiTray 2000 will count up
to 2419 cfu without dilution.

Right: The 51 well QuantiTray will count up to
200 cfu without dilution.

Escherichia coli
(E.coli) ™

Modified mTEC Agar with (&
Membrane Filtration

E. coli Testing

Section 8

Colilert® & Colilert-18®

* Seal sample in
Quanti-Tray

¢ Incubate at 35+0.5°C
for 18 hrs (Colilert-
18) OR 24 hrs
(Colilert)

Colilert® & Colilert-18®

* Examine positive total
coliform for fluorescence
using a UV light in a dark
environment

* Fluorescence is a
positive indicator for
E. coli

¢ Calculate MPN value
according to the table
provided with the
QuantiTray

Method 1603

* Membrane Filter — modified mTEC agar

* Place sample in a petri dish with modified mTEC
agar

¢ Invert dish and incubate for 35+ 0.5°C for 2 hours
* Resuscitates injured or stressed bacteria

¢ Then incubate at 44.5+ 0.2°C for 22 hours

« After incubation, remove the plate from the water
bath or dry air incubator

[24
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Method 1603

¢ Count and record the number of red or magenta
colonies (verify with stereoscopic microscope)

* See the USEPA microbiology methods manual,
Part Il, Section C, 3.5, for general counting rules

Modified mTEC

Coust magests
coloales a5 F. coll,
These are esaily

(E.coli)

m-ColiBlue24® with
Membrane Filtration

TDEC - Fleming Training Center

Method 1603

¢ The minimum analytical QC requirements for the
analysis of samples using Method 1603 include:
« Initial precision and recovery
* Ongoing precision and recovery
¢ Matrix spike
* Positive and negative controls
* Filter sterility checks
¢ Method blanks
* Media sterility checks

E. coli m-ColiBlue24®

¢ Maximum hold time is 6 hrs at < 10°C
* |deal sample volume yields 20-80 colonies
¢ Run a minimum of 3 dilutions

* Samples <20 mL, add 10 mL sterile dilution water
to filter funnel before applying vacuum.

* Sanitize funnel between samples.

¢ Visually determine colony counts on membrane
filters.

« Verify using 10-15 X binocular wide-field
microscope.

E. colim-ColiBlue24® - .

* Incubation time is 24 + 2 hrs.

e E. coli density reported as number of colonies
per 100 mL of sample.

e E. coli appear blue

¢ NPDES permit limit: monthly average of 126/100
mL

* Samples and equipment known or suspected to
have viable E. coli attached or contained must be
sterilized prior to disposal.
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Expected Reactions of Various
Microorganisms

* Total coliforms will produce a red colony
¢ Enterobacter species
* E.cloacae
* E.aerogenes
* Klebsiella species
* K. pneumoniae
« Citrobacter species
¢ C.freundii

E. coli Testing
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Expected Reactions of Various
Microorganisms

* Escherichia coli will produce a blue colony

¢ E. coli 0157:H7 will not produce a blue colony, but will
grow as a red colony

Expected Reactions of Various
Microorganisms

* Some strains of the following microorganisms
are known to produce a false-positive total
coliform reaction (a red colony, but not a true
total coliform)

*Serratia species *Yersinia enterocolitica
*Hafnia alvei sLeclercia adecarboxylata
«Vibrio fluvialis *Ewingella americana
*Aeromonas species <Staphylococcus species
*Proteus vulgaris *Proteus mirabilis
*Providencia stuartii

[33

M-ColiBlue24® Trouble-Shooting Guide, Hach Company, www.Hach.com

All Bacteriological Checks

v'Temperatures are documented daily

v'Thermometers are certified at least annually
against NIST thermometers

v'Reagents for storage requirements and
expiration dates

vE. coli colonies identified correctly

¥/Calculations are correct

v'Holding Times are met
* Sample collection

¢ Analysis start
¢ End times

E. coli Testing

Section 8

Expected Reactions of Various
Microorganisms

¢ Known negative reaction (no growth) after 24-25
hours

* Pseudomonas aeruginosa

« Variable reaction may be positive for total coliform when
incubated longer than 25 hours

* Proteus vulgaris
¢ Aeromonas hydrophila

E. coli Information

e For Colilert ®: IDEXX Laboratories,
www.idexx.com

e For mTEC Agar and mColiBlue-24® media: Hach
Company, www.Hach.com

* EPA Method 1603: E.coli In Water By Membrane
Filtration Using Modified-Thermotolerant
Escherichia coli Agar (Modified mTEC),
September 2002, EPA-821-R-02-023

Geometric Mean

* You have run your E. coli samples for the month
and need to figure your geometric mean.
* Your results are as follows:
* 60 cfu
¢ 100 cfu
e Ocfu
e 0cfu . 1n
Geometric Mean = (X1)(X2) (X3 )..(Xp)

Geometric Mean = Q-'[P(l IX2) X3 ).(Xp)

[36
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Geometric Mean

* Geometric Mean — (X;)(X,)(X3)...(X,) ¥/

* Step 1: 1/n -> 1 divided the number of test results. For our example
above, there are four test results.

* 1+ 4=0.25 (write this number down, you will use it
in Step 3)

* Step 2: Multiply all of the test results together and punch the = button
on the calculator. Remember to countOasa 1.

* 60 x 100 x 1 x 1 =6000 (Do Not clear out your
calculator)

« Step 3: Punch the y* button and then type in the number from Step 1,
then punch =.

* 6000 y* 0.25 = 8.8011

TDEC - Fleming Training Center

[37

Geometric Mean

« Geometric Mean — (X;)(X,)(X;)...(X,)¥/"

* Step 1: 1/n -> 1 divided the number of test results. For our
example above, there are four test results.

* 1+4=0.25 (write this number down, you will use it in Step 3)

* Step 2: Multiply all of the test results together and punch the =
button on the calculator. Remember to countOasa 1.

* 60x100x 1x 1=6000 (Do Not clear out your calculator)

* Step 3: Punch the
& then punch =.
* 6000y*0.25 = 8.8011

button. then type in the number from Step 1,

Geometric Mean

* Now, try one on your own:
* 20, 20, 210, 350

* Geometric Mean = 73.6

156

Geometric Mean
¢ % =0.25
« (20)(20)(210)(350) = 29,400,000

« (29,400,000)°2 = 73.6

E. coli Testing
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Section 8

Wastewater Microbiological Tests

100 mL Effluent Colller.t with E. coli/100 mL
QuantiTray
100 mL Dilution Water | mFC Broth Fecal Coliforms/100 mL
25 mL Effluent mMFC Broth Fecal Coliforms/100 mL
100 mL Effluent mMFC Broth Fecal Coliforms/100 mL
50 mL Effluent mColiBlue24 E. coli/100 mL
100 mL Effluent mColiBlue24 E. coli/100 mL
QC Sample mColiBlue24 | E. coli/100 mL

E. coli Testing
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e WATER . .
@o NALYSIS Toec -BacteriagColiform
Methods 8074, 8367*, and 10029** Membrane Filtration Method

m-Endo, m-FC, m-FC/RA, m-TEC, modified m-TEC, M-EI, m-ColiBlue24®,
and Pseudomonas Broth
Scope and Application: potable water, nonpotable water, recreation water, and wastewater

* USEPA accepted
** USEPA approved

Introduction

The Membrane Filtration (MF) method is a fast, simple way to estimate bacterial
populations in water. The MF method is especially useful when evaluating large
sample volumes or performing many coliform tests daily.

Method

In the initial step, an appropriate sample volume passes through a membrane
filter with a pore size small enough (0.45 micron) to retain the bacteria present.
The filter is placed on an absorbent pad (in a petri dish) saturated with a culture
medium that is selective for coliform growth. The petri dish containing the filter
and pad is incubated, upside down, for 24 hours at the appropriate temperature.
After incubation, the colonies that have grown are identified and counted using
a low-power microscope.

Convenient Packaging

Hach PourRite™ Ampules contain prepared selective media. This eliminates the
measuring, mixing, and autoclaving needed when preparing dehydrated media.
The ampules are designed with a large, unrestrictive opening that allows media
to pour out easily. Simply break off the top of the ampule and pour the medium
onto an absorbent pad in a petri dish.

Each ampule contains enough medium for one test. Medium packaged in
PourRite Ampules has a shelf-life of one year. Ampules are shipped with a
Certificate of Analysis and have an expiration date printed on the label.

* When the sample is less than 20 mL (diluted or undiluted), add 10 mL of sterile dilution water to the filter funnel before applying
the vacuum. This aids in distributing the bacteria evenly across the entire filter surface.

* The volume of sample to be filtered will vary with the sample type. Select a maximum sample size to give 20 to 200
colony-forming units (CFU) per filter. The ideal sample volume of nonpotable water or wastewater for coliform testing yields 20-80
coliform colonies per filter. Generally, for finished, potable water, the volume to be filtered will be 100 mL.

159 E
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Bacteria, Coliform

TDEC=TFteming Training Center
Using m-ColiBlue24 Broth PourRite Ampules

1. Use sterilized forceps
to place a sterile,
absorbent pad in a sterile
petri dish. Replace the lid
on the dish.

Note: Do not touch the pad or
the inside of the petri dish.
Note: To sterilize the forceps,
dip them in alcohol and flame in
an alcohol or Bunsen burner.

Section 8

The m-ColiBlue24 Broth can be used to analyze drinking water, bottled water,
beverages; surface, well, and groundwater, waste water, recreational waters,
and process water for ultrapure, chemical processing and pharmaceutical

applications.

2. Invert ampules two
or three times to mix
broth. Break open an
ampule of m-ColiBlue24
Broth using an ampule
breaker. Pour the
contents evenly over the
absorbent pad. Replace
the petri dish lid.

Let the forceps cool before use.

3. Set up the Membrane
Filter Apparatus. With
sterile forceps, place a
membrane filter, grid side
up, into the assembly.

4. Shake the sample
vigorously to mix. Pour
100 mL of sample or
diluted sample into the
funnel. Apply vacuum
and filter the sample.
Rinse the funnel walls
three times with 20 to
30 mL of sterile buffered
dilution water.

£EQ
T
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~ Bacteria, Coliform

Section 8

E}
5. Turn off the vacuum
and lift off the funnel top.
Using sterile forceps,
transfer the filter to the

previously prepared petri
dish.

&

8. Remove the petri dish
from the incubator and

6. With a slight rolling
motion, place the filter,

7. Invert the petri dish
and incubate at

grid side up, on the 35 +0.5 °C for 24 hours.  examine the filters for
absorbent pad. Check for colony growth. Colonies
trapped air under the are typically readily

visible; however, a
stereoscopic microscope
or other 10-15X
magnifier may be useful.
Red and blue colonies
indicate total coliforms
and blue colonies
specifically indicate E.
coli.

filter and make sure the
filter touches the entire
pad. Replace the petri
dish lid.

Note: Sometimes only the
center of a colony will be
colored. Therefore, a colony
with any amount of red color
should be counted as red and a
colony with any amount of blue
should be counted as a blue
colony. Red colonies may vary
in color intensity. Blue colonies
may appear blue to purple.
Count all the red and blue
colonies as total coliforms.
Count all the blue to purple
colonies as E. coli.

Optional Testing of Red Colonies

The m-ColiBlue24 Broth is formulated so that coliforms other than E. coli grow as
red colonies. The percentage of red colonies that are false positives
(non-coliforms) is comparable to the percentage of sheen colonies grown on m-
Endo Broth that are false positives (non-coliforms); therefore, confirmation is not
required.

A few varieties of the non-coliform bacteria Pseudomonas, Vibrio, and Aeromonas
spp. may grow on m-ColiBlue24 Broth and form red colonies. Such bacteria can
be readily distinguished from total coliforms by the oxidase test. Pseudomonas,
Vibrio, and Aeromonas spp. are oxidase-positive. Total coliforms and Escherichia
coli are oxidase-negative. If your sample contains high levels of interfering
bacteria, you can perform an oxidase test to confirm which red colonies are
total coliforms.

160
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Section 9

pH

00
Wastewater Analysis

TDEC - Fleming Training Center

pH Measurement

> pH is typically
measured with a meter
and probe

> Thisis an
electrochemical
method of analysis

TDEC - Fleming Training Center

pH Theory

|

> pH is defined as the negative log of the
molar hydrogen ion concentration in
aqueous solution

pH =-log [H+]

TDEC - Fleming Training Center
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pH
|

> One of the most important and frequently
used tests in water chemistry

> A measure of the intensity of the acidic or
alkaline character of a solution

> Logarithmic scale of ionic activity

0to 14 s.u.
> pH values cannot be averaged for monthly
paperwork
TDEC - Fleming Training Center
pH Theory
|
> Acid
» increases the hydrogen ion (H*) concentration in a
solution
> Base
» increases the hydroxide ion (OH-) concentration in
a solution
Vinegar Ammonia
pH3 pH 115
TDEC - Fleming Trammg Center
pH Scale

| ——
> pH is a negative logarithmic function
> Each decrease in pH unit = 10X increase in
acidity
» Solution at pH4 is 10X more acidic than solution
atpH5
> Solution at pH 4 is 100X more acidic than pH6
solution

00 TDEC - Fleming Training Center
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How Does a pH Probe Work?

|
> Probe measures hydrogen ion concentration

> Two electrodes in probe:
a) sensing half-cell,
b) reference half-cell

TDEC - Fleming Training Center

Reference Half-Cell

=
> Dispenses reference solution which
completes circuit for meter

TDEC - Fleming Training Center

Sensing Half-Cell

pH 7 Solution

H* conc. the same
both inside and
outside glass bulb

*No potential
develops

TDEC - Fleming Training Center

Section 9

same both inside

METER
_A
lon Sensing Reference
Half-Cell Half-Cell
\ AgiAGC! /
bl Wire ===
Internal Filling
Solution Ref
eference
2 Electrolyte
= Salt Bridge
Junction
TDEC - Fleming Training Center
Sensing Half-Cell
| o
pH 7 Solution
H* conc. the Hydrogen ion

concentration fixed

*Potential develops

1000H*
1000H*

and outside glass atpH7
bulb
*No potential .
develops H

+ H+

H e
He He H*
TDEC Flening Trining Ceter
Sensing Half-Cell
|

pH 4 Solution
H* conc. 1090)( Hydrogen ion
greater outside concentration fixed
glass bulb atpH7

1000H*

1000H*
1000H*
1000H*

TDEC - Fleming Training Center

pH
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Sensing Half-Cell

pH 4 Solution

H* conc. 1000x
greater outside
glass bulb

*Potential develops

TDEC - Fleming Training Center

Sensing Half-Cell
N

pH 10 Solution

H* conc. 1000x
greater inside glass
bulb

*Potential develops

TDEC - Fleming Training Center

Calibration
| v

> The optimal slope for pH is
-58+3 mV/decade.

What does this mean?

TDEC - Fleming Training Center

164

pH

TDEC - Fleming Training Center

Sensing Half-Cell

pH 10 Solution

H* conc. 1QOOX Hydrogen ion
greater inside glass concentration fixed
bulb atpH7

*Potential develops

H+

TDEC - Fleming Training Center

Calibration
|
> A calibration curve
allows the meter to
convert a measured
millivolt potential
into a pH reading.

TDEC - Fleming Training Center

Calibration

| —
+180

mv 0

-180

4 7 10

DH TDEC - Fleming Training Center
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Calibration

|
> -180mV difference measured between pH4
and pH7
> pH4 to pH7 (3 pH units) is 1000x
concentration change
> Decade = 10-fold concentration change
= 1pH unit
> -180/3 =-60 = -58mV/decade

TDEC - Fleming Training Center

pH Sampling
| |
> Holding time = 15 minutes

> Preservation = none

> Sample container = glass or plastic
> Grab sample

> Continuous monitoring possible

TDEC - Fleming Training Center

pH Meter Calibration o)

| |

> Start with pH = 7.0 buffer (usually)

> Second buffer 3 s.u. different that brackets
expected sample pH (4 or 10)

> Immerse in a third buffer - reading should
be within 0.1 s.u.

> If response is accurate - read and record
previous buffers as samples (pH and
temperature )

TDEC - Fleming Training Center

pH

Section 9

Importance of pH control

|
> Ammonia toxicity is influenced by pH

> pH plays an important role in the solubility
of metal salts

> pH affects the rate at which chlorine reacts
to form chloramines (which are less
effective disinfectants)

TDEC - Fleming Training Center

pH Meter Calibration
| |
> Follow manufacturers instructions
> Use fresh buffers (4, 7, & 10 s.u.)

> Stir buffers and samples at the same speed
without a vortex

> Rinse and blot dry electrodes between
samples and buffers

> Accurate and reproducible to within 0.1 s.u.

TDEC - Fleming Training Center

Common Deficiencies

|
> The pH meter was calibrated using one
buffer or expired buffers

> The continuous pH meter was not calibrated
on a regular basis

> Buffers were left open and being reused for
a week

TDEC - Fleming Training Center
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Maintenance

| |
> New probe

> Calibration

> Measurement/Storage
> Troubleshooting

> Cleaning

TDEC - Fleming Training Center

Calibrate

> Calibrate pH meters daily using two or three
buffer solutions

TDEC - Fleming Training Center

Troubleshooting
o
> mV reading in pH 7 buffer

> Should read 0 £ 30 mV in pH 7 buffer
> Response time

> May require cleaning if slow in buffered
solution

> Slope
» Optimal slope is -58 £ 3 mV /decade

TDEC - Fleming Training Center
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New Probe

pge |

> Condition new pH probe in
pH 7 buffer for
approximately 30 minutes
before initial use

> Probes must also be
conditioned after cleaning or
if it had been stored dry as
long term storage

TDEC - Fleming Training Center

Measurement
P

> Place probe into sample, stir, and wait for
readings to stabilize

> Rinse and dry between measurements

> Storage between measurements

» Sample or solution of similar ionic strength
to sample

> pH 4 buffer
> pH electrode storage solution (best)

TDEC - Fleming Training Center

Cleaning

| —
> Slow response may indicate need for cleaning

> Alternate soaking in dilute hydrochloric acid and dilute
sodium hydroxide

» Rinse with deionized water
» Condition in pH 7 buffer before use

> Read probe manual for cleaning method
recommended by manufacturer

TDEC - Fleming Training Center
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pH Sample Record
Date Time Location Temp. of Date of Last | Measured| Technician
Solution Calibration pH
Month pH Meter
oH 167
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pH Calibration Record
Date Time |Temperature | Slope Buffers Used Technician Remarks
of Buffers 7 10
Morih8 pH pH Meter




Section 10

Reclamation and Reuse

169



Section 10

TDEC - Fleming Training Center 1

EPARTMENT OF
AND CONSERVATION

WASTEWATER
RECLAMATION AND REUSE

Wastewater Reclamation and Reuse
[ —

o0 Water agencies forced to seek new water sources
O Population growth
o Contamination of surface or groundwater
o Droughts
O Uneven water distribution
0 Water reuse common in many areas
O In US, especially in arid and semi-arid areas
O Mostly restricted to non-potable reuse, like irrigation
O Other alternatives
O Water conservation
O More efficient use
O Development of new water resource and management

TDEC - Fleming Training Center

Woastewater Reuse Categories
=
O Agricultural irrigation

Landscape irrigation

Industrial recycling and reuse

Recreational and environmental uses

o
o

o Groundwater recharge

o

o Non-potable urban uses
mi

Potable reuse

TDEC - Fleming Training Center

TDEC - Fleming Training Center

Wastewater Reclamation and Reuse

=
O Recycled

O Water or wastewater is used within a facility before it
is discharged to a treatment system

O Reclamation

o Operation or process of changing the condition or
characteristics of water so that improved uses can be
achieved.

O Reuse

O Water is discharged and then withdrawn by another

user

TDEC - Fleming Training Center

Woater Reuse: Historical Perspective
[

1912 San Francisco, CA

First small urban reuse
begins with the irrigation of
Golden Gate Park

1942 Baltimore, MD Metals cooling and steel
(Bethlehem Steel) processing

1960 Colorado Springs, CO Landscape irrigation of
golf courses, cemeteries
and freeways

1984 Tokyo, Japan Water recycling for toilet
flushing in 19 high-rise
buildings in congested
metropolitan area

1987 Monterey, CA Agricultural irrigation for
food crops eaten uncooked
(celery, broccoli, lettuce,

cauliflower, efc.)

Agricultural Irrigation
R e
O Largest use in US
o Uses:

o Crop irrigation

o Commercial nurseries

o Issues/Constraints:

o Surface and groundwater contamination if not
managed properly

O Marketability of crops and public assistance

TDEC - Fleming Training Center
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Landscape Irrigation

|
o Uses:
o Parks
O School yards
 Golf courses
O Greenbelts
O Cemeteries
O Freeway medians
O Residential
O Issues/Constraints:
O Effect of water quality, particularly salts, on soils and crops
O Public health concerns related to pathogens
o Use area control including buffer zone may result in higher costs

TDEC - Fleming Training Center

Groundwater Recharge

|
o Uses:
o Groundwater replenishment
m Spreading basins
O Saltwater intrusion control
u Direct injection
O Subsidence control
o Issues/Constraints:

O Possible contamination of groundwater aquifer used as
potable water source

O Organic chemicals in reclaimed water and their
toxicological effects

O Total dissolved solids, nitrates and pathogens

TDEC - Fleming Training Center

Non-potable Urban Uses

[
O Minimal use in US
o Uses:

o Fire protection

o Air conditioning

O Toilet flushing

O Flushing of sanitary sewers

o Issues/Constraints: A

-
O Health concern over possible aerosol transmission of
pathogens

O Effects of water quality on scaling, corrosion, biological
growth and fouling

o Cross-connection of potable and reclaimed water lines

TDEC - Fleming Training Center

Section 10

Industrial Recycling and Reuse

[ERE |
o Uses:

O Cooling water

O Process water

O Boiler feed

O Heavy construction
o Issues/Constraints:

o Constituents in reclaimed water related to scaling, corrosion,
biological growth and fouling

O Possible aerosol transmission or pathogens in cooling water

o Cross-connection of potable and reclaimed water lines

TDEC - Fleming Training Center

Recreational and Environmental Uses

[N
o Uses:
o Development of lakes and ponds
O Marsh enhancement
O Stream flow augmentation
O Fisheries
O Snowmaking
o Issues/Constraints:
O Health concerns about pathogens

O Eutrophication due to nitrogen and phosphorus in receiving
water

o Toxicity to aquatic life

TDEC - Fleming Training Center

Potable Reuse
|
O Minimal use in US
O Uses:
O Blending in water supply reservoirs
O Pipe-to-pipe water supply
O Issues/Constraints:

o Constituents in reclaimed water (especially trace
organic chemicals and their toxicological effects)

O Aesthetics and public acceptance

O Health concerns about pathogen transmission

TDEC - Fleming Training Center
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Effluent Disposal

|
o Dilution
O Lakes
o Rivers
O Streams
o Wastewater
Reclamation
O Land application

0 Underground disposal

TDEC - Fleming Training Center

Disposal by Dilution
[+

o Diffusers
o Cascading outfalls
O Increase D.O.
O Remove chlorine
O Remove sulfur dioxide

o Surface discharge

TDEC - Fleming Training Center

Land Treatment Systems
|
o Simulate natural pathways of treatment

o Use soil, plants, and bacteria to treat and reclaim
wastewater

O Treatment is provided by natural processes as
effluent moves through soil and plants

o0 Some of wastewater is lost by evaporation and
transpiration

0 Remainder returns to hydrologic cycle through
surface runoff or percolation to groundwater

TDEC - Fleming Training Center
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Disposal by Dilution
e —
o Treatment required prior to discharge:
o Stabilize waste
O Protect public health

O Meet discharge requirements

o Site specific

O Most common method of effluent disposal

TDEC - Fleming Training Center

Land Treatment Systems

[

« When high-quality effluent or even zero-discharge
is required, land treatment offers a means of
reclamation or ultimate disposal

TDEC - Fleming Training Center

Hydrologic Cycle
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Land Application System
T —
o Treatment prior to application

O Transmission to the land treatment site
o Storage

o Distribution over the site

O Runoff recovery system

o Crop systems

TDEC - Fleming Training Center

Site Considerations
[ —
o Control of ponding problems

O Percolation

o Crop selection

O Drainage tiles
O Install PVC laterals below ground
O Potential odor release with spray systems
O Routine inspection of equipment

O Plan “B” in case system fails

TDEC - Fleming Training Center

Irrigation

=
O Method depends on crop
grown
o Silage / hay
o Parks / golf courses
O Horticulture / timber / turf
grass
o Water & nutrients enhance
plant growth for beneficial
use.
o0 Water removed by:

O Surface evaporation &
plant transpiration

O Deep percolation to subsoil

TDEC - Fleming Training Center

Section 10

Land Application System
[ ——

Evapotranspiration

Treated Storage Surface
Plant Reservoir Runoff
Effluent

Percolation

TDEC - Fleming Training Center

Wastewater Reclamation:

Land Application
[ SILIS At o S LIS LIS L —

O Irrigation most
common:
o Ridge and furrow
o Sprinklers
O Surface /drip systems |

o0 Overland flow

‘Wastewater Treatment Plant &
Poplar Tree Reuse System;
Woodburn, Oregon

TDEC - Fleming Training Center

Irrigation
B e

Y
soract ™
PR e
ey
nour zeme

L L | ST e T ot
snL —e 1 PRESLATION

(3) IRRIGATION
o Irrigation application of wastewater over relatively flat
area, usually by spray (sprinklers) or surface spreading
0 Water and nutrients are absorbed by plants and soil

0 In soil, organic matter is oxidized by bacteria

TDEC - Fleming Training Center
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Irrigation

=

O Most common land treatment in US

o Spray: fixed or moving

o Surface spreading: controlled flooding or ridge &
furrow

o Climate affects efficiency
O If ground freezes, subsurface seepage is greatly reduced.
O Therefore storage of treated wastewater may be necessary

o Ex: lawns, parks, golf courses, pastures, forests, fodder
crops (corn, alfalfa), fiber crops, cemeteries

TDEC - Fleming Training Center

Irrigation - Spray Systems
[ m——

Center pivot, moving
spray irrigation

ixed spray
irrigation on risers

g Training Center

Irrigation — Ridge & Furrow

Irrigation ditch in foreground supplying
water to furrows

Gated pipe applying flow to furrows

TDEC - Fleming Training Center
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Irrigation - Spray Systems
[El |
o Fixed

O Buried or on surface

o Cultivated crops or woodlands

0 Moving - center pivot

0 Minimum slope 2 — 3%

O Promotes lateral drainage and reduces pon

ding

O Maximum slope in TN:
O Row crops 8%
O Forage crops  15%
O Forests 30 %

TDEC - Fleming Training Center

Irrigation — Ridge & Furrow

[ ——
o0 Wastewater flows through furrows between rows of
crop

0 Wastewater slowly percolates into soil

0 Wastewater receives partial treatment before it is
absorbed by plants

TDEC - Fleming Training Center

Irrigation — Removal Efficiencies
[

Parameter % Removal
BOD 98
COD 80
Suspended Solids 98
Nitrogen 85
Phosphorus 95
Metals 95
Microorganisms 98

TDEC - Fleming Training Center
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Irrigation — Removal Efficiencies

|
o0 Under normal circumstances:
O Water and nitrogen are absorbed by crops
O Phosphorus and metals are adsorbed by soil particles
O Bacteria is removed by filtration
O Viruses are removed by adsorption
o Nitrogen cycle

O Secondary effluent contains ammonia, nitrate and organic
nitrogen

O Ammonia and organic nitrogen are retained in soil by
adsorption and ion exchange, then oxidized to nitrate

O Major removal mechanisms are ammonia volatilization, crop
uptake and denitrification

TDEC - Fleming Training Center

Overland Flow

Overland Flow
[=

O Low pressure sprays
o <20 psi
O Low energy costs
o Good wastewater distribution
o Nozzles subject to plugging
o Surface distribution

o Generate minimal aerosols

o Higher energy costs

o Hard to maintain uniform distribution

TDEC - Fleming Training Center

Section 10

Overland Flow

=

o Spray or surface
application
0 6-12 hours/day
O 5-7 days/week

O 2-4% slope

o Slow surface flow treats
wastewater

0 Water removed by
evaporation &
percolation

O Runoff collection

TDEC - Fleming Training Center

Overland Flow

0 Wastewater is applied intermittently at top of
terrace

O Runoff collected at bottom (for further treatment)

O Treatment occurs through direct contact with soil

TDEC - Fleming Training Center

Distribution Methods
[eem Methods Advantages
General Low energy costs Difficult o achieve uniform distribution
[7)) Minimize aerosols and wind drift Moderate erosion potential
'8 Small Buffer zones
5 Gated Pipe Same as General, plus: Same as General, plus:
[5) Easy to clean Potential for freezing and settling
E Easiest to balance hydraulically
3 Slotted or Same as General Same as Gated Pipe, plus:
g Perforated Small openings clog
= Pi Most difficult to balance hydraulically
pe
%] P
N ame as General, plus: ame as General, plus:
Bubbling S General, pl S: G pl
e ot subject to freezing /settling Difficult fo clean when clogges
Orifices Not subi f i Ficult o cl logged
Only the orifice must be leveled
- etter distribution than surface methods  Nozzles subject to clogging
Low-pressure Better distribution than surf thods  Nozzles subj I
Sprays Less aerosols than sprinkler More aerosols and wind drift than
pray: Low energy costs surface methods
Sprinklers Most uniform distribution High energy costs
TDEC - Fleming Training Centererosol and wind drift potential
large buffer zones
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.
Suitable Grasses
|~ ] Common Name Perennial Rooting Method of Growing
or Annual  Charact cs Establishment Height
(cm)
» Reed canary Perennial sod seed 120-210
§ Tall fescue Perennial bunch seed 90-120
é Rye grass Annual sod seed 60-90
S Redtop Perennial sod seed 60-90
0
5 KY bluegrass Perennial sod seed 30-75
o
O  Orchard grass  Perennial bunch seed 15-60
c Common Perennial sod seed 30-45
S Bermuda
Q
®  Coastal
o] i i -
‘g Bermuda Perennial sod sprig 30-60
< Dallis grass Perennial _bunch seed 60-120
g g
s Bahia Perennial sod seed 60-120

Suitable Grasses

=0

o0 Cool Season Grass — plant from Spring through early
Summer or early Fall to late Fall

0 Warm Season Grass — generally should be planted
from late Spring through early Fall

o Planting time affected by expected rainfall, location,
climate, grass variety, etc

o0 Amount of seed required to establish cover depends on:
O Expected germination
o Type of grass
0 Water availability
o Time available for crop development

TDEC - Fleming Training Center

Rapid Infiltration

O Primary objective is to recharge the groundwater

o0 Wastewater is applied to spreading basins or
seepage basins and allowed to percolate through
the soil

o No plants are used or desired

TDEC - Fleming Training Center

TDEC - Fleming Training Center

Svitable Grasses

=
o0 Well established plant cover is essential for efficient
performance of overland flow

O Primary purpose of plants is to facilitate treatment
of wastewater

O Planting a mixture of different grasses usually gives
best results

O Ryegrass used as a nurse crop; grows quickly until
other grasses are established

TDEC - Fleming Training Center

Overland Flow — Removal
Efficiencies
[«

e —|
Parameter % Removal

BOD 92
Suspended Solids 92
Nitrogen 70-90
Phosphorus 40-80
Metals 50

o Treatment by oxidation and filtration
0 SS removed by filtration through vegetative cover

0 BOD oxidized by microorganisms in soil and on
vegetative debris

o Nitrogen removal by denitrification and plant uptake

TDEC - Fleming Training Center

Rapid Infiltration

|

o Top— Picture of a
seepage basin in
Nevada

O Bottom - Large volumes
of reclaimed water,
which have undergone
advanced secondary
treatment, are reused
through land-based
applications in a 40-
square-mile area near
Orlando, Florida.
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Rapid Infiltration
[

o Effluent is discharged into a basin with a porous
liner

0 No plants needed or desired
O Primary objective is groundwater recharge
o0 Not approved in Tennessee

o Due to Karst topography — cracks in limestone provide
direct route of infiltration to groundwater and therefore
no treatment achieved and groundwater may become
contaminated

TDEC - Fleming Training Center

Land Treatment Limitations

=
O Excessive nitrate ions reach groundwater
O Rain can soak soil so that no treatment is achieved
0 Do not apply nitrate in excess of crop’s nitrogen uptake
ability
O Excessive nitrate in groundwater can lead to
methylmoglobenemia (blue baby syndrome)

® Too much nitrate consumed by child leads to nitrate in
stomach and intestines where nitrogen is absorbed into
bloodstream and it bonds to red blood cells preventing them
from carrying oxygen.

m Baby becomes oxygen deprived, turns blue and suffocates

TDEC - Fleming Training Center

Section 10

Land Treatment Limitations

o Sealing soil surface due to
high SS in final effluent
O More common in clay soils

o Disk or plow field to break
mats of solids

O Apply water intermittently
and allow surface mat to dry
and crack

Build up salts in soil

O Salts are toxic to plants

O Leach out the salts by
applying fresh water

O Rip up the soil 4 — 5 ft deep
to encourage percolation

a

TDEC - Fleming Training Center

Monitoring Requirements
g Req
[ Area Test Frequency
Effluent and BOD Two times per week
groundwater or Fecal coliform Weekly
seepage Total coliform Weekly
Flow Continuous
Nitrogen Weekly
Phosphorus Weekly
Suspended solids Two times per week
pH Daily
Total dissolved solids (TDS) Monthly
Boron Monthly
Chloride Monthly
Vegetation - - - variable depending on crop - - -
Soils Conductivity Two times per month
pH Two times per month
Cation Exchange Capacity (CEC) Two times per month
TDEC - Fleming Training Center
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