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Safety Moment

The 4 Principles of Hand Awareness

* Wash your hands when they are dirty and
before eating.

* DO NOT cough into your hands.
* DO NOT sneeze into your hands.

* Above all, DO NOT put your fingers into
your eyes, nose, or mouth.

Reduce transmission of flu, RSV, COVID, colds

When we continue to

ThinkePlaneAct

we will achieve
Zero Injuries Today







Wastewater

Activated Sludge Process

Sludge Recirculation (RAS and Final Clarifiers Process Control)
Sludge Wasting (SRT/MCRT Process Control)

Aeration (Blowers/Aerators Process Control)
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Wastewater

Chemistry

Carbon
* 2 Types — Organic carbon, Inorganic carbon (CO,)

* Organic C measured as carbonaceous Biochemical
Oxygen Demand (cBOD) or Chemical Oxygen Demand
(COD) or Total Organic Carbon (TOC)

Nitrogen — measured as TKN = Organic N + Ammonia-N

Phosphorus — measured as TP = Dissolved P (ortho-P) +
Particulate P

Minerals — Ca, Mg, etc.
Temperature

pH

Alkalinity

Toxicity



4
e Heterotrophs — BOD bugs

e Autotrophs - Nitrifiers
Wastewater P

Biology

e Ciliates
e Amoeba
e Rotifers




Require organic C for energy and cell synthesis

Respires dissolved oxygen (DO) or combined
oxygen (NO;), or fermentation

BOD bUgS Very diverse, many types — phosphate
accumulating organisms (PAO), denitrifiers, etc.

Filamentous bacteria are a special type




Wastewater Biology

In biology, nothing is clear, everything is too
complicated, everything is a mess, and just when
you think you understand something, you peel off a
layer and find deeper complications. Nature is
anything but simple.

Richard Preston

Author of The Hot Zone and The Demon in the
Freezer



Phosphate Accumulating Organisms — Low/No DO Conditions

Phosphate

Magnesium

Using Energy

Adenosine Tri-Phosphate
Bio-battery for energy storage

TR 0
0'P|00 0'1>|o 9 0'1>|0
..... (o} O O
VFA . ‘
\ T Volatlle. OH OH
Fatty Acids

Y/ /7 E




Phosphate Accumulating Organisms — with DO / Nitrate?
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Nitrifiers
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Mixed Liguor Suspended Solids (MLSS)

Groups of bacteria
aggregated together is
called a floc

A group of flocs
suspended in a

is called Mixed Liquor
Suspended Solids (MLSS)

wastewater aeration tank

J




X = Suspended Solids

Xy s = MLSS (mg/L)

MLSS

Xras = RAS SS (mg/L)







Activated Sludge Process
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3 Handles for Activated Sludge Process Control

e Aeration Tank e Aeration Tank e Final Settling
Operation and Final Tank
Settling Tank Operation

Operation
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The 2 Required Functions of a Settling Tank




Key Performance Indicators — Setting Tank




SVI

SVI is a measure of sludge settleability

SVl is the volume occupied by a unit mass of sludge

SVI = 30-min. settleometer volume (mL/L) / MLSS Concentration (mg/L) x 1,000

Good < 125; Fair 125to 175; Poor >175




Surface Overflow Rate (SOR)

SOR = WW Flow (Q,,,) / Clarifier
Surface Area (SA) = gal / day / ft? or
m3/m?/day

But, looking at it a different way ->
(ft3 / day) / ft2 = ft / day -> velocity

So, SOR is the upward velocity of the
water entering the clarifier

The allowable SOR depends on MLSS
settling velocity — design standards
typically 800 to 1,200 gpdsf (33 to 50

3/m?2
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* Flow (or Volume) x Concentration = Load (mass)
* Mgal x mg/L * 8.34 = Ibs.

* MGD x mg/L * 8.34 = |bs./day

* m3xmg/L/ 1,000 = kg

* m3/day x mg/L/ 1,000 = kg / d




Solids Loading Rate (SLR)

SLR = MLSS Flow (Q,,,, + Qras) *
MLSS Concentration (X, ss) / Clarifier

Surface Area (SA)

Quw T Qras,
SLR is reported as |bs./day/ft* or Xuiss
kg/d/m?

SLR is the solids load applied to the
clarifier

QRAS, XRAS

The allowable SLR depends on the
compaction of the MLSS -> SVI —
Design standards 35 to 50 ppdsf (170
to 240 kg/d/m?)
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Solids Loading Rate (SLR)

SLR = MLSS Flow (Q,,,, + Qras) *
MLSS Concentration (X, ss) / Clarifier
Surface Area (SA)

Quw + Qras Xras

SLR is reported as Ibs./day/ft? or
kg/d/m?

SLR is the solids load applied to the
clarifier

QRAS, XRAS

If SLR > Qgas * Xgag ;Sludge blanket
rises
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Solids Loading Rate (SLR)

SLR = MLSS Flow (Q,,,, + Qras) *
MLSS Concentration (X, ss) / Clarifier
Surface Area (SA)

Quw + Qras Xras

SLR is reported as Ibs./day/ft? or
kg/d/m?

SLR is the solids load applied to the
clarifier

QRAS, XRAS

If SLR > Qgas * Xgag ;Sludge blanket
rises
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Solids Loading Rate (SLR)

SLR = MLSS Flow (Q,,,, + Qras) *
MLSS Concentration (X, ss) / Clarifier
Surface Area (SA)

Quw + Qras Xras

SLR is reported as Ibs./day/ft? or
kg/d/m?

SLR is the solids load applied to the
clarifier

QRAS, XRAS

If SLR > Qgas * Xgag ;Sludge blanket
rises
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Solids Loading Rate (SLR)

SLR = MLSS Flow (Q,,,, + Qras) *
MLSS Concentration (X, ss) / Clarifier

Surface Area (SA)

Quw + Qras,
SLR is reported as Ibs./day/ft? or AuLss
kg/d/m?
SLR is the solids load applied

rises
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Sludge Blanket Variability is Normal

* Deep clarifiers (design) and maintaining shallow sludge blankets
(operation), maximizes the available depth for the sludge blanket and
increases clarifier reliability.

* Benefits of a shallow blanket:

. Keeps MLSS in the aeration tank

. Minimizes floating sludge due to denitrification
. Minimizes effluent phosphorus



(Qww + Qras) X Xyrss = Qras X Xras

Quw + Qras, Xmiss Quw = Quas, Xe

- — >

O*WAS, XRAS

QRAS, XRAS



Degree of Thickening Achieved

XRras (wa + QRAS)

XMLss Qras
Cras = Return Ratio (RR)
Quww

Xpas (1 + RR)

XmLss RR

Quw + Qras, Xmiss

[
»

v/

QRAS, XRAS



Degree of Thickening Achieved

o B, T
0.25 Xaas = 5 X Xpiss
0.33 Xans = 4 X Xpiss _
0.50 Xaas = 3 X Xpiss

1.0 Xras = 2 X Xpiss \v/
1.5 Xoas = 1.7 X Xy

QRAS, XRAS

\ 4




RAS Flow

Quw + Qras, Xmiss

Quww X XpyLss

Qras =
(Xas =) ]
The RAS flow rate required for a particular ww flow and MLSS
concentration at a RAS SS concentration it is believed can be \v/

achieved.

\ 4

QRAS, XRAS



Capacity

Qras X (Xras — Xyiss)

Q Ww — Quw + Qras, Xmiss
X MLSS

The capacity of a clarifier for values of RAS flow rate and MLSS
for a RAS SS concentration it is believed can be achieved.

\ 4

.
\‘-.l.-'/

QRAS, XRAS




Allowable Solids Loading Rate

Gq

_ Qras X (Qww + Qras)

A

Quw + Qras, Xmiss

[
»

v/

QRAS, XRAS



How to Determine G,
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Correlations with SVI
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Sludge Wasting Purpose

Achieve
treatment
goals

Meet target
operating

parameters
)




Key Performance Indicators — Sludge Wasting




o Fvery organism has a
- T regeneration time
, e for organism to proliferate
T — & SRT>Regen Time
5 o Washout is when
SRT< Regen Time

~

What is SRT? Regereration . Regeneratin

* The length of time the bugs are held in the system
e SRT is 5 to 30 x hydraulic retention time (HRT)

* Related to the regeneration time of the organism of
interest

* Target SRT depends on the type of bacterium that needs to
be retained (and Temperature)




SRT required for nitrification

16.0 A

=
N
(@)

operating SRT with sarety 1actor

Min. SRT

-~
o

Nitrification SRT, d
(@]
(@»]

Operating Range ,
>

Change SRT by changing :
wasting rate gradually
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0.0 .
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Temperature, °C

25



What is SRT?

SRT = Mass of MLSS / Mass of Sludge Wasted

e SRT. — XMLSS X Vaeration tank
TOT ™ (QwasxXwas+QuwXxTSSefy)
e SRT — XMLSS X Voxic tank
OX ™ (Qwas*Xwas+QuwXTSSesy)
X XV i
. SRTAX — MLSS anoxic tank

(QwasxXwas+QuwwXTSSeff)
SRT = MCRT = CRT




SRT = Mass of MLSS /' Mass of Sludge Wasted

SRTTOT — XMLSS X Vaeration tank
(Qwas*Xwas )
SRTOX — XMLSS X Voxic tank
(Qwas*Xwas )
SRTAX — XMLsS X Vanoxic tank
(Qwas*xXwas )

SRT = MCRT = CRT



SRT Cause & Effect
Function | SRTislow/toolow | SRUishigh/toohigh

MLSS MLSS is lower MLSS is higher

MLVSS (%) MLVSS is higher MLVSS is lower
Nitrification Incomplete nitrification -
Settleability Fair to poor Fair to poor

Sludge production More sludge is produced Less sludge is produced
Phosphorus removal Lower in effluent Higher in effluent
Energy Usage Less energy is required More energy is required

Clarifier SLR Lower SLR Higher SLR



Conventional Plug Flow, Step Feed, Complete Mix —3 to 15
days

Extended Aeration — 20 to 40 days
Oxidation Ditch — 15 to 30 days
Sequencing Batch Reactor — 10 to 30 days

Target SRT




* Operate at minimum SRT required to achieve treatment
goals

* Waste as frequently as practical; continuous, 1/hr, 1/shift,
1/day

e Adjust seasonally with temperature and treatment
requirements

SRT Control

* Adjust gradually — no more than 10% at a time spread out
over several days or weeks
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Aeration Purpose

Creates the proper

environment for
growth of bacteria

)

Maintains bacteria
in contact with the
wastewater (food)

/




Key Performance Indicators - Aeration




DO and Reaction Rate

D.O. AN Reaction AN D.O. A : Reaction =

qmax
BOD removal

Substrate Utilization Rate, q

0.5 1.0 15 20 25 3.0 0, (mg/l)



DO and Aeration Efficiency

<

AX

Aeration Efficiency

o

MLSS DO Concentration DO

o

sat



Aeration Calculation %///



Actual Oxygen Requirement (AOR)

BOD: + 1.0 to 1.5 |bs. O,/lbs. BOD,, ., depending on T and SRT

Nitrification: + 4.6 |bs. O, / Ibs. ammonia-N nitrified

Denitrification - 2.3 Ibs. O, / Ibs. nitrate-N denitrified (credit)




Standard Oxygen Requirement (SOR)




Oxygen Transfer Efficiency




1.8 1 | 1 T T TTTTl T 1
& 16 |
Example § 1af
o 1.2F
]
* Q=1MGD g 10r
& pak 30C
* WW cBOD, = 150 mg/L E g’ ,
E 0Bk 10°C Domasiic Wasigwalar S
° = = = bbbl
Eff = cBOD, = 10 mg/L E l}.d;- COD/BODs = 16 - 2.0
* WW NH;-N =40 mg/L & 0.2 | TSSE0D, = 0.4 - 1.2
* Eff = NH;-N =1 mg/L = I I T T S T N NN T -

04 06 10152 3 46567810 15 20 3040
* SRT =20 days

e Depth =15 ft. SRAT, days

* No denitrification



AOR

1 MGD x (150— 10) mg c¢BOD./L x 8.34 x 1.2 lbs. 02/Ibs. ¢cBODs= 1,501 [bs. O, /day

1 MGD x (40 — 1) mg NH3-N/L X 8.34 x 4.6 = 1,535 lbs. O, /day

AOR = (1,501 + 1,535) lbs. O, /day = 3,036 lbs. O, /day = 127 [bs O,/hr



Mechanical Aerators

SOR = 127 [bs. AOR /hr + 0.55 = 231 |bs. O, /hr

231 [bs. O, /hr + 3 [bs. O,/hp-hr = 77 hp

T/oo| 1o | 15 | 20 | 25
10 63 67 71 75

15 66 70 75 80
20 67 72 77 384
25 67 73 79 87

(77 hp — 67 hp) x 0.75 kW/hp x 24 x 365 = 65,700 kWh/yr potential savings



Diffused Air — Oxygen Demand

SOR = 127 [bs. AOR /hr - 0.4 = 318 [bs. O, /hr

SOR = 318 [bs. O, /hr x 24hr./day = 7,632 [bs. O, /day

SOTE = 15 X 2% = 30%

Qair = 0.04 scfm/Ibs. O,/day x SOR / SOTE = 0.04 x 7,632 + 0.3 = 1,018 scfm

WP = 1,018 scfm + 25 scfm/hp = 40 hp



Diffused Air — Mixing

15 scfm / 1,000 ft3 for fine bubble

For a 750,000 gal. tank (100,000 ft3) -> 1,500 scfm

WP = 1,500 scfm + 25 scfm/hp = 60 hp



Summary
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