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Development:or: Diological: treatment pri

0 Ardernand Locket

Aincreasing river pollution problems in England

Aneedof coordinated solutiorg 1865Royal
Commissioron RiverPollution

Aimpoprtanceof microbial processes
Frankland Dunbar Winogradskii

Ause of soimicrooorganisms, csewagefarmsi
Arole of oxygenaerdion ¢ Fowler

1865:RoyalCommissioron

RiverPollution

Inspired byPasteuf) &search on
functional groups of
microorganisms
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Dunbar, W.P. 189t

DieBehandlung stadtischer
Abwaéasser mit besonderer
Berlicksichtigung neuerer
Methoden,
DtschVierteljahresschr
offentlicheGesundheitspfi31,
136¢218.

A Systematic studies |
[ l Aatior
A Identified the first
nitrifiers
A generaNistrosomonas
and Nitrosococcus

A genusNitrobacter
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of the Manchester City Council

A 1899 superintendant ahemist Manchester
Corporationsewagenorks

A 1912trip to do LawrenceSewageExperimental
Station, USA

A 1916 Professor of Applied Chemi¢Bjochemistryat
the Indian Institute oScience, Bangalore

CiLASS SIIC. RE PRI NTSERIES

SEWAGE WORKS

TABLE OF CONTENTS.
ANALYSES

—_——

CHAP, PAGE
EICATION PROCESSES . . I

L. THE DETERMINATION OF ABSORBED OXYGEN . 2I
11I. THE DETERMINATION OF AMMONIA . - - 38

IV, THE DETERMINATION OF NITRITES AND
[34

NITRATES

V. THE DETERMINATION OF DISSOLVED OXYGEN . 75

¥i. THE DETERMINATION OF CHLORINE, ACIDITY J)
AND ALKALINITY, AND IRON COMPOUNDS . 86 John fowler

AND SUSPENSION . . > . . 10T
¥UL__THE ANALYSIS OF GASES FROM THE SEPTIC

TANK AND FROM BACTERIAL FILTERS . . II2




14/05/2015

A Experimentsnspireadoy Fowle

T.Lockett employee ofRives Committee of
the Manchester Corporation

A 1913¢ lab/scale experiments ddavyhulme

A Evaluation ocbxygendemandand full
nitrification
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Ardern

Major E. Moore Mumford

one of Prof. Fowler's co-workers.

SR | ockett

A Finepubble aeratiol
Aa! OGA O GSR af dzR3ISé¢ a¢

A both dfill-and-drawdsystem (SBR) and
separated sludge sedimentation with
continuous sludge recycle

A Experiments with wastewater from different
plants thanDavyhulme

Ad Y20 A -8SOILIAS 2dzy A § €
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Manchester pilot plant, 14 Febr, 1914

experimental plant

aeration tank

1. Aeration of water in presence of
microorganisms

2. Removal of biomass from the treated
wastewater

3. Recycle of the separatddlomass back
to new wastewater
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ArdernandLockettreterred about their experimen
form year 1913 at the meeting of the Society of Br
~lhhAarm ~ [ ~ 1 ~ Hote

0 A0 | 0

0 afa'

Mancheter
Followed by three famous papers:

Anrdern E. Lockett W.T. (1914axmsriineinion the Oxidistiomof
Sewagawithout the Aid of Filters J. SodcChem Ind., 33, 523.
Aardern E. Lockett W.T. (1914bExperimentson the Oxidationof
Sewagevithout the Aid of Filters Part Il. J. So€hem Ind., 33,
1122.

Ardern E. Lockett W.T. (1915Experimenton the Oxidationof
Sewagewithout the Aid of Filters Part Ill. J. So€hem Ind., 34,
937.

A Transfer of technology to overseddSA, Indi,
SouthAfrica, Austalia)

A Clogging problems with fine bubble ceramic
aerators

A Development of mechanical aerators
(Haworth, KessenermBolton)
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1934include Cleveland $85,000, Houston
$75,000,IndianapolisF73,000. San Antonio
$58,000,Columbus$40,000,Peoria$23,000,
CubaMo. $80.

A Patent claims oActivatedSludgenc. led
gradually to closing of existing plants, the n¢
plants were postponed till patent expiration

A Further delay because dforld Warr ||

%’
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Application of chemical engineering
approaches

A Octavel evenspiel

Chernited Regetion Enginmesrinyg

A Methods of reactor engineering, e.g.,
A Hydraulic regime and measurement o
hydraulic characteristics

A Reaction kinetics and stoichiometry,
conversion equations ,
A Parameters like sludge age, loading, ¢

A Filamentous bulking becoming the most urgent
problem

A Study of the causative filamentous microorganisms
and their morphology and physiology

A Problems with detergent foams replaced iiplogical
foams

A 1969¢ oMilwaukeeMysteryd

14/05/2015
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A Competition for organic substrate betwe@®M\O a
GAOQOIn bio-P removal systems

A Water Environment Research
Vol. 65, No. 5 (JWAug., 1993), pp. 69692

Competition between PolyP
and non-PolyP bacteria
in an enhanced phosphate removal system

Jakub S. Cech, Petr Hartman, Jigi Wanner

@ Pergamon War. Sci. Teek. Val. 30, No, 11, pp. 159-169. 1994.
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ACTIVATED SLUDGE POPULATION
DYNAMICS

Jirt Wanner

Prague Institute of Chemical Technology, Depariment of Water Technology and
Environmental Engineering, Techuicka 5, CZ-106 28 Prague 6, Czech Republic
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ASPD specialist group toundet

SPECIALIST GROUP ON ACTIVATED SLUDGE POPULATION DYNAMICS
Chairman : Prof. Dr. Petr Grau
O\ fiemsraiy Secretary: Prof. Or. Jifi Wanner
PRAGUE INSTITUTE OF CHEMICAL TECHNOLOGY
Department of Water Technology and Envirnmental Engineering
166 28 Prague 6, Suchbitareva 5, Czechoslovakia

NEWSLETTER OF THE GROUP

Vol. 1, No 1, March 1989

Nowthe group is called
Microbial Ecology in Water Engineering

g1\

o
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Activated Sludge - 100 Years and Counting

| Jiri Wanner
and David Jenkins

1 June 2014 Price:
464 pages. £135.00/ USS 243.00/ € 182.25

IWA members price:
£101.25/USS 182.25/€ 13669

current activated Siuage Proce

specially formed blades

A Continuous measurement of basic process
parameters and constituent concentrations

A Use of basic mechanistic models like ASM1 for
process control
A High and stable effluent quality

14/05/2015
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Current activated Sluage proce

- Corridortype basins with separated
reaction zones, individual zones
compartmentalized in order to approach
plug-flow

- Regeneration zone with nitrification
bioaugmentationin-situ for processing
reject water from sludge digestion

14/05/2015
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i, s
WWTP Usti WWTP Pilsen
Current activatet Sludge proce
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Current activated Sludge Proce

COR, < 40 mg/l
NroTaL < 10 mg/l
from it N-NH, 1¢2 mgll
from it N-NG; <7 mgll
ProTaL <1mg/l*

*) when there is enough readily degradable COL
in wastewater

A Activatedsludgeseparation by using membranes
with the reuseof treated wastewater

A The solution of problem of competition for
organic carbon betweedenitrifiersand PAOs
e.g., by better management of storage products

A Stabilization of nitrification
T In-situ bioauamentationof nitrification bacteria
T Combination withbiofilm cultivation

14/05/2015
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A Combination of activated sludge process with
chemical omphysicachemical processes fro
the removal of specific organic pollutants like
residual of hormones, medicals or even illegal
drugs

A To maximize the use @org preferablyin nonaerated
zones to avoid simple oxidation with oxygen to carbon
dioxide

A To prevent penetration of air oxygen through water
level to activated sludge in anaerobic and/or anoxic
zones

T Biological foam
T Surface cover

14/05/2015
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by-pass sludge J_‘ﬁ
03 lh ‘Igl recycle BAH

041th

Figure 2. M-Dephanox plant process flow diagram. Identification: 1 - twin anaerobic reactor—
sedimentation tank, 2 - nitrification reactor with plastic medium, 3 - anoxic reactor (pre-
denitrification reactor), 4 - anoxic reactor. 5 — sedimentation tank, 6 - nitrification reactor with
plastic medium, 7 - peristaltic pump, 8 - electro-mechanical agitator, 9 - centrifugal pump-agitator,
10 - air-supply mains, 11 - plastic medium 50% of the volume.

A Fixation ofnitrifiers into permeable carriers,

e.g.,capsule SY G4 A Yl 0 Wa

14/05/2015
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Prirmary
clarifier,
Backwash water |
Retumed sludge | etharal
|
=
e W ! DN
! .gccr@ ) filter 1w
I =le b erdte 4 Se‘cm}dary
H Cg clarfer
G I
A I O |
! HO 1t

& Sampling point

nitrification bacteriag bioaugmentaion in-situ
¢ suitable for AS system with regeneration
zone

A Removal of ammonifrom reject waterby
partial nitrification and denitrification
¢ use of granulated biomass
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ANAMMOX

(ANaerobicAMMonium OXdation)
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ANAMMOX

(ANaerobicAMMonium OXdation)

Elemental Treated water to the
nitrogen (N,) pre-settlement tank
Sludge digester effluent Mixture of (low concentrations of
(ammonium-rich) ammonium and nitrite NH3, NO3, NO3)
Q ® o oY
O o o)
5 9 & ‘e 5
J 4 O O
. NH; = NO; S
° > a0 S e NH; + NO; = N,
Aeration (O,) Q)C\Lj) <
( x _—) No oxygen

Fig. 2: The anammox process.

Sharong Anammoxproces

*
@ Hydrocyklon

VZdllCh Blower

Cyclone

- NV
e e

3 NP
L [ bl \

Piebytecny "kal"

| l | ¢ ! DEMON
effluent
Centrate

Fugét Feed pump OdtOk

®_X VYVVYVVVY
*) selektivni separace tézSich
DEMON reactor granuli anammox
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DEPARTMENT OF
WATER TECHNOLOGY
AND ENVIRONMENTAL

ENGINEERING

|
210 m¥d -
160 kg N/d ggg
Bypass (ca. 30 %) - v

st tdadl s i i ¥ 4
1
o g /g o :
[ e \ / c;zz o
| - i
‘ ‘Aeration Aeration
e 100}
Cn =600 mg/l |
3 Degasi-
’ Nitritation/Anammox fication |
VvV =102m?® V =67m? V =67m?
Acr=20.400 m? || Aon = 13.400 m?| A...=13.4oom=
0,=0-4mgl |[0,=0-3mgll || O, =4mg/ 2
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Performance (1) B2 Ruhrverband

Inflow/Outflow Deamm. Hattingen

mg/i

--#--N-Outflow in mg/l —e—N-Inflow in mg/|

01.01.2013 11.04.2013 2007.2013 28.10.2013 05.02.2014 16.05.2014 24.08.2014 02.12.2014
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; Deammonification reactor
1CS/Measuring probes (SBR, 134 m?,
O,, pH, temperature, intermittent aeration)
level conductivity, level, Cyclone
.......................................... redox poten!ial e g"“"":
‘XF e
s BASNN Vo 5
i Sludge liquor i H EB i
MIN e i
supply %= )| Decanter
T %Ot ] ' i
Storage tank ' | |
(130 me) ; i@ o |
L |t ‘i. ! Stirrer @}@ L] _,,Em?em
Influent from Eccentric sefew Aeration X—®
chamber filter pumps plates !
press Q:O
O-oni2 :
Aeration/Fan '
Surplus activated
Recuperator sludge effluent

Demontypu SBR se-selektivni sepa@meammoxovyclgranuli
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Operational results at Plettenberg B2 Ruhrverband
2 Animpfen R
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Aerobic zone: —
- biological oxidation 1. mm
- ammonium oxidation to nitrate
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NEREDA granularsludge

wordenfeenvoudigwegimeerdere Nereda-tanks parallel gebruikt
- en‘omvYde'beurt met afvalwater gevoed.

Simultaneous removal of org. C, N & |
plus PROGP

AExample of possible solution:
WWTPSchwertec combined AS
process with chemical treatment by
ozone and physical sorption of
ozonation products
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porcessn its 24 century

A The effect of new legislation, e.g., concerning the
removal of PPCP from wastewater

AL YLINE @SYSVG 2F (KS lj dzl
connection with its reuselack of fresh water
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