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Who is the lecturer
Why wastewater treatment

Composition of wastewater
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Literature

JRC SCIENCE FOR POLICY REPORT

Best Available Techniques (BAT)
Reference Document for Common
Waste Water and Waste Gas
Treatment/Management Systems in
the Chemical Sector

Y GUC

. Goeman Usiverslty in (e

Industrial Emissions Directive

2010/75/EU
(Integrated Poliution
Prevention and Control)

Thomas Brinkmann, German Giner Santonja,

Hande Yikseler, Serge Roudier,
Luis Delgado Sancho

2016

EUROPEAN COMMISSION

Reference Document on Best Available Techniques for

Energy Efficiency

February 2009

Losses in Losses in
transfo mation fina use

Process heat

Direct heat

Secondary
eneny

Motive force

Final energy

Hllumination

Others

Links to documents of all branches (for free) under

http://eippcb.jrc.ec.europa.eu/reference/
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Grading
Activities Percentages
Final Exam 50%
Midterm Exam 30%
Quizzes-Seminars 15%
Assignments 5%

Further details will be reported as soon as possible.

/0 QHQ 19 September 2018

Dr.-Ing. Olaf Sterger, Berlin
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Water on earth...

Hateron carh % | Total share of fresh water...
e = Groundwater, 0,9030%
o j\\ S o Lakes] 0,0010%
N o Rivers, 0,0002%
\Swamps 27, (Ba
Lakes 11, 0%
...and vulnerability and
rehabilitation time of the

most important fresh water
bodies (drastically simplified)

Rehabilitation

Shielded? |[time in case of
0 pollution
Groundwater| By soil very long
Lakes No long
Rivers No short
/Oﬁng 19 September 2018 Dr.-Ing. Olaf Sterger, Berlin 07




Tl
Why wastewater treatment?

Many purposes for a body of water:

* water supply for drinking,

e water supply for industrial and commercial purposes,

* irrigation,

* fishing,

* swimming, recreation, etc.
All need good and clear water!
Discharge of untreated wastewater devalues water bodies.
Expenditure for water supply will raise sharply, diseases may occur
and so on.
Otherwise, wastewater treatment eliminates pollutants before they
can be discharged into the water. Thus, the self-cleaning power of

the waters is secured at a high level.

GUC
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Tl
Why wastewater treatment?

Proper wastewater treatment leads to a situation, where all uses of
water can be realized without extensive pretreatment.

In addition, because it is much more simpler to remove pollutants in
high than in lower concentration, the removal of pollutants before
discharge into a body of water is always much more economical than
the removal of pollutants from raw water, which was taken from a
contaminated water body. For instance: Organic pollutants don't
have been eliminated by a WWTP close to the source but were
discharged into the water body. Than one needs a lot of treatment
steps including granulated active coal in order to win potable water
downstream.

GUC
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Self-cleaning power and tipping points

The self-cleaning power of the waters is a free service of nature. Unfortunately, it
does not work if the tipping point of pollution has been exceeded.

4 Additional

m .

5 v discharge Turning point of pollution
g exceeded, water quality
u— deteriorates!

O

E """"""" T ST o . t """""""

< IPPING poin Load below turning point

of pollution, additional
loads can be absorbed
because of self-cleaning
without deterioration of

Timé water quality!
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Water and wastewater treatment operations

Coagulant

L.

Hir i

- Minine .

r Flocculation Sedimentation Filiration

] kil Clear well
Raw » ‘
waler * ‘
Traveling
screen
Filter press 3 Distribution
e ( J:l sy
Filtrate |

Pumyps

Conditioning
arent

Sludze cake

Rapid sand filtration water treatment plant
from DROSTE, 1997, p. 215
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Water and wastewater treatment operations

Bar

rack Primary Ssatitditn Ullraviolel
Grit chimher clarilier At Alr i conlavl
x I l clarifier Shambsr
L J 2
== A%
Inllucnt —P= — l—> = R [FH = I —_—
A »|° y o |=25% | —3 — | = — Llfluent
© L I
A a5 > % a
Waste " Aeratinn L
27l basin
=] v
=1
& B Sludge
= & L('\J
7.
> B
Thickuaer
1: Thickener CH,
‘ supernatant Anaerubic
. digester
ﬁﬁﬁﬁﬁﬁ = i i
Vacium
Thickened filler
< . "-.\\
studge Digested . £

e :, sludge "'\\ﬂ

Dewatered
sludge

Activated sludge plant for domestic wastewater treatment
from DROSTE, 1997, p. 222
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Polluting substances in communal wastewater

In order to design the unit operations for wastewater treatment
properly we have to know what kind of pollutants we face.

* Leftovers (meat, fish, edible fat, cooking oil, vegetables and so
on),

* feces (excrements), urine,

e bacteria, viruses,

e protein, sugar, salt,

* sand, gravel, silt, clay,

e pieces of wood,

e plastics, paper,

* cosmetics,

e drugingredients and so on

/{) GH‘CM 19 September 2018 Dr.-Ing. Olaf Sterger, Berlin 13
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Lab analysis of communal wastewater

1. Step: Examination of the homogenized sample

PP i The sample with all substances in it
will be mixed.
. Heating Rate Even swimming substances like oil
Magnetic Stiring Bar [ Adjustable Knob
or solids like pieces of meat or
wood are homogenized.
The homogenized sample will be
examined for BOD, COD, and so on.

Stiring Speed
Adjustable Knob

/0 QHQ 19 September 2018 Dr.-Ing. Olaf Sterger, Berlin 14
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Lab analysis of communal wastewater

2. Step: Separation of suspended solids

International convention between all
water and wastewater specialists:
Suspended Solids are, what is
retained by filter paper with pores of

45 pum.

Filtrate

/O G UC 19 September 2018 Dr.-Ing. Olaf Sterger, Berlin 15
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Lab analysis of communal wastewater

3. Step: Further investigation of the filtrate (liquid phase)

The liquid phase of the sample will be examined for
BOD, COD, and so on.

4. Step: The filtrate will be evaporated in a lab oven at a
temperature of a little more than 100°C.

What remains is the so called Total Dissolved Solids

(TDS). These includes particularly all kind of salt (and
sometimes possibly sugar).

Evaporating
Dish

/\ Water
Evaparating

salt solution salt

Heat

/{) QQLJC,“ 19 September 2018 Dr.-Ing. Olaf Sterger, Berlin
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Lab analysis of communal wastewater
5. Step: Further investigation of the suspended solids

a. The solid phase of the sample of step 2 will be
evaporated at about 100°C in a lab oven. What remains
after evaporation will be weighed. This mass are the so
called Total Suspended Solids (TSS). They consist of
sand, gravel, as well as organic particles like pieces of

wood, vegetables, meat, carbonaceous compounds (eg.
plastics) and so on.

=> (] [|=2

Filter of a known mass Finlter of a known mass
(Mgy,.,) With mass of e “"“_h mass of suspended
suspended solids (Mgs) Ovenat 103 °C solids (Mgyeer T Mss)
and water (M)

(Mss) = Mgger T Mss) - (Mgirer)

/0 QHCM 19 September 2018 Dr.-Ing. Olaf Sterger, Berlin 17
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Lab analysis of communal wastewater

5. Step: Further investigation of the suspended solids

b. After weighing the TSS they will be burned in a lab
oven at about 550°C. All organics burn down. What
remains are the so called Non-Volatile Suspended
Solids (NVSS). They include only inert material like
sand or gravel.

e | Kl

Hilcsst i B a e Flll'[lﬂ ofa kn‘oxm mass
with mass of suspended with mass of non-

G 4 = volatile suspended
solids (Mg + Mss) Furnace at 550 °C solids (Mg + Myvss)

(Mxvss) = Mggeer T Myvss) - (Mgieer)
(Myss) = (Mggrer T Mgg) - (Mgyer T Myyss)

Q}J‘,Cm 19 September 2018 Dr.-Ing. Olaf Sterger, Berlin 18



Lab analysis of communal wastewater

5. Step: Further investigation of the suspended solids

c. Laststepis the calculation TSS minus NVSS. This must
be the Volatile Suspended Solids (VSS), which have
been burned. They consist of pieces of wood,
vegetables, meat, carbonaceous compounds (eg.
plastics), algae, proteins, and so on.

What is organic material?

All substances which include carbon we call organic or
carbonaceous.
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What is BOD?

Biological Oxygen Demand in 5 days (BOD.)

1. The wastewater —— : -
. . Oxidation of NH,-N is suppressed by addition of
sample is mixed with :
_ allylthiourea.

oxygen-rich water.

2. The now present The picture 2, 3 an 4 are not 100% correct: No
content of dissolved air remains after filling with oxygen-rich water .

995 oxygen is measured. The bottle is filled completely!

3.| T=konst. Sample is sealed and stored
at 20°C. Bacteria decom-
pose organic ingredients,
thereby consume oxygen.

i, Content of dissolved oxy- Resulting BOD:; in this example:
gen is measured again after mg mg mg
5 days. BOD. is thg Diffe- 9’ g5 = _— 4_, 25 <= = 5’ 7 —=
rence to the starting value. l l l

http://www.wasser-wissen.de/abwasserlexikon/b/bsb.htm

/0 G UC 19 September 2018 Dr.-Ing. Olaf Sterger, Berlin 20
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Degradation of BOD @ 20°C (idealized curve)

Starting BOD BODO 100,0 mg/| first-order reaction:
Degradation —kq xt
. 2 — * 1
coefficient ky 0,25 BODt BODO €
Elapsed BOD (t)
Time
od 100,0
1d 77,9 BOD (t)
2d 60,7 100,0
3d 47,2
4d 36,38 20,0 The bigger the number of k, the
5d 287 BODs | 500 5 quicker BOD will be eliminated.
6d 22,3 .
7d 17,4 700 In communal wastewater which
o =2 600 is normal polluted the BODy is
10d 8,2 50,0 R about 30% of BOD,. With other
11d 6,4
d 5.0 40,0 words: After 5 days about 70%
d , ¢ H
13 3,9 300 12 of BOD is removed.
14d 3,0 B
15d 2,4 *
16d 18 200 N
17d 1,4 10,0 S 2 ~
18d 1,1 MR e
19d 0,9 0.0 ‘ —-¢
0od 5d 10d 15d 20d

20d 0,7 BOD,g

/{) GUC 19 September 2018 Dr.-Ing. Olaf Sterger, Berlin 21
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What is COD?

Chemical Oxygen Demand (COD)

H,SO,
Ag*t

|

K,Cr,O,

50 ml

Sulfuric acid, silver ions (as
catalyst) and potassium
dichromate (oxidizing
agent) are added to the
water sample.

e

Cooling
water

The sample is boiled for 2
hours at 148°C. Organic
material will be oxidized.

") Among other things, products
~  are water and carbon dioxide.

Before

After

After cooling not consumed
oxidizing agent will be mea-
sured by titration. The consu-
med K,Cr,0, can be calcula-
ted. The result is the COD,
expressed as oxygen demand.

SUC

German Usivrsty n Cary

19 September 2018

Both shown methods of lab
analysis (BOD and COD) de-
scribe the old conventional
measurements. Nowadays BOD
and COD are measured in smar-
ter way by sensor equipment.

COD oxidizes all carbonaceous
substances (K,Cr,0, is a strong
oxidizing agent). BOD only
oxidizes substances, which
bacteria are able to consume.
BOD reflects the possibility of
biological degradation.

Dr.-Ing. Olaf Sterger, Berlin 22
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Relationship between COD, BOD, and solids

Measurement values Calculation
[ Total COD = Total COD
_______________________________________ - Total BOD
e - T e T
7= = COD soluble
| Total BOD = ~BOD soluble
y I T
[ Soluble COD } ---------- ~ -COD soluble
Total COD »‘ - BOD particulate
[ Soluble BOD ‘ = Total BOD
% ‘ - BOD soluble

Bi le COD
lodegr(gggg e CO Non-degradable COD

Soluble Particulate Particulate Soluble
biodegradable COD biodegradable COD non-degradable COD non-degradable COD

Volatile ['=T1ss
Suspended Solidsre ‘ -NVSS

Total
Suspended Solids

A

Total Suspended Solids

Non-volatile
Suspended Solids

Non-volatile
Suspended Solids

samplg
Leillraiain Relationship between COD and solids: |

sample 1 g Volatile Solids ~ 1,45 ... 1,48 g COD
filtrated

/a GUC 19 September 2018 Dr.-Ing. Olaf Sterger, Berlin

Geeman University in Cave.
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ClIW 703 Water and Wastewater Treatment

What is TOC?

Total Organic Carbon (TOC)

Particulate
Organic Carbon
(POC)

Dissolved
Organic Carbon
(DOC)

/0 QH,,C,, 19 September 2018

Volatile
Organic Carbon
(VOC)

Dr.-Ing. Olaf Sterger, Berlin
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Relationship between COD, BOD, and TOC

Basically:

BOD < COD

For normally polluted domestic sewage applies :

BOD =0,5...0,8*COD

COD =2..5 xTOC

/0 GUC 19 September 2018 Dr.-Ing. Olaf Sterger, Berlin

Coman Usiversty i Cave
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Domestic Wastewater - averages

Population-specific
loads that fall below
85% of the days

(for normally polluted
domestic sewage)

Population-
Parameter specific loads Literature
in raw sewage

BOD:s 60 g/(P*d) ATV-DVWK-A 131

COoD 120 g/(P*d) ATV-DVWK-A 131

TOC 40 g/(P*d) LONDONG, 2009

TSS 70 g/(P*d) ATV-DVWK-A 131

TKN 11 g/(P*d) ATV-DVWK-A 131
NH;-N 8 g/(P*d) HABERKERN et al., 2008

P 2 g/(P*d) ATV-DVWK-A 131

/0 QHQ 19 September 2018

Dr.-Ing. Olaf Sterger, Berlin
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Population Equivalents in g/ (Ca-d)

Parameter

Raw sewage After primary sedimentation

Residence time in primary clarifier

0.5-1.0h 1.0-15h >1.5h

BOD,
coD
TSS
TKN
Prot

/a GH'C 19 September 2018

60 50 45 40
120 100 90 80
70 40 35 30
11 10 10 10
1,7 1,5 1,5 1,5

Dr.-Ing. Olaf Sterger, Berlin
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Development of activated sludge process

. ﬁ
Removal of organic compounds

(carbonecous substances)
aerobic

v

+ Nitrification

aerobic

+ Denitrification

anoxic aerobic

+ Biological
removal of
phosphorus

anoxic anaerobic anoxic aerobic

v

/a GH,,(}. 19 September 2018 Dr.-Ing. Olaf Sterger, Berlin 28
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Some important terms

Mass Concentration

Concentration is often expressed in terms of parts per million parts (ppm) or mg/L.
Sometimes parts per thousand (ppt) or parts per billion (ppb) are also used. The
concentration of solute X in solvent Y in ppm is

mass of substance xgofX
X ppm =
PP 106 gof (Y + X) DROSTE, 1997 - 5. 4

ppm =

mass of solution

Because 1 kg of solution with water as the solvent has a volume of approximately 1 liter,

m
1pptz1% 1ppmleg 1 ppb zl%
mg mg 1g 10001 g
1 = * * =1—
[ l 1 000 mg m3 m3 | —litre / L — load

/0 G UC 19 September 2018 Dr.-Ing. Olaf Sterger, Berlin
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. . ClIW 703 Water and Wastewater Treatment

Some important terms

Volumetric flow rate

| o 3600 s 4 v — Velocity in %
Qin o v h * A — Cross-sectional area in m?

Hydraulic Loading Rate (HLR)

3

m’ _ Q Q — Volumetric flow rate in mT
m* « h| A

'l m 'l
HLR in — |or in . ,
h A — Cross-sectional area of a reactorinm

Load (mass flow)

3

kg kg 10001 Q — Volumetric flow rate in =
Lin 5" Q * h

E3 X
1000 000 mg m® C — Concentration in %

/0 G UC 19 September 2018 Dr.-Ing. Olaf Sterger, Berlin 30

German Usivrsty n Cary
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Some important terms

Hydraulic Retention Time (HRT)

" 14 V — Volume of the reactor in m?
HRT inh = — 3
Q Q — Volumetric flow rate in %

Mixing of two streams (example by suspended solids)

flow stream A

800 m?/h _ resulting flow stream C
200 mg/l suspended solids 2 m¥h
? mg/l suspended solids
'
flow stream B /
200 m3*h

40 mg/l suspended solids

flOWstreamC = flowstreamA + flOWstreamB

/0 QHQ 19 September 2018 Dr.-Ing. Olaf Sterger, Berlin
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Some important terms

Mixing of two streams (example by suspended solids)

flow stream A
800 m?/h

flow stream B

_ resulting flow stream C
200 mg/I suspended solids 2 m3h
? mg/l suspended solids
>

mg Y
1—2=12
[ m3

(see Slides before)

flow st /

40 mg/l suspended solids

/

flOW stream A * SOlid Sstream A + flO/’" stream B * SOlidS stream B

solids stream C —

%WstreamA + f_éwstreamB

. 800— * 2(( }200— * 4(\/) (160 000 + 8 000)
solids streqgmc =

(800 + 200) 1000 2

h

: myg
solids streqgmc = 168 T

&

GUC

Coman Usiversty i Cave

19 September 2018

Dr.-Ing. Olaf Sterger, Berlin
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Have a good tlme in mad BerlmI

oo,
' #

/0 QMQ 19 September 2018 Dr.-Ing. Olaf Sterger, Berlin 33
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2"d Lecture

Sewage composition and flow
Types of kinetics and reactors
Mechanical wastewater treatment

/O GH(‘_:. 26 September 2018 Dr.-Ing. Olaf Sterger, Berlin
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Short repetition

Question emerged after last lecture: What is the difference between Hydraulic Retention
Time (HRT) and Hydraulic Loading Rate (HLR)???

Hydraulic Loading Rate (HLR)

m
HLR in E [or n

m3

m? = h

-

3
. . m
Q — Volumetric flow rate in -

A — Cross-sectional area of a reactor in m?

basically a speed

Hydraulic Retention Time (HRT)

HRT in h 4
inh= —
Q

V — Volume of the reactor in m3

3

Q — Volumetric flow rate in %

/0 GU C 26 September 2018

German Usivrsty n Cary

basically a time indication
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Correlation between BOD, COD and TOC

Substance Chemical structure BOD | COD | TOC
HO

fat CH— CHELCH%GCH=CH~IZCH55CH2—C%D v v v
HHHHH

sugar HCCCC-CC v v v
RAARR

alcohol e y y y

(here: ethanol) " OH

pesticide cl CLI

(here: O\\SJ%C' CoHeClgO3S x v v

endosulfan) 0l

sulfide o

(here: hydrogen | "~y X v X

sulfide)

/OQHC_, 26 September 2018 Dr.-Ing. Olaf Sterger, Berlin

The detectability
of substances by
BOD is a yardstick
of their biological
degradability!



. . ClIW 703 Water and Wastewater Treatment

Theoretical COD

How much is the COD of a solution of 200 mg sugar (C;H,,0¢) in 1 | water?

Hints to the oxidation reaction:

OXidation I‘eaCtionZ Cis always oxidized to CO,, usually the
reaction also creates water.
CeH.,Oxlr 6 O, 3> 6 CO, + 6 H,O

The number of atoms must be identical for
each element on both sides of the reaction

Atom WeightS: C= 12, = 1, O 16 equation.

Molecule weight of sugar: 6 -12 +}2\-1 + 6 16 = 180 g sugar

In other words: 1 'Mole sugar weighs 180 g

Oxygen demand for oxidation of 1 Mole sugar: 6 -2-16 =192 g oxygen

In other words: It needs 192 g O, to oxidize 1 Mole of sugar.

See GUJER, 2007

/0 G UC 26 September 2018 Dr.-Ing. Olaf Sterger, Berlin 4
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Theoretical COD

COD of the solution:

g CoOD
Lt Mol sugar g sugar
gsugar_* 200 3
180 i
Mol sugar

192 g COD Melsugar 200 gsugar
= * X
Molsugar 180 gsugar m3

See GUJER, 2007

/0 G UC 26 September 2018 Dr.-Ing. Olaf Sterger, Berlin 5
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Chemical Oxidation of some hydrocarbons

Petroleum Oxidation Reaction Regﬁﬁgﬁqnent
Hydrocarbon
(g O, per

g Contaminant)
MTBE C.H,O+ 750, — 5CO, +6H,0 2.7
Benzene CiHg + 7.50, =& CO, +3H,0 3.1
Toluene C,H.CH, + 90, = 7CO, + 4H,0 3.1
Ethylbenzene | C,H.C.H: + 10.5 O,—* 8CO, + 5H,0 3.2
Xylenes CeH4(CH,), + 10.5 O, —* 8CO, + 5H,0 3.2
Cumene CeH:C;H, + 120, = 9 CO, + 6H,0 3.2
Naphthalene CioHs + 120, —*10CO, + 4H,0 3.0
Fluorene CisHqo + 15.50, = 13CO, + 5H,0 3.0
Phenanthrene CiHi+16.50, = 14CO, + 5H,0 3.0
Hexane CeHis + 950, = 6CO, + 7TH,0O 3.5

Oxygen demand for chemical oxidation of some hydrocarbon compounds
from US EPA, 2004

GUC

Coman Usiversty i Cave
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Fractions of nitrogen in water / wastewater

Total Nitrogen (TN)

Total Inorganic Nitrogen \ ntal Organic Nitrogen (TON
Dissolved Organi Particulate Organi
Gaseous nitrogen Nitrite | Nitrate Ammonium IS,SO SR - .|cu SRR lE s
Nitrogen (DON) Nitrogen (PON)
Readily available for Must undergo
aquatic plant growth microbial degradation

Total Nitrogen bounded (TN,) Total Kjeldahl Nitrogen (TKN)

/a Qu,l_JmCm 26 September 2018 Dr.-Ing. Olaf Sterger, Berlin 7
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Sewage flow

Every city and every village has it own specifics — in wastewater composition as well as in
the discharge modes. Therefore measurement is needed before planning sewer systems or
WWTPs! However, there are some rules of thumb which maybe helpful.

The flow stream which enters the WWTP depends on the sewer system (separate or
combined sewer systems).

The sewage stream in a community normally follows the withdrawal of drinking water
from the public network.

The consumption of fresh water depends on a lot of factors (e. g. standard of living,
pricing)

There is a distinct course of the day, week, and the course of the year.

(day — night / working days — Sundays and public holidays / summer — winter)

We guess, that about 80...85 percent of the fresh water supply becomes wastewater
(difference: network losses, drinking water consumption).

Special events may influence the flow stream (e. g. final of world football
championship)

GHCM 26 September 2018 Dr.-Ing. Olaf Sterger, Berlin
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Sewage flow

Spuilanalyse fur den 15.Juli2018

$2500 4
50000 -
47500
45000 -
42500 4
40000
375004
35000 4
32500+
30000 +
275004
25000 +
225004
20000
175004
15000 4
125004
10000 +

i1
——
:
Effect of the final of
world football
championship 2018 on
sewage flow in Berlin

Spielbeginn 3
Spielende

'n“‘-‘-é-""-"

Haiton

Spiilanalyse in Kubikmeter/Stunde
-P - — — —

-
-~

—
5 4=

http://www.bwb.de/content/languagel/html/7338.ph

@_G uc 26 September 2018 Dr.-Ing. Olaf Sterger, Berlin
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Sewage flow

time flow flow in
percent

00:00:00| 415m3/h 2,77%
01:00:00] 340m%/h 2,27% flow in percent
02:00:00 325m*h|  2,17%
03:00:00 300m*/h|  2,00% 7% 7
04:00:00  330m*h|  2,20% | ° °
05:00:00 380m*h|  2,53% 6% - ® ®
06:00:00] 530m*/h|  3,53% ] °
07:00:00] 938 m3/h 6,25% 5% - LIN,_ ® e
08:00:00 892m3/h|  595% 1 ° g ®
09:00:00 930m*h|  6,20% 4% - o © ®
10:00:00] 880m°/h|  5,87% 1 ° Ps
11:00:00] 810m’/h|  5,40% 3% | o
12:00:00] 780m*h|  5,20% ® °
13:00:00] 785 m?/h 5,23% w1 @ e g @
14:00:00] 735m°/h|  4,90% ]
15:00:00] 650 m/h 4,33% 1% 1
16:00:00]  610m°/h|  4,07% ]
17:00:00]  630m’/h|  4,20% .
18:00:00_700m¥/h] __4,67% e O e e e e
19:00:00 770m3/h 5,13% @'9 659 @'9 659 @'9 659 @'9 659 @'9 659 @'9 659
20:00:00] 690 m3/h 4,60% & Q¥ Ne & Ng S N N NG N S A
21:00:00] 580 m°/h|  3,87%
22:00:00] 520m°/h|  3,47%
B Daily variations in dry weather runoff in a community with a
Average  625m*/h  417% total wastewater volume of 15000 m3/ d

Min  300mi/h  2,00%

Max  938m/h  6,25% See e. g. LONDONG et al., 2009

/a QHQ 26 September 2018 Dr.-Ing. Olaf Sterger, Berlin 10
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Sewage flow

1000 g -
| T r f I T [ l I 7ﬁge_s_sp_;_e_ 15000
900 | , | ! i | ~ . 16
800 + Tagesstundenmittel
| l | | | : : 15000
700 | l ‘ | ' 20
g e et P e o e oM il Lt i e — {13000
: I | -
E 500 |- ‘ 15000
S e | | l | | ; 30
3 -
g I l l l ‘ Nachtmin. | 15000
< 300 - | [ | ! : : :
| | | 50
200+ | | | | | i | |
100F | | I | | } :
4! l i l L I 1 I 1 L L 1 _ 1 L . I
8 10 12 14 16 18 20 22 24 2 4 6 8
Uhrzeit

Diurnal variation of dry weather runoff in a community with a flow of 15000 m%d
from LONDONG et al., 2009

/a GH,,(; 26 September 2018 Dr.-Ing. Olaf Sterger, Berlin 11
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Types of kinetics / Orders of differential
equations in environmental engineering

A general reaction rate model is

dc, b
EZ ik*CAa* CB *k ..k CNTL

where
o1
k — rate constant in p

C4 — Concentration of substance A, etc., in %
t—timeind

The exponents in the above equation may have any value (not necessarily an integer).
The sum of the exponents gives the order of the reaction. The reaction is of order a
with respect to substance A, order b with respect to B and so on. The rate constant
applies at the experimental conditions.

If k is positive, the reaction describes production; a negative k describes removal.

see DROSTE, 1997 -S. 15

/{) QQLJC,“ 26 September 2018 Dr.-Ing. Olaf Sterger, Berlin 12
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Types of kinetics / Orders of differential
equations in environmental engineering

Zero-Order Formulation: dC, Rate of change of the concentration of
Fri +k substance A is not significantly influenced
by other substances present.

First-Order Formulation: dC, This equation is one of the most often

e +kCy used formulations in environmental
engineering to fit data from complex
reactions. Example: BOD

Second-Order Formulation: dC, dC,
— = +k(C,? — = +k(Cg?
dt dt
dCy B . ) Any of the these expressions
dt thCy®* Cp describe second-order
reactions.

(Here a + b must sum to 2)
E. g. see DROSTE, 1997 -S. 16

/{) QQLJC,“ 26 September 2018 Dr.-Ing. Olaf Sterger, Berlin 13
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Basic types of chemical reactors

Type
All of these types of
reactors are used in water
S treatment as well as in
@ Batch reactor wastewater treatment
Va - Cg A special type of reactors
E =l ) which is used in
G (C Plug-flow-reactor (PF) wastewater treatment
o % G is the Sequencing Batch
§ Reactor (SBR).
S
Q
|y sa
§ o "% %"%e| Continuously stirred Tank reactor (CSTR)
<O
http://www.ernst-bratz.de/react tech/reactengl.html

/0 QMQ 26 September 2018 Dr.-Ing. Olaf Sterger, Berlin 14
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. . ClIW 703 Water and Wastewater Treatment

Types of reactors in wastewater treatment

Influent . _
Q * Intensively mixed reactor volume,
Q Czu * no gradients of state variables,
* neither inflow nor outflow,
! * closed system (exception for gas
exchange).
* Typical batch reactors are test tubes in
the laboratory.
Effluent
Q C,
C| Influent |  Reactor Effluent
C_, C L Cp Batch reactor

From KAINZ & GRUBER, 2011

/0 QHQ 26 September 2018 Dr.-Ing. Olaf Sterger, Berlin 15



. . CIW 703 Water and Wastewater Treatment

Types of reactors in wastewater treatment

Q * Constant, intensively mixed reactor volume,
Cga) * no gradients of state variables,
* inflow and outflow are the same,
B Q * no concentration gradients in the reactor,
_C’ -c * the reactor concentration equals the
V. Cs Bab™ B effluent concentration
dM. dV.-C. .,dC
== =+V—==Q-C,, -Q-C, +1,-V
dt dt dt Continuously
In steady state (dCB/dt = 0), the equation simplifies to: stirred Tank
Q-(Cg,,-Cg) =-rg'V reactor (CSTR)

From KAINZ & GRUBER, 2011

/0 QHQ 26 September 2018 Dr.-Ing. Olaf Sterger, Berlin 16



. . ClIW 703 Water and Wastewater Treatment

Types of reactors in wastewater treatment

The stirred tank
cascade is a series of
Infl often identical stirred
quent _ tanks, i.e. a combined
Effluent reactor. No water is
mixed back from a

Q C, later to an earlier

Q C,

reactor.
\ Influent
c|
Effluent Cascading
C.o stirred tank
reactors

From KAINZ & GRUBER, 2011

/0 QHQ 26 September 2018 Dr.-Ing. Olaf Sterger, Berlin 17
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Types of reactors in wastewater treatment

e Constant reactor volume,
inflow and outflow are the
same,
* homogeneous mixing only
across the flow direction,
Q Cab * Gradients of state variables
along the main axis

Effluent

Influent

Q C,

possible,
e Concentration gradients in
C the reactor.
C. _
U Plug-flow-
C. reactor (PF)

Main flow direction

From KAINZ & GRUBER, 2011

/0 Qng 26 September 2018 Dr.-Ing. Olaf Sterger, Berlin 18
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Types of reactors in wastewater treatment

variable volume

C e cyclically variable inflows and
B,z outflows
I * homogeneous mixing
X

$
£
H~
&

lT * no gradients of state variables

V(t) Cs| Cga=Cs Sequencing
] Batch Reactor
(SBR)

From KAINZ & GRUBER, 2011

/0 QHQ 26 September 2018 Dr.-Ing. Olaf Sterger, Berlin 19
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Processes in wastewater treatment plants

Influent 15t treatment step 2M treatment step | Effluent
Mechanical treatment Biological treatment i
i
Activated |
Sewage Primary sludge Secondary |
D— Grit  sedimentation Aeration  sedimentation |
Screen  trap tank tank tank |
|
|
& fiated |
Storm Primary sludge | 2|Cl1:j\§ee !
water Y

‘ To sludge
treatment

| |
| |
| |
' |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
: Recycled activated sludge
|
|
|
|
I
I
|
|
|
|

Main treatment steps of a communal WWTP (simplified)

/0 G UC 26 September 2018 Dr.-Ing. Olaf Sterger, Berlin 20
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. . ClIW 703 Water and Wastewater Treatment

15t treatment step: Mechanical treatment

As seen before mechanical treatment of sewage normally consists
of

* Screen

e @Grit removal

* Primary sedimentation tank

Now let’s have a look inside the processes mentioned above.

/0 G UC 26 September 2018 Dr.-Ing. Olaf Sterger, Berlin

German Usivrsty n Cary
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ClIW 703 Water and Wastewater Treatment

1000 kleine Dinge

aus dem

Abwasser

Little museum of
screenings found in the
inflow of the sewage
treatment plant
Flrstenwalde/Spree

QHC,, 26 September 2018 Dr.-Ing. Olaf Sterger, Berlin 23
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3rd Lecture

Mechanical wastewater treatment — Sedimentation /
Effects

What we have seen at WWTP Stahnsdorf
Some secrets of biological wastewater treatment

/‘O G Ug 17 October 2018 Dr.-Ing. Olaf Sterger, Berlin
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Sedimentation

Sedimentation

Sedimentation is the physical separation of suspended material from a water by the action
of gravity. It is a common operation for water treatment and found in almost all
wastewater treatment plants. It is less costly than many other treatment operations.

Type | sedimentation

Type | sedimentation refers to discrete particle settling

Type |l sedimentation

Under quiescent conditions suspended particles in many waters exhibit a natural tendency
to agglomerate or the addition of chemical agents promotes this tendency. This
phenomenon is known as flocculent or type Il sedimentation. Analysis of type Il
sedimentation proceeds from the principles of type | sedimentation.

/{) QQLJC,“ 17 October 2018 Dr.-Ing. Olaf Sterger, Berlin
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Sedimentation

The design volume must be related to the influent flow rate and the particle settling velocity.
The particle that takes the longest time to remove will be one that enters at the top of the
effective settling zone. The design settling velocity is v, which is the sinking velocity of the

particle that settles through the total effective depth of the tank in the theoretical detention
time. The flow-through velocity is vy.

Influent Q —» Effluent Q —»
PVl AN
Inlet zone Outlet zone
: Y
NMove Yiom wve wne 518 6108 8 16 5 15 & S BE B 16 @ B8 BIE BIE 68 6 R B 1 : ..... 5 6%\
Sludge zone N
« Length L >

/0 e~ 17 October 2018 Dr.-Ing. Olaf Sterger, Berlin



ClIW 703 Water and Wastewater Treatment

Sedimentation

Flow-through velocity

U-Q{Q
F= A\ H «

Theoretical detenti

Because the particle must travel the length and depth

IV — Volume of the

Q — Volumetric flow ratei

—

&

time

. . m
Q — Volumetric flow rate in -
A — Cross-sectional areainm

ttlement part of the tank in m?

3

2

L

Vp x tg =1L L H

td = = = =
Vs * td = H vf Us
GUC 17 October 2018

German Usivrsty n Cary

Dr.-Ing. Olaf Sterger, Berlin
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Sedimentation

Y

In summary, in an ideal sedimentation tank, 100% particles are
< removed when the load per area (is similar to the Hydraulic
L+B Loading Rate) of this basin is smaller than or equal to settling

velocity v.

/0 QHCM 17 October 2018 Dr.-Ing. Olaf Sterger, Berlin
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Sedimentation

Settling velocity v, depends on density of the particle, density of the water, volume of
the particle, cross-sectional area of the particle, shape of the particle and so on.
Settling velocity v,

e can be derived from Settling tests (preferred!),
* can be calculated

7 = Rer * g Where
= ———
O br Rer - Reynolds number (dimensionless)
nr - dynamical viscosity of the fluid in r:‘zs

@ - cross-sectional diameter of the particle in m

pr - density of the fluid in %

/O G UC 17 October 2018 Dr.-Ing. Olaf Sterger, Berlin

German Usivrsty n Cary
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Sedimentation

Besides this settling velocity v, can be taken from rules of thumb:

Rule of thumb for settling velocity v; = 0.01 ... 0.03 ?
(the smaller value applies for smaller and lighter particles)

Rules of thumb for design of a rectangular primary sedimentation tank:
Dry weather hydraulic retention time > 1 h
Stormy weather hydraulic retention time > 0.3 h

Dry weather velocity < 0.01 ?
Stormy weather velocity £ 0.03 %

Hydraulic loading rate = 2 ... 4%
Basin depth >3 m
Basin width 28 m

Basin length =3 ... 6 * basin width
Basin length = 10 ... 25 * basin depth

LONDONG et al., 2009

/0 G UC 17 October 2018 Dr.-Ing. Olaf Sterger, Berlin

German Usivrsty n Cary
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Effects of mechanical treatment (15t step)

Raw sewage After primary sedimentation

Removal Effects of
primary sedimentation

Parameter Residence time in primary clarifier

0.5-1.0h 1.0-15h >1.5h

BOD, 60 50 45 40 (Normally polluted
coD 120 100 90 80 sewage

V4
TSS 70 40 35 30

loads per capita and day

TKN 11 10 10 10 compare Lecture 01, slide 27)

Pot 1,7 15 1,5 1,5

Rule of thumb: Primary sedimentation removes
* 25% up to 33% of organic load (measured as BOD. or as COD)
* 50% of suspended solids
* Nitrogen and phosphorus are only influenced marginally

/a G UC 17 October 2018 Dr.-Ing. Olaf Sterger, Berlin 9
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Effects of mechanical treatment (15 step)

In other words, mechanical treatment removes essentially only
visible soiling

e Screen: coarse pieces of wood, fabrics
* Aerated grit trap: sand, gravel, oil, grease

e Sedimentation tank: turbidity (up to 60% of suspended solids)

After mechanical treatment most of the pollution in sewage remains

. % up to z of organic load (oxygen demand)
* Nearly the total load of nutrients (nitrogen and phosphorus)

GUC

Coman Usiversty i Cave



_ . . CIW 703 Water and Wastewater Treatment
River —=

Fixed film Suspended
processes Sessile Bacterial flakes, 7 j Suspended growth
micro- srotozoa micro-
organisms fungal hyphae = organisms processes
Rotary / *
distributor Influent Aeration tank

8 Filling material T
with microbes

1 Effluent

RREE 5'2‘595'5 Activated sludge
Influent T Effluent ‘ Aerator o
— = Settled =i ST—
tivated 4
Sludge from a;:ﬁ; sedimentation
trickling filter Sec_ondary_ _ B tank
sedimentation Recycled activated sludge
. tank
Trickling filter Activated sludge process

/a GUC 17 October 2018 Dr.-Ing. Olaf Sterger, Berlin 11
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Physical sewage
treatment

Chemical
sewage treatment

ClIW 703 Water and Wastewater Treatment

Rough outline

Biological wastewater
treatment processes

/

Aerobic processes

Fixed film
processes

JGUC 17 October 2018

Suspended
growth
processes

Dr.-Ing. Olaf Sterger, Berlin

Chemical-physical
sewage treatment

Other treatment
processes

12
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. . ClIW 703 Water and Wastewater Treatment

WWTP Stahnsdorf

Excursion on 10 October
to WWTP Stahnsdorf

Dr.-Ing. Olaf Sterger, Berlin

13
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ClIW 703 Water and Wastewater Treatment

WWTP Stahnsdorf

excess sludge

L&
[“ &— < Air
[ 1
S ﬁ
. ® 2 e __1
. @ @l €« | | ﬂ ®
Coagulation == -
_aid Electr. energy «— CHP Ji Boil. Nat. gas
omg ©
Biogas @
R 108 o

E
FIoc_cuIants
Centrate
/ﬁ QHS 17 October 2018

<
A

Slud et 2
=1 _ Sludge outlet
;-} ]

Dr.-Ing. Olaf Sterger, Berlin

© 00 N O O B WN PP

e e N i =
o UM WNRO

Clear effluent

. Inlet

. Screens

. Aeration Grit Chamber

. Primary Treatment

. Storm water tank

. Aeration

. Secondary Sedimentation
. Sand Washer

. Sludge storage

. Sludge Heating

. Digestion Tanks

. Centrifuge excess sludge
. Sludge Tank

. Centrifuge Digester sludge
. Thickened sludge tank

. Combined heat and power

plant (CHP)

. Chimney

. Torch (security purposes)
. Gas Silo

. Gas compressor

14
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WWTP Stahnsdorf

k4| Daily nitrate load

Bapz Daily phosphorus load

Bg arsz Daily total solids load

/a QHC‘, 17 October 2018 Dr.-Ing. Olaf Sterger, Berlin

420,000 PE
52,000 m¥d
156,000 m¥d
54.68 t/d

22.8t/d
4.7 t/d
0 kg/d

0.6 kg/d

Symbol .
inA131
Population equivalent (PE)
“ Daily wastewater inflow in dry weather
Design wastewater inflow in stormy weather
Daily BOD load
Daily TKN load

23.9t/d

15
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WWTP Stahnsdorf

Symbol
inA131

Cespiw Limit value COD

S\ enias Limit value nitrogen

C p,0w

QS
N

B

Qrs
Qs

Limit value phosphorus

Influent flow to activated sludge aeration tank
Recycled activated sludge (RAS) flow

Wasted activated sludge (WAS) flow

TSgpp Mixed Liquor Suspended Solids

TSgs RAS solids
Effluent solids

X TS,AN

Teem tief Lowest dimensioning temperature

17 October 2018

Dr.-Ing. Olaf Sterger, Berlin

ClIW 703 Water and Wastewater Treatment

68 mg/I
13 mg/I

1 mg/l

52,000 m%¥d
70% of influent
1,900 m3d
3.5-5.0 g/I

8 g/l

11.6 mg/I

12°C

16
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WWTP Stahnsdorf

Symbol
inA 131

- Bar distance of the screen 8 cm
- Volume of grit trap 2x920 m?
- Volume of Primary sedimentation tank 2,500 m3
- ;cz?gyevssgliréil pre-treatment or storage tank in 7.800 m?
- Total volume of activated sludge tanks 66,200 m?3
- Anaerobic 6,000 m3
T Anoxic 23,000 m?
- Aerobic 37,200 m3
- Volume of secondary sedimentation tank 17,600 m3

17 October 2018 Dr.-Ing. Olaf Sterger, Berlin
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WWTP Stahnsdorf

Parameter Influent loads Effluent Removal
according paper from values
10/10/2018: rounded
Total BOD 22,80t/d 5 mg/I 98,9%
Total COD 54,68 t/d 41 mg/I 96,1%
TKN 4,70t/d
NH,-N 3,42 t/d 0,2 mg/| 99,7%
TIN 3,42 t/d 11,3 mg/I 82,9%
Total P 0,60t/d 0,6 mg/I 95,0%
Total Suspended Solids 23,90t/d 7 mg/I 98,5%
_ Llnfluent _ LEffluent « 100 _ Clnfluent - CEffluent +100
LInf luent CInf luent

1 —Removal in %

’QQHQ 17 October 2018 Dr.-Ing. Olaf Sterger, Berlin 18
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SECONDARY TREATMENT

Biological Wastewater Treatment

Food
/. 0

2
mem mager from the wastewater,

Microorganisms co

-usin i0 .\
/ Food
Food - /

0, 0,

Millions of aerobic and facultative micro-organisms remove
pollutants through living and growing process

/a Qy,,,g 17 October 2018 Dr.-Ing. Olaf Sterger, Berlin 19
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Activated Sludge System

Alr —Provides Oxygen and Mixing l

Biomass | \

(suspended) M LSS

Pri.Eff.> Sec. Ef>

Aeration Secondary

Tank

Return Activated Sludge (RAS)

Waste Activated Sludge (WAS)

/a Qymg 17 October 2018 Dr.-Ing. Olaf Sterger, Berlin 20



Primary
Effluent

Secondary
Clarifier

E

17 October 2018

ClIW 703 Water and Wastewater Treatment

Aeration
Tank

Dr.-Ing. Olaf Sterger, Berlin
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PARTS OF A GENERALIZED BACTERIAL CELL
OF THE BACILLUS TYPE

o N

".‘K
B

"N Y 0 o srane

/p’
o5 ) :
.:"\l‘ f
e

S X o Yl Nuclear

R0 l " 'L Matter
n]nn .“sfra -:z' m Mr ) ﬁ/

L - A;‘. “0:
” 'y *
. »

~

Cell Wally

/a G Ug 17 October 2018 Dr.-Ing. Olaf Sterger, Berlin 23
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New Cells

Wastewater

NH,
Co,

Slime Layer

Cell

Membrane
Oxygen

Enzymes

Absorption)

Soluble Organics Adsorbed
Particle

/a G Ug 17 October 2018 Dr.-Ing. Olaf Sterger, Berlin

24
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_ Effluent
Sludge Processing and Storage

oLk .
Application Disinfect

1

\WAS
) RAS
Screening
= _ - -
T —
= Grit _
Primary
Clarifiers Aeration Secondary

Tanks Clarifiers

Typical Flow-Through Activated Sludge Plant

/a Qng 17 October 2018 Dr.-Ing. Olaf Sterger, Berlin 27
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Biological Wastewater Treatment

Three Steps

1. Transfer of Food from Wastewater to Cell.

Prerequisites:  Adequate Mixing

« Enough Detention Time

/a G UQ 17 October 2018 Dr.-Ing. Olaf Sterger, Berlin

28
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Biological Wastewater Treatment

2. Conversion of Food to New Cells and
Byproducts.

Prerequisites: Acclimated Biomass

Useable Food Supply
Adequate D.O.

Proper Nutrient Balance
C:N:P=100:5:1

/a Qymg 17 October 2018 Dr.-Ing. Olaf Sterger, Berlin

29
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Biological Wastewater Treatment

3. Flocculation and Solids Removal

Prerequisites: « Proper Mixing
* Proper Growth Environment
« Secondary Clarification

/a G UQ 17 October 2018 Dr.-Ing. Olaf Sterger, Berlin

30
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Biological Wastewater Treatment

3. Flocculation and Solids Removal

Must Have Controls

Proper Growth Environment

Filamentous Bacteria — Form Strings

Mixed Liquor Does Not Compact - Bulking

/a Qy,,,g 17 October 2018 Dr.-Ing. Olaf Sterger, Berlin 31
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4th Lecture

Biological wastewater treatment
Balance of flow and solids in activated sludge process
Sludge retention time

/O G Ug 24 October 2018 Dr.-Ing. Olaf Sterger, Berlin 1



Balance of flow and solids in activated sludge process

Qrmn

Inlet aeration l

ClIW 703 Water and Wastewater Treatment

Aeration tank

Source of C (optional)

Q;y, - Flow inlet aeration tank
MLSS — Mixed Liquor Suspended Solids

Qw as - Flow of waste activated sludge

GUC

Coman Usiversty i Cave

Secondary sedimentation tank

Precipitant/ 2 Aeration QOut -
coagulation aid Qm Qm — Qwas
+ QRAS Outlet
I D LA I Y \ > / of WWTP
2 BioPl ¢ DN 15 2 a7 %, 6o %70 0 ib&N;fE’ -
o | © . R X
S = 0 g0 go g,,oo
5 8 L8 55 MLSS [k MLSS TS,0ut
5 | | gt et 3
| | g‘u&?:o% 6-‘: % GOE% 805 [9
-o.--a-,ez-".;p.,_,q...,gi.n:.hi.ﬁ
QWAS
Recycle Recirculation for denitrification Waste
activated activated
sludge QRAS p\ /Q sludge
TSpas T'Sras

24 October 2018

Dr.-Ing. Olaf Sterger, Berlin

Qr4s - Flow of recycle activated sludge

TSy 45 - Total Solids of recycle activated sludge
X1s out - Total Solids of outlet of WWTP



Balance of flow and solids in activated sludge process

Qrmn

Inlet aeration l

Precipitant/

coagulation aid

ClIW 703 Water and Wastewater Treatment

Aeration tank

Source of C (optional)

8 anaerobic

BioPI

8 anoxic

Secondary sedimentation tank

WAS

»

2 Aeration
an an _
+ Q AS \ < / Outlet
SRR A O ROR I S T of WWTP
B I S LI . e 08" 182
A :w”;az Miss X
— obcgeg(;e g‘:og 7 g
1 8. %) MLSS [-otes S,0ut
7@, %", o b'
| é-% Qe %o 6 %w % oOE &80 (9
| "8 oo d u;w Oogebv.a
-o.--a-m%--;pmo.qﬁ-.na.h_e-

Complete balance of solids in and out of secondary sedimentation tank:

Recycle Recirculation for denitrification Waste
activated Q RAS activated
sludge p\ /Q sludge

TSpas T'Sras

(Qn + Qras) * MLSS = (Qras + Qwas) * TSpas + (@ —

Qwas) * Xtsout

GUC

Coman Usiversty i Cave

24 October 2018

Dr.-Ing. Olaf Sterger, Berlin
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Balance of flow and solids in activated sludge process

Aeration tank Secondary sedimentation tank

Qrmn

Source of C (optional)

Precipitant/ N2 Aeration
coagulation aid an
+ Q AS Outlet
Inlet aeration v I RO TS A s I o of WWTP
o : RO R N i [ >
-_g BIOP: "g’ DN :% _g :'%:"O ;o L& ~"‘éz> &%t‘!; 56 M
| 1 8. 5) MLSS |riviot:
g | | )’é?l%?:z %9 i AP per ‘9’80 & c:
! | -;ig-a_m%:-;;buo.qﬁi:a:z;
A
Recycle Recirculation for denitrification Waste
activated Q RAS activated
sludge p\ /Q sludge
T'Sras
Introduction of Qras = @, * RR (RAS Recycle ratio) changes the balance sheet
to:
(1 + RR) * an x* MLSS = an * RR * TSRAS
Qu,l_JmCm 24 October 2018 Dr.-Ing. Olaf Sterger, Berlin 7
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Balance of flow and solids in activated sludge process

(1+RR) *Qpy, * MLSS = Qpy * RR * TSgpus

Shortening of Q;,, in the formula above results in

(14 RR) * MLSS = RR * TSps

Dissolving to TS, leads to the following formula which is very important for planning
and design of WWTP’s

RR = TSRAS
1+ RR

MLSS =

/0 G UC 24 October 2018 Dr.-Ing. Olaf Sterger, Berlin 8

German Usivrsty n Cary
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Balance of flow and solids in activated sludge process

We can change the formula which is derived from the simplified solids balance also to

T'Sgas

TSRAS = MLSS =

Now we are able to calculate some important boundary conditions regarding the

aeration tank of a WWTP.

GUC 24 October 2018

German Usivrsty n Cary

1+ RR
RR
Or to RR:
— MLSS
 TSpas — MLSS

Dr.-Ing. Olaf Sterger, Berlin
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Balance of flow and solids in WWTP Stahnsdorf

First let’s have a look on our example WWTP Stahnsdorf (at dry weather)!
We fill in our scheme all data we can pick up from the data sheet:

(Dry weather) Aeration tank Secondary sedimentation tank

Precipitant/ N2 Aeration

Inlet aeration l I K O O
£ BioPl 2 DN I i N
o | © I e BB
— 'q_; c e
g (1] I © I S q:aO C&’:f&‘:
[ = o Do’ . oo
P . PG
8 8 ' : oy ot B8
o I I W F80e Ry
3 7Yy =0 = = 8 = o --?1.,:‘3--’\"&;-05-5-’-’
(6]
L
[5)
[}
:-_: Recycle Recirculation for denitrification
o activated
% sludge

/a QHQ 24 October 2018 Dr.-Ing. Olaf Sterger, Berlin 10
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Balance of flow and solids in WWTP Stahnsdorf

Because we know from the data sheet that RR = 70% we can calculate Qg 4s:

Qras = RR * Qp = 0.7+ 52000 = 36400 ™

Now we can calculate which flow leaves the aeration tank:

Qun + Qras = 52000 -+ 36400 ™ = 88400 ™

And basing on our balancing formula we even are able to calculate the concentration
of suspended solids in the aeration tanks of WWTP Stahnsdorf:

0.7*8%
1+0.7

MLSS =

g
=332
l




. . ClIW 703 Water and Wastewater Treatment

Balance of flow and solids in WWTP Stahnsdorf

Now we can complete the flowsheet of WWTP Stahnsdorf:

Aeration tank Secondary sedimentation tank

Precipitant/ N2 Aeration

Inlet aeration l

-
%

BioPI

wo

anoxic

Recycle
activated
sludge

Recirculation for denitrification

Source of C (optional)

D

N\
7

/0 QHCM 24 October 2018 Dr.-Ing. Olaf Sterger, Berlin 12




. . ClW 703 Water and Wastewater Treatment

Mass of solids in WWTP Stahnsdorf

We know the solids concentration in the biological treatment step of WWTP Stahnsdorf and
we know the volume of activated sludge tanks (see Data sheet). Therefore we can calculate
the total mass of solids within the activated sludge tanks :

MTS = Total VBT x*x MLSS

Mt - Mass of solids within the tanks for biological treatment
Total Vgr - Total volume of the tanks for biological treatment

MLSS — Mixed Liquor Suspended Solids

Mpg = 66200 m3 * 3.3 % = 218460 kg ~ 218.5 ¢

/o GH‘CM 24 October 2018 Dr.-Ing. Olaf Sterger, Berlin 13



.y
Sludge retention time in WWTP Stahnsdorf

After we have calculated the total mass of solids within the aeration tank of WWTP
Stahnsdorf, we can estimate the sludge retention time (SRT):

M Var * MLSS
SRTyp = TS,AT VAT

M TS WAS Qwas * TSgras

SRTgt - Sludge retention time in the tanks for biological treatment

Mt - Mass of solids within the tanks for biological treatment

Mg was - Mass of solids which is removed by wastage of activated sludge
Qw as - Flow of excess sludge

TSk 45 - Concentration of Suspended Solids in WAS (is the same as in RAS)

218460 kg
SRTBT — 3 k — 144‘ d
1900 ~ + 8 -9




. . CIW 703 Water and Wastewater Treatment

Sludge retention time in activated sludge process

Why it is important to know SRT (in Germany called “age of the sludge”)?

1. SRT is nowadays the most important design parameter of activated
sludge process, because it allows for estimation of performance

2. If SRT is too short, the microorganisms in the aeration tank can not
multiply because they are washed out by WAS

3. The first effect of “wash out” is deterioration of NH4-N in effluent.
Autotrophs are responsible for nitrification (= biochemical oxidation of
NH4-N). They have the longest generation time of all microorganisms
within activated sludge process.

4. When SRT is too long, microorganisms become too old, they "outgrow".
This means that they do not remove the pollution in the wastewater

properly.

/{) G}JQ 24 October 2018 Dr.-Ing. Olaf Sterger, Berlin 15



ClIW 703 Water and Wastewater Treatment

Mass of solids in activated sludge process

Aeration tank

Secondary sedimentation tank

Source of C (optional)

Precipitant/ N2 Aeration
coagulation aid
| Outlet
Inlet aeration l = \l N // of WWTP
2 L ) >
) )
o o :
g g, b :
= s i T B3 & 2% PRt & ¢
© é‘f > o- ' .°°: , 0 O ) o.o. )4
o i el a‘, $502 OQ':'° g.}" '.. 9 ST
Recycle Recir;ltion for denitrification Waste
activated activated
sludge p\ /Q sludge

&

V gt - Volume of the whole
aeration tank for biological

treatment

GUC 24 October 2018

Geeman University in Cave.

V gerop - Volume of the aerobic
tank as part of part of the whole
aeration tank

Dr.-Ing. Olaf Sterger, Berlin 16



.y
Sludge retention time in WWTP Stahnsdorf

As part of the retention time of solids in the whole aeration tank we can calculate the

aerobic retention time

Vy 37200 m3

SRT,ur0p = SRT — 14,4 d y
aerob BT * Total Vgr " 66200 m3

1d

Share of the volume of the denitrification tank of total volume of the aeration tank

V, 23000
= = 0.35
Total Vg 66200




Sludge retention time in activated s

CIW 703 Water and Wastewater Treatment

Influent BOD load

Treatment goal Up to More than
1.200 kg/d 6.000 kg/d
Temperature 10° C 12° C 10° C 12° C
Without nitrification 4
With nitrification 10 8,2 8 6,6
With nitrification and
denitrification
ﬁ 0,2 12,5 10,3 10,0 83
VBT
0,3 14,3 11,7 11,4 94
0,4 16,7 13,7 13,3 11,0
0,9 20,0 16,4 16,0 13,2

/{) G}JQ 24 October 2018

Dr.-Ing. Olaf Sterger, Berlin

udge process

Design sludge retention
time in days depending
on the treatment goal
and the temperature
and the plant size
(intermediate values
are to be estimated)

Excerpt of table no. 2 in
“ATV-DVWK-A 131 Bemessung von
einstufigen Belebungsanlagen”

For WWTP Stahnsdorf
applies =2 = 0.35
VBT

therefore SRT should be
between 10.2 and 12,4 d
(we calculated 14.4 d, this
is fine, because it’s more)

18
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CIW 703 Water and Wastewater Treatment

Preparation for midterm exams

Exercises

24 October 2018 Dr.-Ing. Olaf Sterger, Berlin
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../Exercises_01_up_to_03.pdf

. . ClIW 703 Water and Wastewater Treatment

5th Lecture

Biological wastewater treatment:
Relationship of essential design parameters
Stoichiometry of Nitrification/Denitrification

/\O G Ug 7 November 2018 Dr.-Ing. Olaf Sterger, Berlin



. . ClW 703 Water and Wastewater Treatment

Target variables for design of activated sludge plants

Aeration tank Secondary
Ui sedimentation
CCOD,In tank
' Ccop,out
Cpop,n '
A >| Denitri- 1 Nitrification »
CTKN In —> fication E -/ CTN,out
15, Why BOD is not listed End-of-the-Pipe? 15 out
CP,In CP,Out
>
Qi - Flow inlet aeration tank Ccop,in - Concentration of inlet COD
Cgop,n - Concentration of inlet BOD Crin m - Concentration of inlet TKN
X7s m - Concentration of inlet Solids Cp in - Concentration of inlet Phosphorus
Ccop,out - Concentration of outlet COD Crn out - Concentration of outlet Nitrogen
X1s out - Concentration of outlet Solids Cp out - Concentration of outlet Phosphorus

/{) G UC 7 November 2018 Dr.-Ing. Olaf Sterger, Berlin 2

German Usivrsty n Cary



ClW 703 Water and Wastewater Treatment

Essential design parameters of activated sludge plants

Aeration tank Secondary

Vair oc sedimentation
Total Vyr ~ tank

Flow of intefnal recirculatiion for denitrification
x> Denitri-
—>| fication

Nitrification Vsst >
MLSS _/

QIRD

SRT,r HRT,;

QRAS

T'SRas

QWAS

>

MLSS — Mixed Liquor Suspended Solids Qras - Flow of recycle activated sludge

Qw as - Flow of waste activated sludge TSy 45 - Total Solids of recycle activated sludge

Total V47 - Total volume of aeration tank Qirp - Flow of internal recirculation for DN

Vssr - Volume of sec. sedimentation tank Vair.oc - Volume of air / Oxidation capacity

HRT4y - Hydraulic retention time

German Usivrsty n Cary

/{) G UC 7 November 2018

SRT,r - Sludge retention time

Dr.-Ing. Olaf Sterger, Berlin 3



CIW 703 Water and Wastewater Treatment

Dependent parameters of activated sludge plants

Aeration tank

Secondary
sedimentation
tank

SRT,r HRT,;

V .
Total VAT el
A »| Denitri- 1 Nitrification
> fication E MLSS My
[ —————— Yy
QIRD DR
QRAS TSRAS RR

QWAS M TS,WAS

RR — RAS recycle ratio

My¢ — Mass of solids in the aeration tank

/0 GUC 7 November 2018

German Usivrsty n Cary

>

DR — Internal recirculation ratio for
denitrification

Mg was — Mass of solids removed by WAS

Dr.-Ing. Olaf Sterger, Berlin



CIW 703 Water and Wastewater Treatment

Sludgé€oatention bihmayis|abdifadedlakidgegkocess

Influent BOD load

Treatment goal Up to More than
1.200 kg/d 6.000 kg/d
Temperature 10° C 12° C 10° C 12° C
Without nitrification 4
With nitrification 10 8,2 8 6,6
With nitrification and
denitrification
ﬁ 0,2 12,5 10,3 10,0 83
VBT .
0,3 14,3 11,7 .,.“"1"I 4, 94
0.4 16 7 137 | 133" 110
0,9 20,0 16,4 16,0 13,2

/{) G}JQ 24 October 2018

Dr.-Ing. Olaf Sterger, Berlin

Design sludge retention
time in days depending
on the treatment goal
and the temperature
and the plant size
(intermediate values
are to be estimated)

Excerpt of table no. 2 in
“ATV-DVWK-A 131 Bemessung von
einstufigen Belebungsanlagen”

For WWTP Stahnsdorf
applies =2 = 0.35
VBT

therefore SRT should be
between 11.4 and 13,3 d
(we calculated 14.4 d, this
is fine, because it’s more)
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. . ClW 703 Water and Wastewater Treatment

What can WWTP Stahnsdorf do for increasing MLSS?

Aeration tank Secondary
sedimentation
tank

x| Denitri-

Nitrification -/ >
MLSS

> fication
__________________________ 4 \
RR * TSRAS
MLSS =
1+ RR
TSpas | | RR
>

| Current state Increasing RR
MLSS M pR 0.7 1 | 1.25 | 1.5
TSras -Totall pry o6 3.3 40 | 44 | 48
RR — RAS rec TSRAS 3 3 3 g

/o GH‘CM 7 November 2018 Dr.-Ing. Olaf Sterger, Berlin 7

Greman



ClIW 703 Water and Wastewater Treatment

Repetition: Flow and solids in WWTP Stahnsdorf

Completed flowsheet of WWTP Stahnsdorf:

Aeration tank

Inlet aeration l

Secondary sedimentation tank

2 Aeration
B e T KC’S“O"O"O e & U% &‘,og’o 2>
| O st 908", 5
DN 5.2 .5 : @ % N
Q% g %’ oy, & .
D 9 % o® g S
[} ©O b ev: .0, 0° &
B 0 o o Qe s
° oe Bd @, %o e
I © os o {80 oo0, ¥ So'o&
S g 78 SN
8% QT 5 8° o
Ut PN ST L R
® % € o0 . 0 .0 0
| S iS00 o w Be 28
Y IR e T S e R i )

Recirculation for denitrification

sludge

|
1" BioPl ©
£ X
o | O
= ) =
© 8 | ©
& =
.2 © ]
et
g- |
(&)
b
o
]
= Recycle
o activated
(7]

GUC

Coman Usiversty i Cave

7 November 2018

Dr.-Ing. Olaf Sterger, Berlin




.y
Calculating mass of solids in WWTP Stahnsdorf

We know the solids concentration in the RAS of WWTP Stahnsdorf and we know the flow of
WAS. Therefore we can calculate the total mass of solids which will be removed by WAS:

M TSWAS — Qwas * TSras

Mrswas —Mass of solids which will be removed by WAS
QWAS — WAS flow

TSR 45 —Concentration of Suspended Solids in RAS

3

Mrswas = 1900%* g kg _ 15200 %9

m3

The same way we can calculate the influent and effluent solids, the RAS solids and the
solids, entering the secondary sedimentation tank.



recipitant/
gulation aid

]

ClIW 703 Water and Wastewater Treatment

Balance of solids in WWTP Stahnsdorf

It is typical for the solids balance that it is not 100% correct. There are always a few
differences, caused by measurement errors. This also applies for WWTP Stahnsdorf:

Aeration tank

2 Aeratio

Secondary sedimentation tank

Cos

AN U ﬂ
= & \ <~ Outlet
Inlet aeration I 0 T 00 3k GufenoF B / of WWTP
> . LT endP en, =8° gret G | -

-g BioPI 2 DN s -g ‘:néc ) so_°° s &&s %o’ D::):woi,%& N - f:

o | S | O Lt dd o St Tt et
= P c B 080,806 e, L AT TR &
® 8 | ® I ® o B0 B o oo o Gogs a0 T B8 <
= c . % S T AN I T
o © | I “s>g%. s, ",2@:6% 0% oo TP 100, P 0 8hc
= gue? 59 "R 880 i og oy 0B R
Q | | B 5 F T0ge’ srol wd w890
() e S %o.o.o.“p.,_,q.qﬁ-;a..hdﬁ
b A
(6]
. M,
5]
)
g Recycle S Recirculation for denitrification (Vaste
0 activated N b activated
(7} sludge q?) p\ /Q sludge

For instance we did not take into account the effluent solids. Please note that they are
ridiculous compared to RAS solids.

GUC

Coman Usiversty i Cave

7 November 2018

Dr.-Ing. Olaf Sterger, Berlin

10



Calculation of Mgy 45 Without data from existing plants

For planning a new plant "on the green field” or planning a biological step for an existing
WWTP you don’t have data like we had from WWTP Stahnsdorf. Therefore you have to go

other ways.

Mrswas = Mrpsec + Mrsp

Mrswas - Mass of solids which has to be removed by wastage
Mrs ¢ - Mass of solids resulting of biomass growth by removal of organics

M7 p - Mass of solids resulting from the precipitation of phosphorus

XTS,In*(l—O.Z)*0.17*0.75*SRTAT*FT
Cpopm * (1 + 0.17) x SRT47 * Fy

MTS,C — LBOD,ITl x| 0.75 + 0.6 *

LBOD,ITL - Dally influent BOD Load

Fr = 1.072(T ~15)

Cpop,in - Influent BODconcentration Fr - Correcting factor for temperature

X7s m - Influent solids concentration

SRT4r - Sludge retention time T — Design temperature

SUC

German Usivrsty n Cary



Calculation of Mgy 45 Without data from existing plants

Basic values resulting of the empiric formula regarding My ¢ are listed in the table below:

Xrs SRT 7 - Sludge retention time

Cpop,in 4 | 8 |10 |15 |20 | 25
0,4 0,79 | 0,69 | 0,65 | 0,59 | 0,56 | 0,53
0,6 0,91 | 0,81 0,77 0,71 | 0,68 | 0,65
08 | 103|093]0.89{083 080|077
1 115 | 1.05 | 101|095 | 0.92 | 0,89
1,2 1,27 | 1,17 | 1,13 | 1,07 | 1,04 | 1,01

Specific Production
of sludge by removal

of Cat 10...12°C
kgTs
kg BODs

in

Excerpt of table no. 5 in
“ATV-DVWK-A 131 Bemessung von
einstufigen Belebungsanlagen”

WWTP Stahnsdorf:
SRT,7 = 14.4d
X1sm 283 mg/l

Cpop,in 363 mg/l
= 0.78

The longer the sludge retention time the smaller WAS solids resulting from C removal. But
the bigger the value of Xt 1, divided by Cgop 1, the more solids are produced by C removal.

GUC

Coman Usiversty i Cave
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Calculation of Mgy 45 Without data from existing plants

MTS,C for WWTP
Stahnsdorf

kg BOD ka TS kg TS
IS 0 9> _ 15687 -2

Mysc = 18900 83
1505 d kg BODx d

MTS,P = Qg * (3 & XP,BioP + 6.8 * XP,prec,Fe + 5.3 * XP,prec,Al)

M7 p - Mass of solids resulting from the precipitation of phosphorus

Xp Biop - Phosphorus bound in biomass by biological removal of P (4.5 mg/l)

Xp prec,re - Phosphorus removed by precipitation with Fe (1.5 mg/l)

Xp prec,al - Phosphorus removed by precipitation with Al (- mg/l)
MTS,P for WWTP _ _ kg TS
Stahnsdorf Mpsp = 52000 * (3 4.5 + 6.8 x 1.5) = 1232 7
WWTP Stahnsdorf kg TS
solids in summa: MTS,WAS = 15687 + 1232 = 16900 d

GUC

Greman Usiversty in Cave.



. . CIW 703 Water and Wastewater Treatment

Calculation of Mgy 45 Without data from existing plants

Compared to the measured Mgy 45 0f 15.2 t/d the calculated My 45 Of 16.9 t/d
seems to be an overestimation.
However, in terms of mud calculation, this is a pretty good match!

/a GUC 7 November 2018 Dr.-Ing. Olaf Sterger, Berlin 14

Goman Usiversty i Cave



Calculation of M ¢ without data from existing plants

The mass of excess solids removal per day on the one hand and the SRT on the other
hand leads to the mass of solids needed in the aeration tank:

Mps = SRTyr * MTS,WAS

M - Mass of solids within the aeration tank

SRT,r - Sludge retention time

M7swas - Mass of solids which has to be removed by wastage

WWTP Stahnsdorf:
SRTyr = 14.4d

MTS,WAS = 16900 kg/d

k
Mrs = 14.4 d * 1690079 = 243360 kg

Compared to the existing Mr¢ of about 218.5 t the calculated
Mrg of 243.4 t seems to be an overestimation too.

The oversizing of individual quantities, howeuver, is propagated by
the above formula. Also here it is a pretty good match!



Calculation of Total V,+ without data from existing plants

The mass of solids needed and the solids concentration allow for calculating the needed
volume of the aeration tank:

Mz
MLSS

Total V,r - Total volume of the aeration tank

Total Vyr =

Mrs - Mass of solids within the aeration tank
MLSS — Mixed Liquor Suspended Solids

WWTP Stahnsdorf: 24336(0 kg 2
Total Vyr = = 73745 m
3.3k 3
My = 243360 kg 3 kg/m
MLSS = 3.3 kg/m® Compared to the existing Total V,r of 66200 m? the

calculated Total V,r of 73745 m? seems to be oversized too.
But the percentage of oversizing of Total V, is the same as
for M5 which is propagated. Again it is a pretty good match!



. | . . ClIW 703 Water and Wastewater Treatment

Overview: Total VAT' MTSI MLSS, MTS,WAS and SRTAT
Volume of the who‘lf,amk\ T~

Total Vyr =

Mass of suspend

Total Vyr x MLSS kg TS|

Way of Calculation without
data from existing plant

Proof of compliance

Dr.-Ing. Olaf Sterger, Berlin



| . . ClIW 703 Water and Wastewater Treatment

Overview: Total VAT' MTSI MTS,WAS and SRTAT

Mass of suspende ids in the excess slu

Sludge retentignti

Total Vyr * MLSS

M TS, WAS

SRT,7

Way of Calculation without
data from existing plant

Proof of compliance

/ﬂ G Ug 7 November 2018 Dr.-Ing. Olaf Sterger, Berlin
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WWTP Stahnsdorf: Total VATI MTSI MTS,WAS and SRTAT

: Target
Design ~ccordin Current state Remarks
Parameter ) 5 according BWB
calculation
Total V7 73,745 m? =66,200m*> |- 10%
Mg 243.36 1t =218.46 t - 10%
MTS,WAS 16.9 t/d =15.2 t/d - 10%
SRT s 12.4d =14.4d + 17%
RR = 0.7
MLSS 3.3 ¢/l =3.5..5.0 g/l !
TSpas =89/!




. . ClW 703 Water and Wastewater Treatment

Relationship of Total Vr, MLSS, My, M7swas and SRT,r

Comparison of two activated sludge tanks with different volumes (constructed example):

o8 o 4 _
O o Q%CQ Op O o O
g 8 . 00°0 -
VAT,Length = 80m VAT,Length =80m
Varwiatn = 25m Varwiaecn = 12.5m
Var,pepth =5 m Var Depth = 5M
Vir =10.000 m? V4 = 5000 m°

For both aeration tanks the following applies:

MLSS = 3.500 g TS/m?
Ld,BOD = 5.000 kg OZ/d Or, in other words:

Mrswas = 2.800 kg TS/d Can Mrs was be as high
’ in the small aeration

tank as in the big one?

What does Mrg 45 depend on?

Design specification :
SRT 7 > 12d

/{) Q}JQ 7 November 2018 Dr.-Ing. Olaf Sterger, Berlin 20



. . CIW 703 Water and Wastewater Treatment

Relationship of Total Vr, MLSS, My, M7swas and SRT,r

Comparison of two activated sludge tanks with different volumes (constructed example):

o g7F @)
§/ O (5) 0O
OO QQ)O @) 6)26(%) /UC;Jé 8 O% % uJ
Ogmgmgpcg@o Q~“Y0 O o 0 M

My = 10.000 m>® % 3,5 kg TS/m> My = 5.000m> 3,5 kg TS/m?

=35.000 kg TS =17.500 kg TS

GRT.. — 33000kgTS /= GRT.. — 17:500kgTS
AT ™ 2800 kg TS/d .~ AT ™ 2800 kg TS/d

Can M7g was in the small aeration tank for further calculation just be smaller to comply with
SRT,r of 12 d? If no, why not? Justify your answer!

/{) QQLJC,“ 7 November 2018 Dr.-Ing. Olaf Sterger, Berlin 21



. . CIW 703 Water and Wastewater Treatment

Relationship of Total Vr, MLSS, My, M7swas and SRT,r

Comparison of two activated sludge tanks with different volumes (constructed example):

O o% c% Myg = 5.000m® % 5,0 kg TS/m?
©©°% © o = 25.000 kg TS
SRTyp = 2229 g g g
AT~ 7800 kg TS/d\_ "

Ergo: Dimension of the small BB has to be

changed! in.Mrs = SRTyr * Mrswas

=12d * 2800kgTS/d = 33.600kg TS
Options:

What options are available to bring the sludge | 33.600 kg TS
age SRT,r in the small tank into the green ~ SkgTS/m®
zone? = 6.720 m?

chosen: Var wigen = 17,0m

* Increasing of ML,
(but MLSS <5

and, if that alone is not enough, tokeep
SRT,r within the permitted rarige 17m *80m *5m = 6.800 m°

6.800m> x5 kg TS/m3

A A

+12,1d

/{) QQLJC,“ 7 November 2018 Dr.-Ing. Olaf Sterger, Berlin 22



. . ClIW 703 Water and Wastewater Treatment

Nitrification / Denitrification

Repetition: Fractions of nitrogen in water / wastewater

Nitrates and ammonia occur
exclusively in dissolved form!

/
Total Nitregen (TN)
TotaIInor ic Nitrogen (TON
Gaseous nitrogen Nitrite | Nitrate Ammonium Dissplyed Grganie ParFicuIate Grganie
Nitrogen (DON) Nitrogen (PON)
Readily available for Must undergo
aquatic plant growth microbial degradation

Total Nitrogen bounded (TN,) Total Kjeldahl Nitrogen (TKN)

/a QHQ 7 November 2018 Dr.-Ing. Olaf Sterger, Berlin



:HI, . . CIW 703 Water and Wastewater Treatment

Nitrogen balance in sewage treatment plants

60 g BOD./(c*d)

11 g N/(c*d) 2.1 g N/(c*d)

| Aerationtank |
>4 inlet 11.8 g N(c*d) ¢
| incorp. 2.5 g N/(c*d) |

e ———

>{{sediment. 5
\ tank 4

1.8 g N/(c*d) 2.5 g N/(c*d)

1g N/(c*d)
/
Y Sludge dewatering

D]

AR

1.7 g N/(c*d)

L

/a G U._C 7 November 2018 Dr.-Ing. Olaf Sterger, Berlin 24



. . CIW 703 Water and Wastewater Treatment
Nitrification / Denitrification
How much oxygen is consumed to completely oxidize 1 g of NH,-N?

Reaction equation :
NH,”+2 O, > NO; + H,0O + H,*

Atomic weights : N=14, H=1,0=16
Molecular weight of ammonium nitrogen: 14 g N
16 * 2 329
H . k =
Molecular weight of oxygen: mole O,

To oxidize 1 mole of NH,-N, 2 moles of oxygen are consumed, i. H.:
64 g oxygen per 14 g NH,-N are required. After that follows:

6490, 45790,
14gNH,— N gNH,—N

/0 QHQ 7 November 2018 Dr.-Ing. Olaf Sterger, Berlin



. . ClIW 703 Water and Wastewater Treatment

Nitrification / Denitrification

But: The conversion of the ammonium nitrogen by nitrification is not as oxidation in
the strictly stoichiometric ratio, because it is a biological metabolism. Part of the
nitrogen is incorporated into the cells of the nitrifying bacteria. This cell yield reduces

the actually required oxygen demand.
Usually one therefore expects:

4,3 g O,
gNH,— N

/O G UC 7 November 2018 Dr.-Ing. Olaf Sterger, Berlin 26

German Usivrsty n Cary



. . ClIW 703 Water and Wastewater Treatment

Nitrification / Denitrification

How much oxygen is recovered during denitrification per g of NO;-N??

Reaction equation:
NO; + % H,0 »> % N, +°/, O + OH-

Molecular weight of nitrate nitrogen: 14 g N

In other words, 1 mole of nitrate nitrogen weighs 14 g

5
Recovery of oxygen: 5 16 =409 0,

In other words: Recovery of oxygen is 40 g

g 0,
Y MolNO, =N _ . g0

g T ™7 gNO; —N
14 3orNo, =N g7

/0 QHC_, 7 November 2018 Dr.-Ing. Olaf Sterger, Berlin 27



. . CIW 703 Water and Wastewater Treatment
Nitrification / Denitrification

How is the oxygen balance of nitrification / denitrification?

0
Oxygen demand for nitrification: 4,3 A
gNH,— N
e pe s g 0,
Recovery of oxygen by denitrification: 2,9
y of oxygen by N0 —N
g 0,
2,9
’ NO; — N
J S =067
43 TNH, =N
9 4 —

In other words:
In denitrification, about 2/3 of the oxygen consumption from
nitrification can be recovered.

/0 QHC_, 7 November 2018 Dr.-Ing. Olaf Sterger, Berlin 28
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._r . . ClIW 703 Water and Wastewater Treatment

6t Lecture

Biological wastewater treatment:
Design of Nitrification/Denitrification
Oxygen demand / Design of Aeration

Design of secondary sedimentation tanks

/\O G},J,S 14 November 2018 Dr.-Ing. Olaf Sterger, Berlin



. . ClIW 703 Water and Wastewater Treatment

Nitrification / Denitrification

Repetition: Fractions of nitrogen in water / wastewater

Nitrates and ammonia occur
exclusively in dissolved form!

/
Total Nitregen (TN)
TotaIInor ic Nitrogen (TON
Gaseous nitrogen Nitrite | Nitrate Ammonium Dissplyed Grganie ParFicuIate Grganie
Nitrogen (DON) Nitrogen (PON)
Readily available for Must undergo
aquatic plant growth microbial degradation

Total Nitrogen bounded (TN,) Total Kjeldahl Nitrogen (TKN)

/a QHQ 14 November 2018 Dr.-Ing. Olaf Sterger, Berlin



:HI, . . CIW 703 Water and Wastewater Treatment

Nitrogen balance in sewage treatment plants

60 g BOD./(c*d)

11 g N/(c*d) 2.1 g N/(c*d)

| Aerationtank |
>4 inlet 11.8 g N(c*d) ¢
| incorp. 2.5 g N/(c*d) |

e ———

>{{sediment. 5
\ tank 4

1.8 g N/(c*d) 2.5 g N/(c*d)

1g N/(c*d)
/
Y Sludge dewatering

D]

AR

1.7 g N/(c*d)

L

/a G U._C 14 November 2018 Dr.-Ing. Olaf Sterger, Berlin



. . CIW 703 Water and Wastewater Treatment
Nitrification / Denitrification
How much oxygen is consumed to completely oxidize 1 g of NH,-N?

Reaction equation :
NH,”+2 O, > NO; + H,0O + H,*

Atomic weights : N=14, H=1,0=16
Molecular weight of ammonium nitrogen: 14 g N
16 * 2 329
H . k =
Molecular weight of oxygen: mole O,

To oxidize 1 mole of NH,-N, 2 moles of oxygen are consumed, i. H.:
64 g oxygen per 14 g NH,-N are required. After that follows:

6490, 45790,
14gNH,— N gNH,—N

/0 QHC_, 14 November 2018 Dr.-Ing. Olaf Sterger, Berlin



. . ClIW 703 Water and Wastewater Treatment

Nitrification / Denitrification

But: The conversion of the ammonium nitrogen by nitrification is not as oxidation in
the strictly stoichiometric ratio, because it is a biological metabolism. Part of the
nitrogen is incorporated into the cells of the nitrifying bacteria. This cell yield reduces

the actually required oxygen demand.
Usually one therefore expects:

4,3 g O,
gNH,— N

/O GU C 14 November 2018 Dr.-Ing. Olaf Sterger, Berlin

German Usivrsty n Cary



. . ClIW 703 Water and Wastewater Treatment

Nitrification / Denitrification

How much oxygen is recovered during denitrification per g of NO;-N??

Reaction equation:
NO; + % H,0 »> % N, +°/, O + OH-

Molecular weight of nitrate nitrogen: 14 g N

In other words, 1 mole of nitrate nitrogen weighs 14 g

5
Recovery of oxygen: 5 16 =409 0,

In other words: Recovery of oxygen is 40 g

g 0,
Y MolNO, =N _ . g0

g T ™7 gNO; —N
14 3orNo, =N g7

/0 QHC_, 14 November 2018 Dr.-Ing. Olaf Sterger, Berlin 6



. . CIW 703 Water and Wastewater Treatment
Nitrification / Denitrification

How is the oxygen balance of nitrification / denitrification?

0
Oxygen demand for nitrification: 4,3 A
gNH,— N
e pe s g 0,
Recovery of oxygen by denitrification: 2,9
y of oxygen by N0 —N
g 0,
2,9
’ NO; — N
J S =067
43 TNH, =N
9 4 —

In other words:
In denitrification, about 2/3 of the oxygen consumption from
nitrification can be recovered.

/0 QHC_, 14 November 2018 Dr.-Ing. Olaf Sterger, Berlin



. . ClIW 703 Water and Wastewater Treatment

&

Nitrification / Denitrification

Reaction equation for nitrification:
NH,*+2 O, > NO; + H,O + H,*

The nitrification is characterized by high oxygen consumption (1 g NH,-N requires 4.3 g
0,) and high acid production (1 mole NH,-N forms 2 mole H*).

How does the pH change during nitrification?

Reaction equation for denitrification:

NO; + % H,0 »> % N, +°/, O + OH-

The denitrification is characterized by a gain in oxygen (1 g NO;-N provides 2.9 g O,)
and by a base production which half neutralizes the acid formed in the nitrification
(1 mole NO;-N forms 1 mole OH").

GU C 14 November 2018 Dr.-Ing. Olaf Sterger, Berlin

German Usivrsty n Cary



Calculation of DR and Q;rp

SNH4,In QRAS QIRD

DR = — 1= +

SNOS,Out an an
Qirp = DR * Qi — Qras = (DR — RR) * @y

DR Internal recirculation ratio for denitrification for which the pumps
have to be designed

SNHan Ammonia nitrogen which has to be oxidized

SNO3,0ut Concentration of nitrate N which has to be met in the effluent of
the WWTP

Qrus Flow of recycle activated sludge

Qirp Flow of internal recirculation for denitrification

Qm Flow inlet aeration tank (maximum dry weather influent)

RR RAS recycle ratio



. . ClIW 703 Water and Wastewater Treatment

Calculation of DR

1 Np Maximum possible efficiency of denitrification

— DR Internal recirculation ratio for denitrification for
1 + DR which the pumps have to be designed

Np <1

The equation on the previous slide only accounts for the resulting efficiency due to the
available nitrate. The theoretical values, however, are often inconsistent with the
practice values, as negative effects occur due to oxygen transport into the denitrification
stage, dilution and decreasing contact time.

=z 100 I I -
i e 98 S0 o theoretisch
S _--19""] ‘ moglich
= G50 -
i /’g’ \ @ gemessen
v : 455
4 % \\ |
£ ; |
| |
‘ i
20 | |
| |
|
| | » E ‘ .
W 1 ouE a8 b0 e | aus LONDONG, 2009

Riickfiihrungsverhaltnis RF

/O GU C 14 November 2018 Dr.-Ing. Olaf Sterger, Berlin

German Usivrsty n Cary
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BN
WWTP Stahnsdorf: Calculation of DR and Q;rp

/ Snuan Influent concentration of NH,-N
82,2mg N/l
DR = —1 :‘e
9,1mg N/ @

The calculated value exceeds the opm

previous slide). Therefore, DR is chosen to be 3.

Snosan Concentration of nitrate N which has to
be met in the effluent of the WWTP

Qirp = DR * Qpp, —/Mm/= (DR — RR) * Qpy,
O1rp =@m 2167m3/h = 4983 ~ 5.000 m3 /h

Why should the volumetric flow of recycled activated sludge be taken into account when

calculating the volume flow of nitrate-containing wastewater from the nitrification to be
recycled for denitrification?

SUC

German Usivrsty n Cary



. . ClIW 703 Water and Wastewater Treatment

Calculation of DR and Q;rp

Aeration tank Secondary sedimentation tank
Precipitant/ N, Aeration | NHa =N =1.5mg/l
: : NO; — N =10mg/l
coagulation aid
Outlet
Inlet aeration l I B o T T 0 & g Bufeno P 3 \k Z // of WWTP

L BioPl £ DN 158135 "%, &. %708 o ¥ N8 g

N » el '%°c§@'%°°o R O H

o | © I O L nld® * i g ol & 9 Sags

S b O %0 go°g °, e o 0" Feo 20 °e
= ) = ) to, S8 % BB e ]
] @ | © I @ o Ddeben o “oqtods. €8 o0 % 8
< c rad. " PR P40y DAL g oo '?y‘"

T Qe O, o O o ¥ 8° ¢
-"g © ! I g.o§ Q “‘3963.0069:%”0 00% 0030 @’& c
Q. | | -.3’(.; el s O0dian S iesiovs o" o O° %Oso,bg
3 -o._..a_ lo——431=o&q£——h‘-mdg
3) NH,—N =777 it
‘s NO; — N =777
(<]
g Recycle Recirculation for denitrification Waste
u°> activated activated
sludge p\ /Q sludge

N < ]

What is the concentration of nitrate and ammonia in RAS? Give reasons for your opinion!

/0 Qng 14 November 2018 Dr.-Ing. Olaf Sterger, Berlin 12



ClIW 703 Water and Wastewater Treatment

WWTP Stahnsdorf: Flow balance completed

Qun = 2.167 m3/h
DR =3
RR=0,7

QWAS == 1900 m3/d =~ 79 m3/h

Aeration tank

(dry weather conditions)

Secondary sedimentation tank

2.167 +
1.517 =
2.167m°/h 3.684 m3/h
Precipitant/ 2 Aeration 2.167 — 79 = 2.088 m3/h
coagulation aid
Outlet
Injet aeration l I I e R T e & g Bgenb 4 \k Z // of WWTP
L BioPl DN I 8 1e% %, Po 8 o Fn N g
Ke] 3 o] '%:océ@‘%"?o "%"b 2 s 0o O L2 ;f
= S E | © oagandt " maa BE, EAL
T 2 | & PR SRS oAt P
= c IS %0y °BPL g itor . &
5 g ! I NG RO Pt
5 : | B ) et T 0y 3.684 —2.088
o = 1.596 m®/h
ks Qrz = (3 —0,7) x2.167 = 4984 m3 /h
[+
g Recycle Recirculation for denitrification Waste
[e) activated activated
9 sludge | Qgrs = 0,7 *2.167 =~ 1.517 m3/h [ o sludge
/OQH,C_, 14 November 2018 Dr.-Ing. Olaf Sterger, Berlin 13




. . ClIW 703 Water and Wastewater Treatment

Aeration

Which influencing factors determine the oxygen requirement of the aeration?

/a Qng 14 November 2018 Dr.-Ing. Olaf Sterger, Berlin

14



. . ClIW 703 Water and Wastewater Treatment

Aeration

Which influencing factors determine the oxygen requirement of the aeration?

Inlet concentration of BOD in the aeration tank Csop,in
COD removed by WAS Xcobwas
Inert soluble COD which leaves the secondary settlement tank ScoD,inert,Out
Oxygen demand for nitrification ODy
Oxygen recovery from denitrification ORyp
Impact factor of oxygen consumption for carbon elimination fe

Impact factor of oxygen consumption for nitrification fy

/0 GU C 14 November 2018 Dr.-Ing. Olaf Sterger, Berlin

German Usivrsty n Cary



. . ClIW 703 Water and Wastewater Treatment

Aeration
Flashback oxygen balance N/DN:
Oxygen consumption for nitrification: 473 9 0
gNH,— N
P g 0,
Oxygen recovery by denitrification: 2.9
yg y by O TN =N
g 0,
2,9
’ NO; — N
=067
43 TNH, =N
Y 4~

In other words:
In denitrification, about 2/3 of the oxygen consumption from

nitrification is recovered.

/0 Guch 14 November 2018 Dr.-Ing. Olaf Sterger, Berlin



Oxygen consumption for elimination of C

C
Determination according to empirical formula by HARTWIG (only valid for# <272):
BOD,In

0,15 * SRTAT * FT
1+ 0,17 * SRT,p * Fy

ODgc = Lagop,in * <0;56 +

0Dy ¢ — Daily oxygen demand for elimination of carbonaceous substances
Lgop n — Daily influent BOD Load

SRT,7 — Sludge retention time

F; — Correcting factor for temperature Fr = 1_072(T —15)

T — Design temperature

Which temperature should be chosen here for design to be on the safe side? Highest?
Deepest? Average? Justify your decision!

GUC

Coman Usiversty i Cave



. . ClW 703 Water and Wastewater Treatment

Oxygen consumption for elimination of C

Determination via oxygen balance (always valid, is binding for Cmﬂ > 2,2):
BOD,In

Qg * (Ccou,m - SCOD,inert,Out — XCSB,US)
1.000

ODd,C ==

0D, ¢ — Daily oxygen demand for elimination of carbonaceous substances

Q, — Daily flow for dry weather (inlet aeration tank)

Ccop,in — Inlet concentration of COD in the aeration tank

Scop.inert,out — Inert soluble COD which leaves the secondary settlement tank

Xcop,was — COD removed by WAS

Let’s use the following graph of change of COD and solids during the biological treatment
for explaining the above calculation formula!

/o GH‘CM 14 November 2018 Dr.-Ing. Olaf Sterger, Berlin



. . ClIW 703 Water and Wastewater Treatment

COD elimination by activated sludge process
~ .

[ SCOD,inert,In (SCOD,inert,Out>|
| \/
| - AJ.LLI..LLLI.I.;‘--'—' = LT l
".’..:'Q' ° 9 QOQ
* o 0% 9Q Q0o
.'.-....l lo \’oo"’c’oo "Y
E '. ‘. .'°°°°°°o
Q\ S ':. ‘.. Q:loovo‘oog.'
<\ | .S popm | 11 9SES e
kS %) e o &oange” Vo e Oy
N =~ .- N U bo oV Kl
Q Q RN PY RO
8 Q l. ......l‘v‘oooo X
& G s v el O 3 906%. COD,BM
/ WPy ’-"'-'_ . ‘.... “'.. .:’.'o. ! /
E "..."".:..: .‘\...0.
o a XBOD,ITL ".“'.'; - :.‘ K .'.'.‘.\.:; I
Q . . . ¢ e . S -
~ S EIEES O p l ¢ e o] = X =
E >< 4 e . v . ;-:-‘.? 2 ol sde o 4 COD,WAS g
> | TR o R <
] ‘.—. =02 l ><
.’.... . ' ‘:.- .:.‘. .O..‘..“::O...:\.?.t v
/.." 3 Ton '...‘..‘Q. :o:u:.‘.:_o.-.c.:':':é\

Xcop.: / A \
COD,inert,In Biological Process

X TS,inert, WAS

X TS,inert,In

Metabolism of COD and solids in the biological treatment step
ATV-DVWK-A 131, 2000

/a QH,Q 14 November 2018 Dr.-Ing. Olaf Sterger, Berlin 19
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ClIW 703 Water and Wastewater Treatment

Oxygen consumption for nitrification

Determination via nitrate oxygen balance:

Qq *4,3 * (SN03,D — Syosn T SN03,Out)

0D, n =
a.N 1.000

Daily oxygen consumption for nitrification

Daily wastewater flow at dry weather conditions (inlet aeration tank)
Concentration of nitrates which are to be denitrificated

Influent concentration of nitrates

Effluent concentration of nitrates

GU C 14 November 2018 Dr.-Ing. Olaf Sterger, Berlin

German Usivrsty n Cary

ODg N
Qa
SNO3,D
SNO3,ITl

SNOB,Out

20



. . ClIW 703 Water and Wastewater Treatment

&

Recovery of oxygen by denitrification

Qa *2,9 * Syosp

ORd,D -

1.000

Daily recovery of oxygen by denitrification
(= Oxygen consumption for the C-elimination,

which is covered by the denitrification) ORg4 p
Daily wastewater flow at dry weather conditions (inlet aeration tank) Q4
Concentration of nitrates which are to be denitrificated SNo3.D

GU C 14 November 2018 Dr.-Ing. Olaf Sterger, Berlin

German Usivrsty n Cary
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. . CIW 703 Water and Wastewater Treatment

Oxygen consumption - peak value 0D,

The peak oxygen consumption is calculated as follows :

fc * (ODgc — ODgp) + fy * OVyy

0D, =
h 24

Hourly oxygen consumption - peak value
Impact factor of oxygen consumption for carbon elimination
Daily oxygen demand for elimination of carbonaceous substances

Daily oxygen demand for elimination of carbonaceous substances
which is covered by oxygen recovery from denitrification

Impact factor of oxygen consumption for nitrification

Daily oxygen consumption for nitrification

/0 GU C 14 November 2018 Dr.-Ing. Olaf Sterger, Berlin

German Usivrsty n Cary

oD,

fe
ODg,c

ORg4p

fn
ODgn

22



. . ClW 703 Water and Wastewater Treatment

Oxygen consumption - peak value 0D,

fc and fy can be taken from the following table:

(from A 131)

Sludge retention time ind

4 | 6 | 8 10| 15 | 25

fcl13]1.25|1.2|1.2 ql? 1.1
fn Leopin <1200 kg/d| - - - 12.5] 2.0 |1.5
N

—
o1

fn,Lpopm > 6000 kg/d| - )}/Kr/ )

Values that apply for WWTP Stahnsdorf

/{) ng 14 November 2018 Dr.-Ing. Olaf Sterger, Berlin 23



. . ClW 703 Water and Wastewater Treatment

&

Oxygen consumption - peak value 0D,

Because the oxygen peak for nitrification usually does not
coincide in time with the oxygen peak for carbon elimination,
the oxygen consumption peak must be calculated twice using
the formula on the previous slide:

1. once with the appropriate value for the impact factor for the removal of
carbonaceous substances f., whereby the impact factor for the ammonium
oxidation fy is set to be 1

2. vice versa, with the appropriate value for the impact factor for ammonium
oxidation fy, whereby the impact factor for the removal of carbonaceous
substances f.issettobel

The higher value of OV, is decisive.

G U‘Cm 14 November 2018 Dr.-Ing. Olaf Sterger, Berlin

Geeman Univers

24



. . CIW 703 Water and Wastewater Treatment

Required oxygen supply erf.a x OC

For continuously aerated basins, the required oxygen supply is calculated

as follows :

cs * OD
req.a x OC = > L

Cs — Cx

Required oxygen capacity (oxygen supply) req.a x 0C
Oxygen saturation concentration (must be determined separately) Cg
Hourly oxygen consumption - significant peak value oV,
Set point of oxygen concentration in the aeration tank Cy

The calculation of the required oxygen supply should be calculated for all relevant
load cases (summer operation, winter operation, high BOD load, high N load, etc.).

/0 GU C 14 November 2018 Dr.-Ing. Olaf Sterger, Berlin 25
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. . ClIW 703 Water and Wastewater Treatment

Oxygen saturation concentration

The Oxygen Saturation t°c o.o0 0.1 0.2 0.3 0.4 0.5 0.6 ‘0.7 .8 0.9
concentration can be taken from
tables ...

14,16 14.12 14.08 14.o04 14,00 13,97 13.93 13.89 13.85 13.81
13.77 13.74% 13,70 13.66 13.63 13.59 13.55 13,51 13.48 13.uu
13.4%0 13.37 13.33 13.30 13.26 13.22 13.19 13.15 13.12 13.o08
13.05 13.01 12.98 12.94% 12.91 12.87 12.84 12.81 12.77 12.74
12.70 12.67 12.64 12.60 12,57 12.54 12,51 12.47 12.44% 12.u41
12.37 12.3% 12,31 12.28 12.25 12,22 12,18 12.15 12.12 12.09
12.06 12.03 12.00 11.97 11.9% 11.91 11.88 11.85 11.82 11.79
11.76 11.73 11.70 11.67 11.64% 11.61 11.58 .-11.55 11.52 11.50
11.47 11,44 11,41 11.38 11.36 11.33 11.30 11.27 11.25 11.22
11.19 11.16 11.1% 11.11 11,08 11,06 11,03 11,00 10.98 10.95
1o 10.92 10.90 10.87 10.85 10.82 10.80 10.77 10.75 10.72 10.70
11 10.67 10.65 10.62 10.60 10.57 10.55 10.53 10.50 10.48 10.45
12 1o0.43 lo.40 10.38 10.36 10.34% 10.31 10.29 10.27 1o0.24 10.22
13 10.20 10.17 10.15 10.13 10.11 10.02 1¢.06 1lo.ot 10.02 1c.o00
14 9.98 9.95 9.93 9.91 9.89 9,87 9.85 9.83 9.81 9.78
15 9.76 9,74 9.72 9.70 9.68 9.66 9.64 9.62 9.60 9,58
16 9.56 9,54 9.52 9.50 9,48 9.486 9.45 .43 9,41 9.39
17 9.37 9.35 9.33 9.31 9, 30 9,28 9.26 9,24 9.22 9.20
18 9.18 9,17 9,15 9.13 9.12 9.10 9.08 9.06 .ol 9.03
19 9.01 8.99 8.98 8.96 8.94 8.93 8.91 8.89 8.88 8.86
20 8.84 8.83 8.81 8.79 8.78 8.76 8.75 g.73 g.71 8.70
21 8.68 8.67 8.65 8.64 8.62 8.61 8.59 8.58 8.56 8.55
22 8.53 B.52 8.50 8.u49 8.47 B.ub B.uy B.43 B.u41 B.40
23 8.38 8.37 8,36 8.34 8,33 8.32 8.30 8.29 8.27 8.26
24 8.25 8.23 8,22 8.21 8.19 8.18 §.17 8,15 8.14 8.13
25 8.11 8.10 8.09 8.07 8.06 8.05 8.0l 8.02 8.01 8.00
26 7.99 7.97 7.96 7.95 7.94 7.92 7.91 7.90 7.89 7.88
27 7.86 7.85 7.84 7.83 7.82 7.81 7.79 7,78 7.77 7.786
28 7.75 T.74 T.72 7.71 7.70 7.69 7.68 7.67 7.66 7T.65
28 7.64 7.62 7.61 7.60 7.59 7.58 7.57 7.56 7.55 7.54
3o 7.53 7.52 7.51 7.50 7.48 7T.47 7.46 7.45 7.u4 7.43
31 T.42 T.41 7.4%0 7.39 7.38 7.37 7.386 7.35 7.34 7.33
32 7.32 7.31 7.30 7.29 7.28 7.21 7.26 7.25 7.24 7.23
33 7.22 7.21 7.20 7.20 7.19 7.18 T.17 7.16 7.15 7.14
3y 7.13 7.12 7.11 7.10 7.09 7.08 7.07 7.06 7.05 7.05
35 7.04 7.03 7.02 7.01 7.00 6.99 6.98 6.97 6.96 6.95
36 6,94 6.94 6.93 6,92 6.91 6.%0 6.8S 6.88 6.87 6.86
37 6.86 6.85 6,84 6.83 6.82 6.81 6.80 6.79 6.78 6.77
38 6.76 5 76 6.75 6.74 6,73 6,72 6,71 6.70 6.70 6.69
39. 6.68 6.67 6,66 6,65 6.64 6.63 6.63 6.62 6.61 6.60
Yo 6.59 6.58 6.57 6,56 6.56 6.55 6.5u 6.53 6,52 6.51

WO Ewrn D

/a GUC 14 November 2018 Dr.-Ing. Olaf Sterger, Berlin
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. . ClIW 703 Water and Wastewater Treatment

Oxygen saturation concentration

... or calculate. Various formulas have been published for this purpose.

Calculation proposal of the U.S. American Public Health Association, 1995:

5 7 10 11
¢ dmmagy g LOTIIDE 0T GEAIST LGN 12A30 10N BEa0 L
C¢ = € T T T T
where
Cs Oxygen saturation concentration under normal pressure (1 bar) and

negligible low salt level of the water

T Temperature of the water in °K (= 273,15 + Temperature in °C)

APHA 1995, cited by U.S. EPA, 2008

/0 GU C 14 November 2018 Dr.-Ing. Olaf Sterger, Berlin
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. . ClIW 703 Water and Wastewater Treatment

Oxygen saturation concentration

Calculation proposal of POPEL, 1985:

2.234,34
“S (T + 45,93)131403

Where

Cs Oxygen saturation concentration under normal pressure (1 bar) and
negligible low salt level of the water

T Temperature of the water in °C

Cited by WAGNER, 1992

The direct calculation according to a formula is the method of choice as soon as the
water temperature enters the calculation as a variable (eg if a scenario analysis is to be
performed)!

/0 QHC_, 14 November 2018 Dr.-Ing. Olaf Sterger, Berlin
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. . ClW 703 Water and Wastewater Treatment

Calculation of 0D  for WWTP Stahnsdorf

Determination according to empirical formula of HARTWIG:

0,15 * SRTyr * Fr
1+ 0,17 * SRTyr * Fr

ODd,C = Ld,BOD * (0,56 +

ODg ¢ Daily oxygen demand for elimination of carbonaceous substances

La gop Daily influent BOD Load 18.900 kg/d
(Value chosen, because in measurement apparently too low)

SRT 4t Sludge retention time (rounded) 15,4 d

Fr Correcting factor for temperature

Tges,nign ~ Design temperature (highest value) 20°C

Fr = 1,072 (20-15)
= 1,4157 ...

0,15 x 15,4 * 1,41 ...
1+0,17 *154 1,41 ...

) = 23.714 kg 0,/d

0Dy ¢ = 18.900 x (0,56 +

Greman

/{) GH‘CM 14 November 2018 Dr.-Ing. Olaf Sterger, Berlin



. . ClW 703 Water and Wastewater Treatment

Calculation of 0D  for WWTP Stahnsdorf

Determination via Qg * (CCOD,In — Scobp.inert.out — XCOD,WAS)

balance of oxygen : ODgc = 1.000
Qg4 Daily wastewater flow under dry weather conditions

(inlet aeration tank) 52.000 m?/d
Ccop.in Influent COD-Concentration 789 mg 0, /1
Scopinertout Effluent concentration of the soluble non-degradable

COD fraction (effluent of sec. sedimentation tank) 39mg 0,/
XcsBis COD removed by WAS 249 mg 0, /1

52.000 = (789 — 39 — 249) 23.714 kg 0,/d

ODgc = 1.000 = 26,022 kg 0z/d (according emp. formula)

The results of both calculation ways differ. The reason for this is that, despite the
choice of a higher feed-in value than the operators of WWTP Stahnsdorf told us, it
appears that the BOD for calculating by empirical formula is still too low.

Greman

/o GH‘CM 14 November 2018 Dr.-Ing. Olaf Sterger, Berlin 30



. . ClIW 703 Water and Wastewater Treatment

Calculation of OR; p for WWTP Stahnsdorf

Qa *2,9 * Syosp
1.000

Daily recovery of oxygen by denitrification: | ORgp =

Daily wastewater flow at dry weather conditions (inlet aeration tank) 52.000 m?/d

Concentration of nitrates which are to be denitrificated 58,8 mg/l

52000 * 2,9 * 58,8
ORap = 1.000

= 8.869 kg 0,/d

/O G UC 14 November 2018 Dr.-Ing. Olaf Sterger, Berlin 31

German Usivrsty n Cary



. . CIW 703 Water and Wastewater Treatment

Calculation of 0D  for WWTP Stahnsdorf

Determination by balancing of oxygen bounded in nitrate:

Qq *4,3 * (SNO3,D — Snosze t SNOB,AN)
1.000

ODd,N =

Daily wastewater flow at dry weather conditions (inlet aeration tank) 52.000 m?/d

Concentration of nitrates which are to be denitrificated 58,8 mg/l
Influent concentration of nitrates 0mg/l
Effluent concentration of nitrates 9,1mg/l

52.000 4,3 * (588 —0+9,1)
OVan = 1.000

= 15.185 kg 0,/d

/0 GU C 14 November 2018 Dr.-Ing. Olaf Sterger, Berlin 32
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. . CIW 703 Water and Wastewater Treatment

&

Calculation of OD;, for WWTP Stahnsdorf

Impact factor of oxygen consumption for carbon elimination 1,15

Daily oxygen demand for elimination of carbonaceous substances 26.022 kg 0,/d

(Here, the higher of the two calculated values is selected)

Daily oxygen demand for elimination of carbonaceous substances

which is covered by oxygen recovery from denitrification 8.869 kg 0,/d
Impact factor of oxygen consumption for nitrification 1,5
Daily oxygen consumption for nitrification 15.185 kg 0,/d

1. calculation process:

1,0 * (26.022 —8.869) + 1,5 * 15.185

0D, =
h 24

~ 1.664 kg 0, /h

' |
2. calculation process: Relevant value!

1,15 * (26.022 —8.869) + 1,0 * 15.185
h =
24

~ 1.455 kg 0,/h

GU C 14 November 2018 Dr.-Ing. Olaf Sterger, Berlin
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. . ClIW 703 Water and Wastewater Treatment

Calculation of req. a * OC for WWTP Stahnsdorf

Calculation for summer operation, e.g. relevant is the highest wastewater
temperature, T gesignhign = 20°C

Oxygen saturation concentration

(read from table) 8,8mg/l
Hourly oxygen consumption - significant peak value 1.664 kg 0,/h
Set point of oxygen concentration in the aeration tank 2,0mg/l

8,8 *1.664 kg 0,/h

erf.a x 0C = 88 2

~ 2.153 kg 0, /h

/0 QHC_, 14 November 2018 Dr.-Ing. Olaf Sterger, Berlin
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|
Calculation of Vy;;- o for WWTP Stahnsdorf

1 standard cubic meter of air weighs 1,293 kg,
ambient air contains about 23,16 mass% O,
Ergo: 1 standard m? of air contains
approx. 300 g of oxygen

Required oxygen capacity (req.a *x 0C)
Average of oxygen uptake by microorganisms

Quotient of oxygen supply in activated sludge
and in pure water (a-value)

Standard m3 (Sm3) means

that it is measured at 0°C

and air pressure =1.013
mbar)

2.153 kg 0,/h
33 %

0,7

2153 kg 0,/h

Vairoc = -
kg Air 9316

1,293 Sm3Air kgAir

~ 31.124 m3Air/h

Alternative calculation method:

2153 kg 0,/h

D

VAiT oc = ~ 31.068 mSAlT'/h
’ kg 0,
0,3 S ALr * 0,33 *0,7
GUC
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ClIW 703 Water and Wastewater Treatment

Design of secondary sedimentation tanks

Which factors influence the design of secondary sedimentation tanks?

Maximum flow for stormy weather
(in case of combined sewer system)

Mixed Liquor Suspended Solids

Sludge volume index

In addition to note or to choose:

Thickening time

Sludge load

Clear water zone (depth)

Total solids of waste activated sludge

Total solids at the bottom of secondary sedimentation tank
Flow of recycle activated sludge

GU C 14 November 2018 Dr.-Ing. Olaf Sterger, Berlin

German Usivrsty n Cary
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Design of secondary sedimentation tanks

Sludge index (ISV), dry matter content in the bottom sludge of the secondary
sedimentation tank (TSsrr pottom) and thickening time (t;) are interdependent
variables. Similar to the determination of dry matter content in the aeration tank
(MLSS), RAS recycle ratio (RR) and dry matter content of the recycle sludge (T'Sg45),
one value must first be estimated to iteratively determine the other values.

1000 1000

ISV = It TS = ——

3

L

3
b TSSST,bott. * [SV
T 1000

Decisive for the area of NKB (A¢q;) is the so-called surface charge (g,), which in turn
depends on the volume of sludge, which enters the secondary sedimentation tank
(gsy) and on the comparative sludge volume (CSV):

Qm _ Asv CSV = MLSS = ISV

A = qa =
SST aa CSV

qsy is to be selected according to instructions in papers like ATV-DVWK-A 131.
AGUC
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. . ClIW 703 Water and Wastewater Treatment

Design of secondary sedimentation tanks

h, Clear water zone

h, Separation and backflow zone

hs Density flow and storage zone

h, Thickening and clearing zone

—
> | M o
—> |[n, n

T
-
\R
1

-i—h,,.aufZBRadms

Main flow directions and functional zones of horizontally flowed round secondary

sedimentation tanks
(ATV-DVWK-A 131)

/a Qng 14 November 2018 Dr.-Ing. Olaf Sterger, Berlin 38




. . CIW 703 Water and Wastewater Treatment

Design of secondary sedimentation tanks

The clear water zone (h,) is a safety zone with a minimum depth of 0.50 m. The
depth of the remaining three functional zones is determined from previously
calculated values according to empirical formulas:

h — 0,5 *x q4 *(1+ RR)
27 1 —(CSV/1.000
. — 1,5 *0,3 * (gy *(1+RR)
> 500
MLSS * q4 * (1 +RR) * tp
h4 =
TSSST,bott.

Finally, check whether the following conditions are met:
* hg,, at 2/3 of flow path 2 3,00 m

* Slope of the tank bottom >1: 15

/0 GU C 14 November 2018 Dr.-Ing. Olaf Sterger, Berlin
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. . CIW 703 Water and Wastewater Treatment

Design of sec. sedimentation tank WWTP Stahnsdorf

Sludge volume index (ISV) chosen 100 1/kg

Total solids at the bottom of secondary sedimentation tank (T'Sssr poe.) 11.5 kg/m®

o 11.5 x 100
r— 1000

3
> ~ 1.5 h,chosen2 h

CSV =33 kg/m>*1001/kg = 330 [/m?

Sludge load (gsy) chosen 450 1/m* * h
[
0 h
= ~ 1.37m/h
947 7330 1/m3 m/
Maximum flow for stormy weather (combined sewer system - Q..) 6480 m3/h
6480 m>/h

~ 4.730 m?

A =
ST 1.37m/h

/0 GU C 14 November 2018 Dr.-Ing. Olaf Sterger, Berlin 40
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;—- . . CIW 703 Water and Wastewater Treatment

Design of sec. sedimentation tank WWTP Stahnsdorf

Chosen 4 tanks with diameter of 40 m:

(40 m)?
4

4 x T % ~ 5.030 m?

/a GHC‘_ 14 November 2018 Dr.-Ing. Olaf Sterger, Berlin 41



. . ClIW 703 Water and Wastewater Treatment

Design of sec. sedimentation tank WWTP Stahnsdorf

Clear water zone (h) chosen 0.50m

, _05+136-(1407)
2= 71 —330/1000 ™

1.5 *0.3 %450 *(1+0.7) _

= = 0,69
s 500 oo
3 %136 (1+0,7) *2 i
hy, = = 1.21m — gewahlt:1.59m
11.5
heym = 4.50m

/O G UC 14 November 2018 Dr.-Ing. Olaf Sterger, Berlin 42
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. . ClIW 703 Water and Wastewater Treatment

Design of sec. sedimentation tank WWTP Stahnsdorf

2/3 des NKB-Radius —»<— 1/3 des NKB-Radius —>
| 13:33 m > 6.67 m >
A
&
N~
N~
™
Y
£
= =
£ 3
§ - 20.00 m - 3
=S,

Proof of h, ., at 2/3 of flow path > 3,00 m

/a Qng 14 November 2018 Dr.-Ing. Olaf Sterger, Berlin 43




. . ClIW 703 Water and Wastewater Treatment

&

Basic requirements for C, N, DN

Requirements for removal of organic pollution (C):

» Dissolved oxygen > 1,5 mg/I
* Enough COD/BOD
* Enough Heterotrophs

Requirements for Nitrification (N):

>

aerob

* Dissolved oxygen > 1,5 mg/I
* Enough Ammonia nitrogen
* Enough Autotrophs

* Enough buffering capacity

Requirements for Denitrification (DN):

>

aerob

* Dissolved oxygen ~0 }
* Enough Nitrate

* Enough readily degradable organic matter (BOD)
* Enough Heterotrophs

GUC 14 November 2018

German Usivrsty n Cary
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ClIW 703 Water and Wastewater Treatment

Biochemical Reactions for BioP

Biological Removal of Phosphorus (BioP):

Anaerobe Prozesse

gelostes
Substrat

ortho-
Phosphat

;'mm‘g %

e
s Zellwachstum
E . REes
reniend Energie -
SERMR R
\f

ortho-
Phosphat

In the anaerobic stage, the PAOs absorb readily
degradable organic matter with consumption of
polyphosphate and store it as organic storage material
(polysubstrate) within the cells. Polyphosphate is
degraded inside the cells and released into the
wastewater as phosphate. This reaction provides the
required energy.

In the anoxic and in the aerobic stage, the organic
storage materials are degraded (respired), the energy
gained from it is used to increase the biomass and
rebuild more polyphosphates. In the process,
significantly more phosphate is removed from the
wastewater than is needed to build up the biomass.
The phosphorus content of the PAOs can be up to 15%
(normal is about 1-2%).

The excess phosphorus-loaded PAOs are either removed from the excess sludge or

returned to the anaerobic stage with the return sludge, where the cycle begins again.

/a GUC 14 November 2018

Gooman Usiversty i

Dr.-Ing. Olaf Sterger, Berlin

anaerob

—>{ anoxisch

aerob

Acc. GUIJER, 2007
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._j . . CIW 703 Water and Wastewater Treatment

7t Lecture

Introduction into the
dynamic sewage treatment simulation

with the program system STOAT

/O GHQ 21 November 2018 Dr.-Ing. Olaf Sterger, Berlin



. . CIW 703 Water and Wastewater Treatment

Preliminary remarks

Sewer network and sewage treatment plants always form one unit. They must not be
considered or operated independently! Nevertheless, because of didactic reasons my
courses are focused on the wastewater treatment in sewage treatment plants.

There are many different methods of wastewater treatment. Permanently new
processes are developed and tested. Processes which prove to be efficient will be
introduced into praxis. Therefore dynamic wastewater simulation also has to be up to
date.

The most common biological technology for sewage treatment in Germany and also on
an international scale is upstream denitrification. WWTP Stahnsdorf is one example. We
will try to simulate it by STOAT.

/0 GU C 21 November 2018 Dr.-Ing. Olaf Sterger, Berlin

German Usivrsty n Cary



Dynamic wastewater simulation using STOAT
STOAT Sewage Treatment Operation and Analysis over
Time

Developed by Water Research centre plc, Swindon/GrofR3britannien
http://www.wrcplc.co.uk/

Proven worldwide, freeware since 2010 (previously: licence fee 10,000 pounds sterling)

For free download of STOAT go to registration

http://www.wrcplc.co.uk/freeware/STOAT/downloadform.aspx

WRc will then send you an unlock code to download the software by e-mail.

N
i
(=
)


http://www.wrcplc.co.uk/
http://www.wrcplc.co.uk/freeware/STOAT/downloadform.aspx

Dynamic wastewater simulation using STOAT

Numerous software solutions are available worldwide, most of them with costs such as

BioWin™ http://envirosim.com/products/biowin

EFOR™ http://www.mpassociates.gr/software/environment/efor.html
GPS-X™ http://www.hydromantis.com/GPS-X.html

Matlab/Simulink™ http://www.mathworks.de/

SIMBA® https://simba.ifak.eu/content/simba-sharp-water

ASIM http://www.asim.eawag.ch/

WEST® http://www.mikepoweredbydhi.com/products/west

However, there also software for free exists as STOAT™ or

City Drain http://www.hydro-it.com/extern/IUT/citydrain/

In a large-scale software benchmark within the COST projects of the EU, BioWin™, EFOR™, GPS-X™,
Matlab / Simulink™, Simba®, STOAT™ and WEST® have been compared.

http://apps.ensic.inpl-nancy.fr/benchmarkWWTP/Pdf/Simulator manual.pdf

All candidates had to simulate a given system under a specific operating situation. The results of all
programs were nearly identical (COPP, 2000 - see link above).


http://envirosim.com/products/biowin
http://www.mpassociates.gr/software/environment/efor.html
http://www.hydromantis.com/GPS-X.html
http://www.hydromantis.com/GPS-X.html
http://www.hydromantis.com/GPS-X.html
http://www.mathworks.de/
https://simba.ifak.eu/content/simba-sharp-water
https://simba.ifak.eu/content/simba-sharp-water
https://simba.ifak.eu/content/simba-sharp-water
https://simba.ifak.eu/content/simba-sharp-water
https://simba.ifak.eu/content/simba-sharp-water
http://www.asim.eawag.ch/
http://www.mikepoweredbydhi.com/products/west
http://www.hydro-it.com/extern/IUT/citydrain/
http://www.hydro-it.com/extern/IUT/citydrain/
http://www.hydro-it.com/extern/IUT/citydrain/
http://apps.ensic.inpl-nancy.fr/benchmarkWWTP/Pdf/Simulator_manual.pdf
http://apps.ensic.inpl-nancy.fr/benchmarkWWTP/Pdf/Simulator_manual.pdf
http://apps.ensic.inpl-nancy.fr/benchmarkWWTP/Pdf/Simulator_manual.pdf

. - CIW 703 Water and Wastewater Treatment

Dynamic wastewater simulation using STOAT

&

All common wastewater treatment processes can be imaged:

Upstream denitrification

Cascading denitrification
Simultaneous denitrification
Alternating denitrification
Intermittent denitrification
Downstream denitrification

SBR plant (Sequencing Batch Reactor)
Trickling filter

Biofilter

Besides these core processes a lot of upstream and downstream processes can be
simulated by STOAT (eg rain overflow basin, equalization basin, wastewater filtration /
disinfection, sludge treatment)

Control (PID controller, PLC and fuzzy logic controller).

GU C 21 November 2018 Dr.-Ing. Olaf Sterger, Berlin
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. . CIW 703 Water and Wastewater Treatment

Dynamic wastewater simulation using STOAT

STOAT only works properly if the usual English dot is used as a decimal separator.
Before STOAT is started, it should be ensured that the regional setting of the operating
system is "English (United Kingdom)".

Otherwise STOAT calculates foolish results.

/a GU C 21 November 2018 Dr.-Ing. Olaf Sterger, Berlin 6
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Dynamic wastewater simulation using STOAT

Static (stationary) approach:

Time does not matter in the static calculation. Only a representative system state is
considered.

For example, the design of sewage treatment plants in accordance with DWA-A 131 refers
to "... the BOD¢ load, which has fallen below 85% of dry days in the inflow to the sewage
treatment plant plus a planned spare capacity ..." - the design is therefore static.

Dynamic simulation:

In the dynamic simulation, all system states that occur during the period of time examined
are considered. Thus, all load peaks and other extreme conditions are taken into account
(eg critical load change situations).

Wastewater treatment simulates the main transport and conversion processes along the
effluents of sewage and sewage sludge, and calculates loads and concentrations of all
relevant material parameters (e.g., COD, BOD, NH,-N, org. N, NO,-N, P) throughout the
process.
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STOAT bits
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ClIW 703 Water and Wastewater Treatment

STOAT bits

Processes @
Processes @ EH-  Influents -
T Influents n Sewerage syztem
Sewerage spstem Processes @ F'.rimar_l,.l treatment
Prirnany treatment H-  Influents - - Fised fim processes
& Fixed film processes F-  Sewerage system Suspended grovith processes
B Suspended growth processes H-  Primary treatment Sludge treatment =
(=B - |Lidge treatment &~ Fised film processes B Control functions
----- # Mesophiic Anaerobic Digester E B~ Suspended growth processes - B~ Other treatment processes
----- 3 Anasrobic digester &~ Shudge eatment ==l J
BT A5 to ADM W .l fLirclions ; E----:D{I Counter-current heat exchanger
~FE DM to A5 & PID contioller it Co-current heat exchanger
----- 1\ Gas holder @ Logic contraller o SIuFIge diyer
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STOAT bits

Processes

Processes
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Primary treatment
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Shidae treatment
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(ther reatment processes
Thermal proceszing

Ilzer modelz

Tertiary treatment

Energy modelling

Miwers and zplitters

L _ Blanked off

Dr.-Ing. Olaf Sterger, Berlin

10



STOAT levels

Report level

Inspection of the results of the computer run
(All results are set to read only, Model and Run can not be changed!)

Every flow
stream and
every bit can be
inspected!

Run level
Illustration of the mode of operation of a plant (quantity and nature of
the wastewater intake, chemicals dosed, aeration, return sludge
production, excess sludge removal, internal recirculation etc.
Model can not be changed!)
File — New run / Open run — name of run

Up to 256 Runs
per model

Works level
Illustration of the existing or planned design of a plant (flow of
sewage, number and volumes of reactors, mathematical models to be
used, etc.)
File — New works / Open works — name of work)

Up to 4.096
STOAT bits per
model




Dynamic wastewater simulation using STOAT

Logo while STOAT is booting ...

... but then the screen is
empty ...

BB WRc STOAT (version 5.3)
File Edit Options Tools Help

Printer setup...
... With File — Database — Change Database Database | Compact Database
you can select a database that has been ES S

generated under STOAT ...



. . ClIW 703 Water and Wastewater Treatment

Our very first STOAT model

For warming up we will build a very simple model according to the STOAT tutorials guide.

Start by creating a new works. From the 'File' menu select 'New works’.

When you have all the processes on the drawing board connect them together to create
the flowsheet shown below.

/a Q},,J,,Cm 21 November 2018 Dr.-Ing. Olaf Sterger, Berlin
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. . CIW 703 Water and Wastewater Treatment

Our very first STOAT model

Having completed the works geometry we now define the physical dimensions. For each
process — primary sedimentation, aeration basin and settling tank — right-click on the
process, select 'Input data' and then select 'Name and dimensions'. Set the processes
dimensions as:

Primary sedimentation:

Name: Primary Tank 1
Process Model: BOD
Number of stages: 3
Volume: 1,200 m*

Surface area: 400 m”

/{) G}JQ 21 November 2018 Dr.-Ing. Olaf Sterger, Berlin

14



. . ClIW 703 Water and Wastewater Treatment

Our very first STOAT model

Aeration basin:

Name: Activated Sludge Tank 1
Process Model: ASAL1
Volume: 800 m’

Number of stages: 1

Number of MLSS Recycles: 0
Wastage Method: None

/0 QHC_, 21 November 2018 Dr.-Ing. Olaf Sterger, Berlin
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Our very first STOAT model
Settling tank:

Name: Secondary Tank 1

Process Model: SSED1

Number of stages: 8 [this 1s the default]
Surface area: 400 m®

Depth of Tank: 3 m

Depth of Feed: 2 m

RAS feed: Rate

Wastage Method: Constant

Control Aeration Tank : Activated Sludge Tank 1
Control aeration stage: 1



. . CIW 703 Water and Wastewater Treatment
Our very first STOAT model

Now that the works has been defined and saved we can begin to carry out simulations for
the works.

Select 'File/New run'.

/a QHQ 21 November 2018 Dr.-Ing. Olaf Sterger, Berlin 17



ClIW 703 Water and Wastewater Treatment

Our very first STOAT model

BL, WRc STOAT (version 5.0)

File Edit
Mew works...
Open works...

Save works...

Save warks s,

Close works

Delete works...

Mew run
Open run
Save run
Save run As
Close run

Delete run

Print
Printer setup

Exit

Options

Tools  Window

B, WRc STOAT (version 5.1) - [Waorks 1 (Starter]] = | B )
£ File Edit Options Tools Window Help -8 =

7

Kommunalabwasser
VKB

NKB

Ablauf Vorfluter

Creating Run

Mew run: Page 1 of 1

Mame of run:

Run 1

GUC

Geeman University in Cave.

Initial conditionzs
{* Default (cold start)
~
-~
~
OK 1 Cancel | Rezet |

| o |

Mew run {cold start) : Page 1 of 1
> 4

Mame of run: |P.un 1

Start date and time (dd/mmfyy
hh:mmyj:

|EI1.-'IZI1.-'2I]1IE» 00:00

End date and time (dd/
hh:mm}:

Input timestep

verage sewage temperature ("C):

BOD removed per unit non-biocmass V'S

Define start and end date
of the run

21 November 2018

removed:

OK Qancel| Reset |

|30/06/2016 23400

BOD removed per unit biomass remowved:

Dr.-Ing. Olaf Sterger, Berlin
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file:///C:/WRc/STOAT/stoat32.exe

. . ClIW 703 Water and Wastewater Treatment

Our very first STOAT model

. — ——
BZ WRc STOAT (version 5.0) ~
File Edit Ambient Utilities Options Run Tools Window Help

Creating influent file

Run 1 [Wastage £ Start | 22/10/201500:00 End | 24/02/2016 00:00 :l | M| Time | 2241042015 00:00 r B8 WRc STOAT (version 5.1) - [Works 1 (Starter]]
E5] Eile Edit Options Tools Window Help

£ Works 1 (Starter)

Kommunalabwasser

Name...

Connection..,
Edit profile [.\Influents\four months sinuscidal.bed]..

Kommunalabwasser

VKB

Primérschlamm

Ablauf Vorfluter

Belebtschlamm

1811.2004 1832

Select profile...
Generate profile 4 BOD ... y
Import 4 CoD ..
tschl
- Advanced ... semam
Primarschlamm
ADX

Ind| Mew profile

AD

Fod [ Formulas
" Constant
" Diurnal
{* Sinusoidal

Edit formulae

N

Close

Create profile

Time

End time (hours): 4357
=7

oK Cancel |

Timestep (hours): 1

/a GUC 21 November 2018 Dr.-Ing. Olaf Sterger, Berlin

Geeman University in Cave.
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file:///C:/WRc/STOAT/stoat32.exe

. . ClIW 703 Water and Wastewater Treatment

Our very first STOAT model

8 WRc STOAT (version 5.0) T——
File Edit Ambient Utiites Options Run Tools Window Help Tools Window Help
Fun 1 (Wastage ¢ Stat | 227102015 0000 Eng | 24/02/2016 0000 | P] 1| | time |zz1vzms o0 24/02/20M6 00:00 : 1| | Time | 2211002015 00:00
&2 Works 1 (Starter)
BB
Kommunalabwasser BB
VKB NKB NKB
W H LJ L e ey
: Input dats Name and dimensions... ( ) ™ o
--------- | B Input data 3 MName and dimensions..
Reporting options... Connectivity... Ablauf Vorfluter : v
— Reporting options... Connectivity...
MLSS recycle results fieniss Qrawiar
— Semage ¥ MLSS recycle results Initial conditions...
Process calibry 5 1 (Starter)] Convert . Sewage calibration data ..
Undelete

Process calibration...

Window Help

Primérschlam  Show name Undelete
Hide name Show name
Copy Hide name
Paste Copy

Paste

ROMMUNAIADWasser

\\ Ablauf Vorfluter

15 Run Tools Wind Help

Primérschiamm 1 End | 24/02/2016 00:00 I} W Time | 2241042015 00:00

K

HKB

Configuration of STOAT bits for the
run (Operation data, Initial data of | P

primary sedimentation tank, aeration MLSS eyl el
Convert ... Initial conditions...

tank and secondary sedimentation .

Process calibration...
Show name

tank) —

Copy
Paste

/a GUC 21 November 2018 Dr.-Ing. Olaf Sterger, Berlin

Coman Usiversty i Cave
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file:///C:/WRc/STOAT/stoat32.exe

Our very first STOAT model

Operational data of secondary sedimentation tank

ClIW 703 Water and Wastewater Treatment

Operation data - —-
Iritial Change 1 Change 2 | Change 3 | L

1 |Change at time [h]: 0.00 0.00 .00 0.00

2 |RAS How [rédh]: 150,00 0.00 .00 0.00

3 |RAS ratio: 1.00 0.00 Q.00 0.00

4 | Sludge waztage flow [rélh): R.00 0.00 .00 0.00

5 |'“wastage pump run time [h]: 24.00 0.00 .00 0.00

E |“wastage cycle ime [h]: 24.00 0.00 .00 0.00

7 |MLSS zet-point [mg): [ | 0.00 0.00 0.00

<

/a QH,E 21 November 2018

Dr.-Ing. Olaf Sterger, Berlin



Our very first STOAT model

ClIW 703 Water and Wastewater Treatment

Initial data of secondary sedimentation tank

Initial data
Stagel Stagez Staged Staged Stageh Stageb Stage? Staged
1 |Soluble BOD [mg): 0.00 Q.00 000 000 000 0.00 0.00 0.00
2 |Ammonia [mg/1): 0.00 Q.00 000 000 000 0.00 0.00 0.00
3 | Mitrate [mg/1); 0.00 Q.00 000 000 000 0.00 0.00 0.00
4 | Soluble phosphate [mgAl): 0.00 0.00 0,00 0,00 000 0.00 0.00 0.00
5 | Digsolved oxpgen [mgAl): 0.00 0.00 0,00 0,00 Q.00 0.00 0.00 0.00
E |Particulate BOD [mgdl): 0.0o Q.00 n.oo n.oo n.on 0.0o 0.0o 0.oo
7 | Particulate phosphate [mg/l): 0.00 0.00 0.oo 0.oo Q.00 0.00 0.00 0.00
2 |Mixed iquor suzpended solids [mgAl): 0.0o Q.00 n.oo 300.00 300.00 300.00 300.00 1500.00
9 |Morn-settleable [volatile] zalids [mgl): 0.00 Q.00 Q.00 Q.00 Q.00 0.00 0.00 0.00
10 |“iable heteratrophs [mg/l): 0.00 Q.00 000 100,00 100,00 100.00 100.00 1000.00
11 |Mon-viable heterotrophs [mg/l): 0.00 Q.00 000 000 Q.00 0.00 0.00 0.00
12 |Wiable autatrophs [mg/1): 0.00 Q.00 000 10.00 10.00 10.00 10.00 100,00
13 |Mon-viable autotrophs [rmg): 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
oK Cancel | ‘ Help ‘

&

GUC 21 November 2018

Coman Usiversty i Cave

Dr.-Ing. Olaf Sterger, Berlin
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ClIW 703 Water and Wastewater Treatment

Our very first STOAT model

me | 22/10/2015 00:00

E WRc STOAT (version 5.0) - [Works 1 (Starter]]

’v_"’IEiIe Edit Options Tools Window Help

Kommunalabwasser

Primarschlamm

NKB

NKB

MName ...

Reporting options

P
f-

Ablauf Vorfluter

Uberschussschiamm

.

Reporting Options

v Save Results

GUC 21 November 2018

Geeman University in Cave.

s Simple

" Adwanced

 ADMI

Report view ‘ Determinands |

Close

. Show name
BelebtschlarM Hide name

Select determinands to report : Page 1 of 1

[ Total SS (mg/l)
[¥ Total BOD (mgfl)
[~ Total COD (mg/)
[v Ammonia (mgJl}
[ Nitrate (mgdl}

[~ Phosphate (ma/l)
[~ Total P (mgfl)

[~ Total N (mg/l)

oK | Qancel| Eeset| | Help |

Dr.-Ing. Olaf Sterger, Berlin

23



Our very first STOAT model

'_:_ WRc STOAT (version 5.0) * i | | e e S

YTy N e . - D.-'\rb.-\n-

Edit Window Help \
Run 1 [wastage ® Stat | 22/10/20#6 0000 Erd | 24/02/2016 00.00 — ™ b Tme |2210/20150000 |

£ Warks 1 (Starter) = || E

'ﬁ stream 5:Run 1 (Wastage 5 m*/h):Works 1 (Starter)
Kommunala

O_ 1

= Flow (10mh}
= Total 55 (mg/1}
= Total BOD (mg/T)
— Ammenia {mgil)
— Nitrate (mg/1}

0
0 1
Elapsed time (hours)
Flows (meih} TE::g'is T”E;'QB”? Y ATHE,E'E Nitrate (mg/l)
Mean
Minimurm
Maximum
Standard deviation

Total mass (kg)
Peak load (g/=)

201042015 |12:00

GUC

Geeman Universlty in e



. . CIW 703 Water and Wastewater Treatment

Our very first STOAT model

Which results does a computer run provide?
How can |l illustrate this?
What conclusions can be drawn from this?

Do | have to change the computer run and / or
rebuild the model (change, expand)?

And if so, how?

21 November 2018 Dr.-Ing. Olaf Sterger, Berlin
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. . ClIW 703 Water and Wastewater Treatment

Our very first STOAT model

B WRc STOAT (version 5.0)
File Edit Window Help

| Run 1 Start | 14/01/2ME6 00:00 End | 13/07/2016 23:00 :I "l .|Time 1340742016 23:00 I

&Y Works 1

BB
Kommunalabwasser VKB NKB

W ctream 8:Run 1:Works 1 [E=N E=R

50
40

30
Flow (I10m3h)

Total 55 (ma/l)
Total BOD (mg/l)
Total COD (mg/l)

20
I Ammenia (ma/l}
mmir ””‘I’J““”J““l l | ||' I A Nitrate (mg/1}
10 STOAT .
'0' THIS RUN HAS BEEN COMPLETED
’ k. *
’ 1000 2000 3000 The data for this run is now read only. Left click on the processes or

flowstreams to view the results, Create a new run and select the
warmstart option if you wish to continue simulating from the end point
of this run.

Elapsed time (hours)

oK |

/a GUC 21 November 2018 Dr.-Ing. Olaf Sterger, Berlin 26
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ClIW 703 Water and Wastewater Treatment

8th Lecture

STOAT simulation of WWTP Stahnsdorf

28 November 2018 Dr.-Ing. Olaf Sterger, Berlin



. . ClIW 703 Water and Wastewater Treatment

Supplement to lecture #7

Starter model:

Primary sed. tank Secondary sed. tank

Sewage Y e
Effluent
Aeration tank
Primary sludge g Waste activated sludge

Run 1 Cold start, WAS = 5 m3h Nitrification works

Run 2 Warm start, WAS = 7.5 m3h  Nitrification breaks down

Warm start, WAS = 2.5 m3¥h | Nitrification better than Run 1

Q QHQ 28 November 2018 Dr.-Ing. Olaf Sterger, Berlin



. . ClIW 703 Water and Wastewater Treatment

Supplement to lecture #7

Have a look behind the scene

Bit Aeration tanks — Results — Viable autotrophs — Graph and summary statistics

So you may better understand why nitrification behaves this way...

sankey - Flow

Menu Tools — Stream reports — Sankey diagram — Options | scin  gop
o CoD

Menu Tools — Stream reports — Sankey diagram — Flow/BOD/... Tos
MH3
W alue: MNO32

" Cc L

* Lo PO4

Menu Tools — Stream reports — Mass balance

Temperature

[
Reset

Options

/O G UC 28 November 2018 Dr.-Ing. Olaf Sterger, Berlin 3

German Usivrsty n Cary



. . ClIW 703 Water and Wastewater Treatment

STOAT simulation of WWTP Stahnsdorf

WWTP Stahnsdorf #1:
Combined water outlet
Storm water
- Pri d. tank ¥ i i
Screens Grit traps, aerated rimary sed. tanks Secondary Sedimentation tanks WWTP effluent
Crverflow Aeration tanks
Sewage

Primary sludge . Waste activated sludge

Simplification: Only one train, volume of every STOAT bit represents all single installations;
No modeling of sludge treatment

Changes: Mixed water influent of WWTP splitted into sewage and storm water (for
better investigation of storm water events)

/0 QHC_, 28 November 2018 Dr.-Ing. Olaf Sterger, Berlin 4



:—L . . ClIW 703 Water and Wastewater Treatment

STOAT simulation of WWTP Stahnsdorf

WWTP Stahnsdorf #1, Runs:

Run 1 Cold start, dry weather Solids and BOD/COD fine, Ammonia
with some peaks (nitrification works
not good enough), Nitrate fine,
Phosphate with some peaks (BioP)

Run 2 Repeat run 1, calib. autotrophs Now nitrification fine, other results
as previous run

Run 3 Repeat run 2, stormy weather | Solids, BOD/COD break through of
SST, other results as previous run

Run 4 Repeat run 3, calib. SST Solids and BOD/COD fine again,
other results as previous run

/a Gym(; 28 November 2018 Dr.-Ing. Olaf Sterger, Berlin



. . ClIW 703 Water and Wastewater Treatment

STOAT simulation of WWTP Stahnsdorf

WWTP Stahnsdorf #1, Results of run 4:

What about the outlet of mixed water?
Check the flow by Sankey diagram and investigate the function of overflow!

What about the behaviour of ammonia, nitrate and Total N?
Check it by Sankey diagram!

/0 QHC,, 28 November 2018 Dr.-Ing. Olaf Sterger, Berlin



ClIW 703 Water and Wastewater Treatment

gth | ecture

STOAT simulation of WWTP Stahnsdorf

5 December 2018 Dr.-Ing. Olaf Sterger, Berlin



Supplement to lecture #8

Start STOAT, then change database to = WRe STOAT (version 50)

File Edit Opticns Tools Help

Mew works...

...\Stahnsdorf\Runs\Stahnsdorf.mdb T

Delete works...
Printer setup...
Database » Compact Database

Exit Change Database

Create Database

Open work
WWTP Stahnsdorf #1 (basic model)

Combined water outlet

EFFL,

Storm water

O—

Sereens Grit traps, aerated Primary sed. tanks Secondary Sedimentation tanks

» i —

WWTP effluent

Owverflow

Aeration tanks

Sewage
Primary sludge VWaste activated sludge

GUC

Coman Usiversty i Cave



!__L . . CIW 703 Water and Wastewater Treatment

Supplement to lecture #8

Runs of WWTP Stahnsdorf #1 (basic model):

Run 1 (cold start, dry  RAS = 70%, WAS controls MLSS (3.3 g/I), Nitrification not good enough
weather) default calibration

Last lecture ended with doing Run 1

You’ll find additional runs which | prepared:

Run 2 (repeatrun1,  RAS/WAS as before, calibration of autotrophs Nitrification works fine
calib. autotrophs) changed to better growth

Run 3 (repeat run 2, | RAS/WAS/calibration as before Breakthrough of solids after heavy rains
stormy weather)

Run 4 (repeat run 3,  RAS/WAS/calibration of autotrophs as before, No more breakthrough of solids
calib. SST) calibration of SST changed to better working

Please do these runs in exercise #10!

/a QHC‘, 5 December 2018 Dr.-Ing. Olaf Sterger, Berlin 3



. . CIW 703 Water and Wastewater Treatment
STOAT simulation of WWTP Stahnsdorf

Today open work
WWTP Stahnsdorf #2 (#1 + storm water tanks)

@ Combined water outlet

Storm water

O_

Sterm water tanks

Overflow

Screens  Grit traps, aerated Primary sed. tanks = Secondary Sedimentation tanks

i e

WWTP effluent

Saratinn tapnlko

Edit storm tank : Page 1 of

Primary sludge Mame: torm water tanks|

Oi

Sewage

Nodel: |CDD j

Have a look inside model settings | Volume (m): 7800
of storm water tanks: | surface area () ]

Control stream: | Bypass j

oK Qanc&l| Reset | | Help |

/a GUC 5 December 2018 Dr.-Ing. Olaf Sterger, Berlin

Coman Usiversty i Cave



. . CIW 703 Water and Wastewater Treatment

STOAT simulation of WWTP Stahnsdorf

WWTP Stahnsdorf #2 (#1 + storm water tanks)

Open run
Run 1 (stormy weather)

Have a look inside operation |operstion dats

of storm water tanks: |

[ritial Change 1 Change :
1 |Change at time [k; 0.00) 0.00
2 | Retum pump rate [mfhl: 2900.00 .00
3 | Contral stream flow [rffhl: J600.00 .00

What these settings are good for?

Do Run 1 (stormy weather) and inspect the results!

/0 G UC 5 December 2018 Dr.-Ing. Olaf Sterger, Berlin 5

German Usivrsty n Cary



. . CIW 703 Water and Wastewater Treatment

STOAT simulation of WWTP Stahnsdorf

Open work
WWTP Stahnsdorf #3 (#2 + PLCs)

@ Combined water outlet

PLC Recirculation for DN

Storm water

O_

PLC aeration

PLC Precipitation of phosphate

Overflow  Storm water tanks Screens  Grittraps, asrated  Primary sed. tanks = Secondary Sedimentation tanks

i

WWTP effluent
Agration tanks

Oﬁ Primary sludge ‘ ‘Waste activated sludge

Sewage
MLSS recycle data
Open run
Run 1 (stormy weather) Recycle 1
1 | Stage from where MLSS recocle leaves: 4
2 | 5Stage to which MLSS recycle goes: 2
. . 3 |ML5S I fl te [ sh): A000.000
Have a look inside MLSS recycle data S
of Aeration tank:
QK gancel| | Help |

/0 GUC 5 December 2018 Dr.-Ing. Olaf Sterger, Berlin 6

Coman Usiversty i Cave



. . CIW 703 Water and Wastewater Treatment

STOAT simulation of WWTP Stahnsdorf

WWTP Stahnsdorf #3 (#2 + PLCs), Run 1 (stormy weather)

Ladder Controller
[Fput
. . . . W ariable Type Element
Have a look inside connectivity & i  Not used
. . Name |aeratiu:un inflent j
of PLC Recirculation for DN: 2 & Steam
3 (" Process Stage | ﬂ
4 (" Time D eterminand ||:|,:|,a.,_I (k] j
{h " Mod time
Oukput
£ Stream Name | seration tanks j
'Ol
Process Stage | 7 ﬂ
Parameter |MLSS recycle fow j
ak. Cancel | Help |

/0 GUC 5 December 2018 Dr.-Ing. Olaf Sterger, Berlin

Coman Usiversty i Cave



. . CIW 703 Water and Wastewater Treatment

STOAT simulation of WWTP Stahnsdorf

WWTP Stahnsdorf #3 (#2 + PLCs), Run 1 (stormy weather)

Have a look inside operation data
of PLC Recirculation for DN:

Operation data

Satting 0 Setting 1 Setling 2 Setting 3 Setting 4 Setting 5 Setting B Setling 7 Setting & Setting 9 Setting 10
1 |Vaniable 1: Greater than: 0.00) 500.00 1000.00 1600.00 2200.00 2800.00 3400.00 4000.00 4E00.00 5200.00 5800.00
2 |Wariable 1: Lesz than: 500,00 1000.00 1600.00 2200.00 2800.00 3400.00 4000.00 4600.00 5200.00 5&00.00 £500.00
3 |Variable & Greater than: 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4 |Wanable 2 Less than: 0.00 0.an 0.00 0.00 0.00 0.00 0.an 0.00 0.00 0.00 0.00
5 |Varable 3: Greater than: 0.o0 0.00 0.o0 n.00 0.00 0.o0 0.00 0.o0 n.00 0.00 0.o0
B _|“anable & Less than: 0.00 0.0 0.00 0.00 0.00 0.00 0.0 0.o0 .00 0.00 0.o0
7 |Mariable 4: Greater than: 0.00 000 0.00 0.00 0.00 0.00 0.00 0.o0 0.00 0.0a 0.o0
g |Variable 4 Less than: 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00
9 _|Vanable & Greater than: 0.00 0.an 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
10 |Variable 5: Legs than: 0.o0 0.00 0.o0 n.00 0.00 0.o0 0.00 0.o0 n.00 0.00 0.o0
11| Output value: 1500.00 3000.00 4800.00 EE00.00 8400.00 10200.00 12000.00 13500.00 15600.00 17400.00 19500.00

oK | gancel| | Help |

What these settings are good for?

Do Run 1 (stormy weather) and inspect the results!

/a GUC 5 December 2018 Dr.-Ing. Olaf Sterger, Berlin 8
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. . CIW 703 Water and Wastewater Treatment

STOAT simulation of WWTP Stahnsdorf

Open work
WWTP Stahnsdorf #4 (#3 + Fuzzy Logic)

@ Combined water outlet

PLC Recirculation for DN

PLC Precipitation of phesphate

Storm water
Fuzzy Logic aeration
O— PLC Storm water tanks

Storm water tanks Screens Grit traps, aerated

i

Overflow Primary sed. tanks

Secondary sed. tanks

WWTP effluent
Agration tanks

Sewage

Oi Primary sludge ‘ Waste activated sludge

Open run
Run 1 (stormy weather)

/0 GUC 5 December 2018 Dr.-Ing. Olaf Sterger, Berlin 9
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. . CIW 703 Water and Wastewater Treatment

STOAT simulation of WWTP Stahnsdorf

Flow distribution data
Have a look inside stage data
Of ae rat lon ta n kS : 1 |“olume fraction: 0.700] 0.250 Nz 0.450
2 |Feed distribution: 1.000 0.000 0.000 0.000
3 |RAS digtribution: 1.000 0.000 0.000 0.000
4 | DO Control: Fixed KLa = |Pl - |Pl - |Pl hd
B | Minimumn KLa [1./h); Q.oo 0.oo 0.00 200
£ |kLa zetting 1 [1/h): oo .00 7.00 0.00
7 |kLa zetting 2 [1/h): 4.00 4.00 4.00 0.00
g | Maximum KLa [1./k): Q.oo 0.oo 12.00 12.00
9 |DO Setpoint [mg/l): Q.oo 0.oo 200 200
10 | Mitrate on [mgl): B.00 R.00 5.00 Q.00
11 | Mitrate off [mg/1): 2000 2000 2000 0.00
12 | D0 on [mgAl): 1.00 1.00 1.00 0.00
13 | D0 off [mg.l): 200 200 3.00 0.00
14 |00 on 1 [ 1.00 1.00 1.00 0.00
15 |00 on 2 [ 200 200 2.00 0.00
16 |00 on 3 [ 200 200 3.00 0.00
17 | Aeration an time [h): 0.a0 0.a0 0.a0 Q.00
18 |Aeration cycle time [h; 1.00 1.00 1.00 Q.00
19 | DO Contral stage: 1 2 3 4
20 | Gair: 1.30 1.20 1.30 1.30
21 | Integral time: .50 0.50 .50 0.25
BioP DN DN or N N
oK LCancel | Help

/a GUC 5 December 2018 Dr.-Ing. Olaf Sterger, Berlin 10
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STOAT simulation of WWTP Stahnsdorf

CIW 703 Water and Wastewater Treatment

Have a look inside the inputs of Fuzzy Logic Controller for aeration tank, step 3:

Fuzzy Logic aeration — Input data — Operation — reg. Inputs

Fuzzy Legic Editor

Inputz  Outputs Contral rules Config

Type Name | Stage |  Determinand | Minimum | Mawmum | w5 | 51 | 852 | a1 | a2 | o | oz | v |
1 |Shieam w ||aeration effluent - |1 w |Ammonia [mgfl] - .00 21.00 1.00 030 2.80 1.00 450 2.00 F.00 450
2 |Strearn = |aeration effluent |1 w [Mitrate [madl) - Q.00 10.00 R.00 300 F.oa B.00 g.50 oo 1000 3.50
i - - - -

VS

S1..
Al ..
L1 ...

VL

fSEC

Very Small
S2 Small
A2 Average
L2 Large
Very Large
5 December 2018

The effect of the selected limits on the input

values can best be understood through the so-
called membership function.

Dr.-Ing. Olaf Sterger, Berlin




| . . CIW 703 Water and Wastewater Treatment

STOAT simulation of WWTP Stahnsdorf

Membership function of Ammonia:

0.9 AN A\ T

os )1\ / _—

or A\ / _—

s V|V NN _—

os L\ | / \ _—

oa M\ / \ _—

sl 1 /[ \/ \ o

0 L\ Y \

or J\/ I

NIA'AVA — \

& & & & &
=\ery Small (VS)  ===Small (S) Average (A) =—lLlarge (L) =——Very Large (VL)

See Excel file ,WWTP Stahnsdorf STOAT background calculations.xIsx”,
Register ,,Fuzzy Logic aeration”

/ﬂ Sjy,,,(; 5 December 2018 Dr.-Ing. Olaf Sterger, Berlin
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Zutaten/KA Stahnsdorf STOAT Hintergrundberechnungen.xlsx

| . . CIW 703 Water and Wastewater Treatment

STOAT simulation of WWTP Stahnsdorf

Membership function of Nitrate:

1

0 /N\ /\ /\

0 / 1N\ / \ /
0s / |\ /N /
g /N [N/
0.5

0.4 / /\
0 / N\ / [\
0 \_| / /I \
o1 / N\ |/ / \
. ~ /

& & & & & & & & & Q &
O S I O PO

=\ery Small (VS)  ====Small (S) Average (A) =—lLlarge (L) =—Very large (VL)

See Excel file ,WWTP Stahnsdorf STOAT background calculations.xIsx”,
Register ,,Fuzzy Logic aeration”
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BN
STOAT simulation of WWTP Stahnsdorf

Have a look inside the outputs of Fuzzy Logic Controller:

Fuzzy Logic aeration — Input data — Operation — reqg. Outputs

Fuzzy Logic Editor

[nputs Outputzi  Control les Config

Large Small Small Large

M ame Stage ] ]
g decrease decrease increase increase

b airnLim

Parameter ‘ kdinirnum

1 [&eration tanks -3 i‘DD setpoint i‘ 0.00 200 -1.00 050 0.50 1.00‘

The fuzzy logic controller influences only the DO set point of the aeration tanks, stage 3.
This stage can be operated anoxic (for denitrification) as well as aerobic (for nitrification)
according the stage data of the aeration tanks (see slide 10). Because of the interaction
between fuzzy logic controller and aeration tank stage 3 this stage will be operated anoxic
if ammonia is low and nitrate is high and aerobic if nitrate is low and ammonia is high.




STOAT simulation of WWTP Stahnsdorf

The operating principles of the fuzzy
logic controller have to be set in detail
in its so-called Control rules.

N Not firing

SD Small Decrease
LD Large Decrease
LI Large Increase
SI Small Increase

See Excel file , WWTP Stahnsdorf
STOAT background calculations.xlsx”,
Register ,,Fuzzy Logic aeration”

GUC
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Fuzzy Logic Editor

Inputz  Outputz £ Conbrol rules! Config
Input B | C D
1 |Output Change [put #1 = |Input #2 |
2| Output 1 ~| N~ VS -] V5 ~|
3| Output #1 ~| 0+ V5 -] 5 ~|
4| Output #1 ~| 0 <] V5 - A ~|
5| Cutput #1 ~| W ] V5 -] L ~|
B_| Output #1 ~| W ] V5 - WL |
7| Output #1 ~| & < 5 - VS |
g | Output #1 x| 51 =] 5 hd 5 hd
3| Output #1 ~| so | 5 - A -
10_| Output #1 ~| so | 5 - L -
11| Output #1 ~|  + 5 -] o =
12 | Output #1 | L =] A hd W3 |
13 [Output #1 hd L =] A hd 5 |
14| Output #1 ~| s~ A -] A ~|
15| Output #1 ~| s+ A -] L ~|
16_| Output #1 ~| sb < A - WL ~|
17_| Output #1 ~| u =] L -] V5 ~|
18| Output #1 | u + L - 5 |
13| Output #1 ~| s <] L - A |
20| Output #1 ~| & < L - L |
21| Output #1 ~| s | L - WL -
22| Output #1 ~ u VL - VS -
23_| Output #1 ~ u = WL -] 5 =
24| Output #1 ~| s+ WL -] A =
25| Output #1 ~| s~ Wi -] L =
26| Output #1 ~| s = WL -] Wi ~|
27 il il il -
28 - - - -
(] Cancel

Dr.-Ing. Olaf Sterger, Berlin
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10t Lecture

Exercises in preparation of final exams

/a Gym(; 12 December 2018 Dr.-Ing. Olaf Sterger, Berlin



Examples of questions to answer as text

Explain what happens with the different fractions of COD in the biological treatment step
of a WWTP!

Why can both COD and BOD be balanced with the oxygen content in the planning and
design of activated sludge plants? Explain the difference between COD and BOD in terms
of biodegradability!

For the microorganisms in the activated sludge of a sewage treatment plant, a ratio of
C:N:P of about 100 : 5 : 1 is optimal. To what extent does the nutrient composition of
normally polluted domestic sewage deviate from this and what are the consequences for
wastewater treatment?

What effects can be expected on the operation of an activated sludge plant if the excess
sludge sampling is set incorrectly, that means, if either too much or too little excess
sludge is removed?

Wastewater treatment is very expensive. Nevertheless, all progressive countries invest in
sewage networks and sewage treatment plants - why?

ASUC
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Examples of questions to answer as text

The most important design parameter of activated sludge process is the sludge retention
time (SRT). What does it mean? How to calculate it?

SRT — Mass of solids within the tanks for biological treatment [in kg]

Mass of solids which is removed by wastage of activated sludge [in %g]

When SRT is too short or too long, how does the sewage treatment process
deteriorates?

Wastewater entering a sewage treatment plant after a longer way in the sewer network
normally does not contain oxidised nitrogen (NO5-N resp. NO,-N). Explain why!

The processes of artificial biological wastewater treatment in an activated sludge
installation are copies of the self-cleaning in natural rivers, but under a polluting level,
which is much higher than in nature. Therefore some additional conditions have to be
met. When these conditions are not fulfilled, activated sludge plants cannot work. Which
conditions are these? How the technical solution for this looks like?




Fractions of COD and solids

The following values are measured in a sanitary sewer before entering the WWTP:

Total COD (taken from homogenized sample) 600 mg/I
Total BOD (taken from homogenized sample) 300 mg/I
Soluble BOD (taken from filtrated sample) 200 mg/I
Total Suspended Solids 400 mg/I

How much are
Soluble COD,
Particulate COD
Particulate non-degradable COD,
Particulate biodegradable COD,
Soluble non-degradable COD,
Non-volatile Suspended Solids
and
Volatile Suspended Solids
when soluble COD is 40% of Total COD and 1 g volatile solids is about 1.5 g COD?




. . ClIW 703 Water and Wastewater Treatment

Fractions of COD and solids

Total
Total COD Suspended
Solids
600 mg/I 400 mg/I
40%
Particulate Volatile Non-volatile
Soluble COD CcoD Suspended Suspended
1gVSS=15gCOD Solids Solids
240 mg/l 360 mg/I 240 mg/I 160 mg/|
. Soluble Soluble non- Particulate Particulate non-
biodegradable .
CoD degradable biodegradable degradable
= soluble BOD cop cob cob
200 mg/I 40 mg/| 100 mg/I 260 mg/I

300 mg/I

Total BOD

/0 GUC 12 December 2018 Dr.-Ing. Olaf Sterger, Berlin 5
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Fractions of Nitrogen

Total Kjeldahl Nitrogen (taken from filtrated sample)
Ammonia

Nitrate
Nitrite

How much are
Total Nitrogen (TN),
Total Organic Nitrogen (TON),
Total Inorganic Nitrogen (TIN),
Dissolved Organic Nitrogen (DON),
Particulate Organic Nitrogen (PON),
Total Nitrogen bounded (TNb),
when gaseous nitrogen should be ignored?

The following values are known by measurement of a sanitary sewer:

Total Kjeldahl Nitrogen (taken from homogenized sample) 50 mg/I

40 mg/I
30 mg/I
0 mg/I
0 mg/I




. . ClIW 703 Water and Wastewater Treatment

Fractions of Nitrogen

Total Nitrogen (TN)
60,0 mg/I
Total Inorganic Nitrogen (TIN) Total Organic Nitrogen (TON)
30,0 mg/I 30,0 mg/I
. e . Ammonium / Dissolved Organic Particulate Organic

Gaseous nitrogen Nitrite | Nitrate Ammonia Nitrogen (DON) Nitrogen (PON)

ignored 0,0 mg/l [ 0,0 mg/I| 30,0 mg/I 20,0 mg/I 10,0 mg/I

TKN,

homogenized 60,0 mg/I

sample
TKN, filtrated 50,0 mg/|

sample
Total Nitrogen
bounded (TNb) LDz

/0 GUC 12 December 2018 Dr.-Ing. Olaf Sterger, Berlin
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Theoretical COD

Calculate the theoretical COD of the substance toluene (C,H;CH; bzw. C,Hg) in %!

Reaction: C,Hg+90,—>7C0O,+4H,0

Molecular weight of toluene (how much does 1 mole of toluene weigh?):
12*7 +1*8 = 92 g per mole of toluene

Oxygen demand for the oxidation of 1 mole of toluene = 9 moles of oxygen
=9%*16*2=288¢g0,

288 g 0,
92 g toluene

= 3.1 g COD per g toluene

/0 QH@ 12 December 2018 Dr.-Ing. Olaf Sterger, Berlin
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Design of primary sedimentation tank

A primary sedimentation tank is planned as a rectangular one, a width B of 10.0 m,
depth H of 5 m and a length L of 20.0 m. Maximum dry weather influent of the WWTP is
5000 m*h. In case of stormy weather the combined sewer releases up to three times of
the dry weather flow into the WWTP. Is the sedimentation tank big enough to properly
treat these volumetric flow rates when the sedimentation velocity v, is 1 cm/s?

/{) g] Ug 12 December 2018 Dr.-Ing. Olaf Sterger, Berlin 9
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Design of primary sedimentation tank
2 Q

<7V
> B

L
A cm 1m 3600 s 36 m/h
— — Xk —
Ty T100em ¢ 1k m/
Dry weather: Stormy weather:
5000 m®/h . 15000 m®/h NN
20x10m2  "h O * 20+10m? "R

How long is the hydraulic residence time in the above example?

/0 GH,C,. 12 December 2018 Dr.-Ing. Olaf Sterger, Berlin
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Design rate of elimination

For a new WWTP the water authority allowed discharge of 100 mg COD/I, 2 mg NH,-N/I
and 1 mg P/l. The average influent concentrations are expected to be 750 mg COD/I,

50 mg NH,-N/I and 10 mg P/I. Buffers for security should be taken into account for
properly operating the WWTP. These buffers are 30% for COD, 50% for NH,-N and 25% for
P. Which rates of elimination of COD, NH,-N and P the design of the treatment steps
should be based on?

Cinfluent - Ceffluent
n= Cdesign

= Ceffiuent * (1 — buffer for security)
Cinfluent

Cinfluent _ Cdesign _ Cinfluent _ Ceffluent * (1 _ buffer fOT Security)

ndesign -

Cinfluent Cinfluent
750 — 100 = (1 — 0.3)
Ndesign,cop = 750 ~ 90.7%



NN
Flow balance of biological step of WWTP

The following is known of the biological treatment step of a WWTP:

Q;, (Influent flow) = 1000 m%*h
Qw as (Waste activated sludge) = 480 m3/d
RR (RAS Recycle ratio) =1

DR (Internal recirculation ratio for denitrification) =3

How much are

RAS (flow Recycle Activated Sludge),

Q;rp (flow of recirculation for denitrification),
Qeff1.aer.tank (Effluent flow of aeration tank),
Qrop (Effluent flow End-of-the-pipe of WWTP)?

N
Q)
Ic
@)



-l
Solids balance of biological step of WWTP

In addition, there is known about the biological treatment of the sewage treatment plant
from task before:

MLSS (Mixed liquor suspended solids) = 4000 mg/I
TSgras (Total Solids of recycle activated sludge) = 7000 mg/I
X7s m (Influent suspended solids) =200 mg/I
X7s out (Effluent suspended solids) =10 mg/I

Complete the mass balance sheet of solids seen below!

kg/h|
Aeration tank Secondary
sedimentation
tank
ah s
—2x—>| Denitri- : Nitrification : »
fication
kg/h kg/h
! 7 .
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Solids balance of biological step of WWTP

Aeration tank

8000 kg/h

200 kg/h ;
v . ey
A ”| Denitri- 1+ Nitrification
—>| fication :
8000 kg/h
!
7000 kg/h
’

tank

Secondary
sedimentation

10 kg/h

J

140 kg/h

v

/0 QHCM 12 December 2018 Dr.-Ing. Olaf Sterger, Berlin
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