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persona autora i el títol de la tesi doctoral. No s'autoritza la seva reproducció o altres formes d'explotació 
efectuades amb finalitats de lucre ni la seva comunicació pública des d'un lloc aliè al servei TDX. Tampoc 
s'autoritza la presentació del seu contingut en una finestra o marc aliè a TDX (framing). Aquesta reserva de 
drets afecta tant als continguts de la tesi com als seus resums i índexs. 
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derechos de la persona autora. Puede ser utilizada para consulta o estudio personal, así como en 
actividades o materiales de investigación y docencia en los términos establecidos en el art. 32 del Texto 
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previa y expresa de la persona autora. En cualquier caso, en la utilización de sus contenidos se deberá 
indicar de forma clara el nombre y apellidos de la persona autora y el título de la tesis doctoral. No se 
autoriza su reproducción u otras formas de explotación efectuadas con fines lucrativos ni su comunicación 
pública desde un sitio ajeno al servicio TDR. Tampoco se autoriza la presentación de su contenido en una 
ventana o marco ajeno a TDR (framing). Esta reserva de derechos afecta tanto al contenido de la tesis como 
a sus resúmenes e índices. 
 
 
WARNING. Access to the contents of this doctoral thesis and its use must respect the rights of the author. It 
can be used for reference or private study, as well as research and learning activities or materials in the 
terms established by the 32nd article of the Spanish Consolidated Copyright Act (RDL 1/1996). Express and 
previous authorization of the author is required for any other uses. In any case, when using its content, full 
name of the author and title of the thesis must be clearly indicated. Reproduction or other forms of for profit 
use or public communication from outside TDX service is not allowed. Presentation of its content in a window 
or frame external to TDX (framing) is not authorized either. These rights affect both the content of the thesis 
and its abstracts and indexes. 
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-Incorporation of sequential feed-starve
conditions into the system; use of selectors; 
re-aeration of RAS; MLSS decreasing; 
chlorination; addition of coagulants or talc
powder; biological control (4’’)

1)Use of aerobic or anoxic 
selectors.
2) MLSS lowering (WAS increasing).
3) Incorporation of a batch feeding
system.

Bulking caused by low F/M 
+ previous situation (1’’)

Problem solving (2’’)

-Addition of toxicants; addition of chemicals; 
biological control; MLSS decreasing; use of
selectors...+ all the possible solutions (3’’)

PLAN

ACTION

1) Try to identify the predominant fil. org. 
using an identification key. 
2) Use of an aerobic or anaerobic selector.
3) Decrease MLSS increasing WAS flow a 
20%, wait for 10 h.and check again the new
situation.  (6)

Filamentous bulking (1’)

-Low F/M
-Nutrients deficiency
-Low DO
-High sulfides (3’)

Bulking caused by low F/M (4’)

Group of variables (1)
SVI = high; TEFL= normal;  F/M= low

Diagnosis of the actual 
situation (2)

-All the possible problems that can be 
detected in the plant: filamentous bulking, 
foaming, underloading, hydro shock, etc. (3)

Cause diagnosis (2’)

Filamentous bulking (4)
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META-RULES (1)

SVI or DSVI V30
No value

>0 % High

FILAMENTOUS BULKING POSSIBLE    
NON-FILAMENTOUS BULKING POSSIBLE 
BIOLOGICAL FOAMING POSSIBLE

No value LACK OF 
KNOWLEDGE 

ALARM 

from data gatheringfrom data gathering

>start filamentous bulking diagnosis rules  
>start non-filamentous bulking diagnosis rules 
>start biological foaming diagnosis rules                           

>0 % High
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SVI or DSVI V30
No valueNo value

>0 % Low >0 % Low

DISPERSED GROWTH POSSIBLE                                       
PIN-POINT FLOC POSSIBLE

No value

LACK OF 
KNOWLEDGE 

ALARM 
From data gatheringFrom data gathering

>start dispersed growth diagnosis rules                               
>start deflocculation diagnosis rules

Effluent-TSS

>0 % High

No value

>0 % Low or >0 % 
Very Low

COD-removal

RISING SLUDGE POSSIBLE

>start rising sludge diagnosis rules
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FILAMENTOUS BULKING 
TRUE

Sludge settleability

Floc characteristics

B, E, F or
No value

2

Foam presence

/= Nocardia or
type-1863

1 or no value
Floc characteristics

E or F

No value

LACK OF 
KNOWLEDGE 

ALARM

� G,B

Predominant filament

From meta-rules

To cause 
detection rules            

To cause 
detection rules            

To cause detection rules            To cause detection rules            

FILAMENTOUS BULKING 
TRUE

� 2 or 1FILAMENTOUS 
BULKING 

FALSE

=C,D or A

�E or F FILAMENTOUS 
BULKING 

FALSE

FILAMENTOUS 
BULKING 

FALSE

G, B FILAMENTOUS 
BULKING 

FALSE

Nocardia or
type-1863FILAMENTOUS 

BULKING 
FALSE

No value

COUNTER-FB

� 0

= 0 FILAMENTOUS 
BULKING 
POSSIBLE

FILAMENTOUS BULKING 
TRUE

To cause detection rules            To cause detection rules            

COUNTER-FB

� 0

FILAMENTOUS 
BULKING TRUE

To cause 
detection rules            

LACK OF 
KNOWLEDGE 

ALARM

FILAMENTOUS 
BULKING 
POSSIBLE

= 0
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2 Statistical measure of the deviation of a variable from its mean. It is defined as the ratio of the standard 
deviation to the mean and is calculated as follows: cv=standard deviation (σ)/mean (µ)  
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NEW SITUATION 
(counter specific

cause=0)

PROBLEM AND CAUSE 
IDENTIFIED

PROBLEM IDENTIFIED 
CAUSE NOT IDENTIFIED 

(lack of data)

SAME SITUATION 
(counter specific

cause � 0)

EXPECTED EVOLUTION                                            
(counter specific cause < 

effectiveness limit)

EVOLUTION DIVERGE FROM 
EXPECTATIONS                                            

(counter specific cause > 
effectiveness limit)

POSSIBLE SAME 
SITUATION (counter
specific cause � 0)

NEW CONTROL 
PLAN     

CONTINUE 
CONTROL PLAN    

MODIFY CONTROL 
PLAN  

PREVENTIVE 
CONTROL PLAN     

SITUATION 
BELIEFS

POSSIBLE SAME 
SITUATION (counter
specific cause = 0)

PROBLEM IDENTIFIED 
CAUSE NOT IDENTIFIED 

(unidentified cause)

WARNING: 
MEASUREMENT OF 
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COD/P ratio 

Application

yes

no value

no

Counter-PD
>0

>200

effluent P conc.

P addition prevention plan 
�Keep adding same P dose
�Measure COD and Total P
�Monitor settleability and effluent P

< 1 mg/L or
no value

Counter-PD

� 1 mg/L STOP P addition planeffluent P conc.

Measure COD and/or total P 
start again decision tree

0

< 1 mg/L

F.BULKINGNON-SPECIFIC CONTROL METHODS
-Chlorination, coag./floc. addition action plans

� 1 mg/L

≤ 3 MCRT

> 3 MCRT 

Filamentous bulking: TRUE &
P deficiency: TRUE or NO-DATA

P deficiency solved
Counter-PD=0

COD increase
P addition prevention plan 
�Increase/reduce P addition 
depending on COD increase:
�[(COD inc.(%) x Pdose) +Pdose]
�Measure COD and Total P
�Monitor settleability and ef.P

no value

≠-9999

P addition action plan

�Calculation of the exact P dose required on the reactor:

�Addition of the phosphoric acid at the head of the biological reactor.

�Perform a microscopic analysis to monitor the presence of the species influenced by 
P deficiency: N.limicola, H.hydrossis and S.natans.

�Wait for 24 hours and continue measuring daily: reactor COD and totalP and effluent 
total P. 

�Study the possibility of applying recycle streams from the process as the source of P

( ) dacidphosphorickg
ionconcentratacidphosphoricLmg
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Measure COD and/or 
total P and effl-totalP

start again decision tree

no value

if necessary apply

COD/P ratio 

Application

yes

no value

no

Counter-PD
>0

>200

effluent P conc.

P addition prevention plan 
�Keep adding same P dose
�Measure COD and Total P
�Monitor settleability and effluent P

< 1 mg/L or
no value

Counter-PD

� 1 mg/L STOP P addition planeffluent P conc.

Measure COD and/or total P 
start again decision tree

0

< 1 mg/L

F.BULKINGNON-SPECIFIC CONTROL METHODS
-Chlorination, coag./floc. addition action plans

� 1 mg/L

≤ 3 MCRT

> 3 MCRT 

Filamentous bulking: TRUE &
P deficiency: TRUE or NO-DATA
Filamentous bulking: TRUE &
P deficiency: TRUE or NO-DATA

P deficiency solved
Counter-PD=0

COD increase
P addition prevention plan 
�Increase/reduce P addition 
depending on COD increase:
�[(COD inc.(%) x Pdose) +Pdose]
�Measure COD and Total P
�Monitor settleability and ef.P

no value

≠-9999

P addition action plan

�Calculation of the exact P dose required on the reactor:

�Addition of the phosphoric acid at the head of the biological reactor.

�Perform a microscopic analysis to monitor the presence of the species influenced by 
P deficiency: N.limicola, H.hydrossis and S.natans.

�Wait for 24 hours and continue measuring daily: reactor COD and totalP and effluent 
total P. 

�Study the possibility of applying recycle streams from the process as the source of P

( ) dacidphosphorickg
ionconcentratacidphosphoricLmg

mkg
dmInflowLmgPTotal

LmgCOD
reactor

reactor =
�
�

�

�

�
�

�

�
××

�
�

	




�
�

�



××��

	



��
�



−�
	



�
�




%
100

31
98001.0

)()/(
200

)/( 3
3

P addition action plan

�Calculation of the exact P dose required on the reactor:

�Addition of the phosphoric acid at the head of the biological reactor.

�Perform a microscopic analysis to monitor the presence of the species influenced by 
P deficiency: N.limicola, H.hydrossis and S.natans.

�Wait for 24 hours and continue measuring daily: reactor COD and totalP and effluent 
total P. 

�Study the possibility of applying recycle streams from the process as the source of P
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ionconcentratacidphosphoricLmg

mkg
dmInflowLmgPTotal

LmgCOD
reactor

reactor =
�
�

�

�

�
�

�

�
××

�
�

	




�
�

�



××��

	



��
�



−�
	



�
�




%
100

31
98001.0

)()/(
200

)/( 3
3

Measure COD and/or 
total P and effl-totalP

start again decision tree

no value

if necessary apply
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COAGULANTS/FLOCCULANTS ADDITION ACTION PLAN

Measure SVI, start again decision treeMeasure SVI, start again decision tree

SVI

No value

STOP coagulants/flocculants addition plan
� 150

Counter-POL

Coagulants/flocculants addition action plan 

�Run bench (jar) tests in the lab and compare the advantages and disadvantages of 
each possible chemical (lime, ferric chloride, sodium aluminate, ferric sulfate, etc), 
including the cost per unit volume treated for each chemical at its optimum dosage in 
order to establish the starting dosage. Begin with the lowest dosage possible to achieve 
the desired settling and adjust it according to the SVI values.

�Calculation of the exact chemical dose required in L/day:

�Calculation of the frequency of exposure:                       -If F < 3 

increase RAS flow or use several chemical dose points to increase F up to 3 days-1

�Add the chemical solution into the mixed liquor as it leaves the aeration basin or to the 
secondary settler center well during a period of 24 hours. 

�Measure SVI at least once a day in order to stop chemical addition as soon settleability 
was recovered. It is also recommended to calculate SVI at recirculation in order to check 
the direct effect of chemicals addition on sludge settleability. If desired, stop chemicals 
addition as soon as sludge settleability within recirculation or in a sample of sludge 
measured after chemicals addition show a well-settled sludge.  

Application

0

>150

>0,� 20 

STOP chemical addition plan

>20

�Change the chemical to be added (lime, ferric chloride, 
sodium aluminate, ferric sulfate, etc.) or consider other options 
such as increasing MLSS settleability by means of inert 
biological solids from anaerobic digestors. 

�Start again chemical addition plan.

Chemical 
addition action 
plan 

�Increase 
chemical 
concentration or 
dosage

�Decrease the 
addition if 
defflocculation is 
identified

Counter-SVI inc.

Chemical addition 
action plan 

�Keep on with the 
same type of 
chemical, dosage and 
concentration

�Decrease addition if 
defflocculation is 
identified

>5

� 5 

�If a significant improvement on sludge 
settleability is observed, it is recommended: 
stopping the addition of the 
coagulant/flocculant or slightly decreasing its 
dosage and continuing its addition during the 
following 3-5 days. 
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)/( 33

3

LkgdensityChemical
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if vector[2] is a quantity and vector[2]/= 0.0 then BEGIN 
conclude that the IVF-mean of VARIABLES-PROCESS = 
vector[2]; conclude that the svi of VARIABLES-PROCESS = the 
ivf-mean of VARIABLES-PROCESS; if vector[2] >= 125 and 
vector[2]<200 then conclude that certesa-ivfh = (1.33 * vector[2]) 
- 167;
if vector[2] > 50 and vector[2] <125 then conclude that certesa-
ivfl = ( - 1.33* vector[2]) + 167;
if vector[2] >= 200 then conclude that certesa-ivfh = 100;
if vector[2] <= 50 then conclude that certesa-ivfl = 100;

if the ivf-mean of variables-process /= -9999 then BEGIN
if the ivf-mean of variables-process < 50 then conclude that the 

ivf-mean of QUALITATIVES = the symbol LOW else if the ivf-
mean of variables-process >200 then conclude that the ivf-mean 
of QUALITATIVES = the symbol HIGH else if the ivf-mean of 
variables-process >= 80 and the ivf-mean of variables-process <= 
180 then conclude that the ivf-mean of QUALITATIVES = the 
symbol NORMAL; conclude that the svi of qualitatives = the ivf-
mean of qualitatives;end;

if the ivf-mean of variables-process = -9999 then conclude that 
the ivf-mean of QUALITATIVES = the symbol no-dada; conclude 
that the svi of qualitatives = the ivf-mean of qualitatives;

if vector[2] is a quantity and vector[2]/= 0.0 then BEGIN 
conclude that the IVF-mean of VARIABLES-PROCESS = 
vector[2]; conclude that the svi of VARIABLES-PROCESS = the 
ivf-mean of VARIABLES-PROCESS; if vector[2] >= 125 and 
vector[2]<200 then conclude that certesa-ivfh = (1.33 * vector[2]) 
- 167;
if vector[2] > 50 and vector[2] <125 then conclude that certesa-
ivfl = ( - 1.33* vector[2]) + 167;
if vector[2] >= 200 then conclude that certesa-ivfh = 100;
if vector[2] <= 50 then conclude that certesa-ivfl = 100;

if the ivf-mean of variables-process /= -9999 then BEGIN
if the ivf-mean of variables-process < 50 then conclude that the 

ivf-mean of QUALITATIVES = the symbol LOW else if the ivf-
mean of variables-process >200 then conclude that the ivf-mean 
of QUALITATIVES = the symbol HIGH else if the ivf-mean of 
variables-process >= 80 and the ivf-mean of variables-process <= 
180 then conclude that the ivf-mean of QUALITATIVES = the 
symbol NORMAL; conclude that the svi of qualitatives = the ivf-
mean of qualitatives;end;

if the ivf-mean of variables-process = -9999 then conclude that 
the ivf-mean of QUALITATIVES = the symbol no-dada; conclude 
that the svi of qualitatives = the ivf-mean of qualitatives;
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Meta-Diagnosis

Diagnosis of solids
separation problems

Prediction of future solids
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SVI or DSVI V30
No value

>0% High

FILAMENTOUS BULKING POSSIBLE    
NON-FILAMENTOUS BULKINGPOSSIBLE 
BIOLOGICAL FOAMING POSSIBLE

No value LACK OF 
KNOWLEDGE 

ALARM 

from data gatheringfrom data gathering

>start filamentous bulking diagnosis rules  
>start non-filamentous bulking diagnosis rules 
>start foaming diagnosis rules                           

>0% High

FILAMENTOUS BULKING 
TRUE

Sludge settleability

Floc characteristics

B, E, F or
No value

2

Foam presence

/= Nocardia or
type-1863

1 or No value
Floc characteristics

E or F

No value

LACK OF 
KNOWLEDGE 

ALARM

� G,B

Predominant filament

From meta-rules

To cause 
detection rules            

To cause 
detection rules            

To cause detection rules            To cause detection rules            

FILAMENTOUS BULKING 
TRUE

� 2 or 1FILAMENTOUS 
BULKING 

FALSE

=C,D or A

�E or F FILAMENTOUS 
BULKING 

FALSE

FILAMENTOUS 
BULKING 

FALSE

G, B FILAMENTOUS 
BULKING 

FALSE

Nocardia or
type-1863FILAMENTOUS 

BULKING 
FALSE

No value

COUNTER-FB

� 0

= 0 FILAMENTOUS 
BULKING 
POSSIBLE

FILAMENTOUS BULKING 
TRUE

To cause detection rules            To cause detection rules            

COUNTER-FB

� 0

FILAMENTOUS 
BULKING TRUE

To cause 
detection rules            

LACK OF 
KNOWLEDGE 

ALARM

FILAMENTOUS 
BULKING 
POSSIBLE

= 0

�

:��� ���:��� ���:��� ���:��� ��� [?Z[?Z[?Z[?Z� 4��������� ���	���� 8�

����� ��� �"�� +�� ��� ��������� �"�� ����
���� ������� 
��� ���� 8�
������� �� �� 
F����

������������	������������

�

From filamentous bulking diagnosis

COD/P-reactor Septicity or
[sulfide]

COD/N-reactor
Aeration
basin-pH

Soluble 
COD-influentSRT

NITROGEN 
DEFICIENCY 

CAUSE

PHOSPHOROUS 
DEFICIENCY 

CAUSE

HIGH SULFIDE 
CAUSE

High High

LOW PH 
CAUSE

Low High

HIGH 
SOLUBLE-COD 

CAUSE

High

HIGH MRCT 
CAUSE

High

F/M

LOW F/M 
CAUSE

Low

DO-aeration
basin

LOW DO 
CAUSE

Low
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%CODs
No value

no

If necessary apply

Counter-CODS

Filamentous bulking: TRUE &
Readily biodegradable substrate: TRUE or POSSIBLE

0
Measure CODs

start again decision tree

rbBOD solved
F.BULKING NON-SPECIFIC 

CONTROL METHODS
-Chlorination, 

coagulants/flocculants
addition action plans

> 25%

≠ 0

Counter-CODS

F.BULKING NON-
SPECIFIC CONTROL 

METHODS
-Chlorination, 

coagulants/flocculants
addition action plans

0
� 0

Use of selectors action plan

�Consider the possibilities of designing a selector to control the problem:

-If the reactor’s configuration is plug-flow consider the use of the first compartments to 
achieve the selector effect. If none of the existing facilities can be used as a selector 
consider the construction of a new compartmentalized reactor. Design criteria:

-The selector should have at least 3 compartments
-The overall F/M within the reactor should be about 3-4 kgCOD/kgMLSS/d

but higher in the first compartment, about 10-12.
-A DO concentration of 1-2 mg/L should be maintained within the selector.

-If the plant usually nitrifies consider the use of an anoxic selector.Design criteria:
-The first compartment must be anoxic but the rest of the reactor aerobic.
-The overall F/M within the reactor should be about 1.5 kgCOD/kgMLSS/d

but higher in the first compartment, about 6.
-Recirculation from the downstream nitrifying aerobic zone: 100-200% of 
the influent flow to accomplish approx. a ratio of 8 mg CODs/mg NO3-N

-The SRT within the anoxic compartment must be about 1-2 days.

�Perform a microscopic analysis to monitor the presence of the species influenced by 
rbBOD: Thiothrix sp., N.limicola, types 021N and 1815. Aerobic selectors are usually 
effective in controlling Type 021N, S.Natans an Type 0961. Anoxic selectors would be 
efficient controlling Thiothrix and also Type 021N. 

�Conduct an industrial survey in order to identify the rbCOD source. If possible, stop or 
treat this discharge at source.

If necessary
apply

If applied, wait for the
selector’s results

Use of selectors (prevention plan) 
-Measure CODs and keep waiting for the selector’s results.
-Continue microscopic observation

Application
�

�

COAGULANTS/FLOCCULANTS ADDITION ACTION PLAN

Measure SVI, start again decision treeMeasure SVI, start again decision tree

SVI

No value

STOP coagulants/flocculants addition plan
� 150

Counter-POL

Coagulants/flocculants addition action plan 

�Run bench (jar) tests in the lab and compare the advantages and disadvantages of 
each possible chemical (lime, ferric chloride, sodium aluminate, ferric sulfate, etc), 
including the cost per unit volume treated for each chemical at its optimum dosage in 
order to establish the starting dosage. Begin with the lowest dosage possible to achieve 
the desired settling and adjust it according to the SVI values.

�Calculation of the exact chemical dose required in L/day:

�Calculation of the frequency of exposure:                       -If F < 3 

increase RAS flow or use several chemical dose points to increase F up to 3 days-1

�Add the chemical solution into the mixed liquor as it leaves the aeration basin or to the 
secondary settler center well during a period of 24 hours. 

�Measure SVI at least once a day in order to stop chemical addition as soon settleability 
was recovered. It is also recommended to calculate SVI at recirculation in order to check 
the direct effect of chemicals addition on sludge settleability. If desired, stop chemicals 
addition as soon as sludge settleability within recirculation or in a sample of sludge 
measured after chemicals addition show a well-settled sludge.  

Application

0

>150

>0,� 20 

STOP chemical addition plan

>20

�Change the chemical to be added (lime, ferric chloride, 
sodium aluminate, ferric sulfate, etc.) or consider other options 
such as increasing MLSS settleability by means of inert 
biological solids from anaerobic digestors. 

�Start again chemical addition plan.

Chemical 
addition action 
plan 

�Increase 
chemical 
concentration or 
dosage

�Decrease the 
addition if 
defflocculation is 
identified

Counter-SVI inc.

Chemical addition 
action plan 

�Keep on with the 
same type of 
chemical, dosage and 
concentration

�Decrease addition if 
defflocculation is 
identified

>5

� 5 

�If a significant improvement on sludge 
settleability is observed, it is recommended: 
stopping the addition of the 
coagulant/flocculant or slightly decreasing its 
dosage and continuing its addition during the 
following 3-5 days. 
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META-RULES (1)

SVI or DSVI V30
No value

>0 % High

FILAMENTOUS BULKING POSSIBLE    
NON-FILAMENTOUS BULKING POSSIBLE 
BIOLOGICAL FOAMING POSSIBLE

No value LACK OF 
KNOWLEDGE 

ALARM 

from data gatheringfrom data gathering

>start filamentous bulking diagnosis rules  
>start non-filamentous bulking diagnosis rules 
>start biological foaming diagnosis rules                           

>0 % High

�

�

�

�

�

META-RULES (2)

SVI or DSVI V30
No valueNo value

>0 % Low >0 % Low

DISPERSED GROWTH POSSIBLE                                       
PIN-POINT FLOC POSSIBLE

No value

LACK OF 
KNOWLEDGE 

ALARM 
From data gatheringFrom data gathering

>start dispersed growth diagnosis rules                               
>start deflocculation diagnosis rules

Effluent-TSS

>0 % High

No value

>0 % Low or >0 % 
Very Low

COD-removal

RISING SLUDGE POSSIBLE

>start rising sludge diagnosis rules
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FILAMENTOUS BULKING 
TRUE

Sludge settleability

Floc characteristics

B, E, F or
No value

2

Foam presence

/= Nocardia or
type-1863

1 or no value
Floc characteristics

E or F

No value

LACK OF 
KNOWLEDGE 

ALARM

� G,B

Predominant filament

From meta-rules

To cause 
detection rules            

To cause 
detection rules            

To cause detection rules            To cause detection rules            

FILAMENTOUS BULKING 
TRUE

� 2 or 1FILAMENTOUS 
BULKING 

FALSE

=C,D or A

�E or F FILAMENTOUS 
BULKING 

FALSE

FILAMENTOUS 
BULKING 

FALSE

G, B FILAMENTOUS 
BULKING 

FALSE

Nocardia or
type-1863FILAMENTOUS 

BULKING 
FALSE

No value

COUNTER-FB

� 0

= 0 FILAMENTOUS 
BULKING 
POSSIBLE

FILAMENTOUS BULKING 
TRUE

To cause detection rules            To cause detection rules            

COUNTER-FB

� 0

FILAMENTOUS 
BULKING TRUE

To cause 
detection rules            

LACK OF 
KNOWLEDGE 

ALARM

FILAMENTOUS 
BULKING 
POSSIBLE

= 0

FILAMENTOUS BULKING DIAGNOSIS

NON-FILAMENTOUS BULKING DIAGNOSIS

Zoogloea presence

YES

NO

From meta-rules

No value
Foam presence

NON-FILAMENTOUS 
BULKING TRUE

Z

NON-FILAMENTOUS 
BULKING TRUE

� Z

No value

To cause detection rules            To cause detection rules            To cause detection rules            To cause detection rules            

LACK OF 
KNOWLEDGE 

ALARM
COUNTER-NFB

� 0

= 0 NON-FILAMENTOUS 
BULKING POSSIBLE

NON-FILAMENTOUS 
BULKING TRUE

To cause detection rules            To cause detection rules            

NON-FILAMENTOUS 
BULKING FALSE

NON-FILAMENTOUS 
BULKING FALSE
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BIOLOGICAL FOAMING DIAGNOSIS

Foam presence
�G,B

G, B

BIOLOGICAL 
FOAMING TRUE

Sludge settleability

3

BIOLOGICAL 
FOAMING TRUE

1 or No value
Floc characteristics

E or F

Predominant filament

� 3, 1 or No 
value

� E or F

No value

From meta-rules

LACK OF 
KNOWLEDGE 

ALARM

No value

Nocardia, 
M.parvicella or

type-1863

BIOLOGICAL 
FOAMING TRUE

/= Nocardia, 
M.parvicella or

type-1863
To cause 

detection rules            
To cause 

detection rules            

To cause 
detection rules            

To cause 
detection rules            

To cause 
detection rules            

To cause 
detection rules            

LACK OF 
KNOWLEDGE 

ALARM
COUNTER-BF

� 0

= 0 BIOLOGICAL 
FOAMING 
POSSIBLE

BIOLOGICAL FOAMING 
TRUE

To cause detection rules            To cause detection rules            

BIOLOGICAL 
FOAMING FALSE

BIOLOGICAL 
FOAMING FALSE

BIOLOGICAL 
FOAMING FALSE

�

�

�

�

�

�

�

�

�

DISPERSED GROWTH DIAGNOSIS

Sludge settleability

5

DISPERSED  
GROWTH TRUE

6 or No value
Floc characteristics

C

� C

No value

From meta-rules

To cause 
detection rules            

1,2,3, 4 or 7

DISPERSED  
GROWTH TRUE

To cause 
detection rules            

LACK OF 
KNOWLEDGE 

ALARM
COUNTER-DG

� 0

= 0 DISPERSED 
GROWTH 
POSSIBLE

DISPERSED GROWTH 
TRUE

To cause detection rules            To cause detection rules            

DISPERSED  
GROWTH FALSE

DISPERSED  
GROWTH FALSE
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PIN-POINT FLOC DIAGNOSIS

Sludge settleability

6

PIN-POINT FLOC 
TRUE

5 or No value
Floc characteristics

D

� D

No value

From meta-rules

To cause 
detection rules            

1,2,3,4 or 7

PIN-POINT FLOC
TRUE

To cause 
detection rules            

LACK OF 
KNOWLEDGE 

ALARM
COUNTER-PP

� 0

= 0 PIN-POINT 
FLOC 

POSSIBLE

PIN-POINT FLOC 
BULKING TRUE

To cause detection rules            To cause detection rules            

PIN-POINT FLOC 
FALSE

PIN-POINT FLOC 
FALSE

�

�

�

�

�

�

�

�

�

�

�

�

�

�

RISING SLUDGE DIAGNOSIS

Sludge settleability

RISING SLUDGE
TRUE

1 or No value

R

� R

No value

To cause 
detection rules            

To cause 
detection rules            

4

Foam presence

RISING SLUDGE
TRUE

� 1,4

From meta-rules

LACK OF 
KNOWLEDGE 

ALARM
COUNTER-R

� 0

= 0 RISING 
SLUDGE 

POSSIBLE

RISING SLUDGE TRUE To cause detection rules            To cause detection rules            

RISING SLUDGE 
FALSE

RISING SLUDGE 
FALSE
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TRENDS CALCULATIONS

SVI trend

>30

SVI INCREASING 

<-30
SVI STATIONARY 

>-30  and
<30

TSS  trend

>15

TSS INCREASING 

<-15
TSS STATIONARY 

>-15  and
<15

SVI DECREASING

TSS DECREASING

�

�

PREDICTION OF RISKY SITUATIONS AND ALARMS

SVI trend

>30

RISK OF SLUDGE 
BULKING OR 

FOAMING 

SVI or DSVI

>50 % High

RISK OF SLUDGE 
DEFLOCCULATION

Filamentous-bulking=false
Non-filamentous bulking=false
Biological foaming=false

SVI trend

<-30

SVI or DSVI

>50 % Low

Pin-point floc=false
Dispersed growth bulking=false Effluent-TSS

>25 and � 35

TSS  trend

>15

RISK OF SOLIDS 
LOSS 

LOSS OF 
SOLIDS 
ALARM

>35

Floc characteristics Predominant filament

No value

B or E
Nocardia or
Type 1863 RISK OF BIOLOGICAL 

FOAMING

M.Parvicella or
No value

RISK OF FILAMENTOUS 
BULKING

/= Nocardia, M.parvicella
or Type1863

V30

No value
V30

No value

To cause 
detection rules            

To cause 
detection rules            

To cause 
detection rules            

To cause 
detection rules            
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NON-FILAMENTOUS BULKING CAUSE DETECTION

From non-filamentous bulking diagnosis

SRTCOD/N-reactor

High

NITROGEN 
DEFICIENCY 

CAUSE

LOW MRCT 
CAUSE

Low

F/M

High

Soluble 
COD-influent

High

HIGH 
SOLUBLE-COD 

CAUSE

Normal, low or
No valueHIGH F/M 

CAUSE

COD/P-reactor

High

PHOSPOROUS 
DEFICIENCY 

CAUSE

LOW F/M 
CAUSE

Low

�

�

�

�

�

�

FILAMENTOUS BULKING CAUSE DETECTION

From filamentous bulking diagnosis
From filamentous bulking prediction

COD/P-reactorCOD/P-reactor Septicity or
[sulfide]

Septicity or
[sulfide]

COD/N-reactor
Aeration
basin-pH

Soluble 
COD-influent SRT

NITROGEN 
DEFICIENCY 

CAUSE

PHOSPHOROUS 
DEFICIENCY 

CAUSE

HIGH SULFIDE 
CAUSE

High High

LOW PH 
CAUSE

Low High

HIGH 
SOLUBLE-COD 

CAUSE

High

HIGH MRCT 
CAUSE

High

F/MF/M

LOW F/M 
CAUSE

Low

DO-aeration
basin

DO-aeration
basin

LOW DO 
CAUSE

Low
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BIOLOGICAL FOAMING CAUSE DETECTION

From biological foaming diagnosis
From biological foaming prediction

Low

VERY LOW SLUDGE 
AGE CAUSE

SRT

Normal, high or
no value

HIGH F/M 
CAUSE

F/M

High

SRT

High

HIGH SLUDGE 
AGE CAUSE

F/M

Low

LOW F/M 
CAUSE

M.parvicella

Other or No value

Nocardia

T

Low

LOW T CAUSESoluble 
COD-influent

HIGH 
SOLUBLE-

COD CAUSE

High

SRT

High

HIGH SLUDGE 
AGE CAUSE

T

High

HIGH T 
CAUSE

Type 1863

DO

LOW DO CAUSE

Low

To possible
causes rules       

-generic-

DO LOW DO CAUSE
Low

Predominant filament

�

�

�

�

BIOLOGICAL FOAMING POSSIBLE CAUSES RULES -GENERIC-

From foaming cause detection

DO-aeration
basin

F/M

High High

LOW F/M 
CAUSE

Low Low

LOW DO 
CAUSE

Low

SRT
Soluble 

COD-influent T
High

HIGH SLUDGE 
AGE CAUSE

HIGH 
SOLUBLE-

COD CAUSE

LOW T CAUSE

HIGH T 
CAUSE

LOW SLUDGE 
AGE CAUSE

Low HIGH F/M 
CAUSE

High

�

�

�

�

�

�

�
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DISPERSED GROWTH CAUSE DETECTION

From dispersed growth diagnosis

TOXIC SHOCK  
CAUSE

Pred. group

0

Low

LOW 
SLUDGE 

AGE CAUSE

1

To possible
causes rules       

-generic-

To possible
causes rules       

-generic-

Protozoa presence
2

Air-flowDO
No value

OVERAERATION

HighHigh

SRTLOW SLUDGE 
AGE CAUSE

Low

1

Very low

SRT

1

TOXIC SHOCK 
CAUSE

Pred.group COD-removal

No value

Foam presence SURFACTANTS 
CAUSE

W

COD-removal

High

HIGH F/M 
CAUSE

F/M
No value No value

Very low

F/M
HIGH F/M 
CAUSE

High

No value

No value

�

�

�

�

From dispersed growth cause detection

Air flow
Foam

presence SRT

OVERAERATION 
CAUSE

High

SURFACTANTS  
PRESENCE  

CAUSE

W

LOW 
SLUDGE 

AGE 
CAUSE

Low

Predominant
group

TOXIC SHOCK 
CAUSE

1

DISPERSED GROWTH CAUSE DETECTION -GENERIC-

DO

High

F/M

HIGH F/M 
CAUSE

High

�

�

�

�

�

�

�

�
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From pin-point diagnosis
From deflocculation prediction

Air flow
Foam

presence SRT

OVERAERATION 
CAUSE

High

SURFACTANTS  
PRESENCE  

CAUSE

W

LOW 
SLUDGE 

AGE 
CAUSE

LowPredominant
group

TOXIC SHOCK 
CAUSE

1

PIN-POINT CAUSE DETECTION

DO

High

ANAEROBIC 
CONDITIONS 

CAUSE

V. low

V. high

OLD, 
OVEROXIDIZED 

SLUDGE

F/M
No value

LOW F/M 
CAUSE

HIGH F/M 
CAUSE

High

Low

�

�

�

�

�

�

�

�

�

�

�

RISING SLUDGE CAUSE DETECTION

From rising sludge diagnosis

FAVORABLE CONDITIONS TO 
DENITRIFICATION IN CLARIFIERS CAUSE:

-High SRT

-High NO3
- concentration

-High COD concentration

-Low DO concentration
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COD/P ratio 

Application

yes

no value

no

Counter-PD
>0

>200

effluent P conc.

P addition prevention plan 
�Keep adding same P dose
�Measure COD and Total P
�Monitor settleability and effluent P

< 1 mg/L or
no value

Counter-PD

� 1 mg/L STOP P addition planeffluent P conc.

Measure COD and/or total P 
start again decision tree

0

< 1 mg/L

F.BULKING NON-SPECIFIC CONTROL METHODS
-Chlorination, coag./floc. addition action plans

� 1 mg/L

≤ 3 MCRT

> 3 MCRT 

Filamentous bulking: TRUE &
P deficiency: TRUE or NO-DATA
Filamentous bulking: TRUE &
P deficiency: TRUE or NO-DATA

P deficiency solved
Counter-PD=0

COD increase
P addition prevention plan 
�Increase/reduce P addition 
depending on COD increase:
[(COD inc.(%) x Pdose) +Pdose]
�Measure COD and Total P
�Monitor settleability and ef.P

no value

≠-9999

P addition action plan

�Calculation of the exact P dose required on the reactor:

�Addition of the phosphoric acid at the head of the biological reactor.

�Perform a microscopic analysis to monitor the presence of the species influenced by P 
deficiency: N.limicola, H.hydrossis and S.natans.

�Wait for 24 hours and continue measuring daily: reactor COD and total P and effluent 
total P. 

�Study the possibility of applying recycle streams from the process as the source of P

( ) dacidphosphorickg
ionconcentratacidphosphoricLmg

mkg
dmInflowLmgPTotal

LmgCOD
reactor

reactor =
�
�

�

�

�
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�
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P addition action plan

�Calculation of the exact P dose required on the reactor:

�Addition of the phosphoric acid at the head of the biological reactor.

�Perform a microscopic analysis to monitor the presence of the species influenced by P 
deficiency: N.limicola, H.hydrossis and S.natans.

�Wait for 24 hours and continue measuring daily: reactor COD and total P and effluent 
total P. 

�Study the possibility of applying recycle streams from the process as the source of P

( ) dacidphosphorickg
ionconcentratacidphosphoricLmg

mkg
dmInflowLmgPTotal

LmgCOD
reactor

reactor =
�
�

�

�
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Measure COD and/or 
total P and effl-totalP

start again decision tree

no value

if necessary apply
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COD/N ratio 

Application

yes

no value

no

Counter-ND
>0

>40

effluent N conc.

N addition prevention plan 
�Keep adding same N dose
�Measure COD and Total N
�Monitor settleability and effluent N

< 10 mg/L

Counter-ND

� 10 mg/L STOP N addition planeffluent N conc.

Measure COD and/or total N 
start again decision tree

0

< 10 mg/L

F.BULKING NON-SPECIFIC CONTROL METHODS
-Chlorination, coag./floc. addition action plans

� 10 mg/L

≤ 3 MCRT

> 3 MCRT 

Filamentous bulking: TRUE &
N deficiency: TRUE or NO-DATA
Filamentous bulking: TRUE &
N deficiency: TRUE or NO-DATA

N deficiency solved
Counter-ND=0

COD increase
N addition prevention plan 
�Increase/reduce N addition 
depending on COD increase:
[(COD inc.(%) x Ndose) +Ndose]
�Measure COD and Total N
�Monitor settleability and ef.N

no value

≠-9999

N addition action plan

�Calculation of the exact N dose required on the reactor:

�Addition of urea at the head of the biological reactor.

�Perform a microscopic analysis to monitor the presence of the species influenced by N 
deficiency: Type 021N and Thiothrix sp.

�Wait for 24 hours and continue measuring daily: reactor COD and total N and effluent 
total N. 

�Study the possibility of applying recycle streams from the process as the source of N

Measure COD and/or 
total N and effl-totalN

start again decision tree

no value

if necessary apply

( ) dureakg
ionconcentratureaLmg

mkg
dmInflowLmgNTotal

LmgCOD
reactor

reactor =
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DO

Application

yes

no value

no

DO increasing action plan

�Increase DO set-point up to a minimum of 2.0 mgO2/L 
within the reactor and maintain this set-point during at 
least the same number of days as the MCRT.

�If the cause of low DO is a high F/M within the reactor it 
is recommended to progressively decrease waste flow.

�Perform a microscopic analysis to monitor the presence 
of the species influenced by low DO concentration: 
S.natans, H.hydrossis, Type 1701 or Type 1863.

�Measure the DO concentration at  various locations 
throughout the reactor. Make sure that the aeration 
system (valves, difussers, etc.) is working properly.

F.BULKING NON-SPECIFIC CONTROL METHODS
-Chlorination, coag./floc. addition action plans

STOP DO increasing plan

Counter-DOCounter-DO

Filamentous bulking: TRUE &
Low DO: TRUE or NO-DATA

0 Measure DO
start again decision tree

Low DO solved
Counter-DO=0

DO increasing prevention plan 
�Keep maintaining same DO set-point
�Continue microscopic observation

<2.0

≠ 0

DO increasing action plan 

�Increase DO set-point +0.5 mgO2/L and maintain it during at least the MCRT.

�If the cause of low DO is a high F/M within the reactor it is also recommended 
to progressively decrease waste flow.

� Perform a microscopic analysis to monitor the presence of : S.natans, 
H.hydrossis, Type 1701 or Type 1863.

�Measure the DO concentration at  various locations throughout the reactor. 
Make sure that the aeration system is working properly.

Counter-DOCounter-DO
0

>3MCRT

if necessary apply

≠0, ≠1MCRT, 
≠2MCRT         
� 3MCRT

1MCRT, 
2MCRT

Measure DO

�
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MCRT

Application

yes

no

STOP MCRT decreasing plan

Counter-HSACounter-HSA

Filamentous bulking: TRUE &
High SRT: TRUE or POSSIBLE or 
Low F/M:TRUE or POSSIBLE 

High SRT/ Low F/M solved
Counter-HSA=0

MCRT decreasing 
prevention plan 

�Measure MCRT 
and/or F/M, meanwhile 
keep maintaining same 
waste flow rate.

�Continue microscopic 
observation

>8

≠ 0

Counter-HSACounter-HSA
≤ 3MCRT

>3MCRT

F.BULKING NON-SPECIFIC 
CONTROL METHODS

-Chlorination, coagulants/flocculants
addition action plans

MCRT decreasing action plan 

�Increase waste flow and/or decrease recirculation flow in order to adjust 
the MCRT up to a value lower than 8 days. 

�Perform a microscopic analysis to monitor the presence of the species 
influenced by high SRT or low F/M:Types 0041, 0581, 0675, 0803, 0092, 
0961, 1851, M.parvicella, H.hydrossis or Type 021N.

�Consider always the necessity of nitrification, if nitrification is required 
do monitor the sludge age in order to not decrease too much the target 
MCRT and value also the economic costs of producing so much waste.

F/M

≤ 8 or  
No value

� 0.18 or  
No value

Counter-HSACounter-HSA

0

Measure MCRT and/or F/M
start again decision tree

F.BULKING NON-SPECIFIC CONTROL METHODS
-Chlorination, coag./floc addition action plans

< 0.18

STOP MCRT 
decreasing plan

STOP MCRT 
decreasing plan

>3 MCRT
≤ 3 MCRT

if necessary
apply

if necessary
apply

( )
( ) ( )

�
�
�
�
�

�

�

�
�
�
�
�

�

�
×−�

�

	




�
�

�


 ×+

=
)(

)()(
)(

)()()( 3
33

3

lmgMLSS
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dmflowwaste
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pH-reactor

Application

yes

No value

noFilamentous bulking: TRUE &
Low pH: TRUE or POSSIBLE

Measure pH
start again decision tree

Low pH solved

<6.5

pH increasing action plan 

�Calculation of the exact base dose required on the reactor (caustic soda (NaOH) 
recommended):

-Perform a pH titration test.

-Calculate the exact base dose (kg/d) needed according to the titration’s results: 

�Add the caustic soda in a well-mixed zone prior to the reactor.

�Perform a microscopic analysis to monitor the presence of fungi as the main specie 
influenced by low pH.

�Study carefully any improvements within the activated sludge settleability in order to stop 
caustic addition as soon as a pH improvement is reached.

�Conduct an industrial survey in order to identify the low pH source. If possible, stop or 
neutralize this discharge at source.

( ) ( ) ( )
purityLmg

mkg
dmInflow

Lml
NaOHNofweightEquivalentTitrantNaOHofNormalitymLsampleofLperNaOH needed

%
100001.0

)/(
1000

0.1)( 3
3 ×××��
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sulphide-reactor

Application

yes

No value

noFilamentous bulking: TRUE &
Septicity: TRUE or NO-DATA

Septicity solved
Counter-S=0

>1mg/L

Counter-S
=0

Measure hydrogen 
sulphide and/or 

VFAs content start 
again decision tree

No value
VFAs-reactor

>100 mg/L

Septicity reduction action plan 

�Identify whether the source of septicity is located on the collection system or on the treatment 
plant: measure and compare septicity at the influent and at the reactor or qualitatively study the 
characteristics of the influents (“rotten egg” smelt, dark color, etc.). Check other possible sources 
such as return flows from digestors, thickeners or centrifuges.

-If the sulphide and/or VFAs concentrations are already high at the influent, septicity
takes place within the collection system in this case, septicity must be reduced before
entering primary settlers by adding an oxidant source (sodium nitrate, Cl2, H2O2, etc.)

-If the sulphide and/or VFAs concentrations are directly present within the reactor, septicity must 
be reduced before entering the reactor (e.g. recirculation) by means of a pre-aeration of the 
influent, chemical oxidation with sodium nitrate, Cl2, H2O2, potassium permanganate, or chemical 
precipitation with ferric chloride.

�Perform a titration test to determine the oxidant dose (kg oxidant/day):

� Add the oxidant in a well-mixed zone prior to the reactor.

�Perform a microscopic analysis to monitor the presence of the species influenced by septicity: 
Thiothrix spp, Type 021N, Beggiatoa spp. and Type 0914 (specially with intracellular S granules).

Septicity reduction 
action plan 

�Perform again 
titration test to 
determine the 
required oxidant 
dose.

�Continue 
microscopic 
observation

� 0

purityLmg
mkg

dmInflow
LvolumeSample

mgneededoxidant
%

100001.0
)/(

)(
)( 3

3 ×××

sulphide-reactor

Application

yes

No value

noFilamentous bulking: TRUE &
Septicity: TRUE or NO-DATA

Septicity solved
Counter-S=0

>1mg/L

Counter-S
=0

Measure hydrogen 
sulphide and/or 

VFAs content start 
again decision tree

Measure hydrogen 
sulphide and/or 

VFAs content start 
again decision tree

No value
VFAs-reactor

>100 mg/L

Septicity reduction action plan 

�Identify whether the source of septicity is located on the collection system or on the treatment 
plant: measure and compare septicity at the influent and at the reactor or qualitatively study the 
characteristics of the influents (“rotten egg” smelt, dark color, etc.). Check other possible sources 
such as return flows from digestors, thickeners or centrifuges.

-If the sulphide and/or VFAs concentrations are already high at the influent, septicity
takes place within the collection system in this case, septicity must be reduced before
entering primary settlers by adding an oxidant source (sodium nitrate, Cl2, H2O2, etc.)

-If the sulphide and/or VFAs concentrations are directly present within the reactor, septicity must 
be reduced before entering the reactor (e.g. recirculation) by means of a pre-aeration of the 
influent, chemical oxidation with sodium nitrate, Cl2, H2O2, potassium permanganate, or chemical 
precipitation with ferric chloride.

�Perform a titration test to determine the oxidant dose (kg oxidant/day):

� Add the oxidant in a well-mixed zone prior to the reactor.

�Perform a microscopic analysis to monitor the presence of the species influenced by septicity: 
Thiothrix spp, Type 021N, Beggiatoa spp. and Type 0914 (specially with intracellular S granules).

Septicity reduction 
action plan 

�Perform again 
titration test to 
determine the 
required oxidant 
dose.

�Continue 
microscopic 
observation

� 0

purityLmg
mkg

dmInflow
LvolumeSample

mgneededoxidant
%

100001.0
)/(

)(
)( 3

3 ×××
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%CODs
No value

no

If necessary apply

Counter-CODS

Filamentous bulking: TRUE &
Readily biodegradable substrate: TRUE or POSSIBLE

0
Measure CODs

start again decision tree

rbBOD solved
Counter-CODs=0

F.BULKING NON-SPECIFIC 
CONTROL METHODS

-Chlorination, 
coagulants/flocculants
addition action plans

> 25%

≠ 0

Counter-CODS

F.BULKING NON-
SPECIFIC CONTROL 

METHODS
-Chlorination, 

coagulants/flocculants
addition action plans

0
� 0

Use of selectors action plan

�Consider the possibilities of designing a selector to control the problem:

-If the reactor’s configuration is plug-flow consider the use of the first compartments to 
achieve the selector effect. If none of the existing facilities can be used as a selector 
consider the construction of a new compartmentalized reactor. Design criteria:

-The selector should have at least 3 compartments
-The overall F/M within the reactor should be about 3-4 kgCOD/kgMLSS/d

but higher in the first compartment, about 10-12.
-A DO concentration of 1-2 mg/L should be maintained within the selector.

-If the plant usually nitrifies consider the use of an anoxic selector.Design criteria:
-The first compartment must be anoxic but the rest of the reactor aerobic.
-The overall F/M within the reactor should be about 1.5 kgCOD/kgMLSS/d

but higher in the first compartment, about 6.
-Recirculation from the downstream nitrifying aerobic zone: 100-200% of 
the influent flow to accomplish approx. a ratio of 8 mg CODs/mg NO3-N

-The SRT within the anoxic compartment must be about 1-2 days.

�Perform a microscopic analysis to monitor the presence of the species influenced by 
rbBOD: Thiothrix sp., N.limicola, types 021N and 1815. Aerobic selectors are usually 
effective to control Type 021N, S.natans an Type 0961. Anoxic selectors would be 
efficient controlling Thiothrix and also Type 021N. 

�Conduct an industrial survey in order to identify the rbCOD source. If possible, stop or 
treat this discharge at source.

If necessary
apply

If applied, wait for the
selector’s results

Use of selectors (prevention plan) 
-Measure CODs and keep waiting for the selector’s results.
-Continue microscopic observation

Application

�

����
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yes

Filamentous bulking: TRUE &
Not-identified cause: TRUE

F.BULKING NON-SPECIFIC 
CONTROL METHODS

-Chlorination, 
coagulants/flocculants
addition action plans

CHLORINATION ACTION PLAN

COAGULANTS/FLOCCULANTS ADDITION ACTION PLAN
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CHLORINATION ACTION PLAN
Measure SVI, start again decision treeMeasure SVI, start again decision tree

SVI

No value

STOP chlorination plan� 180

Counter-CHL

Chlorine addition action plan 

�It is recommended to perform a respirometric test in order to check the effects of the 
selected chlorine dose on the biomass. Test different doses between 1 to 10 gCl2/kg MLSS,d. 
If respirometric tests are not available, an initial dose of 2gCl2 /kg MLSS,d is suggested.

�Calculation of the exact chlorine dose required:

�Calculation of the frequency of exposure:                       -If F < 3 increase 

RAS flow or use several chlorine dose points to increase F up to values ≥ 3 days-1. 

�Dose chlorine solution on a well-mixed zone such as the RAS line. Initially add chlorine 
during 24 hours (depending always on the results of SVI and microscopic analysis).

�Perform an exhaustive control on the responses of the biomass to chlorine addition: do 
monitor the effects on the filaments structure (cell’s deformity, empty and broken sheaths, 
etc.) and also on the rest of microorganisms. A complete extinction of protozoa and rotifers or 
a presence of small, broken-up flocs with a consequence on the effluent turbulence are signs 
of chlorine overdosing and therefore chlorination must be stopped immediately.

�Do monitor the formation of chlorine organic compounds (COC) such as chloramines in the 
effluent. 

�Measure SVI several times/day to check any settleability improvement. If microscopic 
observations show filaments damage (if aprox. 60-70%of filaments show observable 
damage) and settleability is recovered (SVI <180 mL/g) stop chlorination immediately.

dClkg
Clg

Clkg
MLSSkg

dClg

MLSSmg

MLSSkg
LLmgMLSS /

10

1
1

/0.2

10

1
107980)/( 2

2
3

22
6

3 =×××××

Application

0

Chlorine addition action plan 

�Increase chlorine dose as:

�Calculation of the exact dose

�If possible test this dose before 
applying it by performing a 
respirometric test.

�Continue monitoring SVI, COC 
and biomass damage.

>180

>0,� 5 

STOP chlorination plan

>5

Coag./floc. addition control planCoag./floc. addition control plan
if necessary apply

dMLSSkggCldoseprevious ,/5.0 2=+

MLSSVV

XRAS
dF

clarifierreactor

RASflow

×+
×

=−−

)(
)( 11
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COAGULANTS/FLOCCULANTS ADDITION ACTION PLAN

Measure SVI, start again decision treeMeasure SVI, start again decision tree

SVI

No value

STOP coagulants/flocculants addition plan
� 150

Counter-POL

Coagulants/flocculants addition action plan 

�Run bench (jar) tests in the lab and compare the advantages and disadvantages of 
each possible chemical (lime, ferric chloride, sodium aluminate, ferric sulfate, etc), 
including the cost per unit volume treated for each chemical at its optimum dosage in 
order to establish the starting dosage. Begin with the lowest dosage possible to achieve 
the desired settling and adjust it according to the SVI values.

�Calculation of the exact chemical dose required in L/day:

�Calculation of the frequency of exposure:                       -If F < 3 

increase RAS flow or use several chemical dose points to increase F up to 3 days-1

�Add the chemical solution into the mixed liquor as it leaves the aeration basin or to the 
secondary settler center well during a period of 24 hours. 

�Measure SVI at least once a day in order to stop chemical addition as soon settleability 
was recovered. It is also recommended to calculate SVI at recirculation in order to check 
the direct effect of chemicals addition on sludge settleability. If desired, stop chemicals 
addition as soon as sludge settleability within recirculation or in a sample of sludge 
measured after chemicals addition show a well-settled sludge.  

Application

0

>150

>0,� 20 

STOP chemical addition plan

>20

�Change the chemical to be added (lime, ferric chloride, 
sodium aluminate, ferric sulfate, etc.) or consider other options 
such as increasing MLSS settleability by means of inert 
biological solids from anaerobic digestors. 

�Start again chemical addition plan.

Chemical 
addition action 
plan 

�Increase 
chemical 
concentration or 
dosage

�Decrease the 
addition if 
defflocculation is 
identified

Counter-SVI inc.

Chemical addition 
action plan 

�Keep on with the 
same type of 
chemical, dosage and 
concentration

�Decrease addition if 
defflocculation is 
identified

>5

� 5 

�If a significant improvement on sludge 
settleability is observed, it is recommended: 
stopping the addition of the 
coagulant/flocculant or slightly decreasing its 
dosage and continuing its addition during the 
following 3-5 days. 

( )
)/(

)/()/(
/

/001.0
)/( 33

3

LkgdensityChemical

dmflowRASdmInflow
Lmg

mkg
LmgtestsjarinneededdosagechemicalMínimum +××

MLSSVV

XRAS
dF

clarifierreactor

RASflow

×+
×

=−−

)(
)( 11
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COD/P ratio 

Application

yes

no value

no

Counter-PD2
>0

>200

effluent P conc.

P addition prevention plan 
�Keep adding same P dose
�Measure COD and Total P
�Monitor settleability and effluent P

< 1 mg/L or
no value

Counter-PD2

� 1 mg/L STOP P addition planeffluent P conc.

Measure COD and/or total P 
start again decision tree

0

< 1 mg/L

V.BULKING NON-SPECIFIC CONTROL METHODS
-Coagulants/flocculants addition action plans

� 1 mg/L

≤ 3 MCRT

> 3 MCRT 

Non-filamentous bulking: TRUE &
P deficiency: TRUE or NO-DATA
Non-filamentous bulking: TRUE &
P deficiency: TRUE or NO-DATA

P deficiency solved
Counter-PD2=0

COD increase
P addition prevention plan 
�Increase/reduce P addition 
depending on COD increase:
[(COD inc.(%) x Pdose) +Pdose]
�Measure COD and Total P
�Monitor settleability and ef.P

no value

≠-9999

P addition action plan

�Calculation of the exact P dose required on the reactor:

�Addition of the phosphoric acid at the head of the biological reactor.

�Perform a microscopic analysis to monitor the evolution of Zoogloea sp. and the 
EPS  presence by means of the floc characteristics analysis or using an india ink test.

�Wait for 24 hours and continue measuring daily: reactor COD and totalP and effluent 
total P. 

�Study the possibility of applying recycle streams from the process as the source of P

( ) dacidphosphorickg
ionconcentratacidphosphoricLmg

mkg
dmInflowLmgPTotal

LmgCOD
reactor

reactor =
�
�

�

�

�
�

�

�
××

�
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P addition action plan

�Calculation of the exact P dose required on the reactor:

�Addition of the phosphoric acid at the head of the biological reactor.

�Perform a microscopic analysis to monitor the evolution of Zoogloea sp. and the 
EPS  presence by means of the floc characteristics analysis or using an india ink test.

�Wait for 24 hours and continue measuring daily: reactor COD and totalP and effluent 
total P. 

�Study the possibility of applying recycle streams from the process as the source of P

( ) dacidphosphorickg
ionconcentratacidphosphoricLmg

mkg
dmInflowLmgPTotal

LmgCOD
reactor

reactor =
�
�
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Measure COD and/or 
total P and effl-totalP

start again decision tree

no value

if necessary apply
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COD/N ratio 

Application

yes

no value

no

Counter-ND2
>0

>40

effluent N conc.

N addition prevention plan 
�Keep adding same N dose
�Measure COD and Total N
�Monitor settleability and effluent N

< 10 mg/L

Counter-ND2

� 10 mg/L STOP N addition planeffluent N conc.

Measure COD and/or total N 
start again decision tree

0

< 10 mg/L

V.BULKING NON-SPECIFIC CONTROL METHODS
-Coagulants/flocculants addition action plans

� 10 mg/L

≤ 3 MCRT

> 3 MCRT 

Non-filamentous bulking: TRUE &
N deficiency: TRUE or NO-DATA
Non-filamentous bulking: TRUE &
N deficiency: TRUE or NO-DATA

N deficiency solved
Counter-ND2=0

COD increase
N addition prevention plan 
�Increase/reduce N addition 
depending on COD increase:
[(COD inc.(%) x Ndose) +Ndose]
�Measure COD and Total N
�Monitor settleability and ef.N

no value

≠-9999

N addition action plan

�Calculation of the exact N dose required on the reactor:

�Addition of the urea at the head of the biological reactor.

�Perform a microscopic analysis to monitor the evolution of Zoogloea sp. and the EPS  
presence by means of the floc characteristics analysis or using an india ink test.

�Wait for 24 hours and continue measuring daily: reactor COD and total N and effluent 
total N. 

�Study the possibility of applying recycle streams from the process as the source of N

Measure COD and/or 
total N and effl-totalN

start again decision tree

no value

if necessary apply

( ) dureakg
ionconcentratureaLmg

mkg
dmInflowLmgNTotal

LmgCOD
reactor

reactor =
�
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MCRT

Application

yes

no

STOP MCRT decreasing plan

Counter-HSAVCounter-HSAV

Non-filamentous bulking: TRUE &
Low SRT: TRUE or POSSIBLE or 
High F/M:TRUE or POSSIBLE 

High SRT/ Low F/M solved
Counter-HSAV=0

MCRT increasing 
prevention plan 

�Measure MCRT 
and/or F/M, meanwhile 
keep maintaining same 
waste flow rate.

�Continue microscopic 
observation

<3

≠ 0

Counter-HSAVCounter-HSAV

≤ 3MCRT

>3MCRT

V.BULKING NON-SPECIFIC 
CONTROL METHODS

-Coagulants/flocculants addition action
plans

MCRT increasing action plan 

�Decrease or stop waste flow and/or increase recirculation flow in order 
to adjust the MCRT up to a value higher than 3 days (but < 8days).

�Perform a microscopic analysis to monitor the presence of Zoogloea sp. 
and the EPS  presence by means of the floc characteristics analysis or 
using an india ink test.

F/M

� 3 or  
No value

� 0.45 or  
No value

Counter-HSAVCounter-HSAV

0

Measure MCRT and/or F/M
start again decision tree

V.BULKING NON-SPECIFIC 
CONTROL METHODS

-Coagulants/flocculants addition
action plans

> 0.45

STOP MCRT 
increasing plan

STOP MCRT 
increasing plan

>3 MCRT
≤ 3 MCRT

if necessary apply

if necessary
apply

if necessary
apply
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yes

Non-filamentous bulking: TRUE &
Not-identified cause: TRUE

V.BULKING NON-SPECIFIC 
CONTROL METHODS

-Coagulants/flocculants addition
action plans

COAGULANTS/FLOCCULANTS ADDITION ACTION PLAN
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COAGULANTS/FLOCCULANTS ADDITION ACTION PLAN

Measure SVI, start again decision treeMeasure SVI, start again decision tree

SVI

No value

STOP coagulants/flocculants addition plan
� 150

Counter-POL

Coagulants/flocculants addition action plan 

�Run bench (jar) tests in the lab and compare the advantages and disadvantages of 
each possible chemical (lime, ferric chloride, sodium aluminate, ferric sulfate, etc), 
including the cost per unit volume treated for each chemical at its optimum dosage in 
order to establish the starting dosage. Begin with the lowest dosage possible to achieve 
the desired settling and adjust it according to the SVI values.

�Calculation of the exact chemical dose required in L/day:

�Calculation of the frequency of exposure:                       -If F < 3 

increase RAS flow or use several chemical dose points to increase F up to 3 days-1

�Add the chemical solution into the mixed liquor as it leaves the aeration basin or to the 
secondary settler center well during a period of 24 hours. 

�Measure SVI at least once a day in order to stop chemical addition as soon settleability 
was recovered. It is also recommended to calculate SVI at recirculation in order to check 
the direct effect of chemicals addition on sludge settleability. If desired, stop chemicals 
addition as soon as sludge settleability within recirculation or in a sample of sludge 
measured after chemicals addition show a well-settled sludge.  

Application

0

>150

>0,� 20 

STOP chemical addition plan

>20

�Change the chemical to be added (lime, ferric chloride, 
sodium aluminate, ferric sulfate, etc.) or consider other options 
such as increasing MLSS settleability by means of inert 
biological solids from anaerobic digestors. 

�Start again chemical addition plan.

Chemical 
addition action 
plan 

�Increase 
chemical 
concentration or 
dosage

�Decrease the 
addition if 
defflocculation is 
identified

Counter-SVI inc.

Chemical addition 
action plan 

�Keep on with the 
same type of 
chemical, dosage and 
concentration

�Decrease addition if 
defflocculation is 
identified

>5

� 5 

�If a significant improvement on sludge 
settleability is observed, it is recommended: 
stopping the addition of the 
coagulant/flocculant or slightly decreasing its 
dosage and continuing its addition during the 
following 3-5 days. 
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LkgdensityChemical
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MCRT

Application

yes

no

STOP MCRT decreasing plan

Counter-LSAFCounter-LSAF

Biological foaming: TRUE &
Low SRT: TRUE or POSSIBLE or 
High F/M:TRUE or POSSIBLE 

High SRT/ Low F/M solved
Counter-LSAF=0

MCRT increasing 
prevention plan 

�Measure MCRT 
and/or F/M, meanwhile 
keep maintaining same 
waste flow rate.

�Continue microscopic 
observation

<3

≠ 0

Counter-LSAFCounter-LSAF
≤ 3MCRT

>3MCRT

F.BULKING NON-SPECIFIC 
CONTROL METHODS

-Chlorination, coagulants/flocculants
addition action plans

MCRT increasing action plan 

�Decrease or stop waste flow and/or increase recirculation flow in order 
to adjust the MCRT up to a value higher than 3 days (but < 8 days if 
nitrification is not required).

�Perform a microscopic analysis to monitor the presence of the species 
influenced by low SRT or high F/M especially Type 1863.

F/M

� 3 or  
No value

� 0.45 or  
No value

Counter-LSAFCounter-LSAF

0

Measure MCRT and/or F/M
start again decision tree

F.BULKING NON-SPECIFIC CONTROL METHODS
-Chlorination, coag./floc addition action plans

> 0.45

STOP MCRT 
increasing plan

STOP MCRT 
increasing plan

>3 MCRT
≤ 3 MCRT

if necessary
apply

if necessary
apply

FOAM REMOVAL 
ACTION PLAN

if
necessary

apply
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DO

Application

yes

no value

no

DO increasing action plan

�Increase DO set-point up to a minimum of 2.0 mgO2/L and 
maintain it during at least the same number of days as MCRT.

�If the cause of low DO is a high F/M within the reactor it is 
recommended to progressively decrease waste flow.

�Perform a microscopic analysis to monitor the presence of 
the species influenced by low DO: M.parvicella or Type 1863. 
Compare filamentous abundance between mixed liquor and 
foam. If filaments are more abundant within the foam this is a 
symptom than the filaments are really the cause of foam.

�Measure the DO concentration at  various locations 
throughout the reactor. Make sure that the aeration system 
(valves, difussers, etc.) is working properly.

FOAMING NON-SPECIFIC CONTROL METHODS
-Chlorination, coag./floc. addition action plans

STOP DO increasing plan

Counter-DOFCounter-DOF

Biological foaming: TRUE &
Low DO: TRUE or NO-DATA

0 Measure DO
start again decision tree

Low DO solved
Counter-DOF=0

DO increasing prevention plan 
�Keep maintaining same DO set-point
�Continue microscopic observation

<2.0

≠ 0

DO increasing action plan 

�Increase DO set-point +0.5 mgO2/L and maintain it during at least the MCRT.

�If the cause of low DO is a high F/M within the reactor it is recommended to 
progressively decrease waste flow.

� Perform a microscopic analysis to monitor the presence of : M.parvicella or 
Type 1863.

�Measure the DO concentration at  various locations throughout the reactor. 
Make sure that the aeration system is working properly.

Counter-DOFCounter-DOF
0

>3MCRT

if necessary apply

≠0, ≠1MCRT, 
≠2MCRT         
� 3MCRT

1MCRT, 
2MCRT

Measure DO

FOAM  REMOVAL 
ACTION PLAN

if necessary
apply

FOAM  REMOVAL 
ACTION PLAN

if necessary
apply

�
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MCRT

Application

yes

no

STOP MCRT decreasing plan

Counter-HSAFCounter-HSAF

Biological foaming: TRUE &
High SRT: TRUE or POSSIBLE or 
Low F/M:TRUE or POSSIBLE 

High SRT/ Low F/M solved
Counter-HSAF=0

MCRT decreasing 
prevention plan 

�Measure MCRT 
and/or F/M, meanwhile 
keep maintaining same 
waste flow rate.

�Continue microscopic 
observation

>8

≠ 0

Counter-HSAFCounter-HSAF

>3MCRT

F.BULKING NON-SPECIFIC 
CONTROL METHODS

-Chlorination, coagulants/flocculants
addition action plans

MCRT decreasing action plan 

�Increase waste flow and/or decrease recirculation flow in order to adjust 
the MCRT up to a value lower than 8 days. 

�Perform a microscopic analysis to monitor the presence of the species 
influenced by high SRT or low F/M especially M.parvicella and Nocardia
spp.

�Consider always the necessity of nitrification, if nitrification is required 
do monitor the sludge age in order to not decrease too much the target 
MCRT and value also the economic costs of producing so much waste.

F/M

� 0.18 or  
No value

Counter-HSAFCounter-HSAF

0

Measure MCRT and/or F/M
start again decision tree

F.BULKING NON-SPECIFIC CONTROL METHODS
-Chlorination, coag./floc addition action plans

< 0.18

STOP MCRT 
decreasing plan

STOP MCRT 
decreasing plan

>3 MCRTif necessary
apply

if necessary
apply

FOAM REMOVAL 
ACTION PLAN

if
necessary

apply
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%CODs
No value

no

If necessary apply

Counter-CODS

Biological foaming: TRUE &
Readily biodegradable substrate: TRUE or POSSIBLE

0
Measure CODs

start again decision tree

rbBOD solved
Counter-CODs=0

> 25%

≠ 0

Counter-CODS

F.BULKING NON-
SPECIFIC CONTROL 

METHODS
-Chlorination, 

coagulants/flocculants
addition action plans

0
� 0

Use of selectors action plan

�Consider the possibilities of designing a selector to control the problem:

-If the reactor’s configuration is plug-flow consider the use of the first compartments to 
achieve the selector effect. If none of the existing facilities can be used as a selector 
consider the construction of a new compartmentalized reactor. Design criteria:

-The selector should have at least 3 compartments
-The overall F/M within the reactor should be about 3-4 kgCOD/kgMLSS/d
but higher in the first compartment, about 10-12.

-A DO concentration of 1-2 mg/L should be maintained within the selector.

-If the plant usually nitrifies consider the use of an anoxic selector instead of 
aerobic. Design criteria:

-The first compartment must be anoxic but the rest of the reactor aerobic.
-The overall F/M within the reactor should be about 1.5 kgCOD/kgMLSS/d
but higher in the first compartment, about 6.

-Recirculation from the downstream nitrifying aerobic zone: 100-200% of 
the influent flow to accomplish approx. a ratio of 8 mg CODs/mg NO3-N
-The SRT within the anoxic compartment must be about 1-2 days.

�Perform a microscopic analysis to monitor the presence of the species influenced by 
rbBOD specially Nocardia spp.

If applied, wait for the
selector’s results

Use of selectors prevention plan 
-Measure CODs and keep waiting for the selector’s results.
-Continue microscopic observation

Application

If necessary apply FOAM  REMOVAL 
ACTION PLAN

If necessary apply
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yes

Biological foaming: TRUE &
Not-identified cause: TRUE

BIOLOGICAL FOAMING 
NON-SPECIFIC 

CONTROL METHODS
-Chlorination, antifoam

addition and 
coag./floc.addition plan

COAGULANTS/FLOCCULANTS ADDITION ACTION PLAN

CHLORINATION ACTION PLAN

SCUM CHLORINATION ACTION PLAN

FOAM  REMOVAL ACTION PLAN

If necessary
apply
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FOAM  REMOVAL ACTION PLAN

�Avoid and/or separate the possible fats, oils or greases 
present at the influent.

�Spray foam with effluent water through a bib sprayer or 
lawn sprinkler or treat the foam with a defoaming agent 
such as the polyglycol-based defoaming agent.

�Vacuum or rake foam from the surface of the aeration tank 
and/or secondary settlers. The removed foam must be 
treated and disposed properly in order to avoid the return of 
foam-producing filaments into the activated sludge process. 
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SCUM CHLORINATION ACTION PLAN

�Spray foam with a 10-15% sodium hypochlorite 
solution. The solution should remain in contact with 
the foam for 2-3 hours.

�Collapse the foam with a spray of effluent water.
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MCRT

Application

yes

no

STOP MCRT decreasing plan

Counter-LSADCounter-LSAD

Dispersed growth: TRUE &
Low SRT: TRUE or POSSIBLE or 
High F/M:TRUE or POSSIBLE 

High SRT/ Low F/M solved
Counter-LSAD=0

MCRT increasing 
prevention plan 

�Measure MCRT 
and/or F/M, meanwhile 
keep maintaining same 
waste flow rate.

�Continue microscopic 
observation

<2

≠ 0

Counter-LSADCounter-LSAD
≤ 3MCRT

>3MCRT

MCRT decreasing action plan 

�Rule out a possible loss of biomass by the effluent as the main cause of 
low MCRT and a consequent increase in F/M ratio (typical of a start-up 
process).

�Decrease or stop waste flow and/or increase recirculation flow in order 
to adjust the MCRT up to a value higher than 3 days (but < 8days if 
nitrification is not required).

�Perform a microscopic analysis to monitor the floc characteristics.

F/M

No value

� 0.45 or  
No value

Counter-LSADCounter-LSAD

0

Measure MCRT and/or F/M
start again decision tree

DISPERSED GROWTH NON-SPECIFIC CONTROL 
METHODS

-Coagulants/floculants addition action plans

> 0.45

STOP MCRT 
increasing plan

STOP MCRT 
increasing plan

>3 MCRT
≤ 3 MCRT

if necessary apply
if necessary

apply

if necessary
apply
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effluent
required

requiredsettlerreactor

DISPERSED GROWTH NON-SPECIFIC CONTROL 
METHODS

-Coagulants/floculants addition action plans
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Presence of protozoa

Application

yes

No value

noDispersed growth: TRUE &
Toxic shock: TRUE or POSSIBLE

Toxicity solved
Counter-TOX=0

Toxicity inhibition control plan 
�Perform a respirometry test in order to determine the effect of the toxic on 
microfauna. It is recommended also to check if the toxic has been purged out of the 
process or if it is still present. This can be tested by performing 2 respirometries, 1 
with sludge from the process and another one with sludge from a “healthy process”. 

-If both respirometries indicate a low oxigen demand it is a sign that the toxic is
still entering the system. In this case it is recommended to increase the WAS rate
for approximately one week to purge the system.
-If just the sludge from our process shows a low oxygen demand it means that the
toxic is not present within the influent. It is recommended therefore to reduce
WAS rate,  but otherwise maintain normal operation until the toxic passes 
through the treatment system, if it has not already.

�Try to identify the toxic (metals, ammonia, sulfide, chloride, etc.) and its possible 
source to reduce it and avoid future problems.

�Perform a microscopic analysis to monitor the floc characteristics and the activity 
of microfauna.

COD-removal
<50%

Counter-TOXCounter-TOX

Perform a microscopic analysis 
to study the activity of biomass 
and to determine the presence 
of protozoa. Start again 
decision tree.

Perform a microscopic analysis 
to study the activity of biomass 
and to determine the presence 
of protozoa. Start again 
decision tree.

Counter-TOXCounter-TOX
0

Toxic inhibition prevention plan 
�Perform a microscopic analysis to determine the predominant group

�Apply toxic inhibition prevention plan

≠ 0

�50% or No value

0 or 1

0

Toxic inhibition prevention plan 
�Continue performing respirometry
tests to determine the evolution of 
toxic’s effects.

�Continue microscopic analysis

Continue 
increasing purge

Continue 
decreasing purge

toxic presenttoxic not present

≠ 0

�

����



�
�

�
�

>�

 

 
E

'
&

�

���

W

yes

Foam presence

MLSS

<1500

Surfactants removal action plan 
�Identify possible sources of an excessive wasting of MLSS such a waste overflow, a lost of solids with the effluent by 
settleability problems or any source of toxicity.

�Decrease waste flow and/or increase recirculation flow in order to increase the MLSS within the reactor up to a value 
over 1500mg/L:

� Perform a chemical analysis of the surfactant concentration in the mixed liquor influent in order to determine its 
characteristics and try to identify the source of this substances to equalize the discharges over as long a period of 
time as possible. 

� Regulate and carry out a pretreatment of the surfactants in order to remove them before entering the secondary 
settlers: use bib sprayers, specific defoamants or improvise a froth-control system using effluent water.Think about 
the possibilities of adding specific surfactant degrading bacteria or bioaugmentation products.

�Perform a microscopic analysis to monitor the floc characteristics.

Surfactants removal action plan 
�Perform a chemical analysis of the surfactant concentration in the mixed liquor 
influent in order to determine its characteristics and try to identify the source of this 
substances to equalize the discharges over as long a period of time as possible. 

� Regulate and carry out a pretreatment of the surfactants in order to remove them 
before entering the secondary settlers: use bib sprayers, specific defoamants or 
improvise a froth-control system using effluent water.Think about the possibilities of 
adding specific surfactant degrading bacteria or bioaugmentation products.

�Perform a microscopic analysis to monitor the floc characteristics.

≥1500

Application

Dispersed growth: TRUE &
Surfactants: TRUE or POSSIBLE

no Surfactants solved
Counter-SUP=0

No value
Counter-SUPCounter-SUP

0 Measure foam presence
start again decision tree

≠ 0

Measure MLSS
start again decision tree

No value
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Air flow/DOsp

yes

noDispersed growth: TRUE &
Overaeration: TRUE or POSSIBLE

No value

Overaeration solved
Counter-AER=0

D.O.sp

Very high >4

Application

Aeration reduction control plan 

�Try to identify and repair the source of excessive turbulence. Analyze 
wastewater samples (especially floc characteristics) before and after the 
suspect equipment or treatment tank such as RAS pumps or aeration tanks. 

�If the DO concentration is controlled by a set-point, reduce the set-point down 
to a value below 4 ppm according to the necessities of elimination of organic 
matter and/or nutrients. Otherwise reduce airflow rate and do monitor its value 
to avoid exceeding the limit values. Maintain this set-point until flocculation is 
recovered.

�Consider the possibility of changing the aeration system to a non-aggressive 
method such as fine-bubble diffusers or pure oxygen.

�Perform a microscopic analysis to monitor the evolution of floc
characteristics.

Measure air flow 
and/or D.O. Start 
again decision tree.

Measure air flow 
and/or D.O. Start 
again decision tree.

No value
Counter-AERCounter-AER

0

DO decreasing prevention plan 
�Keep maintaining same DO set-point
�Continue microscopic observation

≠ 0

Measure air flow 
and/or DO.
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yes

Dispersed growth: TRUE &
Not-identified cause: TRUE

DISPERSED GROWTH NON-
SPECIFIC CONTROL METHODS

-Coagulants/floculants addition plan

If necessary
apply

Consider and Investigate other possible 
causes of dispersed growth such as 
high concentrations of monovalent
cations (e.g., K+ and Na+) relative to 
the concentrations of divalent cations
(e.g., Ca2+ and Mg2+)

COAGULANTS/FLOCULANTS ADDITION ACTION PLAN
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COAGULANTS/FLOCCULANTS ADDITION ACTION PLAN

Measure SVI, start again decision treeMeasure SVI, start again decision tree

SVI

No value

STOP coagulants/flocculants addition plan

Counter-POL

Coagulants/flocculants addition action plan 

�Run bench (jar) tests in the lab and compare the advantages and disadvantages of 
each possible chemical (lime, ferric chloride, sodium aluminate, ferric sulfate, etc), 
including the cost per unit volume treated for each chemical at its optimum dosage in 
order to establish the starting dosage. Begin with the lowest dosage possible to achieve 
the desired settling and adjust it according to the SVI values.

�Calculation of the exact chemical dose required in L/day:

�Calculation of the frequency of exposure:                       -If F < 3 

increase RAS flow or use several chemical dose points to increase F up to 3 days-1

�Add the chemical solution into the mixed liquor as it leaves the aeration basin or to the 
secondary settler center well during a period of 24 hours. 

�Measure SVI at least once a day in order to stop chemical addition as soon settleability 
was recovered. It is also recommended to calculate SVI at recirculation in order to check 
the direct effect of chemicals addition on sludge settleability. If desired, stop chemicals 
addition as soon as sludge settleability within recirculation or in a sample of sludge 
measured after chemicals addition show a well-settled sludge.  

Application

0

>0,� 20 

STOP chemical addition plan

>20

�Change the chemical to be added (lime, ferric chloride, 
sodium aluminate, ferric sulfate, etc.) or consider other options 
such as increasing MLSS settleability by means of inert 
biological solids from anaerobic digestors. 

�Start again chemical addition plan.

Chemical 
addition action 
plan 

�Increase 
chemical 
concentration or 
dosage

�Decrease the 
addition if 
defflocculation is 
identified

Counter-SVI inc.

Chemical addition 
action plan 

�Keep on with the 
same type of 
chemical, dosage and 
concentration

�Decrease addition if 
defflocculation is 
identified

>5

� 5 

�If a significant improvement on sludge 
settleability is observed, it is recommended: 
stopping the addition of the 
coagulant/flocculant or slightly decreasing its 
dosage and continuing its addition during the 
following 3-5 days. 
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LkgdensityChemical

dmflowRASdmInflow
Lmg

mkg
LmgtestsjarinneededdosagechemicalMínimum +××
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MCRT

Application

yes

no

STOP MCRT decreasing plan

Counter-LSAPCounter-LSAP

Pin-point floc: TRUE &
Low SRT: TRUE or POSSIBLE or 
High F/M:TRUE or POSSIBLE 

High SRT/ Low F/M solved
Counter-LSAP=0

MCRT increasing 
prevention plan 

�Measure MCRT 
and/or F/M, meanwhile 
keep maintaining same 
waste flow rate.

�Continue microscopic 
observation

<3

≠ 0

Counter-LSAPCounter-LSAP
≤ 3MCRT

>3MCRT

MCRT increasing action plan 

�Rule out a possible loss of biomass by the effluent as the main cause of 
low MCRT and a consequent increase in F/M ratio (typical of a start-up 
process).

�Decrease or stop waste flow and/or increase recirculation flow in order 
to adjust the MCRT up to a value higher than 3 days (but < 8days if 
nitrification is not required).

�Perform a microscopic analysis to monitor the floc characteristics.

F/M

No value

� 0.45 or  
No value

Counter-LSAPCounter-LSAP

0

Measure MCRT and/or F/M
start again decision tree

> 0.45

STOP MCRT 
increasing plan

STOP MCRT 
increasing plan

>3 MCRT
≤ 3 MCRT

if necessary
apply

if necessary
apply
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PIN-POINT FLOC NON-
SPECIFIC CONTROL METHODS

-Polymer addition plan

PIN-POINT FLOC NON-SPECIFIC 
CONTROL METHODS

-Coagulants/flocculants addition plan
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Presence of protozoa

Application

yes

No value

noPin-point floc: TRUE &
Toxic shock: TRUE or POSSIBLE

Toxicity solved
Counter-TOX=0

Toxicity inhibition control plan 
�Perform a respirometry test in order to determine the effect of the toxic on 
microfauna. It is recommended also to check if the toxic has been purged out of the 
process or if it is still present. This can be tested by performing 2 respirometries, 1 
with sludge from the process and another one with sludge from a “healthy process”. 

-If both respirometries indicate a low oxygen demand it is a sign that the toxic is
still entering the system. In this case it is recommended to increase the WAS rate
for approximately one week to purge the system.
-If just the sludge from our process shows a low oxygen demand it means that the
toxic is not present within the influent. It is recommended therefore to reduce
WAS rate,  but otherwise maintain normal operation until the toxic passes 
through the treatment system, if it has not already.

�Try to identify the toxic (metals, ammonia, sulfide, chloride, etc.) and its possible 
source to reduce it and avoid future problems.

�Perform a microscopic analysis to monitor the floc characteristics and the activity 
of microfauna.

COD-removal
<50%

Counter-TOXCounter-TOX

Perform a microscopic analysis 
to study the activity of biomass 
and to determine the presence 
of protozoa. Start again 
decision tree.

Perform a microscopic analysis 
to study the activity of biomass 
and to determine the presence 
of protozoa. Start again 
decision tree.

Counter-TOXCounter-TOX 0

Toxic inhibition prevention plan 
�Perform a microscopic analysis to determine the predominant group

�Apply toxic inhibition prevention plan

≠ 0

� 50% or No value

0 or 1

0

Toxic inhibition prevention plan 
�Continue performing respirometry
tests to determine the evolution of 
toxic’s effects.

�Continue microscopic analysis

Continue 
increasing purge

Continue 
decreasing purge

toxic presenttoxic not present

≠ 0

�
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W

yes

Foam presence

MLSS

<1500

Surfactants removal action plan 
�Identify possible sources of an excessive wasting of MLSS such a waste overflow, a lost of solids with the effluent by 
settleability problems or any source of toxicity.

�Decrease waste flow and/or increase recirculation flow in order to increase the MLSS within the reactor up to a value 
over 1500mg/L:

� Perform a chemical analysis of the surfactant concentration in the mixed liquor influent in order to determine its 
characteristics and try to identify the source of this substances to equalize the discharges over as long a period of 
time as possible. 

� Regulate and carry out a pretreatment of the surfactants in order to remove them before entering the secondary 
settlers: use bib sprayers, specific defoamants or improvise a froth-control system using effluent water.Think about 
the possibilities of adding specific surfactant degrading bacteria or bioaugmentation products.

�Perform a microscopic analysis to monitor the floc characteristics.

Surfactants removal action plan 
�Perform a chemical analysis of the surfactant concentration in the mixed liquor 
influent in order to determine its characteristics and try to identify the source of this 
substances to equalize the discharges over as long a period of time as possible. 

� Regulate and carry out a pretreatment of the surfactants in order to remove them 
before entering the secondary settlers: use bib sprayers, specific defoamants or 
improvise a froth-control system using effluent water.Think about the possibilities of 
adding specific surfactant degrading bacteria or bioaugmentation products.

�Perform a microscopic analysis to monitor the floc characteristics.

≥1500

Application

Pin-point floc: TRUE &
Surfactants: TRUE or POSSIBLE

no Surfactants solved
Counter-SUP=0

No value
Counter-SUPCounter-SUP

0 Measure foam presence
start again decision tree

≠ 0

Measure MLSS
start again decision tree

No value
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pH-reactor

Application

yes

No value

noPin-point floc: TRUE &
Low pH: TRUE or POSSIBLE

Measure pH
start again decision tree

Low pH solved

<6.5

pH increasing action plan 

�Calculation of the exact base dose required on the reactor (caustic soda (NaOH) 
recommended):

-Perform a pH titration test.

-Calculate the exact base dose (kg/d) needed according to the titration’s results: 

�Perform a microscopic analysis to monitor the floc characteristics.

�Study carefully any improvements within the activated sludge settleability in order to stop 
caustic addition as soon as possible.

�Conduct an industrial survey in order to identify the low pH source. If possible, stop or 
neutralize this discharge at source.

( ) ( ) ( )
purityLmg

mkg
dmInflow

Lml
NaOHNofweightEquivalentTitrantNaOHofNormalitymLsampleofLperNaOH needed

%
100001.0

)/(
1000

0.1)( 3
3 ×××��
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MCRT

Application

yes

no

STOP MCRT decreasing plan

Counter-HSAPCounter-HSAP

High SRT/ Low F/M solved
Counter-HSAP=0 MCRT decreasing 

prevention plan 

�Measure MCRT 
and/or F/M, meanwhile 
keep maintaining same 
waste flow rate.

�Continue microscopic 
observation

>8

≠ 0

Counter-HSAPCounter-HSAP
≤ 3MCRT

>3MCRT

MCRT decreasing action plan 

�Increase waste flow and/or decrease recirculation flow in order to adjust 
the MCRT up to a value lower than 8 days. 

�Perform a microscopic analysis to monitor floc characteristics.

�Consider always the necessity of nitrification, if nitrification is required 
do monitor the sludge age in order to not decrease too much the target 
MCRT and value also the economic costs of producing so much waste.

F/M

No value

� 0.18 or  
No value

Counter-HSAPCounter-HSAP

0

Measure MCRT and/or F/M
start again decision tree

< 0.18

STOP MCRT 
decreasing plan

STOP MCRT 
decreasing plan

>3 MCRT
≤ 3 MCRT

if necessary
apply

if necessary
apply
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Pin-point floc: TRUE &
Overoxidized sludge: TRUE or POSSIBLE

PP FLOC NON-SPECIFIC CONTROL METHODS
-Coagulants/floculants addition plan

PIN-POINT FLOC NON-
SPECIFIC CONTROL METHODS

-Coagulants/floculants addition
plan
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Air flow/DOsp

yes

noPin-point floc: TRUE &
Overaeration: TRUE or POSSIBLE

No value

Overaeration solved
Counter-AERP=0

D.O.sp

Very high >4

Application

Overaeration reduction control plan 

�Try to identify and repair the source of excessive turbulence. Analyze 
wastewater samples (especially floc characteristics) before and after the 
suspect equipment or treatment tank such as RAS pumps or aeration tanks. 

�If the DO concentration is controlled by a set-point, reduce the set-point down 
to a value below 4 ppm according to the necessities of elimination of organic 
matter and/or nutrients. Otherwise reduce airflow rate and do monitor its value 
to avoid exceeding the limit values. Maintain this set-point until flocculation is 
recovered.

�Consider the possibility of changing the aeration system to a non-aggressive 
method such as fine-bubble diffusers or pure oxygen.

�Perform a microscopic analysis to monitor the evolution of floc
characteristics.

Measure air flow 
and/or D.O. Start 
again decision tree.

Measure air flow 
and/or D.O. Start 
again decision tree.

No value
Counter-AERPCounter-AERP

0

DO decreasing prevention plan 
�Keep maintaining same DO set-point
�Continue microscopic observation

≠ 0

Measure air flow 
and/or DO.
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yes

Pin-point floc: TRUE &
Not-identified cause: TRUE

PIN-POINT FLOC NON-SPECIFIC 
CONTROL METHODS

-Coagulants/floculants addition plan

If necessary
apply

Consider and Investigate other possible 
causes of dispersed growth such as 
high concentrations of monovalent
cations (e.g., K+ and Na+) relative to 
the concentrations of divalent cations
(e.g., Ca2+ and Mg2+)

COAGULANTS/FLOCULANTS ADDITION ACTION PLAN
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COAGULANTS/FLOCCULANTS ADDITION ACTION PLAN

Measure SVI, start again decision treeMeasure SVI, start again decision tree

SVI

No value

STOP coagulants/flocculants addition plan

Counter-POL

Coagulants/flocculants addition action plan 

�Run bench (jar) tests in the lab and compare the advantages and disadvantages of 
each possible chemical (lime, ferric chloride, sodium aluminate, ferric sulfate, etc), 
including the cost per unit volume treated for each chemical at its optimum dosage in 
order to establish the starting dosage. Begin with the lowest dosage possible to achieve 
the desired settling and adjust it according to the SVI values.

�Calculation of the exact chemical dose required in L/day:

�Calculation of the frequency of exposure:                       -If F < 3 

increase RAS flow or use several chemical dose points to increase F up to 3 days-1

�Add the chemical solution into the mixed liquor as it leaves the aeration basin or to the 
secondary settler center well during a period of 24 hours. 

�Measure SVI at least once a day in order to stop chemical addition as soon settleability 
was recovered. It is also recommended to calculate SVI at recirculation in order to check 
the direct effect of chemicals addition on sludge settleability. If desired, stop chemicals 
addition as soon as sludge settleability within recirculation or in a sample of sludge 
measured after chemicals addition show a well-settled sludge.  

Application

0

>0,� 20 

STOP chemical addition plan

>20

�Change the chemical to be added (lime, ferric chloride, 
sodium aluminate, ferric sulfate, etc.) or consider other options 
such as increasing MLSS settleability by means of inert 
biological solids from anaerobic digestors. 

�Start again chemical addition plan.

Chemical 
addition action 
plan 

�Increase 
chemical 
concentration or 
dosage

�Decrease the 
addition if 
defflocculation is 
identified

Counter-SVI inc.

Chemical addition 
action plan 

�Keep on with the 
same type of 
chemical, dosage and 
concentration

�Decrease addition if 
defflocculation is 
identified

>5

� 5 

�If a significant improvement on sludge 
settleability is observed, it is recommended: 
stopping the addition of the 
coagulant/flocculant or slightly decreasing its 
dosage and continuing its addition during the 
following 3-5 days. 

( )
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)/()/(
/

/001.0
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LkgdensityChemical

dmflowRASdmInflow
Lmg

mkg
LmgtestsjarinneededdosagechemicalMínimum +××

MLSSVV

XRAS
dF

clarifierreactor

RASflow
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×
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Is N removed?

yes

no
Rising sludge: TRUE Rising sludge: TRUE Rising sludge solvedRising sludge solved

Yes

Denitrification in clarifiers control plan 

�Favor nitrification within the reactor:                         
-Provide the adequate anoxic conditions within the reactor: enough anoxic volume 
and enough residence time                                       
-Decrease nitrification just to the necessary limit (adjust DO)  
-Provide the optimal MCRT for denitrifiers to develop.

�Avoid denitrification in clarifiers:                                                 
-Increase recirculation flow to decrease the residence time of sludge in clarifiers 
(critical value: 6-8 mg NO3/L for SRT=1hour)                                       
-Increase aeration (specially at the last compartments of the reactor) to avoid 
anoxic conditions in clarifiers                                 
-Study possible problems of sludge removal in clarifiers that could induce an 
increase in the sludge residence time 

No value

Denitrification in clarifiers control plan 

�Avoid nitrification within the reactor:

-Increase waste flow and/or decrease recirculation flow in order to adjust the MCRT up to a value lower 
than 8 days:

-Decrease DO concentration and manipulate the ratio COD/O2
-Provide the optimal MCRT for denitrifiers to develop.

�Avoid denitrification in clarifiers:                                                 
-Increase recirculation flow to decrease the residence time of sludge in clarifiers (critical value: 6-8 mg 
NO3/L for SRT=1hour)                                            
-Increase aeration (specially at the last compartments of the reactor) to avoid anoxic conditions in clarifiers        
-Study possible problems of sludge removal in clarifiers that could induce an increase in the SRT
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