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	Part
1
	
Wastewater characterization

	
A conventional activated sludge (CAS) wastewater treatment plant (WWTP) has been monitored to assess its performance. For that purpose, a sampling campaign has been conducted to determine the influent wastewater characteristics based on the most important analytical parameters of interest.

The following table shows the average results of the analytical parameters measured in the influent of the wastewater treatment plant:

FSA
(NH4 +     Total
Tests on               COD       VFA       TKN      NH +)         P        PO4-P      TSS        ISS
3
wastewater           [mg/L]   [mg/L]   [mg/L]   [mg/L]   [mg/L]   [mg/L]   [mg/L]   [mg/L]

Unfiltered
(raw WW)               540          --          44.5          --           9.8         6.8         103         25
Supernatant
(settled WW after the
primary settling tank)       210          --          33.1          --           7.1         6.8          81          16


0.45 um membrane
filtered                  210        139        33.1       29.1        7.1         6.8           --            --


The effluent of the plant, collected after the secondary settling tank, was also analyzed. The following table shows the average results of the analytical parameters of interest as well as certain important relationships between key parameters.

FSA Filtered   (NH4 +
COD       NH +)      Nne      PO4-P      TSS       VSS          fCV               fN,VSS        fp,TSS           ISS
3
[kgCOD/    [kgN/    [kgP/ Tests on                                                                                                      kg           kg         kg
wastewater    [mg/L]    [mg/L]   [mg/L]   [mg/L]   [mg/L]   [mg/L]      VSS]       VSS]     TSS]     [mg/L]
Effluent
from the           41           4.9         7.2        0.85         35          32           1.48         0.10      0.06         7 secondary
settling tank

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	Questions:

Q1.1) Determine the COD, N and P fractionations for the raw and settled wastewaters.



Q1.2) Based on the data provided and considering all the previous characteristics of the treated effluent flowing out of the secondary settling tank, what will be the expected concentrations in the effluent of the wastewater treatment plant of the following parameters:

Total (non-filtered) CODeff =                                              mg/L Total (non-filtered) Neff =                                              mg/L (non-filtered) TKNeff =                                              mg/L FSAeff =                                              mg/L
(non-filtered) TPeff =                                              mg/L
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Q1.3) Can the WWTP comply with the following effluent discharge standards (support your answers with the values obtained in Q1.1)?

Total (non-filtered) CODeff < 125 mg/L Total (non-filtered) Neff < 15 mg/L (non-filtered) TKNeff < 10 mg/L FSAeff  < 5 mg/L
(non-filtered) TPeff < 2 mg/L
 (
3
)


	Part
2
	
Nitrification and denitrification

	A wastewater treatment plant (WWTP) is operated with a solids retention time (SRT) of 10 days and at the average wastewater temperature set for your team. The plant has one fully aerobic reactor (with a volume of 10000 m3)
followed by two secondary settling tanks (each one with a diameter of 53 m). The sludge recycle ratio (s) with regard to the influent flowrate is 0.75. The plant can be represented with the next simplified process flow diagram:


The WWTP receives an average influent flowrate of 15 000 m3/d that has the following average characteristics
(similar to Question 1):
FSA
(NH4 +     Total
Tests on              COD       VFA       TKN      NH +)         P        PO4-P      TSS        ISS
3
wastewater          [mg/L]   [mg/L]   [mg/L]   [mg/L]   [mg/L]   [mg/L]   [mg/L]   [mg/L]

Unfiltered
(raw ww)               540          --          44.5          --           9.8         6.8         103         25

Supernatant
(settled ww)            210          --          33.1          --           7.1         6.8          81          16
0.45 um membrane
filtered                 210        139        33.1       29.1        7.1         6.8           --            --

The kinetic nitrification parameters observed in the plant are the following:
-        Maximum specific growth rate of nitrifiers (A20) = 0.50 d-1
-        Factor of safety on nitrification (Sf) = 1.25
-        Half saturation constant for nitrifiers (Kn20) = 1 mg/L
-        Endogenous respiration rate for nitrifiers (bA20) = 0.04 d-1

Next year, due to a change in the environmental regulations, the WWTP will have to meet stricter effluent requirements and reach a TNeff concentration of less than 10 mg N/L.

The management of the plant considers that the main alternative to meet the upcoming TNeff requirements is (to create an MLE configuration):

(i)	To create a pre-denitrifying unaerated mass fraction (fX1) at the beginning of the aerobic tank by turning off the submerged aeration in that section of the aerobic reactor.
(ii)	To introduce an internal recirculation flow (a) from the end of the aerobic reactor to the newly created unaerated mass zone (fX1) to induce anoxic conditions.

The operators expect that the dissolved oxygen concentrations in the a-recycle and the s-recycle flow ratios will be around 2 and 1 mgO2/L, respectively.
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Questions:

Q3.1) If an unaerated mass fraction fX1 is created at the beginning of the aerobic reactor, can the plant be able to comply with a TNeff concentration of less than 10 mg/L? If so, what fx1 do you suggest to implement to comply with the upcoming TNeff concentration of less than 10 mg/L?



Q3.2) If the plant cannot comply with the TNeff concentration of less than 10 mg/L, what modifications do you suggest to implement to meet the effluent discharge limit of 10 mgN/L?



Q3.3) What will be the selected a-recycle ratio?




Q3.4) What will be the expected TNeff concentration that could meet the upcoming TNeff discharge standard of less than 10 mg N/L?



Q3.5) If the plant is further optimized, what will be the minimum a-recycle ratio that could contribute to meet the upcoming TNeff discharge standard of less than 10 mg N/L while decreasing the internal recirculation flowrates?
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	Part
3
	

EBPR, nitrification and denitrification

	
The wastewater treatment plant (WWTP) designed and upgraded in Question 3 (with an initial SRT of 10 days and at the average wastewater temperature set for your team) needs to be further upgraded to perform the enhanced biological phosphorus removal process. The main reason is that in coming years, due to a change in the environmental regulations, the WWTP will have to meet even stricter effluent requirements and reach a Total Peff concentration of less than 1 mg P/L as well as a TNeff concentration of less than 10 mg N/L.

The WWTP receives an average influent flowrate of 15 000 m3/d that has the following average characteristics
(same as in Question 1):

FSA (NH4 +
Tests on              COD          VFA          TKN         NH3+)      Total P      PO4-P         TSS            ISS
wastewater         [mg/L]     [mg/L]      [mg/L]     [mg/L]     [mg/L]     [mg/L]      [mg/L]     [mg/L]

Unfiltered
(raw WW)              540             --             22.5             --              9.8            6.8            103            25

Supernatant
(settled WW)           210             --             11.1             --              7.1            6.8             81             16

0.45 um membrane
filtered                210           139           11.1           7.1            7.1            6.8              --               --

The management of the plant considers that the main alternative to meet the upcoming Total Peff requirements is: (iii)	To create an anaerobic mass fraction (fX,ANA) at the beginning of the aerobic tank by turning off the
submerged aeration in that section of the aerobic reactor (to create a A2O or Phoredox configuration)

The operators expect that the dissolved oxygen concentrations in the internal a- and s-recycle flows will be around
1 mgO2/L and the nitrate concentration around 5.0 mg N/L. In addition, the expected TSS concentration in the effluent of the plant is assumed to be around 15 mg TSS/L.
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Questions:

Q4.1) What is the fX,ANA that you suggest to create in the beginning of the aerobic reactor to enhance the growth of poly-phosphate accumulating organisms (PAO)? Can the plant be able to comply with a TPeff concentration of less than 1 mg/L and a TNeff of less than 10 mgN/L?

Q4.2) If the plant cannot comply with the TPeff and TNeff effluent concentrations of less than 1mgP/L and 10 mgN/L, respectively, what modifications do you suggest to implement to meet these effluent discharge limits?
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