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3.4 SYSTEM PERFORMANCE AT SLUDGE AGES SHORTER THAN 10 DAYS

The evaluation of the laboratory scale ENBNRAS system performance at sludge ages lower than
10 days was not part of the initial scope of this investigation. However, towards the end of the
practical laboratory investigation it was decided to increase the influent sewage flow from 20 I/d
to 30 I/d in order to observe the system response to this 50% increase in load. Shortly after the
influent flow had been increased to 30 I/d, the system began to fail hydraulically in that the internal
settling tanks A and B (see Figure 3.1) showed signs of imminent failure. Instead of allowing the
system to fail completely as a result of the hydraulic failure, it was decided to reduce the influent
flow to 25 I/d and that instead of implementing a gradual increase in feed, a gradual reduction in
sludge age should rather be implemented. At the beginning of sewage batch 31 (18/04/2000) the
influent was increased from 20 to 30 I/d. Two days later, on the 20/04/2000, it was reduced to
25 V/d and the sludge age was decreased from 10 to 8 days (Configuration 4, see Table 3.1). The
system was run at the 8 day sludge age for sewage batches 31, 32 and 33 (49 days, 6 sludge ages)
after which the sludge age was reduced furtherto 5 dayé (Configuration 5, see Table 3.1) at the”
beginning of sewage batch 34 (08/0612000).The system was run at a 5 day sludge age for a
further 13 days to the 21/06/2000 (3 sludge ages). For the 5 day sludge age 4 l/d were wasted.
The 4 I/d could no longer be taken from the 4 | aerobic reactor in one batch, so a small peristaltic
pump was installed and calibrated to waste 4 | of mixed liquor from the aerobic reactor over a 24

hour period.

Given the comparatively short time that the system was run at these low sludge ages it would be
of little practical value to give as detailed an evaluation for the 8 and 5 day sludge age system
configurations as was done in Section 3.3.3 for the 10 day sludge age configuration. For this
reason only a brief comparison of the main nutrient removal performances (COD, N and P) will
be given in this section below. The sewage batch averages for of all measured parameters for

sewage batches 31 to 34 (Configurations 4 and 5) are given in Tables 3.18a, b and c.



TABLE 1.18a - Sewage batch averages of measured COD and TKN parametlers for sewage balches 31 {o 34.

Sowage fgGonn mghl
Batch COD TER FEA TRRICOD Ratie
fefiuant Floc P tnfl, it Bet A [ It Set B & Asrobic ML Linfit. £, Fit £, tnfluent Asrohic M1 Linfie £, Fiy £m Infhseet it Set A it Bet. B Linfilt, £ Indhsert
Ll - Bnibint I .20 R
3 beak 4583 1538 718 23924 83 38 843 $804 48 27 500 244 28 44 5088
32 piiX] 1813 1458 522 2564.8 §2.7 410 758 148 8 5.0 4.1 §4.0 pixg 34 5 2.103
33
3 709.2 1862 1835 814 1735.2 239 a8 g7.5 1230 &9 £% 1.8 337 27 28 0.120
hte b b - N—
{hverok T4 1788 1539 476 2308 8.4 382 733 1410 55 48 §2.0 288 30 3.4 0104
ks S i i s
M UF EF UF UF UF i ¥ LF UF WF F Uf UF F YF UF

TABLE 3.18b - Sewage balch averages of measured suspended solids, QUR, DSVi and pH for sewage balches 31 to 34,

Sewage g §B4 i iy
Batch IS8 ¥s8 18_§' Iss NEs 185* CODNVES Ratic? § TKNVSS Ratio? OUR DEWVY pH
PraaN PrEANG PreANC Batobie Anrobic Agrobie Asrobic Asrobic m Asrotsie Anserobic | Aerobic
3 824 30048 a8rs 1957.4 18258 3318 145 008 188 828 T80 297
a2 40137 2838 7434 2109.4 17384 e 148 808 88 85.9 7.43 1485
33
34 2759.7 2263.7 3080 14087 11768 23314 1.44 041 7.7 828 7.88 7.85%
Ovoradl 35184 2_8?0.7 B47.7 &45 838 3120 1.45 .40 214 B8 7,61 7.84

1 S8 calouiated from TS5 - VSS.
2 Calculated from unfiltered aerobic reactor COD and TKN concenirations divided by the VSS.

TABLE 3.18¢ - Sewage balch averages for measured nitrate, nitrite and P concentrations for sewage balches 31 to 34 {all concentrations measured on glassfibre filtered samples),

Sewugs nghid mghs
Bateh hitrte Natrate Phosptustes
Prang Argerotic | tnt SETA § it SETE | Anoic Aerobie FRLEM PraANG Araerobic | it SETA E SETE | Anodo | Aeobic § FHEM 1 infuert PreANO Angerobic { int SETA [ e 5678 [ Anoxc | Aerobic | unf Em§ FavEM
bkl 5] 8o o0 88 88 (5] [} (1] 4.6 A} 128 91 Al 48 254 132 281 a2 330 215 168 0.4 58
32 20 &4 81 LA 87 83 92 (7] 21 22 287 1.2 a3 28 263 144 320 338 k] 243 145 kLA 338
3
M o8 (1] 0.0 80 03 12 08 10.8 02 02 4.9 150 159 17.0 260 153 28 255 280 22 | i3 184 1.4
Oversl 03 0.0 50 0.1 0.4 08 03 a7 0.1 02 754 54 8.4 Y] 258 14.2 280 298 D ze | 148 145 138

8L¢
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3.4.1 Carbonaceous Material Removal
Table 3.19 shows the COD mass balances (including their components) and percentage COD

removals for sewage batches 31 to 34. Table 3.20 gives a comparison of the most important COD

parameters for the 10, 8 and 5 day sludge age configurations.

TABLE 3.19 - COD mass balances for sewage batches 31 to 34.

Average influent MOC Denitrification COD used COD in CODin CcOD % %
of Con Recovery Ext. Nit. Waste Effluent out Recovery coD
Batch mgCOD/d | mgQrd mgCOD/id mgColid mgCOD/id | mgCODId | mgCODM Removal
k) 18290 1785 2174 : 3322 5981 1383 14658 80.4 g2.4
32 18496 2054 2962 2284 6412 1411 16123 78.0 g2.8
33
Config.4 18893 1324 2568 2803 6137 1397 14889 78.2 92.6
34 17729 1338 3224 2980 6941 1762 16283 91.8 a0 1
Config.5 17729 13386 3224 2990 5941 1762 16253 91.8 380.1

TABLE 3.20 - Comparison of average COD parameters for 10, 8 and 5
day studge age system configurations.

ENBNRAS System Configurations
1,2and 3 4 5
10 Day Sludge Age | 8 Day Sludge Age | 5 Day Sludge Age

% COD Reduction 94% 93% 90%
OUR 19.8 mgO/iLh 22.7 mgOfLh 17.7 mgOfLh
COD Balance 79.8% 79.2% 91.8%

% COD to Oxygen 13.8 10.2 7.5

% COD to Denitrification 127 1386 18.2

% COD to EN System 187 14.8 16.8

% COD in Waste 28.7 32.8 382

% COD in Effluent 6.2 7.4 9.9

% COD Unaccounted 20.8 21.2 8.3

The overall average COD mass balance for the 10, 8 and 5 day sludge age system configurations
are 79.8%, 79.2% and 91.8% respectively (see Table 3.20). The overall COD mass balances for
the 10 and 8 day sludge age configurations are virtually the same, but that for the 5 day sludge
age configuration is substantially higher. This is probably because the VSS concentration had not
yet reached a steady state value for the 5 day sludge age. The overall a\}erage COD mass balance
cémponents for the various sludge age configurations do not show any unexpected changes,
except that for the 5 day sludge age configuration the % COD in the wasted VSS is probably
higher than would be at steady state. The variations in %COD to oxygen and % COD to
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denitrification can be attributed to variations in the influent sewage characteristics rather than to
the different sludge ages. A higher influent COD will bring about a slight increase in the oxygen
utilisation rate (OUR) and a higher influent TKN/COD ratio will cause a shift from the COD
passed to oxygen to the COD utilised for denitrification. This can be clearly noted for the 10 and
5 day sludge age configurations. For the 10 day sludge age configuration which received an
average of 735.7 mgCOD/I influent with a TKN/COD ratio of 0.106, 13.8% of the COD was
passed to oxygen and 12.7% of the COD was utilised for denitrification. For the 5 day sludge age
configuration the influent COD was 709.2 mgCOD/l with a TKN/COD ratio of 0.120. The
combination of the lower COD in the influent and the substantially higher TKN/COD ratio
resulted in 10.2% of the COD being passed to oxygen and 18.2% of the COD being utilised for
denitrification. There is no reason for the percentage COD “lost’ to the EN system to change with
a lowering of the sludge age of the system, and the results for the three sludge ages are similar.
The minor variations can be attributed to the different number of sewage batches fed rather than -
to the change in sludge age. The percentage COD in the waste is the only parameter that is
expected to change with the sludge age. A shorter sludge age results in more mixed liquor being
wasted and hence the percentage COD in the waste will be proportionally more. This can clearly
be seen from Table 3.20: The 10 day sludge age configuration has an overall average of 26.7%
of the influent COD in the waste flow, while the 8 day sludge age configuration has 32.8% and
the 5 day sludge age configuration 39.2% (which is probably somewhat high as noted above) -
an increase for each respective reduction in sludge age. The percentage COD in the unfiltered
effluent shows a similar trend to the COD in the waste sludge, but is not as a result of the lower
sludge age. The influent flow for the 8 and 5 day sludge age configurations was increased from
20 to 25 I/d and this put greater strain on the final settler causing a greater fraction of the
dispersed suspended solids to spill over with the effluent. The filtered effluent COD concentration

remained essentially unchanged at 36.2 mgCOD/L.

The overall COD reduction for the three sludge age configurations are all within 4% of each other
(94% for the 10 day sludge age configuration, 93% for the 8 day and 90% for the 5 day sludge
age configuration), indicating that the COD removal of the ENBNRAS system in not affected to

any great extent by a reduction in sludge age.
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3.4.2 Nitrogenous Material Removal

-Table 3.21a lists the results for the nitrite and nitrate mass balances over each reactor and settler
for sewage batches 31 to 34. As before, a negative value indicates nitrification and a positive
value denitrification. Table 3.21b gives the results for the total N mass balances and all of its
components for sewage batches 31 to 34. Table 3.22 lists the denitrification potentials for the pre-

and main anoxic reactors for those batches where the nitrate concentration exiting the respective

anoxic reactor was >1 mgN/L.

81

TABLE 3.21a - Nitrite and nitrate mass balances across each reactor and
settling tank for sewage batches 31 to 34.

Average NITRITE
of APreANC [ aAnaerchic @ Alnt Set A 4 Int. Set. B+Nit AAnoric | AAerobic | AFin SET
Batch mgh/d mygN/d mohN/d myghid mgh/id myM/d mgN/id
31 -0.0 -0.2 -0.1 -1.1 0.1 0.8 0.3
32 29 1.4 -2.0 -1.6 -30.2 238 4.4
33
Config. 4 1.4 -0.8 -1.0 -1.3 -15.0 12.3 2.3
34 0.8 17.3 04 1.0 ~18.7 -43.4 18.4
Config. § 0.9 17.3 0.4 1.0 -15.7 -43.1 18.4
Average NITRATE
of A PreANO § aAnaerobic | Alnt. Set A alnt Set BeNit AAnoxic | AAerobic § AFin SET
Batch mgN/d mgN/id mgh/d mgN/d mgN/d mgh/d mgN/d
31 14.1 -1.7 -3.4 -738.3 740.5 -26.5 0.7
32 718 -2.0 -4.7 ~864.2 813.2 -104.2 15.7
33 ’
Config. 4 43.0 -1.9 -4.0 -851.2 826.9 -65.4 8.2
34 150.8 263.3 1.8 ~1418.1 876.1 ~48.0 -46.5
Config. 5 150.8 263.3 1.8 -1416.1 676.1 -48.0 -48.5

TABLE 3.21b - N mass balance with all components for sewage batches 31 to 34.

Average | SumNO2 | Sum NO3 N Nin N loss Sum N TKN % %

of denlitrified | denitrified | Wasted | Effluent Nitrifier Out in Recovery N
Batch mght/d mgN/d mgh/d mgh/d mghird mgN/d mgh/d Removal

31 1.5 758.2 377.4 117.1 131.0 | 1386.3 1608.3 86.2 82.7
32 344 1015.2 382.6 181.2 73.0 1686.3 1897.5 84.4 90.8
33

Config. 4 18.0 887.2 380.0 149.1 102.0 15363 | 18029 853 91.8
34 39.4 1103.8 560.4 §18.0 -152.7 20688 2188.0 94.5 76.3

Config. 5 39.4 1103.8 560.4 518.0 -152.7 2068.8 | 21880 94.5 76.3
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TABLE 3.22 - Denitrification potential of the pré- and main anoxic reactors for
sewage batches where the outflow NOy concentration exceeds 1 mgN/l, for
sewage batches 31 to 34.

Main Anoxic Pre Anoxic Total Anoxic
NO(x) Denit. NO@) Denit. Mass Fraction
Batch Denitrified Potential Denitrified Potential of System

mgN/d mgh/# infl. mgN/d mgh/infl.

3 740.06 S ] 14.4 S 0.55

32 89132 457 74.7 088

33

34 676.1 338 151.7 76 0.55

Table 3.23 shows a comparison of the main N parameters for the 10, 8 and 5 day sludge age

configurations.

TABLE 3.23 - Comparison of average N parameters for 10, 8 and 5 day

sludge age configurations.
ENBNRAS System Configurations
3 4 5

10 Day Sludge Age 8 Day Sludge Age 5 Day Sludge Age
N Balance 88.1% 853 % 945%
% NO , Denit, 2.1 1.0 1.8
% NO 4 Denit, an.7 49.2 50.4
% N Wasted 19.4 21.1 258
% N in Effuent 9.2 8.3 237
% N Loss to EN System 16.7 57 0.0
% N Unaccounted 11.8 14.8 5.4
Mitrification Occurring Externally 91.1% 92.9% . 94.5 %
TKN in Final Efffuent (Unfiltered) 4.8 mghifl 4.8 mgN/l 8.9 mghi/l
FSA in Final Efffuent 3.6 mgNA 3.3 mghi/l 2.8 mghA
NOx in Final Efluent 3.2 mgNA 1.80 mg/i 17.8 mgNA
Total N in Final Effluent 8.0 mghi/l 6.7 mghit 24.7 mghi
Oenit, Pot. Pre-Anoxic Reac. 3.7 mgNA influent - 7.6 mgh/ influent
Denit, Pot, Main Anoxic Reac, 31.1 mgni influent 45.7 mgN#l influent 33.8 mgh/ influent
TRNACOD Ratio of Influent 0.107 0.086 Q.12
Total N Reduction 30.8 % 91.8% 76,3%
TKN Reduction 94.0% 93.3% 92.1%

The overall average N mass balance for the 10 (Configuration 3), 8 and 5 day sludge age
configurations are 88.1%, 85.3% and 94.5% respectively. As for the overall COD mass balances,

the 10 and 8 day sludge age configurations have a similar overall average N mass balance, while
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that for the 5 day sludge age configuration is higher because the VSS concentration had not yet
reached a steady state value. As was the case with the COD mass balance components, the
variations in the N mass balance components are a result of factors that are independent of the
lowering of the sludge age, with the exception of the N in the waste sludge. The overall average
nitrite denitrification of 2.1% for the 10 day sludge age configuration is higher than the 1.0% and
1.8% for the 8 and 5 day sludge ages respectively. The percentage of the influent N denitrified
via nitrate denitrification was 40.7% for the 10 day sludge age configuration and 49.2 and 50.4%
for the 8 and 5 day sludge age configurations respectively. The percentage N leaving the system
in the waste sludge increased with decreasing sludge age as expected, from 19.4% for the 10 day
sludge age configuration to 21.1 for the 8 day, and 25.6% for the 5 day sludge age configuration.
This is the result of a greater volume of mixed liquor wasted, especially for the 5 day
configuration because the VSS concentration had not yet reached a steady state value. The
percentage N in the final effluent of 9.2%, 8.3% and 23.7% for the 10, 8 and 5 day sludge age
configurations respectively are difficult to compare as they are a function of the nitrate
concentration in the effluent which depends on the TKN/COD ratio of the influent as well as the

nitrification and denitrification performance of the system.

One of the main motives in implementing the ENBNRAS system configuration was to uncouple
the nitrification process from the main system and hence making nitrification independent of
sludge age. Table 3.23 clearly shows the success of this system configuration - nitrification
remained completely unaffected by the lowering of the sludge age. Forthe 8 and 5 day sludgé age
configurations 92.9 and 94.5% of the system nitrification occurred externally. This is even higher
than the 90.8% for the 10 day sludge age configuration. From the final effluent FSA
concentrations given in Table 3.23, it can be seen that full nitrification occurred throughout the
8 and 5 day sludge age configurations with only the residual FSA (from the internal settler A

underflow) appearing in the effluent.

The overall average denitrification potential of the main anoxic reactor was 31.1 mgN/l influent,
45.7 mgN/1 influent and 33.8 mgN/l influent for the 10, 8 and 5 day sludge age configurations
respectively. The overall average TKN removal was 94.0%, 93.9% and 92.1% for the 10, 8 and
5 day sludge age configurations respectively. The TKN removals are very similar and all above
90%, which is a very good result. The total N (TN) removal (TKN and NO, ) was 90.8%, 91.8%
and 76.3% for the 10, 8 and 5 day sludge age configurations respectively. The TN removals show

more variation, but this is not due to the decrease in sludge age. The criteria that govern the TN
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removal are the system nitriﬁcaiion and denitrification as well as the TKIN/COD ratio of the
influent. For an influent with, for example, a high TKN/COD ratio, full nitrification and poor
denitrification, the concentration of nitrate in the effluent will be high, leading to a lower overall
TN removal. This is reflected in the results for the 10, 8 and 5 day sludge age configurations. The
overall average TKIN/COD ratio of the influent for the 10 day sludge age configuration was 0.107
and the denitrification potential of the main anoxic reactor 31.1 mgN/l influent, resulting in an
overall average TN removal of 90.8%. The overall average influent TKN/COD ratio for the 8 day
sludge age configuration was 0.096, and the denitrification potential of the main anoxic reactor
was 45.7 mgIN/l influent, resulting in an overall average TN removal of 91.8% - showing that the
lower influent TKN/COD ratio combined with the higher denitrification potential of the main
anoxic reactor resulted in a better TN removal performance for the 8 day sludge age
configuration. The influent TKN/COD ratio of the 5 day sludge age configuration was a high
0.120 and the denitrification potential of the main anoxic reactor was 33.8 mgN/l influent (higher
than for the 10 day, but significantly lower than for the 8 day sludge age configuration), which
resulted in a overall average TN removal of only 76.3%, which is lower than that of both the 10

and 8 day sludge age configurations.

Accepting the variations occurring in the N removal parameters because of varying influent
sewage characteristics as well as varying denitrification performance, the lowering of the sludge
age did not have any marked effect on either nitrification, denitrification or TKIN and TN removal.
The results achieved for the 10 (Configuration 3), 8 and 5 day sludge age configurations are very
similar and this shows that the ENBNRAS system configuration is able to attain high N removals

at sludge ages up to as low as S days.
3.4.3 Biological Excess Phosphorus Removal (BEPR)

Table 3.24 shows the results of the P mass balances over each of the reactors and settling tanks
for sewage batches 31 to 34. A negative result indicates P release while a positivefesult indicates
P uptake. Table 3.25 show a comparison for the main P parameters for the 10, 8 and 5 day sludge

age configurations.
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FIGURE 3.24 - Average P release (-ve) or P uptake (+ve) for each reactor/settler and total P
removal for sewage batches 31 to 34.

A A A A A A A £A Total %
Batch Pre-ANO § Anaerobic] IntSETA | Int SETB+Nit. |  Anoxic Aerobic Fin. SET P Recovery
mgPAinfl. 1 mgPAinfl. | mgPAinfl. mgP/A infl. mgPAinfl. § mgPlinfl. | mgPA infl, Removal
31 -3.6 -17.9 4.2 4.6 221 213 2.5 156.5 15.5 100
32 -0.3 -23.7 -3.5 -4.4 3.7 16.5 1.1 125 125 100
a3
Config. 4 -1.9 -20.8 -3.9 -4.5 229 204 1.8 14.0 14.0 100
34 211 8,25 -342 -4.11 10.78 7.82 1.71 863 863 100
Config. 5 211 -6.25 -3.42 -4.11 10.76 7.82 171 863 8.63 100

TABLE 3.25 - Comparison of average P parameters for the 10, 8 and 5
day sludge age configurations.

ENBNRAS System Configurations

3

4

5

10 Day Sludge Age

8 Day Studge Age

5 Day Sludge Age

NQ , Flowing into Anaerobic Reac.

.95 mghA

O mghAa

10.9 mghit

P Ralease {excl. rel. in EN 8y5.)

208 mgPf influent

26.6 mgP/ influent

9.67 mgP4 influent

P Uptake

36.4 mgP{ influent

45.1 mgPRinfluent

22.4 mgPa influent

Anexic P Uptake

83.3%

47.1%

57.9%

P Removal

10.8 mgPA influent

14.0 mgPA influent

8.8 mgP/l influent

A reduction in sludge age increases P removal per mass of organic load (Wentzel et al., 1990),
provided that it is not reduced below a lower limit (~ 3 days) to prevent the PAOs from being
‘washed’ out of the system completely. It would therefore be expected that the 8 and 5 day sludge
age configurations should show improved P removal compared to the 10 day sludge age system
configuration. From Table 3.25 it can be seen that the overall average P removal was 10.5 mgP/1
influent, 14.0 mgP/l influent and 8.6 mgP/l influent for the 10, 8 and S day sludge age
configurations respectively. The low P removal for the 5 day sludge age configuration occurred
because the influent TKN/COD ratio was very high and this led to a high concentration of nitrate
(10.9 mg/l, see Table 3.25) being recycled to the anaerobic reactor and limiting the P release,
resulting ina low overall P removal performance of 8.6 mgP/l influent. This is however not linked
to the short sludge age, but rather to the main anoxic reactor being overloaded by the high nitrate
load that resulted from the high TKN/COD ratio of the influent. The 8 day sludge age
configuration showed the highest P removal (14.0 mgP/l influent), but there was no nitrate leaking
into the anaerobic reactor during this configuration and this contributed to the higher overall P
removal. The 10 day sludge age configuration achieved an overall average P removal of 10.5

mgP/! influent with an average of 0.95 mgN/I flowing into the anaerobic reactor from the pre-
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anoxic reactor. Even with zero nitrate flowing into the anaerobic reactor the 10 day sludge age
configuration would not have achieved an average P removal of 14.0 mgP/l influent, showing that
a reduction in sludge age does improve the P removal performance. Had no nitrate flowed into
the anaerobic reactor during the 5 day sludge age configuration, it would probably have achieved

higher P removal than the 8 day sludge age configuration did.

For the 10 day sludge age configuration, an overall average of 63.3% of the P uptake occurred
in the anoxic reactor. For the 8 and 5 day sludge age configurations, the percentage anoxic P
uptake was 47.1 and 57.9% respectively. The average NOy load on the main anoxic reactor was
18.6 mgN/l, 20.7 mgN/l and 34.9 mgN/! for the 10, 8 and 5 day sludge age configurations
respectively. The higher NOy load on the anoxic reactor for the 5 day sludge age configuration
led to the 10.8% higher anoxic P uptake compared to that of the 8 day sludge age configuration.
The 8 day sludge age configuration had a 2.4 mgN/1 higher NO, load on the anoxic reactor than
the 10 day sludge age configuration, but 14.8% lower anoxic P uptake. This is most likely because
the 8 day sludge age configuration result is an average of only two sewage batches, while the
result from the 10 day sludge age configuration is the average of 10 sewage batches. Had the 8
day sludge age configuration been run for 10 sewage batches, the result would have been closer

to that of the 10 day sludge age configuration.

When the ENBNRAS system is operated at lower sludgé ages, an improvement in the overall P
removal can be expected. Considerable anoxic P uptake continues to occur at the lower sludge
ages, and the percentage anoxic P uptake continues to shift with the NOy, load on the main anoxic

reactor.
3.4.4 Sludge Settleability

The overall average DSW was 95.6 ml/g, 89.8 ml/g and 92.9 ml/g for the 10 (Configuration 3),
8 and 5 day sludge age configurations respectively. This shows that the decrease in sludge age had
no effect on the DSVI performance of the ENBNRAS .system. It cannot be said that the lowering
of the sludge age produced a better settling sludge, because the values of the 8 and 5 day sludge
age configurations are close to those obtained for the 10 day sludge age configuration
‘(Conﬁguration 3). Even with a nitrate concentration of 15 mgN/l flowing from the main anoxic
reactor(Table 3.18c) for the 5 day sludge age configuration the DSVI deteriorated only very
slightly and did not rise above 100 ml/g as it did for the 10 day sludge age system configuration



3.87

when similarly high nitrate concentrations flowed from the anoxic reactor during the period that

the system was recovering from the bad sewage batch 9.
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3.5 COMPARISON OF ENBNRAS SYSTEM WITH A BNRAS (UCT) SYSTEM

A laboratory scale BNRAS system (UCT configuration) with similar design and operating
parameters to the ENBNRAS system of this investigation was run in parallel with the laboratory
scale ENBNRAS system. Figure 3.30 shows the system layout of the laboratory scale UCT
system and Table 3.26 lists the design and operating parameters for both the ENBNRAS and
UCT systems. In order to compare the performance of the two systems, they were fed the same
influent sewage for 18 sewage batches (sewage batches 13 to 30) - from the 7 August 1999 (day
167) to the 17 April 2000 (day 421). 40 1 of influent were prepared in the same container,
thoroughly stirred, and 20 | of this prepared sewage was fed to each of the systems respectively.
While the ENBNRAS system was operated and analysed by the writer, the UCT system was
operated, tested and reported on by Vermande et al. (2000). All the analytical results of the UCT
system given in this section are taken from the Vermande ef al. (2000) report and are listed in

Appendix E.

rrecveie {01) a-recvcle (201

Waste Qw=_ Lid

fntluem
D=0

Aerobic

Anserobic

i underflow s-recvie {101

FIGURE 3.30 - Schematic layout of the laboratory scale UCT system run in parallel with the
laboratory scale ENBNRAS system.
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TABLE 3.26 - ENBNRAS and UCT system design and operating parameters.

D O. Maln Aerobnc Reactor (mgOfl)

Total System VO!ume (l}

Parameter UCT System ENBNRAS System
Influent Flow (I/d) 20 20
Sludge Age (@) 10 10
Temperature £C) 20 20
2105 2105

20 20
Pre-Anoxic Reactor (1) - 2
Anaerobic Reactor (1) 3" 5
Main Anoxic Reactor () 7 8.5 (for sewage batch 13)
9 (for sewage batches 14 o 30)
Main Aerobic Reactor () 10 6.5 (for sewage batch 13)
4 (for sewage batches 14 {0 30)
Aerabic Mass Fraction 0.5 0.33 (for sewage baich 13)
0.2 {for sewage baiches 14 10 30)
Unaerated Mass Fraction 0.5 (.67 (for sewage batch 13)
0.8 (for sewage batches 14 {0 30)
Anoxic Mass Fraction 0.35 | 0.42 (for sewage baich 13)
0.85 (for sewage batches 14 to 30)

Anaeroblc Mass Fraction

025

GRS e
21 (for sewage batches 13 to 20)

a-recyc!e {w.r.t infl. flow)

0:1 (for sewage batches 21 to 30)
s- recycle (w.rt infl. flow) 1:1 11
r- recycle (w.r.tinfl, flow) 11 -

" Actual volume 11, with sludge at double concentration.
** Actual volume 61, with sludge diluted to half the normal concentration.

Tables 3.27a, b and c list the sewage batch averages for all measured parameters for sewage
batches 13 to 30 for the UCT system. The sewage batch numbers correspond to the sewage batch
numbers used for the ENBNRAS system to facilitate a direct comparison of the two systems.
Where the overall averages of the two systems are compared in this section, the overall averages
refer to the average of the sewage batch averages for sewage batches 13 to 30. This also applies
to the ENBNRAS system results - in this section the overall averages refer to the average of the
sewage batch averages for sewage batches 13 to 30 calculated from Tables 3 4a, b and c.

Therefore the overall averages may differ from those mentioned in Sections 3.1 to 3.

overall averages include sewage batches 1 to 30.

3, where the
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TABLE 3.27a - Sewage Batch averages of measured COD and TKN parameters for the UCT system for
sewage batches 13 to 30 (UF = unfiltered; F = 0.45um membrane filtered).

1 Calculated from unfiiered aerobic reactor COD and TKN concenirations divided by the VSS,

Sewage mgCoDn mghi/i
Batch coD TKN FSA TKNICOD Ratio
Influent Aerobic ML | Unfilt. Efl. Fitt. £ influent | Aercbic ML | Unfilt. Effl, Filt. Effl. Influent Unfilt. £, influent
13 790.9 2851.4 67.4 43.2 821 150.4 26 2.1 61.3 1.9 0.104
14 685.6 27322 57.5 378 713 1017 27 1.3 827 1.4 0.104
18 731 21701 55.3 437 89.2 180.5 5.4 1.8 898 20 0.123
16 732.3 2595.5 61.5 47.8 83.0 168.0 3.2 1.8 62.3 1.1 0.113
17 675.5 24829 43,8 311 63.8 1713 3.2 1.8 47.8 1.1 0.084
18 784.3 2505.5 487 385 547 1612 3.0 16 52.0 06 0.083
19 788.7 2084.2 46.5 39.7 845 156.8 3.1 23 £8.2 0.6 0.107
20 7849 2320.7 54.9 43.0 89.1 158.4 3.1 2.8 50.3 1.1 0.088
21 7155 2538.7 55.2 377 63.2 183.5 4.4 33 49.9 2.5 0.088
22 7186 2411.8 56.3 43.2 77.2 1633 51 47 60.9 29 0.107
23 760.1 2386.3 56,9 39.7 79.9 160.4 5.2 38 814 27 0.105
24 7211 2224.2 428 365 86.7 1456 49 31 68.3 2.4 0.120
25 694.6 25105 42.0 35.8 £8.2 160.9 3.7 28 46,7 2.1 0.084
26 699.1 229456 46.4 38.5 B84.5 150.9 4.5 31 70.6 1.8 0.121
27 667.9 27753 53.9 8.6 82.2 169.3 a6 33 726 24 0.119
28 716.2 2850.3 529 33.0 88.1 188.1 51 3.1 714 26 0.123
29 748.9 27848 56.5 41.2 87.3 180.0 4.5 32 57.2 2.2 0.090
30 7691 2761.4 56.3 427 683 1728 35 2.4 53.9 1.4 0.085
Overall 734.8 2508.0 53.0 38,8 78.7 160.8 40 28 59.8 1.8 0.103
. UF UF UF £ UF UF UF F UF UE UF
TABLE 3.27b - Sewage batch averages of measured suspended solids, OUR,
DSVI and pH for the UCT system for sewage batches 13 to 30.
Sewage mgOih mifg
Batch T8S V&S CODNSS Ratio 1 TKNASS Ratio 1 OUR D&VI pH
Aerobic Aercbic Aerohic Aerobic Anzerobic Aerobic
13 22264 1838.4 142 0.082 324 115.2 . -
14 2102.7 1704.3 1.58 Q.088 380 734 - «
15 20027 1624.0 131 0.097 29.3 94.3 - -
16 20663 1689.0 1.50 a.498 8.7 1143 - -
17 2128.3 1698.0 1.45 0.101 31.0 112.0 - -
18 1846.2 1567.7 1.57 0.102 311 1188 - -
19 17778 1444.5 1.42 2,109 323 121.1 - -
20 19883 | 16093 1.42 0.100 29.3 1128 - -
21 22073 1780.7 140 0.103 318 1121 - -
22 21378 16865 1.40 0.096 355 145.1 - 737
23 19313 1580.4 148 0.085 345 186.8 - 7.81
24 19727 1642.4 133 0.088 353 197.1 768 7.87
25 22084 1813.6 1.36 0.088 30.3 183.1 7.56 7.81
28 2056.3 16725 135 0.080 333 2010 7.61 7.82
27 24800 1823.1 142 0.088 278 154.9 7.53 7.83
28 2488.2 2006.7 1.40 0.094 280 157.2 7.51 7.80
28 2408.0 1878.0 146 0.088 265 144.1 7358 7.91
30 24828 1800.3 143 0.091 280 141.6 6.89 7.14
Overall 21463 17266 143 0.085 3.8 1381 7.4 7.76




TABLE 3.27c - Sewage batch averages for measured nitrate, nitrite and P concentrations for the UCT system for sewage batches 13 to 30.

Sewage mgP/t
Balch Nitrite Nitrate Phosphates
Anaerobic | Anoxic ¢ Aerobic 1 Filt. Efl. 1 Anaercbic | Anoxic | Aerobic Filt, Effl. Influent Anaerobic § Anoxic | Aerobic Unfiit, Effi. Filt. Efl.
13 0.1 0.5 1.8 1.5 0.5 1.2 13.1 13.4 26.2 31.1 21,2 14.7 - 14.3
14 0.0 0.1 0.6 0.4 0.3 2.4 15.5 13.4 26.2 313 17.4 83 - 7.3
15 0.0 0.2 07 0.4 0.3 5.3 200 22.2 30.8 302 18.4 14.6 - 13.9
16 0.0 0.1 1.1 1.0 0.1 1.2 13.4 13.6 250 334 22.6 13.6 - 14.0
17 0.1 0.2 0.3 0.2 0.1 0.3 8.3 8.6 25.4 34.5 213 12.6 - 13.0
18 0.0 0.1 0.2 0.2 0.1 0.3 8.4 7.8 26.9 35.9 235 14.1 - 14.7
18 0.0 0.3 0.8 0.2 0.1 0.8 11.2 12.2 21.0 30.9 21.3 13.0 - 12.6
20 0.1 0.1 0.2 0.1 0.1 0.3 83 8.6 25.8 32.8 21.8 13.5 - 13.5
21 0.1 0.1 0.1 0.1 0.2 0.3 7.0 7.9 25.2 33.6 222 14.9 15.1 15.1
22 0.1 0.9 0.5 0.2 0.2 1.0 10.5 11.5 24.6 28.7 19.5 4.6 15.1 14.9
23 0.1 0.8 0.7 0.5 0.2 1.7 12.5 13.4 23.0 25.8 18.9 15.8 15.5 15.7
24 0.1 0.5 04 0.6 0.2 1.0 12.5 13.3 252 29.2 19.0 15.0 14.9 14.6
25 0.0 0.1 0.2 0.1 0.1 0.2 8.0 8.2 28.7 33.3 23.3 18.0 18.0 17.7
26 0.0 0.5 0.8 0.4 0.1 24 15.1 17.2 29.1 35.0 23.8 17.5 16.8 16.8
27 0.0 0.4 0.3 0.2 0.2 2.8 157 16.8 25.6 358 19.5 11.8 11.8 111
28 0.0 0.4 0.4 0.3 0.2 1.8 15.0 16.1 253 38.6 229 13.1 128 12.0
28 0.1 0.1 0.3 0.1 0.1 0.1 8.1 8.3 24.9 41.9 20.0 8.4 8.0 8.2
30 0.0 0.1 0.1 0.2 0.1 0.8 9.8 10.0 26.8 41.7 21.3 9.5 8.8 8.5
QOverall 0.1 0.3 0.5 0.4 0.2 1.2 11.8 12.4 25.9 318 21.0 1315 13.8 13.2

16
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It should further be noted that because the chemical tests were performed by two different
researchers, the influent sewage characteristics show some minor differences, even though the
respective feeds originated from the same feed mixing container. This is as a result of the
independent analyses and associated analytical variations, but these do not impact much on the
comparison, because the overall averages of the influent sewage characteristics over the 18
sewage batches are almost identical. Furthermore, both independent analyses arrived at the same

overall average COD/VSS ratio of 1.43 and TKN/VSS ratio of 0.1 over the 18 sewage batches.
3.5.1 Carbonaceous Material Removal

Figure 3.31 shows the overall COD mass balances achieved for sewage batches 13 to 30 for the
UCT and the ENBNRAS systems.

QOverall COD Mass Balances for UCT
and ENBNRAS Systems
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FIGURE 3.31 - COD mass balances for the UCT and ENBNRAS systems for sewage
batches 13 to 30. ‘

The overall average COD mass balance achieved for the UCT system is 78.3% and that for the
ENBNRAS system is 76.8%. These values are within 2 percent, indicating that while the overall
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average COD mass balance for the UCT system is 1.5% higher than the overall average COD
mass balance achieved for the ENBNRAS system, both are equally low. This indicates that the
same as yet unidentified biological process which is thought to consume a fraction of the influent
COD without being taken account of in the usual analytical procedures also occurred in the UCT
system, and it confirms that the low COD balances are not characteristics of the ENBNRAS
system alone, but rather a characteristic of BNRAS systems in general. From Figure 3.31 it can
be seen that the COD mass balances achieved for each sewage batch are similar. It seems that the
largest discrepancies occur at low and very high influent TKN/COD ratios, with the ENBNRAS
system achieving better COD balances for sewage batches with a very high influent TKN/COD
ratio (e.g. sewage batches 15, 19, 26, 27 and 28 with influent TKN/COD ratios 0of 0.124, 0.116,
0.118,0.111 and 0.123 respectively), and the UCT system achieving higher COD mass balances
for sewage batches with lower influent TKN/COD ratios (e.g. sewage batches 18,21, 22 and 25
with influent TKN/COD ratios of 0.087, 0.089, 0.107 and 0.085 respectively).

On average over sewage batches 13 to 30, the UCT system influent COD was 735 mgCOD/| and
the ENBNRAS system influent COD was 731 mgCOD/I. The overall average inﬂuent. COD
values are within 1% of each other, confirming that the two systems did indeed receive the same
feed even though there are minor variations in the influent COD values for each of the separate
sewage batches. Figure 3.32 shows the COD removal performance for each of the two systems,
as a percentage of the influent COD concentration fed to each system. From Figure 3.32 it can
be seen that the COD removal performances of the two systems are virtually identical. The UCT
and ENBNRAS systems removed an overall average of 92.8% and 93.5% of the influent COD
respectively. While the ENBNRAS system removed 0.7% more COD on average, this difference
is negligible. BNRAS systems generally remove COD virtually completely irrespective of

configuration and this is clearly demonstrated here.

Figure 3.33 shows the daily oxygen demand of the main aerobic reactors for the UCT and the
ENBNRAS systems. The oxygen demand is given in units of mgO/d because, being independent
of the reactor volume, it gives a more accurate reflection of the oxygen demand in the respective

systems.

Figure 3.33 shows the advantage of the ENBNRAS system in terms of oxygen demand. The UCT
system had an average daily oxygen demand of 7625 mgQ/d over the 18 sewage batches, while

the ENBNRAS had an average daily oxygen demand of only 1798 mgO/d. By nitrifying
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Percentage COD Removal for the UCT
and ENBNRAS Systems
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FIGURE 3.32 - Percentage COD removal by the UCT and ENBNRAS systems for
sewage batches 13 to 30.
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externally, the ENBNRAS system requires about 76% less oxygen than the UCT system requires
with nitrification taking place internally. The influent TKIN/COD ratio is included in Figure 3.33
to illustrate the variation of the daily oxygen demand of the UCT system with the variation of the
influent TKN/COD ratio. As the influent TKIN/COD ratio increases, more nitrate is produced and
the daily oxygen demand of the UCT system rises, and vice versa. The daily oxygen demand of
the ENBNRAS system does not show the same variation with varying influent TKN/COD ratios
because nitrification occurs externally and is not coupled to the oxygen demand of the system.

This results in a more constant daily oxygen demand for the ENBNRAS system, which can be

seen in Figure 3.33.

A further interesting comparison can be made regarding the VSS concentrations of the two
sysfems. The UCT system had an overall average VSS concentration of 1727 mgVSS/1 while the
ENBNRAS systems overall average VSS concentration was 1437 mgVSS over sewage batches
13 to 30. The 16.8% lower VSS concentration for the ENBNRAS system almost corresponds to
the 18.3% of the influent COD ‘lost’ to the EN system of the ENBNRAS system. This indicates
that the COD that is ‘lost’ to the EN system is not available to the organisms in the BNRAS
system and this will result in the ENBNRAS system containing lower VSS concentrations,
roughly in proportion to the fraction of the influent COD that is removed in the EN system and

hence ‘lost’ to the main system.
3.5.2 Nitrogenous Material Removal

Figure 3.34 shows the N mass balances for sewage batches 13 to 30 for the UCT and the
ENBNRAS systems. The overall average N mass balance over the 18 sewage batches for the
UCT and ENBNRAS systems was 86.1% and 87.0% respectively. As was the case for the COD
balances, the results are very close together, albeit considerably higher than the respective COD
balances, which is usually the case for NDBEPR systems in the Water Research Laboratory. From
Figure 3.34 it can be seen that the N mass balances for the respective sewage batches are similar
with marked differences in the N mass balances only occurring for sewage batches 14, 15, 17 and
22. Figure 3.35 shows the overall TKN reduction achieved by the UCT and ENBNRAS systems,
as a percentage reduction of the influent TKN. The TKN reduction achieved by the two systems
is very similar. The UCT system achieved an overall average TKN reduction of 94.7% and the
ENBNRAS system achieved a slightly lower TKN reduction of 93.8%. The reason for the
ENBNRAS system achieving a lower value is the FSA concentration in the final effluent. The



3.96
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effluent FSA of the ENBNRAS system was on average over the 18 sewage batches 3.5 mgN/|
FSA, while that of the UCT system final effluent was 1.8 mgN/l FSA. The source of this effluent
FSA in the ENBNRAS system is the FSA that bypasses the EN system in the sludge bypass, and
the FSA that is not nitrified in the main aerobic reactor flows out in the effluent. The
concentration of FSA in the EN system outflow of the ENBNRAS system, on average over the
18 sewage batches, was 3.3 mgIN/L. This is very similar to the 3.5 mgN/l FSA in the final effluent
and indicates that (i) the FSA in the final effluent is approximately equal to the FSA that was not
nitrified in the EN system, (i1) the FSA that bypasses the EN system in the EN system sludge
bypass is nitriﬁed in the aerobic reactor and (iii) the FSA released in the main anoxic reactor is
also nitrified in the aerobic reactor. The nitrifiers are seeded into the activated sludge with the EN
system outflow, and this is how the system is intended to operate to maintain a low final effluent

FSA.

Figure 3.36 shows the total N concentrations in the effluents of the UCT and the ENBNRAS

systems for sewage batches 13 to 30.

Total N Concentration in the Effluent
of the UCT and ENBNRAS Systems
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From Figure 3.36 the difference in the N removal performance of the UCT and the ENBNRAS
systems can be seen more clearly. While the TKN measurements take account of only organic N
and FSA, the total N represents organic N, FSA, nitrite and nitrate. Figure 3.35 shows that both
systems remove TKN equally efficiently, but from Figufe 3.36 1t can be seen that the ENBNRAS
system removes significantly more total N than the UCT system. This means that the ENBNRAS
system produces a final effluent with a lower nitrate concentration than the UCT system, because
it is the varying concentration of nitrate in the effluent that leads to the variation of the total N in
the effluent. On average over sewage batches 13 to 30, the UCT system effluent nitrate was 12.4
mgN/l, while that from the ENBNRAS system was only 4.6 mgN/l of nitrate, This results in the
ENBNRAS system having the potential of producing effluents containing <10 mg/! total N, while
the UCT system is not capable of achieving similar results'. This can also be seen from Figure
3.36: The ENBNRAS system achieved a total N (TN) concentration in the effluent of <10 mgN/1
for 10 of the 18 sewage batches, while the UCT system did not once achieve TN concentrations
of <10 mgN/l in the effluent. The influent TKN/COD ratio has also been included on Figure 3.36
to illustrate how the variations in the effluent TN concentrations mirror the variations in the
influent TKIN/COD ratio. On average over the 18 sewage batches, the UCT system effluent TN
concentration was 16.7 mgN/l, while that for the ENBNRAS system was 9.8 mgN/l. The main
reason for this difference is the potential of the ENBNRAS system to denitrify completely with
its larger anoxic mass fraction and its low nitrification in the aerobic reactor. The UCT system

cannot denitrify completely because all nitrification takes place in the aerobic reactor.

Figure 3.37 shows the percentage TN removals for the UCT and the ENBNRAS systems for
sewage batches 13 to 30. From Figure 3.37 it can be seen that the ENBNRAS system removed
a greater percentage N from the influent wastewater than the UCT system for all 18 sewage
batches. On average over the 18 sewage batches, the UCT system removed 78.2% of the total
influent N and the EINBNRAS system removed 87.8% of the total influent N.

! The higher effluent nitrate for the UCT system was due to the smaller anoxic mass fraction. The
effluent NO,, could have been reduced somewhat by increasing the a-recycle ratio, but high NO,
concentrations (>3 mgN/l) in the outflow of the anoxic reactor leads to (i) deterioration in sludge
settleability and (ii) anoxic P uptake BEPR and lower P removal (see Figures 3.41 and 3.42)
below.
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Percentage Total N Removal by the UCT
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FIGURE 3.37 - Percentage total N removal by the UCT and ENBNRAS systems for
sewage batches 13 to 30.

3.5.3 Biological Excess Phosphorus Removal (BEPR)

The ENBNRAS system favours anoxic/aerobic P uptake BEPR, while the UCT system favours
| aerobic P uptake BEPR. However, when the UCT system is fed sewage with a high influent
TKN/COD ratio, which results in a high nitrate load on the main anoxic reactor, anoxic P uptake
does occur. For sewage batches 21 to 27 in both systerns, the influent TKIN/COD ratio was kept
consistently high (>0.100) by adding FSA to the influent to induce anoxic P uptake in the UCT
system, so that the BEPR performance of the UCT system with anoxic P uptake as well as with
predominantly aerobic P uptake could be compared to the BEPR of the ENBNRAS system.
Figure 3.38 shows the percentage anoxic P uptake for both the UCT and the ENBNRAS systems

for sewage batches 13 to 30.




3.100
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FIGURE 3.38 - Percentage anoxic P uptake for the UCT and ENBNRAS systems
for sewage batches 13 to 30.

From Figure 3.38 it can be seen that considerable anoxic P uptake (40 to 70%) occurred in the
ENBNRAS system throughout the 18 sewage batches, with an overall average over the 18
sewage batches of ~60%. In the UCT system negligible anoxic P uptake occurred for sewage
batches 13 to 21, with the exception of sewage batch 15, which had a very high influent
TKN/COD ratio of about 0.123. During sewage batches 21 to 27, where the influent TKN/COD
ratio was kept consistently above 0.100 (by dosing FSA to the influent), appreciable anoxic P
uptake took place in the UCT system (10 to 30%). However, the anoxic P uptake in the UCT
system never reached the same magnitude observed in the ENBNRAS system, and on overall
average over the 6 sewage batches (22 to 27) only 20% anoxic P uptake occurred. This shows
that the BEPR in the UCT system was essentially aerobic P uptake BEPR. After sewage batches
211027, the FSA dosing to the influent was stopped which lowered the influent TKN/COD ratio

and underloaded the anoxic reactor with nitrate, and the system returned to predominantly acrobic

P uptake.

Figures 3.39 and 3.40 show the P release and P uptake respectively for the UCT and the
ENBNRAS systems over the 18 sewage batches.



3.101

P Release for the UCT and ENBNRAS
Systems .
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FIGURE 3.39 - P release for the UCT and ENBNRAS systems for sewage
batches 13 to 30.
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On average over all of the 18 sewage batches, the UCT system released 21.3 mgP/l influent and
the ENBNRAS system released 18.3 mgP/l influent. From Figure 3.39 it can be seen that for the
sewage batches where there was negligible anoxic P uptake in the UCT system (sewage batches
13,14,16 to 20 and 28 to 30) it released on average ~7 mgP/l influent more P than the ENBNRAS
system. However, for the sewage batches where there was anoxic P uptake in the UCT system
{sewage batches 15 and 21 to 27) the ENBNRAS system released on average ~3 mgP/l influent
more P than the UCT system did. Thus, when operating with predominantly aerobic P uptake, the
UCT system releases more P than the ENBNRAS system does, even though it has a lower
anaerobic mass fraction than the ENBNRAS system. However, when anoxic P uptake takes place
inthe UCT system, the P release drops to lower levels than in the ENBNRAS system. This shows
that with anoxic P uptake BEPR in the UCT system (i) less P is released per unit RBCOD than
under aerobic P uptake BEPR and (ii) P release decreases also due to the high nitrate load on the
anoxic reactor and nitrate recycle to the anaerobic reactor. From Figure 3.40 it can be seen that
the P uptake follows exactly the same trend of the P release. The P uptake for the UCT system
was 33.2, 26.9 and 50.5 mgP/l influent for sewage batches 13 to 21 (aerobic P uptake), 22 to 27
(anoxic/aerobic P uptake) and 28 to 30 (aerobic P uptake) respectively. That of the ENBNRAS
system was 28.1, 35.8 and 41.1 mgP/l influent respectively, with anoxic/aerobic P uptake
throughout. For sewage batches 13 to 21, the UCT system P uptake (predominantly aerobic) was
about 5 mgP/1 influent higher than that of the ENBNRAS system. For sewage batches 22 to 27,
when anoxic/aerobic P uptake occurred in the UCT system (20% anoxic P uptake), the P uptake
was about 9 mgP/1 influent less than that of the ENBNRAS system (64% anoxic P uptake). For
sewage batches 28 to 30, when the P uptake in the UCT system had returned to predominantly
aerobic P uptake, the P uptake was 9 mgP/] influent higher than that of the ENBNRAS system.
On overall average over the 18 sewage batches, the UCT system P uptake was 34.0 mgP/l influent
and that of the ENBNRAS system was 32.8 mgP/l.

Figure 3.41 shows the P removal achieved by the UCT and the ENBNRAS systems for sewage
batches 13 to 30. In essence the P removal reflects the combination of those tendencies found for
the P release and the P uptake. When the UCT system operates with predominantly aerobic P
uptake, on average it removes ~4 mgP/l influent more P than the ENBNRAS system. Under
conditions where the UCT system does show anoxic P uptake, the ENBNRAS system removes
~2 mgP/l more P than the UCT system. On overall average over the 18 sewage batches, the UCT
system removed 12.7 mgP/l influent, while the ENBNRAS system removed 9.8 mgP/l influent.

This shows that under normal circumstances the UCT system with predominantly aerobic P
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uptake BEPR removes ~23% more P than the ENBNRAS with anoxic P uptake BEPR. If
however, the UCT system receives an influent that causes a consistent high nitrate load on its
anoxic reactor, anoxic P uptake (to a lesser extent than in the ENBNRAS system) occurs,
resulting in poorer P removal performance than the ENBNRAS system can achieve when

receiving the same influent.
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FIGURE 3.41 - P removal achieved by the UCT and ENBNRAS systems for sewage
batches 13 to 30.

A more detailed investigation into the anoxic P uptake BEPR of the ENBNRAS system and the
aerobic uptake BEPR of the UCT system is given by Vermande et al. (2000).

3.54 Sludge Settleability

Figure 3.42 shows the DSVI for the UCT and the ENBNRAS systems for sewage batches 13 to
30. The % anoxic P uptake for the UCT system has also been included in the Figure 3.42 to
illustrate how the DSVI of the UCT system fluctuates with an increase in % anoxic P uptake. The
- overall average DSVI of the UCT system over the 18 sewage batches was 138 ml/g and that for
the ENBNRAS system was 102 ml/g.
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FIGURE 4.42 - DSVI for the UCT and ENBNRAS systems for sewage batches 13
to 30.

From F igure 4.42 it can be seen that the DSVI of the UCT system fluctuates with the % anoxic
P uptake. As the % anoxic P uptake increases, the sludge settleability deteriorates rapidly. This
can also be seen in another way: As the nitrate load on the anoxic reactor of the UCT system
increases the % anoxic P uptake increases; also the nitrate concentration flowing from the anoxic
reactor also increases, causing the DSV to increase (see Casey ef al., 1994). From the DSVI of
the ENBNRAS system it can be seen that this phenomenon does not occur in the ENBNRAS
system. The DSVI of the ENBNRAS does not fluctuate as widely as the DSVI of the UCT
system, even though it received the same feed as the UCT system. During sewage batches 21 to
27, where the influent TKN/COD ratio was kept consistently high, the DSV of the ENBNRAS
system increased slightly from around 90 mlfg to around 105 ml/g, while the DSVT of the UCT
system responded by increasing sharply from around 110 ml/g to over 200 ml/g. During sewage
batches 13, 14 and 15 the UCT system showed a considerably lower DSVI than that of the
ENBNRAS system. However, during this period the ENBNRAS system had not yet recovered
from the effects of the toxic sewage batch 9, and this was the period where the DSVI of the
ENBNRAS system was at its highest (i.e. the sludge settleability was at its worst).
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CHAPTER 4

CONCLUSIONS AND DISCUSSION

4.1 INTRODUCTION

Biological nutrient removal activated sludge (BNRAS) systems have become the preferred
treatment systems for advanced municipal wastewater treatment in South Africa. They have
proven to be cost-effective systems that produce effluents of excellent quality that can be re-
introduced to the receiving water bodies without a significant negative impact on the already
scarce surface water of South Africa. The widespread implementation of the BNRAS system has
drawn attention to some weaknesses of the system, predominantly (i) the long sludge ages and
resulting large biological reactor volumes required for nitrification, (ii) filamentous organism
bulking of the sludge that develops in the system, (iii) treatment of the P rich waste sludge from
the system and (iv) containment of the large mass of P in the sludge during a failure of the
aeration in the system. In order to overcome the first two weaknesses of the systems, it is
proposed to separate the process of nitrification from the BNRAS mixed liquor and achieve

nitrification externally to the BNRAS system.

External nitrification (EN) can be achieved in trickling filters (TFs) by promoting the growth of
nitrifying bacteria on the fixed media, which will establish a permanent population of nitrifiers in
the TF. With the slow growing nitrifiers effectively removed from the main BNRAS system and
nitrification occurring externally in the trickling filters, the requirement to nitrify no longer
governs the selection of the sludge age and aerobic mass fraction of the main BNRAS system. The
sludge age can therefore be reduced from the usual 20 to 25 days to 8 to 10 days, increasing the
capacity of an existing treatment works by about 50% or, alternatively, decreasing the required
biological reactor volume per Ml wastewater treated by about V5. Furthermore, the unaerated
mass fraction can be increased to 70% and above which results in a higher denitrification capacity.
If a fraction of the additionally available unaerated mass fraction is added to the anaerobic zone,
the BEPR performance will also improve. Casey ef al. (1994) show that aerobic mass fractions

between 25 and 75% are a contributing factor for AA (low F/M) filament proliferation. Because



42

the BNRAS system with external nitrification can have aerobic mass fractions of 30% and less,
abetter sludge settleability can be expected than is commonly observed in ‘conventional’ BNRAS
systems with 40 to 60% aerobic mass fractions. This improvement in sludge settleability would

further increase the wastewater treatment plant capacity.

Two investigations on laboratory scale ENBNRAS systems have been completed (Hu ez al., 1999
and Moodley et al., 1999) and were reviewed in Ch‘apter 2. The objectives of this third laboratory
investigation into ENBNRAS system performance were to:

(1) Achieve consistent virtually complete EN and obtain steady state conditions for the BNR
processes in the BNRAS system in order to confirm the results of the first two
investigations for an ENBNRAS system operating at steady state.

(i)  Evaluate anoxic P uptake under steady state conditions.

(i)  Monitor the interaction between anoxic and aerobic P uptake, and to identify the
conditions that trigger the shift between anoxic and aerobic P uptake and the effect of this
on the overall BEPR performance.

(iv)  Compare the overall BNR performance of the ENBNRAS system with that of a
‘conventional’ BNRAS system (UCT configuration) with equivalent design and operating

parameters receiving the identical watewaster as influent.

The laboratory scale ENBNRAS system of this investigation was operated at 10 days sludge age
for the first 421 days of the 483 days investigation. During the first 421 days, the system was
operated in three different configurations, viz. Configuration 1 from day 1 to day 186 with 0.42
and 0.33 anoxic and aerobic mass fraction respectively, Configuration 2 from day 187 to day 284
with 0.55 and 0.20 anoxic and aerobic mass fraction respectively, and Configuration 3 from day
285 to day 421 with the a-recycle of 2:1 with respect to influent flow removed (0:1). From day
422 to day 470 the ENBNRAS system was operated at 8 days sludge age and a 25% increased
influent flow of 25 I/d (Configuration 4), and from day 471 to day 483 the sludge age was reduced
further to 5 days (Configuration 5). The configurations with the sludge ages of less than 10 days
were included in order to investigate the ENBINRAS system response to these lower sludge ages.
A ‘conventional’ BNRAS system (UCT configuration) with equivalent design and operating
parameters (10 days sludge age) was run in parallel with the ENBNRAS system of this
investigation for 255 days (from day 167 to day 421) and both systems were fed the same sewage
that was prepared together (see Chapter 3 Section 3.5). This was done in order to obtain a

meaningful comparison of the performance of the ENBNRAS system with anoxic P uptake BEPR
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and the ‘conventional” BNRAS system with predominantly aerobic P uptake BEPR. The results

- of this investigation are summarised below in Sections 4.2 to 4.4 and followed by a concluding

discussion in Section 4.5.

4.2

4.2.1

SYSTEM PERFORMANCE FOR THE 10 DAYS SLUDGE AGE
CONFIGURATION

COD Removal Performance

Over the 421 days the system was operated at a 10 days sludge age (Configurations 1, 2
and 3; sewage batches 1 to 30) the overall average COD balance obtained was 80%.
Although considerably lower than 100%, the overall average COD balance of 80% is
similar to those obtained for the investigations on laboratory scale ENBNRAS systems
by Hu et al. (1999) and Moodley ez al. (1999), who obtained COD mass balances of 89
and 80% respectively. Low COD mass balances have been noted for many years in BNR
research (McClintock ef al., 1988) and it seems thaf there are biological processes that
occur in BNRAS and ENBNRAS systems with high unaerated mass fractions, which
consume a fraction of the influent COD but are not taken into account in the COD mass
balance. Their existence would explain the consistently lower COD mass balances

obtained in the BNRAS and ENBNRAS systems (Ekama and Wentzel, 1999).

Of the 100% influent COD, 6.2% flowed from the system with the effluent, 13.8% was
passed to oxygen, 12.7% was utilised for NOy denitrification, 19.7% was removed in the
EN system, 26.7% was removed with the waste sludge of the BNRAS system and 20.8%

was unaccounted for.

The overall average percentage COD removal in the ENBNRAS system was 94% which
was slightly higher than the 92 and 91% obtained by Hu ef al. (1999) and Moodley et al.
(1999) respectively. |

The overall average 0.45 um membrane filtered and unfiltered effluent COD
concentrations were 41.8 mgCOD/l and 50.6 mgCOD/l respectively. Based on the former,
the unbiodegradable soluble fraction f;  is 0.057.
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The overall average TSS and VSS concentrations in the ENBNRAS system were 1653
mgTSS/1 and 1369 mgVSS/l, giving an average VSS/TSS ratio of 0.83.

The average oxygen utilisation rate (OUR) for Configuration 1 was 22.4 mgO/(l.hr), 18.3
mgO/(1.hr) for Configuration 2 and 18.7 mgO/(L.hr) for Configuration 3. Configuration
1 shows a higher OUR, because the aerobic mass fraction for Configuration 1 was 0.33,

while the aerobic mass fraction was lower at 0.2 for both Conﬁguratibns 2 and 3.

Nitrogenous Material Removal Performance

The overall average N mass balance obtained for the ENBNRAS system was 88%. This
is similar to the N mass balances of 91% obtained by both Hu et al. (1999) and Moodley
et al. (1999) for the investigations on their ENBNRAS systems.

Of the 100% influent N, 13.7% flowed from the system with the effluent, 44.3% was
denitrified, 11.7% was removed in the EN system, 17.6% was removed with the waste
sludge of the BNRAS system and 12.0% was unaccounted for. The 11.7% of N removed
in the EN system is more than reasonably can be expected to be incorporated in the sludge
mass for growth in the EN system. During the investigation, nitrogen gas bubbles were
noted in the piping of the EN system and in internal settler B (which led to occasional
rising sludge in internal settler B), and this indicates that denitrification in the EN system

in part explains the unexpectedly high N removal in the EN system.

On average, 89% of the FSA flowing into the EN system was nitrified to nitrate. Of the
total nitrification occurring in the ENBNRAS system, on average 87% occurred inthe EN
system, i.e. externally to the BNRAS system. For the ENBNRAS system of Moodley et
al. (1999), 88% of the FSA flowing into the EN system was nitrified, and about 76% of
the ENBNRAS system nitrification occurred e){temally. Huet al. (1999) reported that for
the ENBNRAS system of his investigation, 88% of the ENBNRAS system nitrification
occurred externally. The above indicated that an EN system nitrifies up to about 90% of
the FSA that is passed through it, i.e. 100% nitrification does not occur. Furthermore,
nitrification cannot be totally excluded from the main BNRAS system, and around 10 to

13% of the ENBNRAS system nitrification remains in the aerobic reactor of the BNRAS

system.
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The overall average denitrification potential of the main anoxic reactor of the ENBNRAS
system was 22.0 mgN/l influent for Configuration 1 (main anoxic reactor mass fraction
of 0.33), 19.0 mgN/1 influent for Configuration 2 (main anoxic reactor mass fraction of
0.45) and 31.1 mgN/l influent for Configuration 3 (main anoxic reactor mass fraction of
0.45). The pre-anoxic reactor had an overall average denitrification potential of 4.5 mgN/I
influent for Configurations 1, 2 and 3 (pre-anoxic reactor mass fraction of 0.1). Because
Configuration 2 had a larger main anoxic reactor mass fraction, the denitrification
potential for Configuration 2 should have been higher than that of Configuration 1.
However, a toxic sewage batch (sewage batch 9) had an adverse effect on the system
denitrification performance, and this effect resulted in very low denitrification potentials
for the main anoxic reactor for sewage batches 9 to 15. Sewage batches 9, 10, 11, 12 and
13 correspond to Configuration 1, while sewage batches 14 and 15 correspond to
Configuration 2. Ten denitrification potentials (sewage batches with >1 mgN/I in the
outflow of the main anoxic reactor) could be calculated for Configuration 1, but only 5
for Configuration 2. The very low denitrification potentials caused by the toxic batch of
sewage therefore had a pronounced effect on the average denitrification potential of
Configuration 2, resulting in a denitrification potential lower than that of Configuration
1. Configuration 3 (a-recycle ratio of 0:1 and the same main anoxic mass fraction of
Configuration 2) showed the highest denitrification potential for the main anoxic reactor,
indicating that t.he a-recycle, which causes the sludge to be exposed to more frequent
alternating anoxic / aerobic conditions, has a detrimental effect on the denitrification

performance of the main anoxic reactor.

The denitrification of the ENBNRAS system was distributed through the system as
follows: Of the overall average denitrification that occurred in the ENBNRAS system,
11.0% occurred in the pre-anoxic reactor, 10.0% in the anaerobic reactor, 77.4% in the
main anoxic reactor and 1.6% in the final settling tank. The 10.0% denitrification in the
anaerobic reactor was largely due to the low denitrification in the main anoxic reactor
during sewage batches 9 to 15 caused by the toxic sewage fed in sewage batch 9. With
the low denitrification in the main anoxic reactor during this time, high concentrations of
nitrate were recycled to the pre-anoxic reactor, overloading it and causing the nitrate to
flow into the anaerobic reactor. This also had a negative impact on the P release in the

anaerobic reactor, and hence on BEPR, which is discussed in Section 4.2.3 below.
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The overall average TKN removal of the ENBNRAS system was 94%, and the overall
average total N (TN) removal was about 86%. The ENBNRAS system effluent contained
11.9 mgN/I TN on overall average, of which 5.2 mgN/l was TKN (unfiltered samples),
5.8 mgN/l nitrate and 0.9 mgN/! nitrite (both filtered samples). Of the 5.2 mgN/l TKN,
3.6 mgN/l was FSA (unfiltered samples). The filtered TKN was 4.3 mgN/l, and hence 0.7
mgN/l was soluble organic N; accepting this to be unbiodegradable organic N yields an
unbiodegradable soluble TKN fraction (f,,) of 0.01. The overall average nitrate
concentration of 5.8 mgN/l in the effluent is a result of the poor denitrification
performance caused by the toxic sewage batch 9 and also a consequence of a few sewage
batches having a very high (~0.14) influent TKIN/COD ratio. For Configuration 3, which
produced the best N and P removal performance for the 10 days sludge age system, the
effluent TN was 8.0 mgN/l, of which 4.8 mgN/l was TKN (unfiltered sample), 3.6 mgN/1
FSA (unfiltered sample), 2.8 mgN/I nitrate and 0.4 mgN/1 nitrite (both unfiltered samples).
The ENBNRAS system therefore shows that it is capable of (i) producing effluents with
a TN content of <10 mgN/l, and (ii) completé denitrification in the main anoxic reactor
(not zero effluent nitrate) for influent TKN/COD ratios of up to about 0.13.
Comparatively, Hu et al. (1999) and Moodley ef al. (1999) reported TN removals in their
ENBNRAS systems of 86% and 72% respectively.

Biological Excess Phosphorus Removal Performance

The overall average P release for the ENBNRAS system was 12.6 mgP/1 influent (58%
of total P release) in the anaerobic reactor, 4.7 mgP/l influent (22%) in the internal settler
A and 4.5 mgP/l influent (20%) in the EN system. The P release in the EN system is
unlikely to be coupled with SCF A uptake by the PAOs and hence its benefit to the BEPR

. in the main BNRAS system is questionable. It is more likely a P release through

endogenous decay of PAOs that do not settle in the internal settler A and enter the EN
system, or a breakdown in the EN system of filterable (because this P does not reflect in
the filtered P of the internal settler supernatant) but non settleable (because it does not
settle out in internal settler A) organics containing P. Of the two, the former is less likely
because PAOs are strongly flocculent and settle well, but then 4.7 mgP/l influent release
from non settleable but filterable organics does not seem very likely either. The P release
that occurred in the EN system is not included in any BEPR calculations but it does

represent P that needs to be taken up again in the main anoxic and aerobic reactors.
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The overall average P uptake for the BNRAS system was 33.1 mgP/l influent. The P
uptake occurred exclusively in the main anoxic and main aerobic reactors, with negligible
uptake in the final settling tank. P uptake did occur in the pre-anoxic reactor when the
nitrate load on it was high, and P release occurred when near zero concentrations of
nitrate flowed into the pre-anoxic reactor, but both were negligible (<1 mgP/l influent)
concentrations. On overall average, 62 and 38% of the total P uptake occurred in the main

anoxic and aerobic reactors respectively.

Throughout the investigation, the % anoxic P uptake varied between 26 and 75%. The
anoxic P uptake appears to be linked to the nitrate load on the main anoxic reactor. When
the anoxic reactor was overloaded with nitrate (>1 mgN/I in the outflow of the main
anoxic reactor), up to 75% of the total system P uptake occurred in the main anoxic
reactor. When the main anoxic reactor was underloaded with nitrate (i.e. <0.5 mgN/l in
its outflow), the % anoxic P uptake decreased and the % aerobic P uptake increased. As
the % anoxic P uptake decreased and the % aerobic P uptake increased, the P removal
appeared to increase. This indicates that as the % P uptake shifts from anoxic to aerobic
with a decrease in nitrate load on the main anoxic reactor, improved P removal occurs.
However, it is difficult to quantify this improvement in P removal, because the periods of
maximum % anoxic P uptake-and minimum aerobic P uptake (showing low P removal)
were the same periods with the highest nitrate load on the main anoxic reactor leading to
nitrate recycle into the anaerobic reactor. It is therefore difficult to conclude to what
extent the nitrate leaking into the anaerobic reactor reduced the P removal (by adversely
affecting the P release) and by what extent the high % anoxic P uptake affected the P
removal. Anoxic P uptake can be stimulated in the ENBNRAS system due to its large
anoxic ana small aerobic mass fractions, but the extent to which it occurs is dependent on
the nitrate load on the main anoxic reactor. A steady state % anoxic P uptake is therefore
difficult to reach; the % anoxic P uptake will increase or decrease as the nitrate load on
the main anoxic reactor is above or below the denitrification potential of the main anoxic
reactor. Moreover, if the aerobic reactor is small and the anoxic reactor large and
significantly underloaded with nitrate, BEPR will be adversely affected because anoxic P
uptake is limited by the nitrate load on the anoxic reactor and the aerobic reactor is too

small to complete the P uptake process. Effective exploitation of anoxic P uptake for
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BEPR therefore demands a sufficiently high nitrate load on the main anoxic reactor.!

15.  The overall average P removal of the ENBNRAS system was 9.8 mgP/l influent. This
compares well with the values obtained for the ENBNRAS systems of Hu et al. (1999)
and Moodley ef al. (1999) who reported 8.8 mgP/l influent and 10.4 mgP/l influent
respectively for the same influent COD concentration (~750 mgCOD/1) and wastewater
source. On average, the three ENBNRAS systems removed about 39% less P than would

be expected from a similar ‘conventional”’ BNRAS system with no anoxic P uptake.

16,  The ENBNRAS system P z0/Premovats Premova INfluent COD and P,..../Influent RBCOD
ratios were 1.82, 0.013 and 0.069. Ekama and Wentzel (1999) reported that with
significant anoxic P uptake BEPR, the P ../Pomoas Premova/INfluent COD and
P omova/Influent RBCOD ratios are lower at 1.5 - 2.0, 0.012 - 0.015 and 0.06 - 0.08
respectively, compared with predominantly aerobic P uptake BEPR. The values obtained
for the ENBNRAS system of this investigation fall within the indicated ranges for
significant anoxic P uptake BEPR.

17.  The unbiodegradable particulate fraction of the influent sewage (f, ,,) was calculated by

up

the method outlined by Ekama and Wentzel (1999) and applied in all BEPR investigations
undertaken in the Water Research Laboratory at the University of Cape Town (viz.
Wentzel et al., 1990; Clayton ef al., 1991; Musvoto et al., 1992; Kashula et al., 1993;
Pilson et al., 1995; Sneyders et al., 1998; Mellin et al., 1998; Hu ef al, 1999 and
Moodley et al., 1999). The method ‘fractionates’ theoretically the measured VSS into
active OHO and PAQ, endogenous OHO and PAO and particulate unbiodegradable
concentrations. It requires selecting by trial and error the appropriate f,,, so that the
system VSS mass calculated with the BEPR model of Wentzel ef al. (1990) is equal to

that measured in the BNRAS system. For this investigation the f, was calculated for two

s,up

! It appears that interest in anoxic P uptake arose in an effort to ‘recapture’ the influent RBCOD-
for denitrification in NDBEPR systems. With aerobic P uptake, the influent RBCOD is lost for
denitrification because the PAOs which have taken up this COD in the anaerobic reactor utilise
it only in the aerobic reactor. With anoxic P uptake, the PAOs utilise this COD in the anoxic
reactor. While this ‘recaptures’ the RBCOD for denitrification, it appears this is at a cost of
reduced BEPR. It will be argued later when presenting PAQ denitrification rates and comparing
the anoxic P uptake BEPR in the ENBNRAS system with the aerobic P uptake BEPR inthe UCT

L system, that anoxic P uptake BEPR is not advantageous - it contributes little to the denitrification
but causes a significant decrease in BEPR.
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scenarios, (i) reducing the influent COD by the COD ‘lost” in the EN system only, and (ii)
reducing the influent COD by the COD ‘lost’ in the EN system as well as the COD
unaccounted for in the COD mass balances, but keeping the influent RBCOD
concentration unchanged at that measured. This implies that the COD lost to the BNRAS
part of the system is all from the slowly biodegradable (SB) COD fraction. Anaveragef,

5.up

for (i) of 0.040 and for (it) of 0.126 was found. From the f, ,, values obtained from ND
systems, which yield good (>95%) COD balances and consistent f, ,, values (Mellin e a/.,
1998 - Section 4.3.1), the f, , calculated for (ii) is a more realistic value for the Mitchells
Plain wastewater. It seems that the COD unaccounted for in the COD mass balances is
indeed utilised by other biological processes that occur in BNRAS and ENBNRAS
systems with high unaerated mass fractions, which consume a fraction of the influent
COD. The P content of the PAQOs was calculated by a simmlar method, and an average f,

xbg.p
for (1) of 0.20 and for (1) of 0.24 was found.

18.  The overall average OHO and PAO denitrification rates (K," 40 and K,"5,0) were also
calculated for the scenarios (i) and (ii) in 17 above. From the VSS fractionation
calculation, the concentration of influent RBCOD obtained by the PAOs is known, with
the balance of the influent RBCOD and the influent SBCOD available to the OHOs. To
determine the contribution of the PAQs to the denitrification in the anoxic reactor, it is
assumed that the total P uptake in the anoxic and aerobic zones result in the utilisation of
all the RBCOD obtained by the PAOs and that the % P uptake in the anoxic and aerobic
zones reflects the % PAO RBCOD utilised in these respective zones. Thus, with say 40%
anoxic P uptake, 40% of the influent RBCOD obtained by PAOs is utilised in the anoxic
zone and 60% in the aerobic zone. The % anoxic P uptake is calculated from the
experimental data on the BNR systems. With the COD concentration utilised by the PAOs
in the anoxic reactor known, the nitrate denitrified with this COD in the PAO anoxic
growth process can be calculated via the anoxic growth yield coefficient (Y q,,.x.) and the

- oxygen equivalent of nitrate , i.e. 2.86 mgO/mgN denitrified. In this calculation it was
accepted that Yg,. 1S equal to the aerobic value viz. Ygume = 045
mgPAQAVSS/mgPHBCOD utilized.* With the nitrate concentration denitrified by the

2 Strictly Yguoqe Should be lower than the equivalent aerobic value because under anoxic
- conditions ideally only 2 moles ATP are formed per pair of electrons transferred, whereas under
aerobic conditions 3 moles of ATP are formed per pair of electrons transferred; from bioenergetic
calculations, this reduces Y gernic = 0.45 10 Yo = 0.38 mgPAOAVSS/mgPHBCOD utilised.



4.2.4

19.

20.

4.10

PAOs calculated, the nitrate concentration denitrified by the OHOs is the difference
between the observed nitrate concentration denitrified in the anoxic reactor and the nitrate
concentration denitrified by the PAOs. The specific denitrification rate of the PAOs and
OHOs, viz. K,"s.0 and K," g0, is then obtained by dividing the calculated nitrate
denitrification rate of the PAOs and OHOs by the active PAO and OHO VSS
concentrations determined from the VSS fractionation calculation. In this way the
observed denitrification rate is apportioned and expressed in terms of the specific
organism group mediating denitrification. This steady state model can be applied only to
anoxic reactors overloaded with nitrate, i.e. having significant nitrate concentrations in
their outflow to ensure that the biological OHO and PAO denitrification potential is
exceeded. The K, "ouo @and K, "4 rates were found to be 0.0564 mgN/(mgOHOAVSS.d)
and 0.0374 mgN/(mgPAOAVSS.d) respectively for scenario (i) and 0.1239
mgN/(mgOHOAVSS.d)and 0.0374 mgN/(mgPAOAVSS.d) respectively for scenario (ii).
Accepting scenario (ii) as the more realistic of the two, the contribution of the PAOs to
denitrification is not very large, only about 23% to the total denitrification process. If the
denitrification in the ENBNRAS gsystem were attributed to the OHOs alone and the
measured VSS theoretically fractionated into OHO, endogenous OHO and
unbiodegradable particulate VSS concentrations (as in Clayton ef al., 1991), then the
unadjusted K,' is 0.1548 mgN/(mgAVSS.d) for scenario (ii). This K, rate cannot be
compared with the rates listed by Ekama and Wentzel (1999) because in calculating these
listed values, the influent COD concentration was not reduced by the unaccounted for
COD as in this investigation, and the influent unbiodegradable particulate COD fraction
(£, .p) was kept constant (at 0.12).

Filament Identification and Sludge Settleability Throughout the Investigation

The main filamentous organisms identified in the ENBNRAS system were Microthrix
parvicella (with an average abundance level between ‘some’ and *’common’), type 1851
(with an average abundance level of ‘some’), type 0092 (with an average abundance level

of ‘some’) and H hydrossis (with an average abundance level of ‘few’).

The overall average DSVI of the ENBNRAS system was about 108 ml/g. This is higher
than the DSVI’s of 60 ml/g and 94 ml/g of the ENBNRAS systems of Hu ef al. (1999)
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and Moodley et al. (1999) respectively. The overall average DSVI of 108 ml/g for the
ENBNRAS system of this investigation was aresult of poor sludge settleability during the
period the system was affected by the toxic sewage fed during sewage batch 9. After the
system recovered from the toxic sewage (from sewage batch 15 onwards) the DSVI
stabilised to around 90 ml/g, which is lower than the overall average DSVI of 108 ml/g.
The ENBNRAS system appears not to produce bulking sludges even when high nitrate
concentrations flow from the anoxic reactor, which is stated as one of the causes of
bulkingin ‘conventional’ BNRAS systems as described inthe AA filament sludge bulking
hypothesis by Casey ef al. (1994) provided the aerobic mass fraction is between 25 and
60%. The ENBNRAS system does seem to respond to the high nitrate concentrations
flowing from the main anoxic reactor by an increase in DSVI, but this increase is limited

to about 20 ml/g.

SYSTEM PERFORMANCE FOR THE 8 AND 5 DAY SLUDGE AGE
CONFIGURATIONS (CONFIGURATIONS 4 AND §)

The ENBNRAS system configuration was changed to shorter sludge ages and increased influent

flow towards the end of the investigation. The system was operated in Configuration 4 (8 days

sludge age and 25 instead of 20 1/d influent flow) for 49 days (sewage batches 31 to 33) and in

Configuration 5 (5 days sludge age and 25 1/d influent flow) for a further 13 days (sewage batch

34). The system configuration was changed to the shorter sludge ages to evaluate the response

to and performance of the ENBNRAS system to the shorter sludge ages.

21.

22.

The overall average COD mass balances for the 8 and 5 day sludge age configurations (4
and 5 respectively) of the ENBNRAS system were 79 and 92% respectively and the
overall average COD removals (based on unfiltered COD samples) 93 and 90%
respectively. Although lower than the overall average COD removal of 94% achieved by
the 10 days sludge age configuration, the COD removal performances of the short sludge
age configurations are still very good. The slightly lower values are most likely due to the
hydraulic impact on the final settler caused by the increase in influent flow, rather than due

to the system removing less COD.

The overall average N mass balances attained for the 8 and 5 day sludge age

configurations were 85 and 95% respectively. For the 8 and 5 day sludge age
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configurations, 88 and 96% of the FSA flowing into the EN system was nitrified. On
average, 93 and 95% of the ENBNRAS system nitrification was effected externally for
the 8 and 5 day sludge age configurations respectively. This demonstrates one of the main
benefits of the ENBNRAS system configuration - virtually complete nitrification at 8 and
5 days sludge age with only 0.20 aerobic mass fraction, and this will be attainable also at

temperatures lower than 20°C.

The overall average denitrification potential of the main anoxic reactor was about 46 and
34 mgN/l influent for the 8 and 5 day sludge age configurations respectively. These are
higher than observed at ten days sludge age, even when the system denitrification was

greatest (i.e. Configuration 3, 31 mgN/1).

The overall average TKN removal for the ENBNRAS system operated at the 8 and 5 day
sludge age configurations were 94 and 92% respectively. The TN removal was 92 and
76% respectively. The discrepancies in the TN removals for the 8 and 5 day sludge age
configurations are due to the average influent TKIN/COD ratios of the sewage batches fed
to the two configurations; for the 8 day sludge age configuration this was 0.096, while for
the 5 day sludge age configuration it was much higher at 0.120. The higher influent
TKN/COD ratio and lower denitrification potential of the 5 day sludge age configuration

led to more nitrate in the effluent, and therefore to a lower TN removal.

The overall average P removal for the 8 day sludge age configuration was 14.0 mgP/l
influent. For the 5 day sludge age configuration this was 8.6 mgP/! influent. The 8 day
sludge age ‘conﬁguration removed 4.2 mgP/l influent more than the 10 days sludge age
configuration, showing that there is indeed an improvement in BEPR as the sludge age
is decreased as reflected in the BEPR model of Wentzel er al. (1990). It would therefore
be expected that the 5 day sludge age would show a further improved BEPR performance;,
however, for the 5 day sludge age configuration, high nitrate concentrations were recycled
to the pre-anoxic reactor, which was consequently overloaded, causing nitrate to enter the
anaerobic reactor, which in turn caused a decrease in P release and hence a decrease in
P removal. The nitrate recycle was due to the high influent TKN/COD ratio (0.12) and

reduced main anoxic reactor performance.
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26.  The overall average % anoxic P uptake for the 8 day sludge age configuration was 47%
(with a nitrate load of 20.7 mgN/l on the main anoxic reactor), and the overall average %
anoxic P uptake for the 5 day sludge age configuration was 58% (With a nitrate load of
34.9 mgN/l on the main anoxic reactor). This shows clearly that as the nitrate load on the

main anoxic reactor increases, the % anoxic P uptake increases.

27.  The overall average DSVI for the 8 and 5 day sludge age configurations were about 90
ml/g and 93 ml/g respectively. For the 8 day sludge age configuration <1 mgN/l flowed
out of the main anoxic reactor, but for the 5 day sludge age configuration about 15 mgN/1
flowed out of the main anoxic reactor. Good sludge settleability at sludge ages less than
10 days (8, 6 and 5 days sludge age) has been observed in intermittently aerated ND
systems by Warburton ef al. (1991) and Phoredox, 3 stage Bardenpho, UCT and JHB
BEPR systems (Burke et al., 1986). The AA (low F/M) filament bulking hypothesis
(Casey et al., 1994) is not considered to be applicable at 3 to 8 days sludge age because
the AA filaments are slow growers that tend to proliferate in long sludge age (>8d)

systems.

A detailed analysis of the results of the 8 and 5 day sludge age configurations is not intended, as
the system performance evaluation at these shorter sludge ages lasted for only 62 days. However,
the results show that the ENBNRAS system BNR performance in no way deteriorated at the
shorter sludge ages, in fact a reduction in sludge age tends to increase N and P removal per mass
of organic load (Wentzel et al., 1990), provided that it is not reduced below a lower limit of about

5 days for operational reasons (sludge flocculation, effluent turbidity).

44 COMPARISON OF THE ENBNRAS SYSTEM WITH A ‘CONVENTIONAL’
BNRAS SYSTEM (UCT CONFIGURATION)

A laboratory scale ‘conventional’ BNRAS system (UCT configuration) with similar design and
operating parameters to the 10 days sludge age ENBNRAS system of this investigation was run
in parallel with the laboratory scale ENBNRAS system. To compare the performance of the two
systems, both were fed identical influent sewage for 255 days spanning 18 sewage batches (from
13 to 30). For the purpose of directly comparing the BNR performance of the two systems, the
overall averages for the ENBNRAS system are the overall averages of sewage batches 13 to 30,

not the overall averages of sewage batches 1 to 30. The overall averages presented in this section
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therefore differ from those calculated for the entire 10 days sludge age configuration as discussed
under Section 4.2 above. A detailed discussion of this comparison is given by Vermande et al.

(2000).

28.  The overall average COD mass balance achieved for the UCT and ENBNRAS systems
were 78 and 77% respectively. The COD removal was 93 and 94% respectively. In terms

of carbonaceous material removal, the two systems performed identically.

-29.  Theoverall average total oxygen demand (including nitrification) of the UCT system was
7625 mgO/d while that of the ENBNRAS system was 1798 mgO/d. By nitrifying
externally, the ENBNRAS system requires 76% less oxygen per day; this is a significant

difference.

30.  The overall average N mass balance for the UCT and ENBNRAS systems were 86 and
87% respectively and the overall average TKIN removal 95 and 94% respectively. The
effluent TN of the UCT system was 16.8 mgN/l, of which 12.8 mgN/l was NOy, (filtered
sample) and 4.0 mgN/l was TKN (unfiltered sample). Of the 4.0 mgN/l TKN, 1.8 mgN/I
was FSA (unfiltered sample). For the ENBNRAS system the effluent TN was 9.8 mgN/1,
of which 4.6 mgN/l was nitrate (filtered sample) and 5.2 mgN/l was TKN (unfiltered
sample). Of the 5.2 mgN/l TKIN 3.5 mgN/l was FSA (unfiltered sample). The ENBNRAS
system achieved effluent TN concentrations <10 mgN/l in 10 out of the 18 sewage
batches, while the UCT system did not achieve effluent TN concentrations <10 mgN/l in
any of the 18 sewage batches. The overall average TN removal for the UCT and
ENBNRAS systems were 78 and 88% respectively.

31.  In the UCT system an overall average of 21.3 mgP/l influent P was released in the
anaerobic reactor. In the ENBNRAS system an overall average of 18.3 mgP/l influent P
was released in the anaerobic reactor and internal settler A, with an additional P release
of 4.5 mgP/l influent in the EN system (which also has to be taken up in the anoxic and
aerobic reactors). On overall average, 34.0 mgP/l influent P uptake occurred in the UCT

system, and 32.8 mgP/l influent P uptake occurred in the ENBNRAS system.
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32.  Theoverall average P removal for the UCT system was 12.7 mgP/l influent (34.0 - 21.3),
and the overall average P removal for the ENBNRAS system was 9.8 mgP/l influent (32.8
- 4.7 - 18.3). The UCT system showed only 9.8% anoxic P uptake on overall average,
showing that predominantly aerobic P uptake BEPR occurred in the UCT system. In the
ENBNRAS system, 60% of the P uptake occurred in the main anoxic reactor. During
sewage batches 21 to 27 anoxic P uptake was induced in the UCT system by feeding
influent sewage with high TKN/COD ratios (leading to a high nitrate load on the anoxic
reactor). During this period the UCT system showed about 18% anoxic P uptake and the

P removal decreased to the same level as measured in the ENBNRAS system.

33.  The overall average DSVI for the UCT and ENBNRAS system were 138 ml/g and 103
ml/g respectively. During sewage batches 21 to 27, where sewage with a high influent
TKN/COD ratio were fed to induce anoxic P uptake in the UCT system, the DS VI of the
UCT system increased sharply from around 110 ml/g to over 200 ml/g, while the DSVI
of the ENBNRAS system increased only slightly from around 90 ml/g to around 105 ml/g.
This shows that the ‘conventional” BNRAS system reacts much more strongly to
significant (>2 mgN/l) nitrate concentrations in the outflow of the main anoxic reactor
because its aerobic mass fraction is higher (0.5) than that of the ENBNRAS system (0.2).
This response to nitrate in the outflow of the main anoxic reactor was also observed by
Moodley ef al. (1999) in their ENBNRAS system with a higher agrobic mass fraction
(0.30), which conforms to the AA filament sludge bulking hypofhesis of Casey et al.
(1994) (see Chapter 2, Section 2.3.4). |

In terms of carbonaceous material removal, the UCT and the ENBNRAS system achieve almost
identical results. For the nitrogenous material removal, the ENBNRAS system consistently
produces an effluent of better quality, wita an effluent TN concentration of nearly half that of the
UCT system on overall average. The ENBNRAS system produced an effluent with a TN content
<10 mgN/l for 10 out of the 18 sewage batches, while the UCT system did not achieve this for
any sewage batch. The UCT system, which exhibited predominantly aerobic uptake BEPR,
removed about 3 mgP/l influent more P thanthe ENBNRAS system with anoxic/aerobic P uptake
BEPR did. P removal is the only process where the UCT system achieves superior results to that
of the ENBNRAS system. The ENBNRAS system BNR is effected by using approximately 75%
less oxygen than was required by the UCT system to perform the same BNR. The ENBNRAS
system produced a better settling sludge than the UCT system did, and the ENBNRAS system
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DSVI did not produce a bulking sludge when high nitrate concentrations flowed from the anoxic

reactor, as was observed in the UCT system.
45 CLOSURE

The investigations on laboratory scale ENBNRAS systems by Hu et al. (1999), Moodley et al.
(1999) and this investigation show that BNRAS system intensification by separating the process
of nitrification from the main BNRAS system and effecting nitrification externally is possible in
practice. The EN systems implemented in the three laboratory scale ENBNRAS system
investigations nitrified between about 85 and 90% of the FSA flowing into them, indicating that
they do not nitrify 100% of the FSA passed through them. In addition, it seems that it is not
possible to obtain 100% of the ENBNRAS system nitrification externally. Up to 90% of the total
system nitrification can occur externally, but residual nitrification (of the FSA not nitrified in the

EN system and the FSA in the sludge bypass) will occur in the main aerobic reactor.

The laboratory scale ENBNRAS systems removed >90% of the influent carbonaceous material
utilising on average about 70% less oxygen than an equivalent ‘conventional” BNRAS system.
The ENBNRAS systems have shown excellent TKN and very good TN removals (TKN removals
>90%, TN removals >80%), and it has been shown that the ENBNRAS systems are capable of
producing effluents with TN concentrations of <10 mgN/l for influent wastewaters with

TKN/COD ratios of up to between 0.13 and 0.14.

The BEPR occurring in the BNRAS systems is undoubtably anoxic/aerobic P uptake BEPR with
the anoxic reactor effecting up to 60 - 70% of the total system P uptake. The magnitude of the
anoxic uptake BEPR 1s dependant on the nitrate load on the main anoxic reactor. If the nitrate
load is equal to or below the denitrification potential of the main anoxic reactor, the % anoxic P
uptake will decrease and the % aerobic P uptake will increase provided the aerobic mass fraction
is sufficiently large to complete the P uptake process. Conversely, when the nitrate load on the
main anoxic reactor is greater than the denitrification potential of the main anoxic reactor, the %
anoxic P uptake will increase, and the % aerobic P uptake will decrease. As the P uptake shifts
from predominantly anoxic P uptake to increased aerobic P uptake, the total P removal seems to
increase. It appears that a steady state in terms of anoxic P uptake is not reached, as the P uptake
shifts from anoxic P uptake to aerobic P uptake and vice versa, as the nitrate load on the main

anoxic reactor increases or decreases. It would therefore not be advisable to implement aerobic
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mass fractions much smaller than 0.20; even though it is theoretically possible to do so, it would
be detrimental to the overall BEPR. The P removal in the ENBNRAS systems is about 4 less
than in a similar ‘conventional’ BNRAS system with predominantly aerobic uptake BEPR. The
ENBNRAS systems pro;iuce sludges that settle very well (from about 70 to 110 ml/g) and it
seems that they are not affected to the same extent as ‘conventional’ BNRAS systems are by high
nitrate concentrations flowing from the main anoxic reactor, as stated in the AA filament bulking

hypothesis of Casey et al. A( 1994).

It has further been demonstratéd that the ENBNRAS systems perform full and uncompromised
BNR for short sludge ages down to about 5 days. Conversely the influent flow can be doubled
to an existing system without a negative impact on the BNR, provided the system does not fail
hydraulically due to the increased influent sewage flow. Sludge ages below 10 days have an added
advantage in that N and P removals increase per mass of organic load (Wentzel ez al., 1990) as

the sludge age is reduced.

The comparison of the laboratory scale ENBNRAS system of this investigation with a laboratory
scale ‘conventional’ BNRAS system (UCT configuration) demonstrated that the carbonaceous
material removal performance of both systems was effectively equal. The TN removal
performance of the ENBNRAS system was superior to that of the UCT system, in that the
ENBNRAS system produced effluents with half the TN concentrations of the UCT system final
effluent. The results of the ENBNRAS system showed further that the ENBNRAS is capable of
producing effluents with TN concentrations of <10 mgN/l, while this is not the case for the UCT
system. Furthermore, the ENBNRAS system is able to perform total denitrification in the main
anoxic reactor, while this was not possible for the UCT system because of the limitation imposed

by the a-recycle.

The UCT system showed higher BEPR than the ENBNRAS system. With predonunantly aerobic
P uptake BEPR occurring in the UCT system, it removed on average 3 mgP/l influent more P than
the ENBNRAS system. With the anoxic/aerobic P uptake BEPR that occurred in the ENBNRAS

system, about 23% less P was removed than in the UCT system.

The ENBNRAS system produced a sludge with a DSVI of between 90 and 100 ml/g, while the

- DSVI of the UCT system fluctuated between 80 and 200 ml/g. This difference becomes

particularly apparent when very high nitrate concentrations flow from the anoxic reactor of the
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UCT system. The UCT systems DSVI responded to the high nitrate concentrations flowing from
the anoxic reactor with a sharp increase in DSVI from about 100 ml/g to about 200 ml/g, while
the ENBNRAS system sludge DSVI increased from around 90 mi/g to just over 100 ml/g at
significant nitrate concentrations in the outflow of the main anoxic reactor. The UCT system is
hence much more sensitive to AA filament bulking with significant nitrate concentrations in the
outflow of the anoxic reactor than the ENBNRAS system. This is because the aerobic mass
fraction of the UCT system was 0.50 and within the range of applicability of the AA filament
bulking hypothesis of Casey et al. (1994).

The investigations on the three laboratory scale ENBNRAS systems provide a comprehensive
framework for the understanding of the ENBNRAS system operation and performance, and
further laboratory investigations would not provide more knowledge and understanding. The next
step would be to begin full scale trials of an ENBNRAS system. To begin with, a full scale
trickling filter would have to be converted into a nitrifying trickling filter to ascertain its
performance as a nitrifying trickling filter at full scale. Once it has been proven that existing full
scale trickling filters can successfully be converted to nitrifying trickling filters and their capacity
determined, the trickling filters can be integrated into a BNRAS system in an ENBNRAS system
configuration to obtain BNR on the full influent wastewater flow.

Initially it was thought that the savings in capital cost brought about by an increased capacity or
smaller biological reactors, reduced oxygen demiand and better settling sludge would make the
'ENBNRAS system an attractive and viable alternative as a full scale plant. The economic
evaluation of Little ef al. (2000) however indicates that this may not be the case. While the
ENBNRAS system alternative does provide a saving in construction costs of about 30% when
compared to a ‘conventional’ BNRAS system, the operating costs in the long run overshadow
‘this saving. The operating costs of a sewage treatment works, whether ENBNRAS or
‘conventional” BNRAS system, account for the bulk of the net present value (NPV). While
significant savings in operation costs are made from the very low oxygen demand, the increased
sludge production at the shorter sludge ages and the associated increase in sludge treatment,
transport and disposal costs reduce these savings. While the total NPV (capital, operation and
maintenance) for the ENBNRAS system option is 5 to 10% lower than that of a ‘conventional’
BNRAS system, this difference may not be large enough for a definite choice of the ENBNRAS
system over the ‘conventional’ BNR system. However, the most significant advantage is that the

ENBNRAS system offers biological N and P removal for the full wastewater flow without
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increase in existing process units, If the Department of Water Affairs and Forestry implement the A
proposed new effluent quality standards promulgated under the National Water Act of 1998, the
ENBNRAS will provide a feasible and economical plant upgrade option. While the ENBNRAS
system does not provide a large enough saving in monetary terms to make it an attractive
alternative, the new effluent quality standards may favour the ENBNRAS system. The ENBNRAS
system is capable of producing effluents with a quality that are within the new effluent quality
standards, especially with regards to nitrogen. The proposed new effluent quality standards rather
than economics may well be the driving force that will see the ENBNRAS system implemented

at full scale.
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TABLE A1 - Explanation of abbreviations used.

Ul Unfiltered Influent
FFI Floc Filtered Influent
PreANO Pre-Anoxic Reactor
AN Anaerobic Reactor
SETA Internal Settler A
SETB Internal Settler B
ANO Main Anoxic Reactor
AE Main Aerobic Reactor
R Macerated Mixed Liquor
UE Unfiltered Effluent
FE Filtered Effluent




mgCOoD/ mgN/i .
i ; - : COD TKN FSA TKN/COD Ratio
Day No. Date Ul FFl | SETA | SETB R UE FE Ul AE UE FE Ui SETA | SETB | UE Influent
1 22-Feb-99 - - 780 | 150.0 | 21800 | 300 30.0 66.1 196.0 3.8 - 454 14.7 9.2 38 -
2 23-Feb-99 7520 12800 1 1000 | 560 | 24800 | 360 38.0 83.7 147.0 4.9 4.5 34.7 14.6 9.2 6.0 0.085
3 24-Feb-99 8200 | 3160 | 1060 | 740 | 21800 ' 500 50.0 53.2 231.0 9.8 2.0 389 16.7 55 2.1 0.065
4 25-Feb-98 788.0 | 156.0 | 820 | 420 | 27000 1 300 30.0 55.3 - 3.4 32 38.9 17.6 7.3 20 0.070
5 26-Feb-99 No Test (SET 2 blocked up, sludge loss)
8 27-Feb-99 No Test (AE, ANO & SET 2 overflowed, sludge loss)
7 28-Feb-99 No Test (AE & SET 2 blocked, overflowed, sludge loss)
8 01-Mar-99 712.0 | 160.0 | 1000 | 680 | 21200 | 56.0 40.0 58.8 193.2 4.1 4.1 44.0 18.2 3.2 3.2 0.083
9 02-Mar-99 756.0 | 1240 | 1140 | 660 | 19800 | 420 66.0 65.2 138.6 35 3.1 38.2 20.7 2.7 1.5 0.086
10 03-Mar-09 7160 | 164.0 | 162.0 | 940 | 12600 | 480 38.0 484 156.8 3.2 3.2 39.2 14.1 11.9 3.1 0.068
11 04-Mar-98 No Test (SmANO,ANO & AE overflowed, sludge loss) - New sewage fed today
BATCH 1 Averages: 757.3 | 200.0 | 106.0 | 78.6 | 2128.6 | 414 | 414 | 587 | 1771 | 46 | 33 | 400 | 167 | 70 31 0.076
12 05-Mar-99 No Test (New Sewage)
13 06-Mar-89 No Test (New Sewage)
14 07-Mar-99 No Test: SLUDGE FOUND IN SEWAGE - GET NEW BATCH
15 08-Mar-89 No Test: (New Sewage Fed Today)
BATCH 2 Averages: BAD BATCH
16 09-Mar-99 No Test (New Sewage)
17 10-Mar-99 No Test (New Sewage}
18 11-Mar99 | 600.0 | 136.0 | 156.0 | 96.0 | 2600.0 | 1440 | 960 | 777 | 448 | 43 | 42 | 608 | 287 | 81 3.2 0.130
19 12-Mar-99 Mo Test
20 13-Mar-89 No Test
21 14-Mar-99 6533 | 2285 { 1503 | 942 | 16633 | 1383 | 34.1 106.7 896 - 6.3 76.4 38.2 7.7 53 0.163
22 15-Mar-99 489.0 | 1523 1 1042 | 641 | 21242 | 721 68.1 74.6 77.0 4.8 4.8 546 | 245 6.6 4.2 0.153
23 16-Mar-29 No Test (AN overflowed violently)
24 17-Mar-99 6132 ] 1323 1 942 581 | 17034 | 661 66.1 74.1 - 3.4 3.4 585 | 228 5.7 28 0.121
25 18-Mar-99 673.3 | 2886 | 184.4 | 1242 | 19238 | 842 84.2 97.0 74.2 5.3 5.3 644 | 29.3 8.1 38 0.144
BATCH 3 Averages: 605.8 | 187.5 | 137.8 | 87.3 | 2003.0 | 1009 | 69.7 86.0 71.4 4.4 4.8 629 | 283 7.3 3.9 0.142
26 19-Mar-99 No Test {(New Sewage)
27 20-Mar-99 No Test (New Sewage)
28 21-Mar-99 No Test (SmANO, AN & AE overflowed - Sludge Loss)
29 22-Mar-99 7495 | 2124 | 1984 | 661 | 15832 | 501 50.1 88.7 100.8 8.5 7.8 63.0 | 315 18.1 5.8 0.1186
30 23-Mar-99 7285 | 2004 | 2244 | 842 | 1563.1 56.1 48.1 83.2 77.0 9.8 8.0 652 | 204 | 223 6.3 0.114
31 24-Mar-99 No Test (Install new freezer & spray SET1 black because of algae growth)

v



, 5 mgCOD/! mgNll
b i coD TKN FSA TKN/COD Ratio
Day No. Date Ul FFI 1 SETA | SETB R UE FE Ut AE UE FE Ui SETA | SETB | UE influent

32 25-Mar-89 7054 | 2244 | 2164 72.1 2004.0 52.1 52.1 89.3 124.6 10.9 9.8 69.4 348 227 8.0 0.127
33 26-Mar-99 No Test

34 27-Mar-99 No Test

35 28-Mar-99 7776 | 2244 | 2084 | 68.1 2044.1 48.1 48.1 88.8 130.2 7.4 4.6 £6.9 335 21.0 4.1 0.114
36 28-Mar-99 977.7 11939 | 2182 | 768 | 18584 | 648 64.6 g2.0 - 10.9 10.9 69.2 | 347 | 255 7.0 0.094
37 30-Mar-99 No Test (influent bucket run dry)

38 31-Mar-99 No Test (Dregs of last sewage fed yesterday) - New sewage fed toda

BATCH 4 Averages: 787.9 | 2111 1 2132 | 735 | 18106 | 542 | 526 | 880 | 1082 | 95 | 82 | 668 | 328 | 219 | 6.2 0.113
39 01-Apr-99 No Test (New Sewage)

40 02-Apr-88 No Test (New Sewage)

41 03-Apr-98 No Test

42 04-Apr-99 No Test (SmANO & Nitrifier overflowed - Sludge loss)

43 05-Apr-99 | 6343 | 173.7 | 2040 | 545 [ 19190 | 626 | 505 | 713 | 1246 | 43 | 36 [ 532 [ 256 | 63 | 28 0.112
44 08-Apr-89 No Test (Final settler failed - sludge in effluent)

45 07-Apr-99 No Test (Final settler failed - sludge in effluent)

46 08-Apr-89 No Test (Final settler failed - sludge in effluent)

47 09-Apr-99 | 6626 | 169.7 | 173.7 | 404 | 1656.4 | 404 | 404 | 745 | 1002 | 42 21 | 546 | 265 | a8 | 17 0.112
48 10-Apr-99 No Test (External Nitrifier overflowed - big sludge loss)

49 11-Apr-99 592.3 | 139.8 | 154.7 | 78.0 | 16281 49.7 37.6 71.4 121.8 6.6 - 57.1 28.8 15.3 4.6 0.121
50 12-Apr-99 - - 153.5 | 848 | 16968 | 606 56.6 72.7 112.0 5.0 53 56.3 | 27.3 7.8 4.5 -
51 13-Apr-99 5696 | 1576 | 1555 | 788 | 15554 | 505 38.4 72.4 103.6 6.2 38 546 | 2586 64 2.1 0127
52 14-Apr-99 Cleaned Unit

53 15-Apr-99 561.6 | 196.0 | 103.0 | 586 | 12322 | 384 30.3 72.8 109.2 6.7 5.5 56.3 | 246 6.7 29 0.130
54 16-Apr-99 638.3 | 1858 | 1778 | 6887 | 13736 | 485 36.4 76.6 124.6 8.7 0.0 66.1 26.3 6.4 2.0 0.120
BATCH S Averages: §09.8 | 1708 | 160.3 66.3 | 1580.2 50.1 41.4 73.1 115.0 5.8 3.4 56.9 26.4 7.7 2.9 0.120
55 17-Apr-99 No Test (New Sewage)

56 18-Apr-88 No Test (New Sewage)

57 19-Apr-99 | 8363 | 2464 | 2727 | 828 | 17170 | 626 | 545 | 812 | s89s - | 38 1641 | 251 | 81 | 36 0.097
58 20-Apr-89 No Test (AE & ANO overflowed - sludge loss) ’

59 21-Apr-98 No Test (ANO & Nifrifier overflowed - sludge loss)

60 22.Apr-99 | 7716 | 282.8 | 2384 | 646 | 21008 | 687 | 525 | 813 | 1316 | 52 | 63 [ 647 | 200 | 112 | 42 0.105
61 23-Apr-99 No Test

62 24-Apr-99 No Test

63 25-Apr-99 No Test (ANO overflowed - sludge loss)
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mgCODtl mgN!I :
COD TKN FSA TKN/COD Ratio
Day No. Date u | FFl Isetalfsete ] R 1 UE I FE u | AE | UE | FE Ut | SETA | SETB | UE Influent
64 26-Apr-99 No Test
65 27-Apr-98 7700 | 1761 | 213.0 1 2048 | 17813 | 6786 38.9 80.9 109.2 4.9 38 574 | 270 7.0 1.5 0.105
66 28-Apr-99 6144 | 1884 | 2089 | 737 | 18432 | 482 45.1 83.2 117.6 4.5 3.9 633 | 277 10.8 34 0.135
87 28-Apr-99 7414 | 2007 | 1200 | 717 1 20275 | 471 47.1 81.3 114.8 4.9 3.5 63.0 28.1 4.9 2.1 0.110
BATCH 6 Averages: 746.7 | 2189 | 2124 | 995 | 1880.0 | 53.0 | 47.2 81.6 112.6 4.9 4.3 625 | 274 8.4 2.9 0,111
68 30-Apr-99 No Test (New Sewage)
69 01-May-99 No Test (New Sewage)
70 02-May-93 No Test (Nitrifier blocked, overiowing - sludge loss)
71 03-May-99 696.3 | 1638 | 1679 | 696 | 18432 | 73.7 65.5 57.8 121.8 3.4 2.2 38.1 18.5 3.5 1.3 0.083
72 04-May-99 7045 | 1884 | 1761 | 492 | 19251 77.8 77.8 59.5 120.4 2.9 2.7 49.0 1| 207 1.7 2.1 0.084
73 05-May-99 7332 11270 | 1805 | 348 | 18227 | 307 30.7 56.1 130.2 34 2.7 423 | 218 2.2 2.1 0.077
74 06-May-99 806.9 | 1270 | 1818 | 512 | 18227 | 471 47.1 59.5 117.6 35 2.9 434 | 217 2.4 1.8 0.074
75 07-May-99 651.3 | 127.0 { 1454 | 430 | 16589 | 389 34.8 53.8 113.4 3.9 2.8 40.6 19.3 2.5 2.2 0.083
76 08-May-89 No Test
77 09-May-99 598.0 | 1311 | 1475 { 451 1761.3 451 451 55.0 121.8 4.3 3.2 414 18.6 2.5 2.8 0.082
78 10-May-99 7086 | 127.0 | 1658 | 512 | 1677.0 { 430 43.0 57.0 113.4 3.1 2.9 43.7 19.6 2.4 2.1 0.080
79 11-May-99 7096 | 1371 | 1653 | 403 | 18531 32.3 32.3 60.6 117.6 4.1 4.1 50.1 22.1 2.7 2.1 0.085
80 12-May-99 6733 |1 157.2 | 1754 | 1391 | 15926 | 504 50.4 60.6 108.2 386 3.5 45.4 21.1 2.2 2.0 0.080
81 13-May-99 6653 | 148.2 | 1714 | 1068 | 1350.7 26.2 26.2 60.9 119.0 4.5 4.3 44.8 227 3.9 3.8 0.082
82 14-May-99 No Test (New Sewage Fed today)
BATCH 7 Averages: 694.7 | 143.5 | 166.7 | 630 | 1700.7 | 465 | 453 | 581 | 1184 | 37 31 | 439 | 206 | 26 | 22 | 0.084
83 15-May-99 No Test (New Sewage )
84 16-May-99 8225 | 1774 {1 1653 | 564 | 14515 | 564 56.4 77.3 98.0 4.5 38 805 | 28.1 2.8 2.8 0.084
85 17-May-99 756.0 | 1935 | 1693 | 564 | 12902 | 728 68.5 77.1 102.2 6.3 4.5 616 | 291 34 4.2 0.102
86 18-May-99 8225 | 161.3 | 181.4 | 524 | 13306 | 444 44.4 80.5 99.4 4.3 4.1 58.2 27.4 36 3s 0.098
87 19-May-99 No Test (Baich Test 1 for Phosphates)
88 20-May-99 No Test (Batch Test 1 for Phosphates)
89 21-May-99 No Test
90 22-May-89 No Test
91 23-May-98 No Test (Batch Test 2 for Phosphates)
92 24-May-89 758.0 | 1935 | 1935 | 766 | 1653.1 68.5 56.4 81.8 134.4 50 4.8 827 | 30.1 2.9 2.9 0.108
83 25-May-89 7016 | 1855 | 1976 | 685 | 12902 | 728 68.5 77.1 114.8 4.5 34 616 | 280 2.8 28 0.110
94 26-May-99 717.7 | 1835 | 2056 | 605 | 116893 | 524 52.4 77.8 92.4 49 35 63.3 | 304 34 3.2 0.108
a5 27-May-99 7822 | 1935 | 2087 | 645 | 10886 | 484 48.4 79.2 100.8 5.7 3.9 62.7 | 300 2.8 2.8 0.101
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mgCOD/! maghfi
COD : TKN FSA TKN/COD Ratio
Day No. Date ut | Fri IseTalsetel R | ue | FE Ui 1 AE | UE | FE Ut | SETA I seTB | uE influent

128 28-Jun-98 No Test

128 30-Jun-99 7749 | 1699 | 2134 @ 89.1 1181.0 43.5 43.5 63.1 84.0 35 35 43.4 211 2.8 2.8 0.081
130 01-Jul-89 7956 | 1823 | 1368 | 704 | 10360 456 45.8 63.0 84.0 3.2 2.9 43.1 21.0 2.8 2.5 0.079
131 02-Jul-99 7252 | 1782 | 1803 | 850 | 1098.2 64.2 35.2 62.6 84.0 3.9 27 47.3 227 2.7 2.7 0.088
132 03-Jul-99 No Test

133 04-Jul-99 No Test (Stirrer on SET2 failed)

134 05-Jul-99 No Test (Dregs of last sewage) - New Sewage fad today
BATCH 10 Averages: 799.4 | 175.7 | 177.8 | 103.5 | 1229.8 §2.2 | 51.7 63.4 80.4 7.9 7.2 48.1 22.4 10.0 6.0 0.079
135 06-Jul-99 8446 | 1673 | 1081 | 1163 @ 16524 67.3 55.1 896.9 110.6 5.0 4.1 77.3 32.8 10.1 2.2 0.115
136 07-Jul-98 10834 | 1958 | 1265 | 134.6 | 1836.0 85.7 77.5 80.0 112.0 4.8 3.1 74.2 31.8 8.3 2.2 0.082
137 08-Jul-98 7385 | 1581 | 959 | 1204 @ 18972 87.7 51.0 88.1 121.8 2.8 2.1 72.8 311 7.4 2.4 0.119
138 08-Jul-99 7058 | 1591 | 1816 |« 2224 | 1887.2 | 100.0 | 59.2 85.1 1204 4.2 2.2 76.2 30.8 8.0 2.4 0.121
139 10-Jul-99 7018 | 1469 | 2081 | 1183 | 1876.8 85.7 61.2 83.4 121.8 4.8 3.8 70.8 31.4 8.1 2.2 ¢.119
140 11-Jul-899 7834 | 187.7 | 1265 | 898 | 19584 69.4 61.2 86.9 117.6 4.3 4.1 76.4 28.0 5.9 2.5 0.111
141 12-Jul-99 No Test

142 13-Jul-99 7607 | 1933 | 1172 | 802 | 20354 83.7 55.5 82.2 116.2 4.5 3.2 71.4 28.3 7.6 2.2 0.108
143 14-Jul-98 8183 | 1768 | 1295 | 802 118208 | 966 | 837 93.2 126.0 5.9 2.8 736 | 322 8.1 2.2 0.114
144 15-Jul-98 801.8 | 1357 | 1213 | 473 | 17887 92.5 51.4 93.1 120.4 7.0 3.6 736 339 18.5 2.2 0.116
145 16-Jul-89 Cleaned Unit

146 17-Jul-99 No Test (Recouperate)

147 18-Jul-99 666.1 172.7 | 15214 90.5 1973.8 69.9 69.9 89.7 116.2 4.5 3.9 68.7 311 19.3 2.5 0.135
148 19-Jul-99 8306 | 1398 | 1275 | 658 | 18093 78.1 41.1 89.2 114.8 6.2 4.2 72.0 315 14.1 3.2 0.107
148 20-Jul-98 No Test (Steering Commitee Meeting)

150 21-Jul-98 741.9 | 1613 | 1814 | 766 | 17741 84.7 36.3 82.2 117.6 6.3 4.2 69.4 33.7 62 2.8 0.111
151 22-Jul-99 6935 | 1693 | 2258 | 887 | 15725 48.4 28.2 83.2 1106 2.9 2.9 68.3 3.2 4.8 2.1 D.120
152 23-Jul-99 No Test (New Sewage Fed Today) ‘
BATCH 11 Averages: 783.1 | 166.5 | 146.3 | 102.4 | 1838.6 | 79.2 | 547 | 879 | 1174 | 49 34 | 728 | 314 | 98 | 24 0.114
153 24-Jul-99 No Test (New Sewage)

154 25-Jul-99 No Test (Electricity off)

155 26-Jul-99 834.6 1976 | 1068 | 625 | 1471.7 46 .4 30.2 885 107.8 3.5 29 70.8 29.8 2.2 2.1 0.108
156 27-Jul-899 842.7 | 221.8 | 13581 86.7 | 1471.7 | 1108 | 544 88.8 106.4 4.6 3.8 72.2 28.1 2.8 2.8 0.105
157 28-Jul-89 7782 | 1316 | 1110 | 781 1480.3 74.0 49.3 82.0 121.8 4.1 3.8 62.2 25.8 1.8 2.1 0.105
158 28-Jul-99 No Test (Nitrifier blocked up & overflowed violently}

159 30-Jul99 | 6579 | 1604 | 843 | 802 | 18298 | 473 | 350 | 798 | 1108 | 35 27 | 638 | 274 | 58 | 22 0.121
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mgCODA mgh/l :
COD TKN FSA TKN/COD Ratio
Day No. Date Ui | FFI [setalsetB] R | UE | FE U | AE | ue | FE Ul I seTa lsete | uE Influent

160 31-Jui-99 No Test

161 01-Aug-99 No Test - Air off for 24 hours, entire system anoxic/anaerobic

162 02-Aug-89 760.7 1 1727 } 1234 | 617 | 18504 69.9 41.1 84.6 124.6 16.2 15.4 71.4 307 4.3 15.4 0.111
163 03-Aug-98 7895 | 1727 11028 | 576 | 16869 | 493 49.3 86.2 124.6 4.6 4.5 700 | 304 28 2.4 0.109
164 04-Aug-99 No Test - Power cut, DO boxes reset, no air

165 05-Aug-99 7291 | 1228 | 1147 | 696 | 17613 57.3 36.9 84.8 126.0 2.9 29 64.7 31.2 3.1 2.9 0.116
166 06-Aug-89 7209 | 1720 | 1311 ] 655 | 1884.2 | 45.1 28.7 89.0 118.0 6.4 3.1 69.2 | 318 3.4 3.8 0.124
BATCH 12 Averages: 764.2 | 169.0 | 113.6 | 70.2 | 16794 2.8 40.6 85.5 117.6 5.7 4.9 68.0 28.4 3.2 4,2 0.112
167 07-Aug-99 No Test - New Sewage

168 08-Aug-99 7250 | 1966 | 942 | 410 18022 | 573 32.8 38.8 116.2 32 28 26.6 11.8 20 1.7 0.053
169 08-Aug-89 6349 | 1188 | 1167 | 758 | 19866 55.3 §51.2 80.1 123.2 3.5 2.8 685.2 293 2.7 2.5 0.126
170 10-Aug-99 7741 | 1556 | 1188 | 57.3 | 2007.0 49.2 20.5 828 112.0 4.1 2.9 66.4 30.7 2.4 2.5 0.107
171 11-Aug-99 950.3 11587 11208 | 676 | 16589 | 594 51.2 85.0 117.8 4.3 4.1 703 § 31 24 22 0.089
172 12-Aug-89 No Test ~ Cleaned Unit )
173 13-Aug-99 | 809.4 | 2044 | 1635 [ 1022 | 18805 | 858 | 777 | 806 | 1022 | 42 | 41 [ 694 | 208 | 29 | 24 | o100
174 14-Aug-99 No Test >
175 15-Aug-99 633.6 858 | 1206 | 920 | 14104 42.9 42.8 67.6 107.8 4.3 3.8 56.6 22.5 3.2 3.2 0.107 =
176- 16-Aug-98 9198 | 1635 | 1104 | 531 1614.8 40.9 40.9 80.1 113.4 4.6 4.2 73.4 30.2 3.2 3.2 0.087
177 17-Aug-99 8994 11308 | 1380 | 613 | 1676.1 | 450 40.9 90.3 106.4 4.5 38 78.1 335 3.4 3.2 0.100
178 18-Aug-89 7849 | 1513 | 1328 | 511 1614.8 38.8 26.6 89.6 106.4 4.3 3.9 73.6 30.9 2.8 2.8 0.114
179 19-Aug-99 8094 | 1840 | 1615 | 634 1778.3 47.0 47.0 836 105.0 5.0 4.6 69.2 32.8 3.1 3.1 0.103
180 20-Aug-99 7236 | 1840 | 153.3 | 675 | 168965 | 65.2 47.0 87.4 105.0 4.8 386 753 | 31.2 38 38 0121
181 21-Aug-99 No Test

182 22-Aug-99 7318 | 2126 | 1431 @ 654 | 1170 65.4 53.1 89.5 103.6 4.9 4.1 75.0 32.1 2.9 2.9 0.122
183 23-Aug-29 7952 { 1689 | 1463 | 762 | 18334 ; 839 | 433 89.6 105.0 4.8 4.1 738 | 314 2.9 2.8 0.113
184 24-Aug-89 7787 | 1442 | 1545 | B45 1782.2 88.6 51.5 88.1 108.4 4.3 3.9 74.5 31.6 2.7 2.8 0.113
185 25-Aug-99 7704 98.9 | 1442 | 742 | 1889.2 65.9 453 86.5 100.8 5.2 4.8 734 31.2 2.9 3.1 0.112
186 26-Aug-99 7540 | 1071 [ 131.8 | 618 | 17716 | 659 | 494 88.9 1036 4.9 3.5 736 § 314 2.7 2.4 0.118
BATCH 13 Ave@ges: 780.9 | 154.1 | 1345 | 684 | 174568 57.9 45.1 81.8 108.4 4.4 3.8 88.4 29,5 2.9 2.8 0.105
187 27-Aug-99 Mo Test (New Sewage)

188 28-Aug-98 No Test {New Sewage}

189 29-Aug-89 6765 | 1687 | 1405 | 437 | 17139 43.7 313 79.8 108.2 4.5 3.5 84.4 27.3 2.1 2.1 0.118
180 30-Aug-89 8454 | 181.3 | 184.8 | 494 | 14420 371 33.0 84.3 103.6 3.8 3.8 59.1 28.0 3.6 3.2 0.100
191 31-Aug-99 770.4 | 2019 { 1380 | 680 | 16274 | 350 35.0 81.6 103.8 4.1 3.1 59.6 | 267 2.7 2.8 0.108




mgCOD/I mgN/
cOoD TKN FSA TKN/COD Ratio

Day No. Date ul FFI | SETA | SETB R UE FE Ul AE UE FE ut | seTa 1setB | uE Influent
192 01-Sep-99 | 7746 | 1477 | 1436 | 410 | 16416 | 410 | 410 | 822 | 1064 | 49 42 | 636 | 276 | 32 | 29 0.106
193 02-Sep-99 | 767.4 | 1765 | 1375 | 47.2 | 17032 | 390 {390 | 815 | 1036 | 39 34 | 580 | 276 | 341 2.8 0.106
194 03-Sep99 | 710.0 | 1436 | 1252 | 554 | 17032 | 472 | 308 | 804 | 1078 | 52 43 | 596 | 276 | 35 | 29 0.113
185 04-Sep-99 Ne Test (Changed Main ANO to 91 and Main AE to 41)

196 05-Sep-99 | 632.0 | 160.4 | 1088 | 308 | 1580.0 | 431 | 3.0 | 766 84.0 4.5 34 | 532 | 280 | 32 | 32 0.121
197 08-Sep-99 | 7387 | 164.2 | 1436 | 451 | 14364 | 492 | 369 | 820 96.6 45 38 | 644 | 274 | 29 | 38 0.111
198 07-Sep-99 | 689.5 | 156.0 | 1395 | 369 | 14364 | 328 | 248 | 778 89.6 42 38 | 557 | 272 | 28 | 32 0.113
199 08-Sep-99 | 7182 | 1683 | 1416 | 308 | 14980 | 267 | 267 | 794 88.2 4.3 3.4 | 644 | 280 | 31 3.1 0.111
200 09-Sep-98 | 726.4 | 1513 | 149.2 | 388 | 13695 | 307 | 307 | 806 92.4 5.0 3.2 | 822 | 280 | 31 3.1 0.111
201 10-Sep-99 | 535.5 | 139.0 | 1553 | 65.4 | 1471.7 | 450 | 409 | 783 85.4 4.1 38 | 652 | 279 | 32 | 3.1 0.146
202 11-Sep-29 No Test

203 12-Sep-99 No Test - Dregs of sewage batch

BATCH 14 Averages: 7154 | 162.3 | 140.6 | 46.1 | 1551.9 | 39.2 | 341 | 804 | 975 | 4.4 36 | 60.8 | 276 | 30 | 30 0.113
204 13-Sep-99 Ne Test - New Sewage

205 14-Sep-99 No Test - New Sewage

208 15-Sep-99 No Test - AN overflowed

207 16-Sep-99 | 7236 | 171.7 | 1553 | 613 | 11855 | 5314 | 409 | 913 | 980 | 83 81 | 728 | 302 | 45 | 68 0.126
208 17-Sep-89 Mo Test

209 18-Sep-89 No Test

210 19-Sep-99 | 7440 | 2085 | 1533 | 552 | 13286 | 634 | 511 | 9438 96.6 4.9 42 | 753 | 346 | 29 | 4.2 0.127
211 20-Sep-99 | 760.4 | 2126 | 159.4 | 654 | 1471.7 | 572 | 531 | 941 98.0 5.2 42 | 745 | 339 | 32 | as 0.124
212 21-Sep-99 | 7358 | 1921 | 1615 | 552 | 15739 | 511 | 429 | 937 99.4 4.9 38 | 773 | 344 | 36 | 386 0.127
213 22-Sep-99 | 6745 | 1929 | 1375 | 472 | 14569 | 300 | 300 | 862 | 952 5.0 42 | 756 | 347 | 28 | 3.4 0.128
214 23-Sep-88 No Test - Electricity off

215 24-Sep-99 No Test

216 25-Sep-98 No Test

BATCH 15 Averages: 727.7 | 1956 | 153.4 | 56.9 | 14033 | 528 | 454 | 920 | 974 | 57 | 49 | 751 | 336 | 34 | 43 0.126
217 26-Sep-99 New Sewage

218 27-Sep-99 No Test - New Batch

219 28-Sep-99 | 816.7 | 2093 | 199.0 | 636 | 16621 | 472 | 472 | 874 | 1190 | 53 48 | 686 | 350 | 36 | 38 0.107
220 29-Sep-99 | 829.0 | 2298 | 2668 | 492 | 16826 | 575 | 451 | 944 | 1204 | 50 48 | 745 | 350 | 43 | 48 0.114
221 30-Sep-89 | 730.5 | 188.8 | 147.7 | 328 | 1887.8 | 328 | 287 | 860 | 1218 | 50 43 | 697 | 311 | 32 | 34 0.118
222 01-0ct-99 | 738.7 | 192.9 | 125.2 | 431 | 19904 | 431 [ 349 | 846 | 1204 | 49 42 | 686 | 312 | 34 | 34 0.114
223 02-0¢t-99 No Test

8V



mgCOoD/I mgh/
cOoD TKN FSA TKN/COD Ratio

Day No. Date Ut FFI | SETA | SETB R UE FE Ui AE UE FE Ul | SETA | SETB | UE Influent
224 03-Oct-99 7414 | 2048 [ 1311 | 451 | 20480 | 451 | 287 | 839 | 1260 | 55 52 | 697 | 314 | 35 3.4 0.113
225 04-Oct-99 7455 | 1966 | 1475 | 532 | 22528 | 532 | 410 | 855 | 1344 | 56 50 | 664 | 316 | 34 3.4 0.115
226 05-Oct-99 7291 | 1884 | 1270 | 328 | 21709 | 369 | 164 | 836 | 1372 | 50 43 | 650 | 325 | 38 | 36 0.115
227 06-Oct-99 766.0 | 1761 | 1454 | 430 121004 | 348 | 348 | 827 | 1302 | 55 48 | 692 | 325 | 38 34 0.108
228 07-Oct-99 7004 | 1843 | 1413 | 51.2 | 21094 | 430 | 389 | 804 1204 | 43 34 | 630 | 322 | 31 3.4 0.114
229 08-0ct-99 790.5 | 188.4 | 1475 | 573 | 2089.0 | 328 | 328 | 84.1 1372 | 4.8 39 | 655 | 31.9 | 3.1 3.1 0.106
230 09-Oct-99 No Test

231 10-Oct-99 SET 2 overflowed - No Test

BATCH 16 Averages: 758.8 | 1959 | 157.8 | 47.1 | 20003 | 426 | 348 | 852 | 4267 | 51 | 45 | 680 | 324 | 35 | 35 0.112
232 11-Oct-09 New Sewage

233 12-0ct-99 No Test - New Batch

234 13-Oct-99 6656 | 1675 | 1102 | 926 | 23362 | 485 | 264 | 7341 1526 | 4.8 36 | 580 | 273 | 3.1 3.2 0.110
235 14-Oct-99 736.1 | 1543 | 1389 | 551 | 22701 | 507 | 507 | 634 | 1288 | 48 35 | 487 | 248 | 3.2 35 0.086
236 15-Oct-99 6921 | 158.7 | 1411 | 485 | 22022 | 529 | 309 | 686 | 1372 | 48 36 | 526 | 242 | 27 25 0.099
237 16-Oct-99 No Test

238 17-0ct-99 | 6700 | 163.1 [ 1385 | 595 [ 23583 | 507 [ a19 | 673 | 1428 | 45 | 38 | 408 | 246 | 34 | 32 0.101
239 18-Oct-88 Mo Test (Stephanie Batch Test - 3| from AN)

240 19-Oct-99 6365 | 1469 | 1183 | 449 | 17136 | 449 | 448 | 651 1302 | 50 49 | 526 | 260 | 34 3.6 0.102
241 20-Oct-99 6814 | 1918 | 1489 | 673 18972 | 673 | 51.0 | 624 | 1120 | 48 3.4 | 476 | 245 | 25 2.8 0.092
242 21-0¢t-99 6324 | 1632 | 1265 | 530 | 17952 | 490 | 408 | 648 | 1232 | 46 38 | 538 | 242 | 3.4 3.8 0.102
243 22-0ct-99 6446 | 159.1 | 1387 | 428 | 19380 | 388 | 388 | 703 | 1428 | 53 50 | 582 | 277 | 3.4 3.8 0.109
244 23-0ct-99 No Test ’

245 24-Oct-99 6202 | 1346 | 1571 | 51.0 | 18156 | 428 | 388 | 67.3 | 1442 | 52 48 | 521 | 270 | 32 3.9 0.109
BATCH 17 Averages: 664.3 | 159.9 | 135.4 | 57.2 | 2046.3 | 495 | 405 | 669 | 1349 | 4.9 40 | 526 | 256 | a1 3.4 0.101
246 25-0ct-99 New Sewage Fed Today, Cleaned Unit, 31 AN for Stephanie s
247 26-0ct-99 No Test - New Batch

248 27-0ct-99 No Test - New Batch

249 28-0ct-99 763.0 | 1918 | 1367 | 469 | 15708 | 347 | 265 | 690 | 1092 | 46 36 | 504 | 251 | 38 3.5 0.090
250 29-0ct-99 7895 | 2122 | 151.0 | 653 | 16320 | 449 | 367 | 706 | 1120 | 43 34 | 540 | 248 | 29 | 29 0.089
251 30-Oct-99 No Test

252 31-0ct-99 7466 | 1999 | 1489 | 510 | 16116 | 428 | 388 | 685 | 1162 | 49 3.9 51.8 | 249 | 32 3.5 0.092
253 01-Nov-99 | 7711 | 2244 | 1938 | 673 {15708 | 502 | 428 | 697 | 1204 | 45 39 | 552 | 248 | 31 35 0.080
254 02-Nov-99 | 7956 | 2162 | 1530 | 673 | 21828 | 469 | 469 | 676 | 1400 | 53 46 | 518 | 249 | 34 36 0.085
255 03-Nov-99 | 8242 | 204.0 | 1306 | 53.0 | 23256 | 490 | 326 | e85 | 1372 | 43 38 | 521 | 256 | 34 3.2 0.083
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mgCODA _mah/
CcOD TKN FSA TKN/COD Ratio
Day No. Date Ul FFi § SETA [ SETB R UE FE Ul AE UE FE Ul SETA | SETB | UE influent
256 04-Nov-39 7332 | 1843 | 1495 | 430 | 21084 | 389 307 70.0 147.0 52 38 56.0 | 27.3 35 3.8 0.095
257 05-Nov-99 No Test - Nitrifier Overflowed
258 06-Nov-8¢ MNo Test
259 07-Nov-99 6390 { 1720 | 1556 | 3898 | 22038 36.9 28.7 67.8 151.2 4.5 4.1 52.6 253 3.2 38 0.106
BATCH 18 Avémges: 757.8 | 2006 | 1524 | 538 | 19121 | 44.2 355 65.0 128.2 4.7 39 530 | 253 3.3 25 0.091
260 08-Nov-98 New Sewage Fed Today
261 08-Nov-88 No Test - New Batch
262 10-Nov-9¢ Mo Test - New Batch
263 11-Mov-98 6936 | 2011 | 1416 | 472 | 19904 | 390 38.0 84.3 141.4 53 4.3 84.1 33.3 35 3.2 0.122
254 12-Nov-88 6566 | 2134 | 1395 | 657 | 22162 | 575 57.5 81.8 140.0 5.2 4.3 66.1 322 34 34 0.125
265 13-Nov-99 No Test
266 14-Nov-99 6408 | 1847 | 1338 1 808 2230.8 73.0 69.0 83.0 144.2 53 5.0 64.4 32.9 3.8 4.2 0,130
267 15-Nov-99 713.9 | 198.7 | 131.8 | 6289 1826.6 42.6 42.6 88.6 137.2 5.2 4.3 72.8 35.0 3.4 35 0.124
268 16-Nov-89 No Test - Stephanie Batch Test Yesterday (31 AN)
269 17-Nov-89 7057 1 2109 | 117.6 | 69.0 | 22714 | 448 36.5 89.2 1540 | 58 49 78.0 | 354 35 3.8 0.126
270 18-Mov-99 708.8 | 2028 | 1136 | 63.0 | 21081 48.7 365 86.8 148.4 5.5 4.5 72.2 35.3 3.2 3.8 0.122
271 19-Nov-88 6742 | 1985 | 1282 70.3 § 21084 37.2 37.2 87.1 144.2 5.2 46 725 34.4 3.2 3.2 0.129
BATCH 19 Averages: 684.9 | 2029 | 1295 | 635 | 29220 48.9 45.5 85.8 144.2 5.3 4.6 65.6 34.1 34 3.6 0.125
272 20-Nov-83 No Test - New Baich
273 21-Nov-899 756.9 | 153.0 | 1303 | 434 1840.8 31.0 31.0 70.3 137.2 50 4.2 54.0 255 3.2 3.8 0.083
274 22-Nov-99 794.1 182.0 | 1630 | 579 | 2440.2 45.5 3341 70.0 147.0 4.9 4.2 53.5 25.5 3.4 3.2 (.088
275 23-Nov-93 756.9 | 1696 | 1137 | 60.0 1923.2 352 26.9 70.6 140.0 4.9 4.1 54.9 25.6 32 38 0.083
276 24-Nov-89 7734 | 1572 | 1282 | 486 | 21821 455 33.1 72.0 1414 4.6 4.2 54.3 25.8 3.2 3.8 0.083
277 25-Nov-98 823.1 1944 | 1344 | 600 | 23782 476 43.4 71.3 147.0 4.5 4.1 53.2 25.6 35 38 0.087
278 26-Nov-89 No Test - Exam
279 27-Nov-99 No Test - Exam
280 28-Nov-99 | 7528 | 1778 | 1468 | 600 | 22128 | 352 [ 352 | 708 | 1554 | 46 | 41 [ s3s | 268 | 31 [ 38 0.094
281 29-Nov-99 No Test - Stephanie Batch Test Yesterday (31 AN)
282 30-Nov-99 7522 | 1962 | 1431 | 450 | 24119 | 531 40.9 70.8 156.8 4.2 38 546 | 26.2 3.2 34 0.094
283 01-Dec-99 780.0 | 1921 | 1410 | 428 | 23915 | 552 42.9 70.3 156.8 5.0 4.5 532 | 282 3.9 4.1 0.089
284 02-Dec-99 650.0 | 1635 | 1390 | 450 | 24119 | 450 32.7 68.5 140.0 4.9 4.5 540 | 258 3.4 3.9 0.105
BATCH 20 Averages: 760.8 | 176.2 | 136.6 | 515 | 22447 | 437 | 355 70.5 146.8 4.7 4.2 53.9 | 258 3.3 37 0.093
285 03-Dec-89 No Test - New Sewage Fed Yesterday
286 04-Dec-98 No Test - New Batch
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mgCODA mgh/l
COD TKN FSA TKN/COD Ratio

Day No. Date Ul FFl { SETA | SETB R UE FE 8] AE UE FE Ul SETA | BETB UE Influent
287 05-Dec-99 731.8 | 2003 | 1451 593 | 222890 51.1 511 67.5 1456 4.5 4.2 55.4 24.5 36 4.2 0.082
288 06-Dec-99 739.9 | 1840 | 1288 | 811 2268.8 42.9 34.7 66.1 140.0 4.5 3.9 52.4 25.2 34 36 0.089
289 07-Dec-99 723.6 | 171.7 | 1308 | 531 2084.9 36.8 36.8 67.6 121.8 4.6 4.2 52.9 25.5 3.2 3.8 0.093
280 08-Dec-99 6990 | 1737 | 1158 | 579 | 23989 45.5 33.1 66.9 137.2 50 4.6 53.2 28.3 3.4 4.2 0.096
291 08-Dec-99 8479 | 2151 | 1406 | 66.2 | 24402 49.6 49.6 66.1 121.8 4.2 3.9 47.6 25.1 34 3.5 0.078
292 10-Dec-09 No Test - Cleaned Unit Yesterda
283 11-Dec-899 No Test
294 12-Dec-98 736.2. 1 1944 | 1427 | 6441 24188 476 43.4 86.6 149.8 4.8 4.3 49.8 26.5 35 38 0.091
295 13-Dec-99 765.2 | 2440 | 1220 | 641 2460.9 434 35.2 70.0 162.4 50 4.5 52.6 26.3 38 38 0.081
2986 14-Dec-99 No Test - New Sewage Fed Today
BATCH 21 Averages: | 749.1 | 197.6 | 132.3 | 594 | 23288 | 453 | 406 | 67.3 | 1398 | 47 | 42 | 520 | 256 | 34 | 39 0.090
297 15-Dec-99 No Test - New Sewage
298 16-Dec-99 No Test - New Sewage
299 17-Dec-99 | 7197 | 1737 [ 1075 | 703 | 25643 | 290 | 248 | 809 | 1736 | 48 | 43 | 678 [ 323 | 32 [ 34 0.112
300 18-Dec-99 No Test
301 19-Dec-89 727.9 | 157.2 | 1365 | 62.0 | 206880 29.0 29.0 a0.8 152.6 52 4.8 87.5 318 38 3.8 0.111
302 20-Dec-88 761.0 | 1654 | 1282 | 91.0 | 21507 41.4 37.2 79.8 142.8 4.3 3.8 1.6 30.8 3.5 3.9 0.105
303 21-Dec-99 7197 | 1861 | 1303 | 558 | 22055 383 31.0 84.0 144.2 52 4.8 £58.9 30.5 35 3.8 0.117
304 22-Dec-99 732.1 1844 | 1468 | 64.1 2212.8 47.86 43.4 80.2 145.6 4.2 39 64.7 31.2 34 3.5 0.110
305 23-Dec-99 7278 | 1737 | 2068 | 455 | 19853 45.5 37.2 80.1 145.6 4.9 4.2 64.7 31.5 35 3.5 0.110
306 24-Dec-9% No Test
307 25-Dec-99 No Test
308 26-Dec-89 7114 2068 | 1448 | 70.3 | 18612 57.9 53.8 80.1 126.0 5.3 4.9 66.6 323 4.1 4.2 0.113
309 27-Dec-98 7073 1 2027 | 1386 | 51.7 | 196458 43.4 35.2 815 134.4 4.1 3.9 66.4 32.1 39 3.5 0.115
310 28-Dec-99 699.0 | 1406 | 1324 | 579 | 19853 37.2 33.1 79.7 137.2 4.6 35 59.6 312 3.4 34 0.114
311 29-Dec-99 674.2 | 2151 | 153.0 | 53.8 | 23186.2 57.9 49.6 82.0 134.4 4.8 4.2 68.0 32.5 36 4.1 0.122
BATCH 22 Averages: 718.0 | 181.6 | 1425 | 62.2 | 21404 42.8 37.4 80.9 1436 4.7 4.2 65.6 31.6 3.6 3.7 0.113
312 30-Dec-89 No Test - New Sewage Fed Today
33 31-Dec-99 No Test - New Sewage
314 01-Jan-00 No Test - New Sewage
318 02-Jan-00 6824 | 182.0 | 1117 . 579 | 20266 414 37.2 114.0 144.2 6.0 59 97.2 47.0 3.4 35 0.167
316 03-Jan-00 761.0 § 1903 | 1117 | 579 | 1654.4 45.6 37.2 111.7 140.0 59 4.6 94.4 445 3.4 4.1 0.147
317 04-Jan-00 7528 | 1820 @ 1448 | 538 | 17785 57.9 455 80.4 126.0 5.0 4.2 66.1 32.3 3.4 3.4 0.107
318 05-Jan-00 754.8 | 1958 | 1265 | 530 | 16728 53.0 40.8 85.0 127.4 5.2 4.2 69.4 31.5 3.2 36 0.113
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mgCOD/ mghi/l
COD TKN FSA TKN/COD Ratio
Day No. Date Ul FFl SETA | SETB R UE FE Ul AE UE FE Ul SETA [ SETB UE influent
319 06-Jan-00 7222 | 1469 | 1346 | 53.0 | 14688 40.8 28.6 833 126.0 5.0 3.9 64.4 30.8 3.4 3.9 0.115
320 07-Jan-00 722.2 |1 146.9 | 102.0 | 408 15560.4 286 28.6 84.4 128.8 5.0 4.8 7.8 32.5 3.5 38 0.117
321 08-Jan-00 No Test
322 09-Jan-00 No Test
323 10-Jan-00 7222 | 1673 | 1489 | 469 1448.4 388 38.8 84.7 121.8 5.2 4.6 87.5 31.2 3.2 386 0.117
324 11-Jan-00 763.0 | 187.7 | 146.9 32.6 1550.4 53.0 36.7 75.9 119.0 5.2 4.8 598 294 3.9 4.2 0.099
325 12-Jan-00 718.1 159.1 | 1367 51.0 1448.4 308 26.5 79.8 113.4 53 4.8 65.8 31.2 34 4.2 0.111
326 13-Jan-00 7344 | 1469 | 1306 | 449 1468.8 245 24.5 73.6 113.4 4.1 3.8 63.8 30.8 3.4 3.8 0.100
327 14-Jan-00 6120 | 2040 | 1224 | 775 | 23664 40.8 40.8 80.1 1456 5.2 4.5 64.7 298 3.5 3.8 0.131
BATCH 23 Averages. 7223 | 173.5 | 128.8 | 51.8 | 1675.8 41.3 35.0 86.6 127.8 5.2 4.5 71.0 33.8 3.4 3.8 0.120
328 15-Jan-00 No Test - New Sewage Fed Yesterday
328 16-Jan-00 5428 | 1028 | 825 267 | 2282.2 391 38.1 658.9 142.8 4.6 4.2 56.0 26.2 35 3.8 0.127
330 17-Jan-00 5346 1 1563 | 1192 | 61.7 | 23027 328 32.8 66.5 142.8 4.6 3.8 53.8 24.5 35 3.8 0.124
331 18-Jan-00 7648 | 1874 | 1151 53.5 | 21794 45,2 37.0 84.5 159.6 5.3 4.8 78.4 37.2 3.5 4.2 0.124
332 19-Jan-00 814.2 | 189.2 | 1521 61.7 | 20971 498.3 49.3 96.7 151.2 5.8 4.5 764 35.8 32 4.3 0.119
333 20-Jan-00 7525 {2220 | 1275 | 658 | 2138.2 61.7 498.3 96.5 156.8 5.3 4.5 77.6 36.4 38 4.1 0.128
334 21-Jan-Q0 7196 | 1845 | 1028 74.0 | 21382 57.6 41.1 85.5 147.0 5.5 4.8 77.8 36.5 3.5 4.2 0.133
335 22-Jan-00 No Test
336 23-Jan-00 No Test - Qverflow from SET 2 fell off - emptied ANO into tray
337 24-Jan-00 7403 | 186.1 | 1096 | 476 | 20887 47.6 31.0 824 147 .0 6.2 52 77.8 36.5 3.2 4.8 0.125
338 25-Jan-00 802.4 1 173.7 | 1241 66.2 | 2182.1 48.6 45.5 24.6 149.8 59 53 80.1 38.9 36 4.5 0.118
339 26-Jan-00 752.8 | 1985 | 620 414 | 18198 41.4 33.1 85.8 138.6 6.6 55 79.8 387 4,2 4.8 0.127
340 27-Jan-00 Cleaned Unit - No Test
341 28~Jan-00 New Sewage Fed Today
BATCH 24 Averages: 713.8 | 176.7 | 111.7 | 554 | 21376 | 471 | 398 | 89.0 | 1484 | 55 47 | 731 | 342 | 36 | 43 0.125
342 29-Jan-00 MNo Test - New Sewage
343 30-Jan-00 No Test - New Sewage
344 31-Jan-00 6783 | 2854 | 1137 | 434 | 20887 39.3 18.6 61.2 148.4 5.0 4.6 484 22.5 3.4 3.8 0.090
345 01-Feb-00 8189 | 1885 | 1117 { 372 | 21094 37.2 33.1 66.2 142.8 5.6 4.2 532 24.2 34 4.2 0.081
346 02-Feb-00 No Test
347 03-Feb-00 7548 | 2774 | 1142 | 530 | 2203.2 44.9 44.9 §7.2 145.6 5.3 4.6 562 259 3.9 4.6 0.088
348 04-Feb-00 7548 1 2611 1 1142 | 326 | 19176 20.4 204 6§7.2 154.0 4.2 4.2 50.7 23.5 3.5 3.6 0.089
349 05-Feb-00 No Test
350 06-Feb-00 | 7426 | 171.4 | 1224 | 530 | 24480 ] 530 [ 408 | 661 | 1540 | 52 | 46 [ 526 | 248 | 34 | 38 0.089
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mgCODA mgN/!
coD TKN FSA TKN/COD Ratio
Day No. Date Ui FFI 1 SETA | SETB R UE FE Ut AE UE FE Ul SETA | SETB | UE influent
351 07-Feb-00 7834 {1877 1 1183 | 530 24888 | 812 48.0 67.8 163.8 5.6 48 53.2 | 245 35 39 0.086
352 08-Feb-00 7803 12235 11321 | 549 [ 26618 | 549 | 467 61.6 149.8 5.2 4.3 51.2 | 232 34 3.6 0.079
353 09-Feb-00 7478 | 1951 | 130.0 | 528 | 24790 | 569 56.9 65.1 158.2 5.0 3.8 538 | 244 3.1 35 0.087
354 10-Feb-00 7762 12032 1 1341 | 528 | 23978 | 488 48.8 65.7 159.6 4.8 4.1 504 | 238 38 35 0.085
355 11-Feb-00 New Sewage Fed Today
BATCH 25 Averages: 759.7 | 222.6 | 121.2 | 481 | 23105 | 463 | 39.9 | 653 | 1529 | 5.1 43 | 521 | 241 ] 35 | 38 0.086
356 12-Feb-00 No Test - New Sewage
357 13-Feb-00 No Test - New Sewage
358 14-Feb-00 6137 1 1260 | 107.7 | 508 | 23774 | 386 26.4 71.0 168.0 56 4.5 584 | 318 34 3.9 0.116
359 15-Feb-00 5974 | 1869 | 1219 | 528 | 23978 40.6 32.5 74.9 172.2 5.2 4.5 61.0 285 34 3.8 0.125
360 16-Feb-00 6909 | 1382 | 1218 | 569 | 22758 48.8 48.8 75.6 163.8 5.0 3.9 61.3 286 34 34 0.108
361 17-Feb-00 8233 | 1884 | 1516 | 410 | 21709 41.0 41.0 90.4 159.6 5.0 4.5 70.8 3386 34 38 0.110
362 18-Febh-00 No Test - Stephanie Batch Test Yesterday (31 AN)
363 19-Feb-00 No Test - Nit¥SET2 blocked up
364 20-Feb-00 749.6 1 1843 1 1044 | 266 | 23862 43.0 38.9 83.2 185.2 4.9 45 64.4 30.5 3.4 4.1 0.111
365 21-Feb-00 790.5 | 2048 | 1352 | 389 | 26214 | 410 32.8 92.8 182.0 46 4.2 736 | 325 3.2 3.2 0.117
366 22-Feb-00 737.3 | 1802 | 131.1 | 328 1 27034 | 410 | 410 81.9 182.0 4.8 4.1 66.1 314 38 3.8 0.111
387 23-Feb-00 7496 | 1761 | 1618 | 471 | 2560.0 | 47.1 38.9 82.6 177.8 3.9 3.6 64.7 | 308 3.2 3.4 0.110
368 24-Feb-00 68267 | 1884 | 1475 | 41.0 | 28262 | 471 36.9 79.8 180.6 4.8 4.1 636 | 285 2.9 3.1 0.127
BATCH 26 Averages: 70B.8 | 1748 | 131.4 | 42.9 | 2481.C 43.1 37.5 81.4 172.4 4.9 4.2 65.0 30.9 3.3 3.6 0.115
369 25-Feb-00 New Sewage Fed Today
370 26-Feb-00 No Test - New Sewage
3N 27-Feb-00 7209 | 1966 | 1270 | 57.3 | 23757 | 57.3 359 83.8 130.2 4.8 4.2 692 | 255 29 3.8 0.118
372 28-Feb-00 5857 | 1802 | 131.1 | 614 | 24186 | 482 45.1 62.7 140.0 4.6 3.9 498 | 266 2.8 3.2 0.107
373 29-Feb-00 7455 | 1925 | 1290 | 430 | 30515 | 430 307 74.9 191.8 4.2 3.9 588 | 273 3.2 3.6 0.100
374 01-Mar-00 6554 | 2089 | 1249 | 553 | 24371 51.2 47.1 70.1 165.2 5.2 4.5 61.3 26.0 34 4.1 0.107 '
375 02-Mar-00 756.1 | 198.7 1 1253 | 446 | 27824 | 404 35.1 68.3 166.6 4.8 38 588 | 2686 3.2 34 0.090
376 03-Mar-00 No Test - Stephanie Baich Test Yesterday (31 AN)
377 04-Mar-00 No Test
378 05-Mar-00 7561 1 1784 | 1317 | 552 | 310101 510 29.7 72.5 168.0 4.2 38 596 | 26.0 35 3.4 0.096
379 06-Mar-00 7734 | 1997 { 1381 | 446 | 30373 | 446 31.9 75.7 1736 4.3 3.8 62.2 | 268 28 3.2 0.098
380 07-Mar-00 696.7 | 2082 | 1206 | 489 | 25276 | 531 36.1 72.5 155.4 3.9 35 577 | 268 2.8 28 0.104
381 08-Mar-00 No Test (No Dist. Waler)
382 09-Mar-00 New Sewage Fed Today
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mgCoDA mgNé‘I
COoD TKN FSA TEN/ICOD Ratio
Day No, Date Ul FFl SETA | SETB R UE FE [ 31] AE UE FE Ul SETA | SETB UE Influent

BATCH 27 Averages: 711.2 | 1955 | 129.6 | 51.3 | 27162 £8.7 J6.7 72.6 161.4 4.5 3.8 58.7 254 3.1 3.4 0.102
383 10-Mar-00 No Test - New Sewage

384 11-Mar-00 No Test - New Sewage -

385 12-Mar-00 6854 | 1518 | 147.0 | 51.3 | 20725 55.4 328 90.6 137.2 4.3 36 728 328 2.8 3.2 0.132
388 13-Mar-00 7387 | 1395 {1272 | 368 | 25445 | 410 | 410 88.2 137.2 4.8 36 720 | 329 2.9 3.2 0.118
387 14-Mar-00 7428 | 1231 {1313 ] 698 | 27702 | 698 | 616 88.5 128.8 4.3 3.8 728 | 325 3.1 34 0.119
388 15-Mar-00 77587 1 1765 | 1231 51.3 | 24008 51.3 39.0 88.9 121.8 4.9 4.1 70.0 32.5 298 3.5 0.115
388 16-Mar-00 6936 | 1582 | 994 | 548 | 23322 | 426 | 304 88.6 151.2 4.5 3.9 714 | 328 34 34 0.128
390 17-Mar-00 No Test - Stephanie Batch Test Yesterday (31 AN)

391 18-Mar-00 No Test

382 18-Mar-00 7179 | 1582 | 1156 | 466 | 2697.2 42.6 304 87.4 154.0 4.1 3.4 706 318 2.7 29 0422
393 20-Mar-00 701.7 | 1825 | 1237 | 50.7 | 2535.0 46.8 428 92.4 165.2 4.9 4.2 73.9 33.5 34 3.5 0.132
394 21-Mar-00 819.3 1 267.7 | 1338 | 527 | 24336 48,7 48.7 894.4 166.6 4.6 4.2 759 350 3.1 31 0.115
395 22-Mar-00 7319 | 2138 | 1357 | 658 | 24672 | 535 | 208 92.4 151.2 4.5 36. | 753 | 34.2 34 36 0.126
396 23-Mar-00 No Test - Stephanie Batch Test Yesterday (31 AN)

387 24-Mar-00 No Test - New Sewage fed vesterday

BATCH 28 Averages: 7341 | 1746 | 123.0 | 53.3 | 24726 | 502 | 386 | 901 | 1459 | 45 | 38 | 727 | 331 | 31 3.3 0.123
308 25-Mar-00 Mo Test - New Sewage

398 26-Mar-00 6886.7 | 1438 | 1131 514 | 24466 47.3 35,0 66.4 147.0 5.6 4.1 55.4 25.1 31 34 0.087
400 27-Mar-00 7402 | 1882 1 1275 | 535 | 20971 53.5 452 69.4 149.8 50 4.5 56.0 26.2 3.2 35 0.084
401 28-Mar-00 726.2 | 1999 | 1367 | 347 | 21420 42.8 34.7 §9.7 147.0 4.2 3.8 61.0 26.6 2.9 31 0.098
402 29-Mar-00 7648 | 1877 | 1469 | 449 | 21218 48.0 40.8 72.4 145.6 4.9 4.2 81.3 280 35 38 0.096
403 30-Mar-00 7752 | 187.7 | 1265 | 61.2 | 22032 | 408 | 204 722 154.0 5.5 4.8 61.9 | 27.7 3.1 4.2 0.093
404 31-Mar-00 No Test

405 01-Apr-00 Mo Test

406 02-Apr-00 767.0 | 187.7 | 151.0 | 734 | 23258 65.3 49.0 75.2 155.4 4.2 3.8 58.0 27.3 3.2 35 0.098
407 03-Apr-00 716.8 | 1720 1 127.0 |1 873 | 22938 57.3 28.7 72.0 156.8 5.2 4.2 50.4 27.3 35 4.2 0.100
BATCH 29 Averages: 7381 | 181.2 | 1326 @ 538 | 22328 50.9 36.2 71.0 150.8 4.9 4.2 59.0 26.9 3.2 3.7 0.098
408 04-Apr-00 New Sewage Fed Yesterday, No Test

409 05-Apr-00 No Test - New Sewage

410 06-Apr-00 | 7414 | 2089 | 1208 | 59.4 | 23062 | 504 | 389 | 750 | 1442 | 25 | 18 [ 588 [ 273 [ 14 | 14 0.101
411 07-Apr-00 Mo Test

412 08-Apr-00 No Test

413 09-Apr-00 | 7455 | 1720 | 1188 | 696 | 22528 | 451 | 369 | 741 | 1400 | 18 | 14 | 566 | 253 | 00 | 00 0.099
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mgCODA mgh/l
COD TKN FSA TKN/COD Ratio

Day No. Date Ui FFI SETA | SETB R UE FE Ul AE UE FE Ui SETA § SETB UE influent

414 10-Apr-00 766.0 { 2089 | 1208 | 758 | 2314.2 55.3 38.9 72.5 133.0 2.2 1.4 58.2 26.3 0.0 0.0 0.085

415 11-Apr-00 729.1 | 1884 | 1147 | 880 | 22118 53.2 368 75.5 140.0 4.6 3.8 61.8 28.4 3.2 34 0.103

416 12-Apr-00 7537 | 1884 1 1229 | B55 | 22038 53.2 45.1 78.8 142.8 4.8 4.2 62.2 286 3.2 36 0.105

417 13-Apr-00 7578 | 2130 | 1147 | 855 | 21288 61.4 41.0 81.3 140.0 5.2 3.8 66.1 30.2 2.9 3.4 0.107

418 14-Apr-00 No Test

419 15-Apr-00 No Test

420 16-Apr-00 | 7414 | 1925 | 1208 | 758 | 19866 | 635 [ 389 | ss8 | 1512 | 71 | 64 | 700 [ 320 | 52 | 56 | 0.117

421 17-Apr-00 New Sewage fed today

BATCH 30 Averages: 747.8 | 196.6 | 119.1 | 71.1 | 22265 | 559 | 395 | 777 | 1416 | 40 | 33 | 619 | 284 | 23 | 24 | 0.104

422 18-Aps-00 Not Test - New Sewage (INCREASED INFLUENT TO 30 1 YEST)

423 19-Apr-00 No Test - New Sewage

424 20-Apr-00 Reduced influent to 25 i/d and Siudge Age to 8 days

425 21-Apr-00 No Test - Adapt to new config.

4286 22-Apr-00 No Test - Adapt to new config.

427 23-Apr-00 No Test - Adapt to new config.

428 24-Apr-00 7821 | 2746 {1 1747 | 1498 | 17888 79.0 49.9 £68.3 158.2 9.1 7.6 52.1 24.4 5.0 6.4 0.089

429 25-Apr-00 740.5 | 1581 | 1539 | 79.0 | 24128 62.4 29.1 62.7 144.2 4.3 3.2 49.8 23.0 2.8 2.8 0.085

430 26-Apr-00 7322 | 1373 1 1643 | 686 | 2683.2 686 47.8 622 147.0 4.9 38 48.4 21.6 2.7 2.8 0.085

431 27-Apr-00 7363 | 14568 | 147.7 | 728 | 26000 56.2 38.5 62.6 151.2 3.8 3.2 50.4 23.0 2.9 2.8 0.085

432 28-Apr-00 748.8 § 1414 | 1280 1 700 | 27872 58.2 37.4 64.5 156.8 4.5 3.2 50.4 232 2.5 2.5 0.086

433 28-Apr-00 No Test

434 30-Apr-00 686.8 | 1212 | 1203 | 444 | 23838 60.6 283 83.4 156.8 38 2.8 49.8 23.0 2.4 2.4 0.092

435 01-May-00 7110 | 1374 | 1485 | 727 | 23028 52.5 24.2 63.0 156.8 4.2 35 48.7 22.8 2.7 2.4 0.089

436 02-May-00 703.0 | 1535 | 1656 | 64.6 | 23028 80.6 28.3 52.6 147.0 3.8 3.2 490 22.7 2.1 2.8 0.089

437 03-May-00 7312 | 1535 | 1576 | 68.7 | 23432 52.5 44 4 65.5 142.8 3.5 3.2 51.5 234 2.8 2.9 0.090

438 04-May-00 7440 | 1600 | 1640 | 76.0 | 23200 64.0 32.0 67.5 142.8 4.2 3.2 49.6 27.0 2.7 2.8 0.091

BATCH 31 Averages: 731.6 | 158.3 | 153.6 | 77.6 | 23924 61.5 36.1 64.3 150.4 4.6 3.7 50.0 23.4 2.9 3.1 0.088

439 05-May-00 New Sewage Fed Yesterday, No Test

440 06-May-00 No Test - New Sewage

441 07-May-00 No Test - New Sewage

442 (8-May-00 756.0 | 208.0 | 136.0 | 76.0 | 2440.0 76.0 44.0 78.8 155.4 4.5 3.8 638 301 3.2 3.6 0.104

443 08-May-00 7800 | 1720 | 1260 | 540 | 2380.0 58.0 38.0 80.1 149.8 5.3 4.6 85.5 28.0 3.4 4.1 0.103

444 10-May-00 756.0 | 192.0 | 140.0 | 68.0 | 2400.0 §6.0 28.0 80.8 148.4 4.5 38 63.0 28.7 3.2 3.2 0.107

445 11-May-00 7800 | 1920 | 1360 | 76.0 | 24000 56.0 38.0 79.9 144.2 5.3 4.2 65.0 28.0 3.4 3.5 0.102
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mgCODA mgh/l
CoD TKN FSA TKN/COD Ratio

Day No. Date Ul FFi SETA | SETB R UE FE Ut AE UE FE Ui SETA | SETB UE influent
446 12-May-00 7760 | 188.0 | 1340 | 860 | 29000 | 580 | 3890 78.7 156.8 4.6 3.8 624 | 284 3.4 3.2 0.101
447 13-May-00 No Test

448 14-May-00 7720 | 192.0 | 1440 } 1000 | 26400 60.0 44.0 78.7 140.0 4.5 3.5 62.4 29.1 3.1 3.1 0.102
449 15-May-00 752.0 | 184.0 | 144.0 | 96.0 | 2360.0 | 520 | 400 79.9 133.0 4.9 3.8 644 | 278 3.2 3.2 0.106
450 16-May-00 No Test - No Distilled Water :

451 17-May-00 938.8 | 186.9 | 1585 | 130.0 | 2560.3 69.1 48.8 79.5 145.6 4.8 4.1 63.8 280 3.2 3.4 0.085
452 18-May-00 7275 11869 | 1544 | 1219 | 24384 | 610 | 325 78.7 147.0 4.8 3.9 624 | 279 3.4 3.1 0.108
453 18-May-00 No Test

454 20-May-00 No Test

455 21-May-00 | 760.0 | 211.3 | 1829 | 1138 [ 31293 | 813 [ 610 | 839 | 1750 | 64 | 55 | 678 [ 308 | 45 | 42 0.110
456 22-May-00 Cleaned Unit

BATCH 32 Averages: 779.8 | 191.3 | 1456 | 922 | 25648 | 627 | 41.0 | 799 | 1495 | 50 | 41 | 640 | 287 | 34 | 35 0.103
457 23-May-00 New Sewage Fed Today

458 24-May-00 WISA

459 25-May-00 WISA

460 26-May-00 WISA

461 27-May-00 WISA

462 28-May-00 WISA

463 29-May-00 WISA

464 30-May-00 WISA

465 31-May-00 WISA

468 01-Jun-00 WISA

467 02-Jun-00 WISA

468 03-Jun-00 WISA

469 04-Jun-00 Steering Commitiee

470 05-Jun-00 Research Seminar

BATCH 33 Averages: - - - -1 - - 1 -4 - 1 - 1 - -1 - - 1 - - -
4714 06-Jun-00 New Sewage Fed

472 07-Jun-00 No Test - New Sewage

473 08-Jun-00 Reduce Sludge Age from 8 to 5 Days (install cont. waste}

474 09-Jun-00 No Test

475 10-Jun-00 No Test

476 11-Jun-00 7148 | 2169 | 1606 | 1044 | 21686 80.3 44.2 87.5 119.0 5.9 36 711 336 2.8 2.8 0.122
477 12-Jun-00 6626 | 1928 {1826 | 924 {10878 | 723 | 241 88.8 130.2 7.3 4.5 728 | 347 2.4 2.7 0.134
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mgCOD/ mgh/i
£ 5 T oD TKN FSA TKN/CCD Ratio
Day No. Date Ui FFI | SETA | SETB R UE FE Ul AE UE FE Ul SETA | SETB | UE influent
. 478 13-Jun-00 7068 | 1847 1 1606 | 964 | 18072 | 924 3214 89.0 1652.6 7.0 4.3 736 | 340 28 31 0.126
479 14-Jun-00 743.0 1 1968 | 1626 ] 904 | 16666 | 944 341 85.5 112.0 6.6 3.6 71.7 32.2 22 27 0.115
480 15-Jun-00 762.0 | 1734 | 1633 | 786 | 17539 | 948 30.2 86.8 123.2 7.4 36 700 | 333 2.0 20 0.114
481 16-Jun-00 6653 | 1855 | 1572 | 806 | 15725 88.7 242 88.5 112.0 7.0 3.6 72.8 346 3.1 3.4 0.133
482 17-Jun-00 No Test
483 18-Jun-00 7086 | 1532 | 1734 | 968 | 12096 | 645 32.3 86.5 112.0 7.4 5.6 70.8 337 3.2 34 0.122
BATCH 34 Averages: 709.2 | 186.2 | 161.5 | 814 | 97352 | 818 31.6 87.5 1230 6.8 4.1 71.8 | 337 2.7 2.8 0.124
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mghil mgPa
Nitrite Nitrate Phosphates
Day No. Date PreANG {1 AN | SETA 1 SETB | ANO AE FE PreANO | AN B SETA § SETB | ANO AE FE Ut SETA 1 SET8 FE
1 22-Feb-99 0.1 0.1 0.1 2.1 0.2 0.5 0.2 1.8 0.3 0.2 4.9 0.4 3.9 3.9 233 1 274 33.3 4.5
2 23-Feb-98 0.1 0.1 0.1 25 0.4 0.4 0.2 25 0.3 0.2 5.7 0.9 46 3.5 23.3 25.0 35.4 8.7
3 24-Feb-89 0.1 0.2 0.1 3.5 0.3 0.2 3.2 2.8 0.5 0.2 10.3 1.6 44 4.8 4.9 20.1 28.5 5.6
4 25-Feb-98 0.1 0.1 0.1 37 0.1 0.2 0.1 1.5 0.5 0.2 2.8 0.7 4.0 31 22.2 233 31.2 2.4
5 26-Feb-59 No Test {SET 2 blocked up, sludge loss)
& 27-Feb-98 No Test (AE, ANO & SET 2 overflowed, sludge loss)
7 206-Feb-89 Mo Test (AE & 8ET 2 blocked, overflowed, shudge loss)
8 01-Mar-89 0.1 0.1 0.1 1.5 0.4 0.2 0.3 1.4 0.6 0.2 17.0 2.2 4.9 1.4 21.8 8.7 23.9 30.2 14.2 9.7 56
g 02-Mar-89 0.2 0.0 0.0 0.8 0.4 0.2 0.1 0.4 0.5 0.2 169 4.0 5.3 0.8 26.4 104 264 28.2 16.0 9.7 9.4
10 03-Mar-09 0.5 0.4 0.1 - 1.3 1.5 1.1 4.9 0.8 0.2 - 80.] 62 11.9 225 23.9 49.4 284 18.0 118 | 114
11 04-Mar-99 No Test (SmANC ANG & AE overflowed, sludge loss) - New sewage fed today
BATCH 1 Averages: 62 le1| o1 | 23 | 04 | 05 | 03 | 22 105 02 | 113 | 25 | 48 | 42 | 221 | 82 7.3 | &8
12 05-Mar-99 No Test (New Sewage)
13 06-Mar-99 No Test (Mew Sewage)
14 07-Mar-89 Mo Test: SLUDGE FOUND IN SEWAGE - GET NEW BATCH
15 08-Mar-989 No Test: -New Sewage Fed loday
BATCH 2 Avemgw: BAD BATCH
16 09-Mar-99 No Test (New Sewage)
17 10-Mar-99 No Test (New Sewage)
18 11-Mar-99 A R N I I S A . S S N - - - -
18 12-Mar-99 No Test
20 13-Mar-89 Na Test
21 14-Mar-99 20 0.4 0.1 - 0.8 2.7 15 167 0.9 0.2 - 120 1151 | 218 22.5 18.3 16.9 17.3 17.3
22 15-Mar-98 2.0 0.9 04 - 0.6 2.3 11 21.1 1.2 0.5 - 1.7 18.1 21 23,5 18.0 20.4 19.7 18.8
23 16-Mar-99 No Test (AN overflowed violently)
24 17-Mar-89 1.9 1.2 0.5 - 0.4 2.1 0.9 24.7 1.2 0.3 . - 122 1 17.7 | 228 16.3 17.6 15.2 17.6 17.8 225 | 218
25 18-Mar-99 1.7 1.0 0.3 - 0.5 2.1 Q.7 17.0 1.2 0.5 - 122 | 168 | 227 16.6 16.2 12.8 15,6 148 180 [ 17.3
BATCH 3 Averages: 1.8 0.9 0.3 - 0.5 2.3 1.4 9.6 1.1 0.4 - 2.0 | 168 | 223 18.7 $7.3 6.3 17.6 7.4 9.0 | 18.3
26 19-Mar-99 Mo Test (New Sewage)
27 20-Mar-09 Mo Test (New Sewnge)
28 21-Mar-88 No Test (SmANO AN & AE overflowed - Sludge Loss)
28 22-Mar-89 2.1 0.1 0.1 0.6 2.0 0.9 0.8 7.0 0.2 0.3 12.5 76 124 | 159 255 148 247 282 18.2 167 | 18.2
30 23-Mar-99 1.5 0.1 0.0 0.8 2.0 0.8 0.7 5.4 0.2 0.2 138 7.2 8.6 118 22.6 14.8 24.7 244 18.6 18.3 | 14.9
31 24-Mar-88 No Test (Install new freezer & spray SET1 black because of algae growth)
32 25-Mar-99 15 Jo1] o1 | 12 | 15 | 11 los| 53 Joz| o2 | 143 56 [118a] 11| 258 | 158 205 | 284 | 200 148 | 138
33 28-Mar-99 Mo Test
34 27-Mar-89 No Test
35 28-Mar-99 30 Jo1d o1 | 11 |21 117112 ] e2 | - ] o2 | 120 66 [115]134] 204 | 124 262 | 269 | 17.1 mm
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ragNA mgPA
Ritrite Nitrate Phosphates
Day No. Date PreANO AN © SETA | SETB | ANO AE FE PreANO | AN § SETA | SETB | ANO AE FE i PreANO [ AN [ SETA | SETB | ANO UE FE
8 29-Mar-89 1.8 0.1 0.1 1.1 1.5 14 1.2 7.1 - 0.2 9.3 5.4 109 | 12.2 222 124 9970 278 285 18.2 148 | 148
37 30-Mar-89 No Test (Influent bucket run dry)
38 31-Mar-89 No Test {Dregs of last sewage fed yesterday) - New sewage fed today
BATCH 4 Averagss: 19 101 o1 | 10 | 18 | 12 | oo | ez loz! o2 | +26 | 67 | 413 | 128 | 223 | 140 Wé 286 | 283 | 124 153 | 15.4
39 01-Apr-99 No Test (New Sewage) ‘
40 02-Apr-89 No Test (New Sewage)
41 03-Apr-99 No Tast
42 04-Apr-99 No Test (SmANO & Nitrifier overflowed - Sludge loss)
43 05-Apr-99 14 Jo1 | ot | 28 | 17 Los o2 ] 105 loal 02 | 171 | 129 | 162 | 134 ] 209 134 224 | 268 | 14.2 | 138
44 06-Apr-899 Mo Test (Final settler failled - siudge In effluent)
48 07-Apr-99 No Test (Final settler failed - sludge in effluent)
46 08-Apr-99 No Test (Final settler failed - sludge in efffuent)
47 08-Agr-09 18 j011 01 |07 | 10 005 loa] w2 |0a] 03 | t60 | 114 | 160 ] 53] 164 | 149 153 | 205 | 16.0
48 10-Apr-99 Mo Test {External Nitrifier overflowed - big sludge loss)
48 11-Apr-99 1.4 0.2 0.1 A 1.5 1.1 0.9 75 0.7 0.3 10.6 9.8 124 1 139 205 15.7 18.0 20.1 16.0 16.0
50 12-Apr-89 1.3 0.1 0.1 3.0 1.9 1.4 1.1 11.1 0.3 (.2 £7.6 140 | 140 | 144 20.1 16.0 18.3 18.3 16.0 17.2
51 13-Apr-89 i1 04 .1 2.8 1.5 1.0 1.2 9.1 0.4 0.2 13.8 9.3 116 § 139 20.1 16.0 17.5 18.3 16.4 16.8
52 14-Apr-99 Cleaned Unit
53 15-Apr-99 2.4 0.1 0.0 2.8 1.8 2.1 2.1 13.4 0.4 0.2 8.2 11.0 138 | 152 28.0 238 26,1 22.4 209
54 16-Apr-89 0.0 - 0.1 - 13 1,7 1.2 9.0 0.7 0.3 15.1 15,0 13.5 | 154 228 21.4 27.2 20.7 22.4
BATCH 5 Averages: 1.1 011 01 2.2 1.5 1.1 1.0 10.4 a5 | 02 955 | 119 | 13.9 | 144 21.3 198 | 228 | 1.7 17.5
55 17-Apr-89 No Test (New Sewage)
56 18-Apr-89 Mo Test (New Sewage)
57 19-Apr-99 00 | - 1oo | - 1ot 1909 ] 14 los| oz | 148 37 |es |77 268 | 254 | 285 | 188 152 | 152
58 20-Apr-99 No Test (AE & AND overfiowed - sludge loss)
59 21-Apr-99 No Test (ANO & Nitrifier overflowed - sludge loss)
60 22-Apr-99 00 | -Joo ] - Taadlao] - | 14 Joal oz {29 ] 23 I s6 11 ] 275 | 322 | 198 152 | 163
81 23-Apr-98 No Tast
&2 24-Apr-88 No Test
83 25-Apr-89 Mo Test (ANO overflowed - sludge loss)
64 26-Apr-99 Ho Test
85 27-Ape-898 0.0 0.1 0.1 1.4 3.3 4.5 - 1.1 0.2 0.2 166 22 4.0 113 239 16.7 29.3 19.9 138 | 138
&8 28-Apr-g99 0.0 0.1 0.1 0.6 - a5 kR 0.8 0.2 0.2 131 43 6.2 4.1 35.1 156 317 22.8 4.1 | 1441
87 29-Apr-89 0.0 0.1 0.1 0.9 3.3 - 2.8 1.0 0.2 0.2 19.5 2.0 8.0 8.8 31.5 17.4 408 246 174 | 174
BATCH & Averages: 0.0 0.1 0.1 1.6 2.8 3.5 2.5 1.1 8.3 0.2 15.2 2.8 8.1 8.0 28.0 15.3 33.7 21.2 15,4 5.4
68 30-Apr-99 No Test (New Sewage)
68 01-May-99 No Test (New Sewage)
70 02-May-89 No Test {Nitrifier blocked, overlowing - studge loss)
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