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ABSTRACT

Since its first full-scale implementation in the late 1970s, considerable practical experience has been
gained with biological enhanced phosphate removal (BEPR) in activated sludge systems for freating
wastewater. However, BEPR tends to be sensitive and subject to many fluctuations, making it difficuit to
achieve full compliance with discharge standards. Simultaneous chemical addition in the activated sludge
systems is a practical and economically attractive means of increasing the phosphate (P) removal
capacity of these systems. Howevet, it is also clear that the economic benefit of building a BEPR system
could be lost if simuitaneous addition of chemicals results in significant inhibition of the biological P
removal mechanism. In South Africa anecdotal evidence of such inhibition has emerged. In view of its
fundamental importance to the design and operation of BEPR plants which incorporate simultaneous
chemical addition, it was considered imperative that the impact of simultaneous chemical addition on the
biological P removal mechanism be investigated further, particularly with a view to addressing possible
outstanding questions arising from re-interpretation of earlier work.

Experimental work was conducted using two identical pilot (or laboratory-scale) activated sludge plants
operated such that the BEPR phenomenon was strongly exhibited. The two plants were operated in
parallel under identical conditions. Chemical precipitant (aluminium sulphate, ferric chloride or ferrous
chloride) was dosed into one plant (the Test unit), while the other served as Control. As a means of
distinguishing the chemically-precipitated phosphate content of the mixed liquor from biologically-stored
phosphate (or poly P) pool, methods for chemical fractionation of the phosphate compounds in activated
sludge were investigated. A fractionation procedure was adopted which appeared to be capable of
broadly distinguishing between chemical and biological forms of stored phosphorus in activated sludge
and showed satisfactory agreement with the predicted results for BEPR obtained using a mathematical
model of such systems. However, caution in interpretation of the fractionation data was advised since
artefacts imposed by the fractionation procedure itself may be difficult to avoid.

From the experimental investigation, it was concluded that partial inhibition of the BEPR mechanism does
occur in the presence of simultaneous chemical addition. The principal source of the apparent inhibition is
competition for available phosphate, as was manifest under P-limited (i.e. low effluent P) conditions. The
net effect is a reduction in the size of the biologically stored fractions in the mixed liquor dosed with
chemical precipitant, which may be interpreted as a reduction in the number of polyphosphate
accumulating organisms (PAO) in the system. On the one hand, a comparison of the chemical
precipitation efficiency (or P:metal ion stoichiometry for precipitation) suggested that the biological
mechanism is able to compete approximately as effectively as the chemical mechanism for available
phosphate. On the other hand, the reduced pool of PAOs in the system implies that the BEPR potential is
not fully exploited in the presence of simultaneous chemical dosing. The most important consequence
arises from the latter and was obvious when the influent P load was increased such that the systems were
no longer P-limited: with this change, preceded by a period of P-limitation, the system P removal in the
Test unit was initially fess than that of the Control system without chemical addition. Hence, under real
operating conditions (which are basically P-limited in order to minimise effluent P concentrations), with a
varying influent composition, the real danger exists that operators will choose progressively higher
simultaneous chemical doses to keep effluent phosphate concentrations below the required standard.
This is likely to have a negative impact on dutilisation of the full BEPR potential. As an alternative,
controlled dosing of chemicals into the primary treatment stage (pre-precipitation with primary settling
tanks) may be more cost effective than simultaneous precipitation. However, despite the above-
mentioned limitations, this study clearly showed that it is possible to obtain a sustained net additional P
removal by simultaneous precipitation in the presence of BEPR in activated sludge systems, provided P
concentrations are not severely limiting (i.e. provided metal ion doses are minimised as far as possible).

This study also addressed a number of related issues, notably: evaluation of current mathematical models
for simultaneous chemical-biological P removal in activated sludge systems and evaluation of the
performance of a full-scale plant dosed with either alum or a ferrous-ferric chloride blend, not only in
terms of P removal, but also in terms of sludge settieability, biological foaming and secondary settling
tank (SST) performance. In respect of the latter, confirmation of modified flux theory as a predictor of
safe operating limits for SSTs was obtained. In addition, issues were highlighted which require further
research, in particular: the effect of solids retention time (sludge age) on precipitation kinetics as applied
" in the IAWQ Activated Sludge Model No.2; and the effect of pH and alkalinity on simultaneous chemical
precipitation efficiency with alum as opposed to iron salts in modified activated sludge systems.



data during the trial. The results illustrated the strong dependence of clarifier performance
on sludge settling characteristics. Observations of clarifier performance (sludge blanket
depth and effluent suspended solids) were in general support of modified flux theory as a

. predictor of safe solids loading fimits and required recycle ratio for secondary settling
tanks under a range of operating conditions.

o For Dawvill WWW, ferrous-ferric chloride dosing could offer a modest 12% (or R77 000
p.a.) saving on chemical costs relative to alum. However, it was recommended that prior
to opting for ferrous-ferric chloride to replace alum, a further plant trial be conducted
where Test and Control systems can be operated in paratlel at full scale in order whether
the apparent negative effect on P removal and sludge settieability over periods in excess
of five sludge ages couid be repeated using the iron sait.

8. Two principal models for simultaneous chemical P precipitation were reviewed: one based on
an equilibrium approach and one using a kinetic approach. Whilst the equilibrium model was
more fundamental, it was also considerably more complex and presented certain difficulties for
integration with existing kinetic models of BEPR processes. Assuming a constant reactor pH,
application of the kinetic model (IAWQ ASM Model No. 2) to pilot plant data of this study gave
satisfactory prediction of combined chemical-biological P removal processes. This suggested
that the added complexity of the equitibrium model could not be justified. Future work should
focus on experimental verification of the kinetics of phosphate “precipitation” for modelling
purposes, and the possible inclusion of a kinetic model! for pH and alkalinity into the existing
IAWQ model of combined chemical-biological P removal in activated sludge systems.



wastewater works operators will be to increase the chemical dose, which in fact, will
exacerbate the problem of partial inhibition of the BEPR process.

Circumstantial evidence suggested that bicarbonate alkalinity influences both the biological
and chemical removal mechanisms. The biological P removal mechanism appeared to be
stabilised by addition of bicarbonate to the influent (approx. 50 to 150 mg/l as CaCQO;,
depending on the chemical dose) and maintenance of a median process pH in the range 7.2
to 7.7. In the absence of supplemental influent bicarbonate alkalinity, some experimental
periods showed a virtual complete loss of additional P removal in the presence of chemical
dosing. This effect appeared to be more marked for alum than for ferric chioride and possible
theoretical reasons for the difference was put forward on the basis of the expected chemical
equilibria. However, the addition of bicarbonate appeared to reduce the efficiency of chemical
P removal using alum, as judged by a smaller gain in system P removal for the Test unit
relative to the Control. This suggests that future research should focus on the relative
efficiencies of the biological versus chemical mechanisms with simultaneous alum dosing
under low alkalinity conditions.

Future research should also be directed toward the effect of sludge age on chemical
precipitation efficiency (P:Me stoichiometry). it appears that the formation of colloidal metal
hydroxide precipitate in the mixed liquor solids plays a key role in the chemical removal of
phosphate in activated sludge systems and may be more important than direct precipitation of
metal phosphate under the prevailing conditions. The kinetics of phosphate “precipitation”
(complexation/ ion exchange) may be significantly slower than currently assumed in the
IAWQ ASM2 model. Moreover, the biological and chemical mechanisms may not operate
entirely independently of one another, as a result of the likely complexation between metal
hydroxide and extracellular polymers in activated sludge flocs.

From the a full-scale plant trial at Darvill Wastewater Works (WWW), the following
conclusions were drawn:

o Over a period of several years, the alum dose applied varied considerably for various
operational reasons, including the variable impact of trade effluent discharges to the
Works. However, no increasing trend in alum dose could be discemed over a two year
period, during which the average secondary effluent ortho P concentration was usually
below 1 mgP/l. It was inferred that alum dosing does not appear to be severely inhibitory
to the biological P removal mechanism under low (and potentially limiting) effluent P
conditions.

o A three month full-scale plant trial using ferrous-ferric chloride instead of alum as
simultaneous precipitant at Darvill WWW showed excellent P removal (96% compliance
with the 1 mgP/! orthophosphate Special P Standard) for the first two months, followed by
a marked deterioration in P removal. During the third month of the trial, compliance with
the Special P Standard fell to <20%. The absence of a control reactor at full scale made
it impossible to determine conclusively to what extent the deterioration in P removal
performance was directly attributable to iron dosing. Several grab samples of influent
(settled sewage) showed high total P and/or ortho P concentrations (up to approximately
twice the average concentration). Given a history of trade effluent-related treatment
problems at this Works, the possibility could not be ruled out that the deterioration in P
removal observed during the latter part of the ferrous-ferric chloride plant trial may have
been largely related to changes in influent composition. A similar conclusion was reached
from data for the ensuing three month period when the plant was switched back to alum
dosing. '

o Circumstantial evidence suggested that iron (ferrous-ferric} dosing played a role in
stabilising biological scum/ foam formation in the full-scale plant, to a greater extent than
alum. The dominant nuisance organism in the scum was identified as the filamentous
organism Nocardia. Nocardia probably also have played a role in the deterioration on
sludge settleability noted for the activated sludge plant during the ferrous-ferric plant trial.
Seasonal trends in DSVI data for Darvill WWW and the likely impact of vegetable oil trade
waste were examined in this regard.

e Secondary clarifier stress tests conducted before, during and after the ferrous-ferric
chloride plant trial confirmed the deterioration in sludge settleability observed from DSVI

iv



presence of excess acetate, which suggests that it represents a significant portion of the poly P in
the biomass._

From the experimental investigation with simultaneous chemical dosing to the pilot plant system
exhibiting BEPR, the following conclusions were drawn:

1.

Under conditions in which P was never limiting (average effluent ortho P >1.5 mgP/l),
simultaneous chemical dosing produced sustainable additional P removal in the presence of a
strong BEPR mechanism using semi-enhanced cultures over periods in excess of two sludge
ages. Evidence of partial inhibition of the biological mechanism emerged, based on the
results of fractionation studies as well as comparative observations of P release in the
anaerobic zones of the Test and Control units and P release in anaerobic batch tests with
excess acetate present. However, the extent of inhibition of the BEPR mechanism was
usually ca. <20% under these conditions and the net effect of chemical precipitant addition
was always an improvement in the system P removal.

Under partially limiting phosphate conditions (with variable low effluent total P concentrations
ranging <1 to 2.2 mgP/l}, in the presence of ferric chloride dosing, the Test unit continued to
achieve greater P removal compared to the Control. However, the biological mechanism
began to "compete” slightly less effectively with the chemical mechanism, as judged by the P
release in the anaerobic zone of the Test unit compared to the Control, somewhat smaller
complex P fractions in fractionation studies and less P release in anaerobic batch tests with
excess acetate.

After a sustained period (approximately ten sludge ages) of true limiting phosphate conditions
with very [ow effluent ortho P concentrations (average <0.5 mgP/l), a significant deterioration
in the combined chemical-biological P removal of the Test unit (with ferric chloride addition)
was observed, despite a constant dose of ferric chloride. The magnitude of the stored
biological fractions in the Test unit was approximately 30% less than those of the Control unit
under these conditions. The deterioration in biological P removal potential in the Test unit was
manifest when the influent phosphate concentration was increased such that P was no longer
limiting: During the first week after P-limitation was lifted, the system P removal in the Test
unit (still ferric chloride addition) was slightly less than that of the Control unit (without
chemical addition). The difference between system P removal in the two units was initially of

the order of 1 mgP/¢ (which would be sufficient to cause the Special P Standard in South
Africa to be exceeded), but decreased with time and in the absence of P limitation, until
removal in the Test unit again became greater than in the Control unit.

The “efficiency” of chemical precipitation was measured in terms of the P:metal ion
stoichiometry of precipitation, either from calculations of the difference in system P removal
between the Test and Control units (i.e. with and without metal salt addition, respectively) or
from fractionation data. It was found that estimates of the stoichiometry based on differences
in system P removal may be unreliable at times where the biological P removal is depressed
for some reason in either the Test or Control units. Moreover, this method is of no value where
both the Test and Control units achieve virtually complete P removal due to P limitation.
Fractionation data may be more reliable in this respect since it attempts to measure the
chemical precipitate P fraction(s) independently of the biological fractions. From the
fractionation data, it was found that the P:metal stoichiometry was usually in the range ca. 0.5
to 0.75 mol P/ mol Me (where Me is a trivalent metal ion) under conditions where P was never
limiting, but decreased to between ca. 0.3 and 0.4 mol P/ mol Me under conditions when P
became limiting. These observations agree with published data on stoichiometry observed for
low residual (effluent) P concentrations in similar research conducted at laboratory scale
elsewhere, or the required chemical doses for simultaneous chemical precipitation in full-scale
activated sludge systems. The drop in chemical precipitation efficiency (P:Me stoichiometry)
by approximately 30 to 40% under P-limiting conditions was similar to that observed for the
biological fractions and implies that the biological mechanism is able to compete
approximately as effectively as the chemical mechanism for available phosphate. However,
the smaller biological fractions represent a loss of polyphosphate-accumulating organism
biomass and a loss of potential to remove phosphate biologically. A restoration of the full
biological potential will be growth-dependent. If the effluent phosphate concentration exceeds
the required standard before growth can restore the biological potential, the tendency among
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1991). Nevertheless, the rate of hydrolysis of poly P to ortho P in cold (0 to 4 °C) PCA was
found to be slow (de Haas, 1989; Kerdachi and Roberts, 1985). Provided ortho P analysis
followed the extraction step directly, the contribution of poly P hydrolysis to the ortho P resuit
may be neglected (de Haas, 1989). Thus, although some hydrolysis of poly P can be
expected in the cold PCA extraction, a n ligible amount of ortho P is formed. It should be
remembered that the aim in such procec es is not to extract “intact” chains of poly P, for
which more complex procedures such as 3se of Mlssig-Zufika et al. (1994) would be more
appropriate (see Chapter 1, section 1.7). Rather, the aim here is to broadly distinguish
phosphate in the sludge matrix which is strictly of biological origin (poly P) from that which
involves chemical precipitation (ortho |  For this purpose, the cold PCA extraction is
suitable. in the coid PCA extract, the ortno P concentration would refiect the chemically
pre itated phosphorus’, and the (total P - ortho P) concentration the biological phosphorus,
comprised mainly of poly P and nucleic acid P.

De Haas (1989) found that the extraction times with coid PCA for activated sludge samples
could be reduced to around 5 min., in iree or four replicate steps, without significantly
compromising the extraction of poly P or chemical precipitates. Since this would not only
reduce the potential for poly P hydrolysis, but also speed up the fractionation procedure as a
whole, it was decided to adopt three 5 min. extractions at 0 to 3 °C in the basic procedure
used here. Similarly, several preliminary experiments showed that the fractionation
procedures described by de Haas (1989) could be simplified as follows:

¢ The nuclelc acid fraction is the third major group of phosphorus-containing compounds in
activated sludge biomass (after poly P and ortho P of “chemical precipitation” origin) (de
Haas, 1989). This phosphorus fra on also may be extracted into cold PCA; the
remainder will be largely extracted in a subsequent alkaline step (if used), or will reside
largely in the residue (de Haas, 1988). The nucleic acid content of a range of sludges
was found to be relatively constant (de Haas, 1989 - see Chapter 1, section 1.7). Thus,
poly P could be loosely grouped 1 h the nucleic acids and termed “compiex P" to
distinguish it from ortho P. Hence, in e PCA extract (or subsequent NaOH extract) :

Poly P + Nucleic acid P + (phospholipids? + ....?) = Complex P = Total P - Ortho P

e For the purposes of comparison w the mathematical model predictions of activated
sludge poly P content (see 2.4.6 below), an estimate of the poly P content of the extracts
could be obtained by subtracting the expected nucleic acid P from the sum of the
complex P fractions (PCA+ Residue, or PCA + NaOH + Residue).

The above simplifications led to the basic PCA procedure described in Table 2.2.

2

N

The cold PCA procedure was tested on various samples of activated sludge :

1. Samples of activated sludge were taken from the aerobic zone of a modified UCT
(MUCT) laboratory system operate at a 20 d sludge age with cyclic (12 h) feed and
exhibiting BEPR (Wentzel ef al,, 1¢ }). These were compared with a samplie taken from
a completely aerobic 2.5 d sludge : 2 unit, also with cyclic (12 h) feed, used for readily
biodegradable COD (S.s) determin: >n (Ekama ef al., 1984).

2. Samples were taken from a unit set up for the development of an “enhanced culture” of
BEPR organisms by feeding incremental concentrations of sodium acetate (50; 100; 250
mg/¢ as COD) and decremental amounts of sewage such that the target influent total
COD was a constant 500 mg/?.

3. Samples of mixed liquor taken from the above-mentioned “enhanced culture” unit were
spiked with dissolved ortho P (50 mgP/¢ or 1.62 mmol P/£). Ferric chioride (524 mg/¢ as
FeCl; or 3.23 mmol Fe/f) was then dosed to achieve a 2:1 molar ratio of Fe:P, based on
the spiked ortho P. A control sample of mixed liquor was treated with the same dose of

' From measured values in the literature, de Haas ( 19) calculated that the ortho P of bioloaical oridin is nedliaible.
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» chloride, but without phosphate spike. In both cases, the pH was corrected to 7.0
with a known volume (8 to 12 m¢) of 10% (m/v) sodium bicarbonate solution. A mixing
period of 15 min. was aliowed for precipitation to proceed.

4. Some of the enhanced culture samples were subjected to an anaerobic P-release batch
test prior to the fractionation procedure. The batch test involved the following steps:

e Aliquots (50 m¢) of mixed uor were each placed in the centrifuge tube (used
for performing the extract 1s) and a known amount of sodium acetate was
added.

e The amount of acetate added was calculated as follows:

it was assumed that the mixed liquor sample would contain a maximum of approx.
300 mgP/¢ poly P which could be biologically released and that the nitrate
concentration in the mixed liquor would not exceed 20 mg N/¢. It was accepted that
approx. 0.5 mg P release may be expected per mg acetate COD added (Wentzel et
al., 1990) and that approx. 8.6 mg readily biodegradablte COD would be used per mg
N denitrified (WRC, 1984). On this basis, a maximum of approx. 800 mg/¢ acetate
(as COD) would be required for the batch test. In order to ensure that excess acetate
was always present, an amount of sodium acetate equivalent to 1000 mg/¢ as COD
(64 mg per 50 mZ£ mixed liquor aliquot) was added at the start of the batch test.

s The acetate was dissolved by inverting the tubes several times over the first 5
minutes;

The tubes were allowed to stand for 4 h, inverting approx. once every hour 2

s The tubes were then centrifuged (start of the fractionation procedure see Table
2.2, step 2).

Table2.2.............. /

2 Experience with batch tests of this type using enhanced cutures has shown that P release is essentially complete after
3h under anaerobic conditions in the presence of excess acetate (Wentzel et al., 1989).
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Figure 3.2 shows the fractionation results for the first three-month period of enhanced culture
development in the pilot plants. The P recoveries in the fractionation procedure were excellent (98
to 107%), indicating reliability of the method. From the results, it is clear that increasing acetate
concentrations in the feed resulted in the PCA complex P (i.e. largely poly P) fraction of the mixed
liquor increasing markedly, while the residue P and ortho P fractions remained largely unchanged.
A very smalil amount of complex P was « casionally detected in the supematant. (This was not
due to suspended solids in the supernatant since the samples were filtered prior to total P and
ortho P analysis). The results in Fig. 3.2 verify that the fractionation method does appear to
distinguish between complex P (or poly P) and ortho P bound in the mixed liquor solids.

Table 3.6 gives a summary of the pH d | for the aerobic zones in Periods 3.1.1 to 3.1.5 (the
anaerobic zone pH was not measured for these periods). Table 3.6 shows that the pH differed
significantly between the corresponding zones of the two reactors, but never by more than 0.32 pH
units (median data). Because the pH w: higher in R1 than R2, acid dosing was commenced
sooner in R1 than in R2 during period 3.1.3 (Table 3.3) . Overall, Table 3.6 (Periods 3.1.3 to 3.1.5)
shows that, based on the upper and lower quartile data, acid dosing had the effect of keeping the
pH in the range 7.05 to 7.88. Particularly at the higher acetate feed rate (200 to 250 mg/¢ as
COD), this required significant acid doses (60 to 120 mmol/d, or approx. 94 to 188 mg/¢ as
CaCO;, based on influent flow - refer to Tables 3.2 and 3.3 above). It was deemed necessary to
keep the pH of the aerobic reactors below pH 8.0 at all times in order to discourage chemical
precipitation of phosphate and hence to observe the effect of metal salt addition in a strongly
active BEPR system.

3.3.2 First alum dosing period (with hi¢ acid dose)

Referring to Tables 3.1, 3.2 and 3.3, it m: be seen that over a 47 day period (1/6/94 to 20/7/94),
alum was dosed into R1 (6.2 mmol/d as/ nto AE1), while R2 served as the Control. The acetate
dose was kept constant at 250 mg/¢ (as COD) and acid was dosed in a similar manner into both
reactors. The results for this experimental period are given in Table 3.7. The corresponding mass
balances are given in Table 3.8.

Table 3.7 shows that better phosphate  noval was achieved in the unit dosed with alum (R1,
29.41 mgP/¢) compared to the Control (R2, 23.15 mgP/¢). On a molar basis, the additional P
removal amounted to 1.08 mmol P cnove NMOI Al 4oseq, Which is very close to the stoichiometric
molar ratio for AIPQ,.

On a P/VSS basis, Table 3.7 shows that, pected, the phosphate content of the mixed liquor
was greater in R1 (184.2 mgP/gVSS) th (175.3 mgP/gVss). The VSS concentration in R1
(2720 mg VSS/¢) was about 5% greater than in R2 (2595 mg VSS/¢), which may be significant in
terms of overall sludge production. The TSS concentration in R1 (4549 mg TSS/¢) was
significantly higher than in R2 (4173 mg TSS/¢). However, care should be taken in extrapolating
TSS production from these experiments to a full-scale plant since the pilot plants received a
phosphate supplement in the influent to sure that P was never limiting; at full scale P may be
limiting and less P will be present in the sludge, hence reducing the TSS. Sludge production is
further discussed in section 3.3.6 below.

Table 3.7 suggests that P release in the anaerobic reactor (fP;,) of R1 was slightly lower than that
of R2. Using the data in Table 3.7 (for Py, Pt and fP;,) and Table 3.8 (Q;), and accepting Q; = Q;
(i.e. retumn sludge recycle ratio = 1:1, see Figure 3.1), from mass balance considerations around
the anaerobic reactor it can be shown that:

MPe) = [(Qi + Qq)- Pra] - [QiPi +Qs. Pl Eqn. 3.1

where M(P,.) is the mass of phosphate released to the (filtered) supernatant in the anaerobic
zone.
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hypothesised that this reduction in total P removal was linked to the reduction in PCA extract
complex P (i.e. poly P) and indicated a s v deterioration of the BEPR mechanism due to alum
addition. The deterioration in BEPR per se in R1 may have been obscured to some extent by the
deterioration in settling, which occurred f  in R1, but later also in R2. Since effluent TP was
measured to determine P removal by the | it plants, increases in fine sludge floc carryover to the
effluent would have been reported as ade :ase in TP removal’. However, no direct experimental
evidence was available to fully substantiate the hypothesis that the BEPR mechanism was under
gradual inhibition due to alum dosing and ossibly more so in the presence of a high acid dose.
The pH data did indicate problems in mai: iining pH (Table 3.10). Accordingly, it was decided to
restart the experiments, taking more care with pH control.

3.3.3 Second alum dosing period

In view of the operational (settling) problems experienced in the first alum dosing period, a second
attempt was made to achieve steady operation in the presence of sustained simuitaneous alum
addition. The primary objective was to te: whether significant and inevitable deterioration of the
BEPR mechanism would occur in the unit d#osed with alum compared to the control. A secondary
objective was to attempt to test the hypc 2sis that pin floc sludge settling problems and BEPR
deterioration in the first alum dosing peric were associated with the high acid dose administered
during that period. Accordingly, in the second alum dosing period the following operational strategy
was adopted (refer to Tables 3.1 and 3.3):

o New “semi-enhanced” cultures were developed, starting with 50 mg/¢ as acetate COD;

¢ The maximum acetate feed concentre n was 150 mg/¢ as COD (reduced from 250 mg/);
Alkalinity supplement added to the s« age in the form of sodium bicarbonate viz. 50 to 150
(usually 100) mg/¢ as CaCOs;

e Acid dose reduced to the minimum 1 |uired to prevent hydroxide coagulation in feed bottle
(10 mmol/d as HCI or approx. 13 mg/¢ as CaCO3).

It was found that this strategy was succes: 1l in allowing stable operation of the pilot plants without
the emergence of pin floc settling problems. The pH in the aerobic reactors never rose above pH
7.9 which was necessary to limit chemical P precipitation of calcite and struvite which may have
arisen under more alkaline conditions (Ta :3.11).

........... / Figure 3.3

2 This tendency became very obvious toward the end  eriod 3.1.6 when large differences (up to 11 mgP/¢) were noted
between effluent TP and effluent (or filtered second aerobic zone) ortho P results. The effluent suspended solids became visible
to the naked eye and effiuent COD resuits aiso increz 1.
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and Control units for Periods 3.2.3 and 3.2.4. Fractionation da  (discussed in sections 3.3.3.4 and
3.4 below; see aiso Table 3.18) showed that the additional P remowval component in the Test unit
compared to the Control (Ptemgr: - Ptemgz) for Periods 3.2.5, 3.2.6 and 3.2.8(b) could be
accounted for as ortho P in the PCA extract (i.e. the fraction ascribed to chemical precipitate). This
gave good agreement between the two methods of determining the molar ratio of P/Al (Tables
3.18 and 3.14) for these periods. However, this was ot the case for Periods 3.2.3 and 3.2.4 which
gave similar molar ratios to the other experimental periods based on the PCA ortho P fraction
(Table 3.18), but lower results from the difference in system P removal between the Test and
Control units (Table 3.14). The mass balance data (section 3.3.3.2) and fractionation data (section
3.3.3.4) did indicate a degree of inhibition of the biological P removal mechanism during Periods
3.2.3 and 3.2.4 (more so in the latter), but not to such a degree that the lower molar ratios in Table
3.14 for these periods could be fully ex iined. A fuller explanation is possible in the light of the
modelling results obtained with the IAWQ (or UCT) model resuits for these periods (Chapter 7,
section 7.2.3.2.1). The models showed poor agreement between predicted and observed effluent
(or second aerobic reactor) phosphate results for both units in Periods 3.2.3 and 3.2.4, which
suggests that steady-state conditions were not approximated sufficiently closely in the pilot plants
to validate the resuits in Table 3.14 for these periods. Similarly, the experimental data for Period
3.1.6 (see section 3.3.2 and Fig. 3.4) showed that the P removal performance of the Control (R2)
decreased significantly during the middle of the experimental period (ca. 15/6/94 to 23/6/94), but
improved subsequently; this could have resulted in over-estimation of the additional P removal in
the Test unit (R1) relative to R2, and hence produced the very high ratio of 1.08 mol Pemoveq/ Mol
Alyoses  (greater than stoichiometric for AIPQ,). Fractionation data (Table 3.18) suggested that the
stoichiometry of P precipitation between 0.5 and 0.6 Mol Premoved/ MO} Alyoseq  fOr Period 3.1.8,
which is more line with that for later periods.

Bearing in mind the above-mentioned constraints, certain important points emerge from the resuits
in Table 3.14. Some of these have been already been examined in preceding sections of this
chapter and may be summarised as follows:

o The alkalinity of the influent sewage does not appear to greatly influence the molar ratio of
Premoved! Alaosea. Neglecting the results for Periods 3.2.3 and 3.2.4 for reasons given above and
accepting the fractionation result for Period 3.1.6 (from Table 3.18, as discussed above), the
molar ratio of additional Premoves / Algoseda Was in the range 0.53 to 0.70 (average 0.62) for
Periods 3.1.6, 3.2.2, 3.2.5, 3.2.6, 3.2.7 and 3.2.8a, despite the fact that the influent bicarbonate
supplement varied from 0 to 150 ma/¢ (as CaCQOs). This could indicate that it is not the
alkalinity per se but the reactor pH w :h is an important factor in determining the efficlency of
chemical precipitation (see beiow);

o The additional bicarbonate alkalinity appeared to play an important part in the stable operation
of the pilot plants. in order to illustrate this, experimental periods 3.2.7 and 3.2.8 (a&b) may be
examined. A new enhanced culture was developed between Periods 3.2.6 and 3.2,7. Despite
this, P removal performance was virtually identical in the two periods. However, when the
additional influent bicarbonate was withdrawn (Period 3.2.8a), initially P removal was little
affected, or may even have improved slightly in R1, relative to R2 (possibly indicating more
efficient chemical precipitation). However, after about one sludge age, settling began to
deteriorate, particularly in R1, with the appearance of pin floc sludge and a turbid effluent, and
P removal deteriorated in both units (Period 3.2.8b). Virtually the identical pattem had been
observed earlier in experimental period 3.1.6 (see above) when a high acid dose to both units
apparently caused the emergence of a pinfloc sludge, first in R1 (dosed 6.2 mmol/d Al) and
subsequently also in R2 (Control).

e The loss of additional P removal advantage in Period 3.2.8b (Table 3.14) connects with the
weaker P release in the anaerobic reactor of the Test unit, compared to the Control (section
3.3.3.2). Hence, there may be a connection between increased efficiency of the chemical
precipitation mechanism (at lower reactor pH) and inhibition of the biological P removal
mechanism.

» Changes in reactor pH were noted in response to the presence (or magnitude) of alkalinity
supplement (refer to data in Tables 3.10 and 3.11). During Period 3.1.8, the first aerobic reactor
of the Test unit (i.e. point of alum and acid addition in R1) had a median pH = 7.12 , while the
second aerobic reactor of R1 had a median pH = 7.47. During Period 3.2.2 (with 50 mg/¢ as
CaCO; influent alkalinity supplement) the first aerobic zone of the Test unit (point of alum
dosing) showed a median pH of 7.27, while the second aerobic reactor of R1 had a median pH
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4.3.2 Mass Be'~—ces
4.3.2.1 Overall mass balances for COD, N and P

The overall mass balances (Table 4.5.1), whiist good or satisfactory for most periods, showed
certain inconsistencies, the causes of which are not obvious. It appears that a cumulative effect of
several sampling or measurement problems contributed to the inconsistent mass balances. For
exampie, in Period 3.3.3, COD mass balances were relatively poor. This may have been partly
due to the settling problems experienced during this period, particularly with unit R1 (see below)
and sampling error from the effluent bucket may have caused a failure to fully detect the increase
in effluent suspended solids as increased COD (refer to Table 4.4). However, since the effluent
COD is numerically small and exerts only a small effect on the overall COD recovery, the oxygen
uptake rate (Oy) would need to be 33% greater in order to increase COD recovery to 85% for the
mass balance of Period 3.3.3. It is worth noting that a summary by Barker and Doid (1995) of
results from a large number of pilot or laboratory-scale experimental systems suggests that
activated sludge systems incorporating anaerobic zones (typical BEPR systems) tend to exhibit
low COD mass balances (ca. <80%). Barker and Dold (1995) suggested that this “loss” of COD
may be either the direct result of fermentation processes in the anaerobic zone (e.g. generation of
gas which evolves during the fermentation process) or an indirect result thereof (e.g. production of
volatile fermentation products which are released from the system during subsequent aeration).
However, experimental evidence to support these proposals needs to be found. Fluctuation of the
influent COD concentration (as in this study) tends to weaken confidence in COD mass balance
calculations for the reason that changes in sludge production (VSS) occur slowly and require
several sludge ages to reach steady state, whereas changes in arameters such as influent COD
and O; are observed more quickly.

Specifically in the case of nitrogen, the mass balances for Periods 3.3.4 through 3.3.6 appeare

be co stently greater than 100%, ranging from 118 to 153%. This observation may have been
linked to the reduction in sludge age for these periods relative to those preceding. On the other
hand, the problem may have stemmed from under-recovery of influent TKN (possibly due to
incomplete digestion). By adjusting all the influent TKN data upwards by 25% (figures in red in
Table 4.5.1), recoveries improved into the range 94 to 122%. An altemative explanation for the
nitrogen mass balance problems may be the sensitivity of the balance to the nitrate results
obtained, particularly for the anoxic reactor. For example, one set of results (Period 3.3.6, R2,
anoxic zone nitrate) was not consistent at 4.7 mgN/¢, compared to an average of 2.2 mgN/¢ for the
preceding two periods; when this result was assumed to be 2.2 mgN/¢ the mass balance improved
from 61% to 99%. A discussion of the extent of denitrification in relation to P uptake in the anoxic
zone is presented in Chapter 7 (section 7.2.4.3).

4.3.2.2 P mass balance around the anaerobic reactor

Using the measured data given in Table 4.4 (for Py, P and ;) and Table 4.5 (Q)) and accepting
Q; = Qs (i.e. retum studge recycle ratio = 1:1, see Figure 3.1), from mass balance considerations
around the anaerobic reactor it can be shown that:

MPre) = [(Qi * Qg). Pra] - [Qi-Py + Qs Pl Eqn. 4.1
where M(P.) is the mass of P released to the (filtered) supematant in the anaerobic zone.

Using Eqn. 4.1 and the data as outlined above, P release in the anaerobic zone of the Test unit
(R1), when expressed as a percentage of that in the Control unit was calculated to be as foliows:

e Period 3.3.1 : 88% (10 mg Fe/¢, aerobic zone, Rs = 20d)

e Period 3.3.2 : 97% (20 mg Fe/¢, aerobic zone, R = 20d)

e Period 3.3.3 : 95% (10 mg Fe/¢, anaerobic zone, Rs = 20d)

e Period 3.3.4 : 90% (New culture; 10 mg Fe/¢, anaerobic zone, Rs = 10d)

e Period 3.3.5 : 86% (20 mg Fe/{, anaerobic zone, R = 10d)

e Period 3.3.6 : 79% (20 mg Fe/¢, aerobic zone, Rs = 10d)
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These data suggest that P release in the anaerobic zone of the Test unit was inhibited to a
significant degree by the dosing of ferric 1loride. The average degree of inhibition was 11%,
which was also that found for the first ex rimental period (Period 3.3.1) at low alum dose (10
mgFe/¢ based on influent). During Period 3.3.2, it appeared that the doubling of ferric chioride
dose (to 20 mgFe/¢ based on influent) resulted in less inhibition of P release. This observation
may be linked to that for alum dosing (see Chapter 3, section 3.3.3.2) in which a high alum dose
initially appeared to stimulate the biological P removal mechanism, as measured by the mass of P
released in the anaerobic reactor. However, as with alum, continuous ferric chioride dosing
(particularly at the high ferric chloride « se), showed greater inhibition of P release in the
anaerobic reactor in subsequent exper ental periods. Of the experimental periods under
consideration here, Period 3.3.6 showed 2 greatest degree of inhibition, which was surprising
since ferric chloride (20 mgFe/¢ based ¢ influent) was dosed to the aerobic zone during this
period. Since period 3.3.6 was the last of a series of the six experimental periods spanning a
period of some 180 days (18 sludge ages) cuiminating in high ferric chloride doses, these data
suggest that prolonged ferric chioride addition with increasing dose, may produce greater inhibition
of the BEPR mechanism.

4.3.3 Molar ratios of P removed/ Fe do. i and point of dosing

Calculation of the average molar ratio « P removal/ Fe dosed in Tabie 4.6 is based on the
assumption that the difference in P removal between R1 and R2 is only ascribable to chemical
addition. The problem with this assumption is that effects of both chemical and biological origin are
lumped; if the biological mechanism is we er in R1 than R2, it will reflect as a lower P (removal)/
Fe molar ratio and could be confused wil 1 weaker chemical precipitation mechanism; the latter
may not be directly linked to biological « ises (or vice versa). In order to further elucidate the
observed stoichiometry of chemical precipitation, the pilot plant data were examined by means of
the IAWQ Activated Siudge Mode! (No. 2). It was possible to adjust the calibration of the modei to
take into account changes in the biologic P removal performance of the Control, and hence to
investigate the stoichiometry of preci ation independently. These modelling aspects are
discussed in Chapter 7 (section 7.2).

The additional P removal (i.e. A Pteyn =Ptemrt - Ptemg2) (Table 4.6) may be compared for
respective periods at the same ferric chioride dose but different sludge ages (20d vs. 10d). For
Periods 3.6.1 and 3.6.2a, during which P- nitation occurred in both units, the data in Table 4.6 are
not valid since virtually complete P removal occurred in the Control unit®>. Stoichiometry estimated
from fractionation results may be substituted for these periods (see Table 4.10a below). The
following comparisons are obtained:

e Period 3.3.1 =0.72 mol P/m: Fe (Rs = 20d, 10 mgFe/¢, AE1 zone)
Period 3.6.1/ 3.6.2a = 0.40 mol P/mol Fe (Rs = 10d, 10 mgFe/¢, AE1 zone, low P)
Ratio (Rs 20d/ R 10d) = 0.72/0.57 = 1.8

¢ Period 3.3.1(b) = 1.02 mol P/mol Fe (Rs = 20d, 10 mgFe/¢, AE1 zone)
o Period 3.6.1 = 0.40 mol P/mol Fe (R = 10d, 10 mgFe/¢, AE1 zone, low effluent P)
e Ratio=1.02/057=25

e Period 3.3.2=1.03 mol P/m Fe (Rs = 20d, 20 mgFe/¢, AE1 zone)

Period 3.3.6 = 0.52 mol P/mol Fe (R = 10d, 20 mgFe/¢, AE1 zone)
Ratio = 1.03/0.52=2.0

(continued).........../

__?Periods ™ = * ==~ 5.2a =~ ‘3 discussed in detail In section 4.3.11 be'~~,
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4.3.11 below), with effluent ortho P concer itions in the range 0.24 mgP/¢ (x 0.15 mgP/¢) to 0.35
(+ 0.34)°, the apparent “precipitation effici cy” is greatly reduced, to the point that the system P
removal in the Test system dosed with iron is equivalent to or less than that of the Control. Part of
the reason for this observation may be that chemical precipitation becomes “inefficient” at these
low phosphate concentrations. This conclusion was reached by Rabinowitz and Marais (1980) who
reported (for 20d sludge age systems) c“indications that when the effluent phosphorus
concentration drops to about 1.5 mgP/¢ and below, the removal efficiency decreases”. However, it
under tow effluent P conditions (i.e. low soluble ortho P concentrations in the aerobic reactors) that
interaction between the chemical and biological mechanisms becomes crucial. Under these
conditions the biological mechanism will most likely be “competing” strongly with the precipitation /
ion exchange reactions for available phosphate. Rabinowitz and Marais (1980) did not operate a
Control system, and did not have an acct. e measure of the biological P removal component in
their Test system under conditions when i 1 salt was being dosed (refer to discussion in Chapter
8). Furthermore, their experimental periods were generally of less than one sludge age duration.
Their conclusion was based largely on observations of the system P removal in the presence of
iron dosing (i.e. similar to that drawn above from Table 4.6 for Periods 3.6.1 and 3.6.2a). However,
from Table 4.6 it can be seen that dosing of ferric chloride to the Test system under conditions of
potential P limitation for protracted perior (more than five sludge ages) resulted in an apparent
loss of benefit from chemical dosing w h was associated with inhibition of the biological P
removal mechanism. These resuits are c¢  idered in more detail in section 4.3.11 below. It follows
that under conditions of (potential) P limitation (<1 mgP/¢ as ortho P) where a major biological P
removal is also expected, simultaneous orecipitation with ferric chioride cannot be assumed to
follow either theoretical stoichiometry (1 1 Fe), nor the stoichiometry observed for conditions in
which phosphate was not limiting.

it is worth noting that Létter (1991) rep ted data of between 2 and 2.4 mg Fe dosed/ mgP
removed using iron salts for real conditions where effluent phosphate could potentially become
limiting (< 1 mgP/¢ as dissolved ortho P). This converts to between 0.23 and 0.28 mol P,emoves/Mol
Feqeseq (Or 30% stoichiometric precipitation efficiency). Comparing these results to those in Table
4.6, implies that the fuii-scale systems ¢ icribed by Létter (1991) were most probably operating
close to P limiting conditions. Lotter 391) reported anecdotal information conceming the
occasional need for increased doses of { ic saits in an attempt to achieve the 1 mgP/¢ standard
in these full-scale plants, and de Haas and Greben (1991) reported fractionation studies for one of
these plants (Northern Works, Johannesburg, RSA) which showed a decrease in the poly P
content of mixed liquor during dosing = h ferric sulphate. These findings concur with results
discussed in sections 4.3.11 and 4.3.12 :low, which suggest that inhibition of the biological P
removal mechanism becomes very signil int under low (or limiting) effluent P concentrations.

Finally it is possible to compare the observed molar ratio of Premoved! F€4osed (i.€. the “precipitation
efficiency”) in Table 4.6 with that  culated from fractionation data by taking the ortho P content
of the PCA fraction as being representative of chemical precipitate present in the mixed liquor. By
taking the difference In the magnitude of this fraction between the Test and Control units, the
stoichiometry of Fe-P precipitate formed as a resuit of ferric chloride addition may be estimated.
The results are shown in Table 4.10a, ¢ ngside the molar ratios from Table 4.6. These results
show that the PCA + NaOH ortho P frac! ns accounted for a major part (60 to 70%) of the overall
additional P removal in the Test unit, r itive to the Control (i.e. that represented by the molar
ratio Premoved/ Alased in Table 4.6). The significance of this observation is discussed in section 4.3.6
beiow.

4.3.4 Alkalinity and pH considerations

The acidity of ferric chloride (0.5 to 1% free acid as HCI, according to the suppliers NCP Ultrafloc)
may be a source of concern when usir this chemical in applications with low alkalinity influent
wastewater. In view of the apparent importance of added alkalinity in the stable operation of the
pilot plants (Chapter 3), effluent bicai inate (H,COs*) alkalinity was measured in the effluent

...See Appendix 5, Resufts for Perods 36.1 and 36.2a, or Table 412 of thischapter.
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during the ferric dosing periods. Table 4.7 gives a summary of the pH statistics and effluent
alkalinity results. From this table it can be seen that the effluent bicarbonate alkalinity in R1 (ferric
dosed) was consistently lower than in R2 (Control), but the difference was always in the range 20
to 40 mg/¢ as CaCO;. This difference is small but significant for a wastewater works such as
Darvill with low influent alkalinity and requiring lime dosing on a routine basis (see Chapter 6). For
Period 3.3.1 through 3.3.6, alkalinity consumption due to ferric dosing (based on measurements of
bicarbonate alkalinity in the pilot plant effluents - refer to Table 4.7) was approx. 0.66 mg as
CaCOs/ mg FeCls, which is less than the theoretical value of 0.92 on the same basis for the
precipitation of ferric hydroxide (Loewenthal et al., 1986). For Periods 3.6.1 and 3.6.2a (low
effluent P with bicarbonate added to influent), the alkalinity consumption was approx. 0.8 to 1.17
mg as CaCOs/ mg Fe(  which is closer to the theoretical value for ferric hydroxide. These data
suggest that the precipitate formed always precipitated some alkalinity (Alk.), and that the molar
ratio Fegosed:AlKremovea iNcreases as that for Fegosea: P removes deCreases. Various empirical formulae
have been put forward in the literature to describe the overall precipitation stoichiometry observed.
For example, Luedecke et al. (1989) suggested use of a general formula for ferric hydroxy
phosphate, namely:

Fe,PO4 (OH)Sr-S

For an Fe:P molar ratio of the order of 0.6 mol P/ mol Fe dosed (for non- P limiting conditions, see
section 4.3.6 and Table 4.10a below), the average formula of the precipitate according to
Luedecke ef al would be:

Fe1es PO4 (OH),

However, this formula predicts an alkalinity loss of only 1.2 mol / mol Fe (approx. 0.4 mg CaCO4/
mg FeCls), which is less than that observed experimentally (see above). In order to be consistent
with the observed alkalinity losses, the general formula for periods without P limitation could be
written as:

Fe1es 0C7) PO, (OH),

where X** is some unknown (possibly divalent) cation (e.g. Mg or Ca2+) (c.f. Arvin, 1985; Henze
etal, 1992)4, which is the same as the average formula found in Chapter 3 for alum.

Under P limiting conditions, the average P:Fe stoichiometry estimated from fractionation data was
in the range 0.32 to 0.46 mol P/ mol Fe (see section 4.3.11). Since the bicarbonate alkalinity
consumption due to precipitation was approx. 3 mol Alk./ mol Fa for these periods, the average
formula for ferric-hydroxy-phosphate compiex formed under 2:se conditions could lie in the
following approximate range:

Fes 0¢2*) PO4 (OH)s to Fey, (X*') PO4 (OH); .

Still more complex empirical formulae have been proposed, incorporating both hydroxide and
bicarbonate anions in the precipitate (Henze et al., 1992):

Cai Mey, (H,PO.)s (OH)r (HCO3).

Since caicium ion and carbonate ion concentrations were not specifically measured in this study, it
is not possible to comment on the applicability of this formula to the results obtained here.

Despite the benefit of supplemented influent alkallnity to the pilot plants (Table 4.1), the data in
Table 4.7 show that the pH in the anaerobic zone did not remain consistently above 7.0. However,
there was little statistical difference between the behaviour of R1 compared to R2 in this respect,
even in Periods 3.3.3, 3.3.4 and 3.3.5 when the anaerobic ne (of R1) v i dosed with ferric
chloride. There was a slight tendency for the pH of the aerobic zot . to be lower in R1 than R2,
and more so for Periods 3.3.1, 3.3.2 and 3.3.6 when the first aerobic zone (AE1 of R1) was dosed
with ferric chloride. However, this difference never exceeded 0.13 pH units on a median basis.

. Note: if H' is used to substitute for X, then these protons remo =~ *~ solutic= -~ ~~present a gain in akaliny.
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chloride addition in this manner appeared to change the fractionation pattern, shifting the solubility
of complex P from the PCA extract to the NaOH extract after only a matter of minutes in the batch
test. In Chapter 2 (section 2.4.7) it was found that the same shift in fractionation pattemn was
produced by the addition of ferric ions in vitro during the fractionation experiment (i.e. by adding
ferric chioride to the PCA solution used as extractant). This shift was completely artificial in that it
occurred for a sample of mixed liquor from the Control unit with a mixed liquor culture which had
never been dosed with iron. When a sampie of mixed liquor containing significant amounts of iron
precipitate (e.g. iron phosphate precipitate) is subjected to the fractionation procedure used here,
the PCA extraction step would be expected to dissolve most of this precipitate (de Haas, 1989),
and hence release iron (ferric) ions into solution. it was proposed that this would be equivalent to
the in vitro addition of iron to the PCA solution. The complexes which form between iron and
components arising from the disrupted mixed liquor solids can only be speculated upon, but could
include complexes between poly P and macromolecules, such as proteins and polysaccharides,
which tend to have poor solubility in cold PCA. It was concluded (Chapter 2, section 2.4.7) that the
distribution of compiex P between the PCA and NaOH extracts may be of littie significance in the
studying the biological P removal mechanism, and that significance should only be attached to the
sum of the complex P fractions (acid + alkaline-extractable) as an measure of the biologically
stored phosphate in the system. However, it may be useful to evaluate this conclusion in the light
of the results for ferric chloride dosing to the pilot plants presented in this chapter.

Of the results in Fig. 4.3, those for R1 on 15/8/95 (i.e. Period 3.3.2 with a high ferric dose to the
AE1 zone) clearly stand out: the NaOH complex P fraction was much greater than in preceding or
succeeding periods at low ferric dose. However, the magnitude of this fraction at low ferric dose
was nevertheless two to three times greater than in the Control. In order to determine the extent to
which the NaOH complex P fraction was “biologically active”, the results of the batch P release
tests may be considered’ (Figs. 4.4a & b and section 4.3.7 below). (In the results of these tests,
the NaOH and RES (residue) fractions are grouped since the NaOH extraction step was only
introduced to the fractionation procedure midway through Period 3.3.1). Fig. 4.4b shows that fnr
mixed liquor from the Controi unit, P release from the NaOH/RES fraction was ne( 3
compared to that from the PCA compiex P fraction. However, for the Test unit, P release from the
NaOH/ RES fraction was significant and commensurate with its magnitude prior to the P release
test (Figs. 4.4a and 4.3). For completeness, all the P release results from Figs. 4.4 (a&b) are given
in Table 4.9b.

The data in Table 4.9b and Figs. 4.4(a&b) confirm that, for mixed liquor dosed with ferric ions, at
least part of the complex P which is extracted with NaOH (rather than PCA) is of biological origin.
If, on this basis, all the NaOH complex P is attributed to the biological mechanism in Table 4.9a,
then it would appear that the biological fractions were never depressed by more than 17% relative
to the Control. In some cases, the size of the biological fractions of the two units appeared to be
equivalent, or even slightly arger in the Test unit dosed with ferric chloride. The sum of the
biological and chemical fractions was always greater in the Test unit, compared to the Control,
which is line with the observations of greater system total P removal in the Test unit (see 4.3.1).
These results were obtained for ferric chioride dosing periods under non-P- limiting conditions; the
fractionation results for P-limiting conditions were somewhat different and are discussed in
sections 4.3.11.1 and 4.3.11.2.

Table 4.10a compares the additional P removal as chemical precipitate (estimated from the
sludge ortho P fractionation data) with the metal dose, on a molar basis. It can be seen that the P
removal attributable to chemical precipitate extracted in the PCA + NaOH ortho P fractions only
account for about 60 to 70% of the observed molar ratio of P emoved/F€40sed fOr periods in which P
limiting conditions did not occur (from section 4.3.3 above and Table 4.6 above). Yet, the PCA +
NaOH ortho P fractions accounted almost fully (90 to 96%) for the metal (hydroxy) phosphate
(“MeP") predicted by the IAWQ chemical precipitation model® (see Table 4.10b; and refer to
Chapter 7 and Table 7.10). The P:Fe stoichiometry fitted for the IAWQ model® was greater than

7 The method for the batch P release tests is described in the full fractionation procedure in Table 2.11 of Chapter 2.

A margin of error arises in these comparisons from the failure of the model to exactly predict the observed effluent P
concentrations of the Test unit. The problem stems the accuracy to which the biofogical model can be calibrated (given the
assumptions made in influent characterisation) as well as variance in both the observed influent and effluent data.

2 These re=~ === ===~ in greater detail in ~~1~*-- 7 (secti=~ 7 ".2.2¢=+ 7"« ™
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4.3.8 Nitrificatior’ ~itrification

Ferric chioride did not appear to inhibit nitrification-denitrification to a significant degree since the
effluent ammonia and nitrate results of the Test and Control units were very comparable (Table
4.4). There was a slight tendency (<1 mgN/¢) for effluent ammonia concentrations to be higher in
the Test unit (R1) than the Control unit (R2) under P-limiting conditions (Table 4.12). Since
phosphate contributes to the total alkalinity of the system, the lower influent P concentrations may
have indirectly exposed the nitrifiers to slight inhibition as a result of localised pH effects in the
first aerobic zone (point of addition of the acidic ferric chloride solution).

4.3.9 Sludge production

In terms of VSS production, the Test (R1) and Control (R2) units were comparable for most
experimental periods (Refer to Tables 4.3 and Table 4.4: Periods 3.3.1 to 3.3.2, spanned 96 days;
followed by a change of enhanced culture; followed by Periods 3.3.3 to 3.3.6). Period 3.3.6 20
mg/¢ Fe dosed to aerobic zone) showed 14% more VSS in R1 than R2 (Table 4.4). Under
conditions of P-limitation, Periods 3.6.1 and 3.6.2a (10 mg/¢ Fe to aerobic zone) showed smaller
VSS differences, in the range 3 to 7% more VSS in R1 than R2 (Table 4.12). Since the period of
ferric chloride dosing from the time of the change of enhanced culture in R1 to the start of Period
3.3.6 was 71 days, and since a three week period of semi-enhanced culture re-development in the
presence of ferric chloride dosing had led up to Periods 3.6.1 and 3.6.2 (Table 4.3), it is possible
that slow changes in the behaviour of the chemical or biological mechanisms led to the observed
increase in VSS for R1 relative to R2. It is not possible to say exactly what these changes were,
but an accumulation of chemical precipitate with coagulant properties toward organic material
seems to be suggested by the data. One possibility is that the iron (hydroxide) precipitate has
properties which adsorb/ enmesh colioidal organic material in a manner which tends to make it
unbiodegradable and thus contributing directly to the VSS of the system. The effect would be
analogous to an increase in the influent unbiodegradable particulate COD fraction. However,
differences in VSS will also arise from the relative abundance of poly P accumulating organisms in
the systems. It is well known that BEPR gives increased VSS production, due to the lower death
rate of these organisms (Wentzel et al., 1989). Hence, potentially, as a result of partial inhibition of
the BEPR mechanism in the presence of iron dosing, VSS production in the Test unit may have
been reduced, relative to the Control. The fact that the smaller VSS differences between the units
was observed under P-limiting conditions (Periods 3.6.1 and 3.6.2a) are relevant in this regard.

In terms of TSS (i.e. MLSS) the Test unit showed a significantly increase (9 to 33%) in sludge
production, particularly at the shorter sludge age of 10d (refer to Table 4.4). These results must be
viewed in the context of additional P removal as a result of chemical precipitation, with the
chemical precipitate contributing to the inorganic suspended solids (1SS).

From the data in Tables 4.4 and 4.11, the inorganic suspended solids (ISS) may be calculated:
ISS=TSS-VSS

Furthermore, the difference in ISS (AISS) between the two units can be calculated. it is possible to
compare the observed AISS with estimates of precipitate formation based on the additional P
removal in R1 (APten = Ptemr1 - Plempr2). In order to do this, the stoichiometry of the precipitate
must either be assumed or estimated. As discussed under section 4.3.6 above, for periods without
P-limitation, stoichiometry estimates from fractionation results (Table 4.10a) had failed to account
fully for that calculated from the additional system P removal in the presence of iron dosii  (Table
4.6). For these periods, the chi ryfr Table46v apted (i.e. it was assumed that
inhibition of the biological removal mechanism was negligibie; Trom fractionation resuits this was
not strictly true'). In the case of periods with P-limitation (Periods 3.6.1 and 3.6.2a), the P:Fe

" Table 4.9a shows that this is not strictly true. However, as a result of a partial inhibition of bio-P removal, possible over-
estimates of ISS production due an apparently higher Fe:P (lower P:Fe) stoichiometry (i.e. estimated from APt rumavea data), will to
..Some extent be ~~Tpensate - by a loss of ISS from reduced biological accumuation.
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At the prevailing reactor pH for Period 3.6.1 (median pH 7.4 to 7.5 in the aerobic reactors - see
Table 4.14), the solubility limit for ferric (hydroxy) phosphate precipitate is expected to be in

region of 0.2 to 0.4 mgP/¢ as ortho P, due to the formation of soluble iron-P complexes (ion-ps
(see Chapter 7, section 7.1.3.2 and Fig. 7.4). Hence, even in the presence of excess iron, it would

be theoretically impossible to achieve an effluent ortho P concentration of <0.2 mgP/¢ at a reactor
pH of 7.4 to 7.5. Background iron (or other cation) concentrations in the influent sewage could set
up similar equilibrium constraints in the Control reactor (median aerobic reactor pH 7.5 to 7.7),
which may also make it also impossible for the biological mechanism to remove phosphate to

lower residual ortho P concentrations (ca. 0.3 to 0.5 mgP/¢, based on Fig. 7.4 at pH 7.5 to 7.7).
These equilibrium constraints appear to be borne out by the . ove-mentioned effluent ortho P
results for Period 3.6.1 (Table 4.12b). Under such low effluent P conditions, in the presence of
metal (e.g. iron) dosing, the biological mechanism would be in maximum competition with the
chemical mechanism for avallable pho: ate. Since the chemical reactions would take place
outside the bacterial cells and since chemical precipitation should be much more rapid than
biological P uptake, it may be hypothesised that the biological mechanism would always be at a
competitive disadvantage under low reactor P concentrations. This hypothesis appears to be
supported by the greater degree to which P release in the anaerobic reactor was depressed in the
Test unit, relative to the Control (see above). A comparison of the size of the poly P pool in the
Test and Control units (measurable by fractionation) serves as another indicator of the “strength”
of the biological mechanism under these conditions.

Figures 4.9 and 4.10 as well as Table 4.15 show fractionation results for mixed liquor sampled
during Period 3.6.1. Examining Fig. 4.9 and Table 4.15, and ignoring the relative contributions of
acid versus alkaline soluble forms of either ortho P or complex P by taking the sum of the
respective PCA and NaOH fractions, the following observations may be made:

e The total P of the mixed liquor was significantly lower (80 to 120 mgP/gVSS) during Period
3.6.1, compared to preceding ferric chloride dosing periods (Fig. 4.3), as wouid be expected
for the lower influent acetate addition and limiting influent P concentration. For the same
reasons, in absolute terms, the magnitude of the complex P (biological) fractions of both the
Test and Control units was significantly lower in Period 3.6.1, compared to previous ferric
chloride dosing periods.

e The total P content of the mixed liquor (sum of ali fractions, based on P/VSS) was either
almost equal in the two units, or slightly fower in the Test unit (dosed with ferric chloride). This
is in agreement with the results for Period 3.6.1 as a whole (Table 4.12a) in which the Test unit
had a lower P/VSS ratio (but slightly higher VSS) and gave a slightly lower system P removal.

e The magnitude of the complex P (biological) fractions was depressed by 26 to 37% in R1
relative to R2 (Control), which is greater than the degree of depression (max. 17%) observed
for periods in which P was never limiting (see section 4.3.6), but less than that suggested from
mass balance data for average P release in the anaerobic reactor of R1 compared to R2
(43%, see above).

s The magnitude of the ortho P fractions was approximately three-fold greater in R1 (ferric
dosed) compared to the R2 (Control), which is similar in relative terms to the differences
between R1 and R2 for non-P limiting conditions (Table 4.9a).

¢ In absolute terms, the magnitude of ortho P (chemical) fractions was approx. 25 to 40
mgP/gVSS (or 33 to 52 mgP/¢) in the Test unit (R1) and 10 mgP/gVSS (12 mgP/¢) in the
Control (R2), which is significantly less than that for periods of comparable flow and iron dose
without P limitation (50 to 60 mgP/gVSS, or 113 to 136 mgP/¢, for R1; and 20 mgP/gVsSS, or
48 mgP/¢, for R2 - from Tables 4.9a and VSS data in Table 4.4). This implies that the
chemical mechanism removed less phosphate under P limiting conditions and therefore
probably does not have a large “competitive advantage” over the biological mechanism under
these conditions.

¢ The relative percentage contributions of the chemical (ortho P) fractions and biological
(complex P) fractions to the total P of the mixed liquor solids (i.e. sum of all the sludge
fractions, ignoring the supernatant) were approx. 10% chemical - 84% biolo3gica| (remainder
unknown residue) in R2 (no ferric), and approx. (26 to) 36 % chemical®™ - (55 to) 60%
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94 mgP/d, which gives a stoichiometry of about 0.40 to 0.46 mol P/mol Fe (dosed). This is
similar to that observed for Period 3.6.1, and about 33% less than the average stoichiometry
calculated in the same manner for pe:  1s of ferric chloride dosing without P limitation.

e The relative percentage contributions of the chemical (ortho P) fractions and biological
(complex P) fractions to the total P of the mixed liquor solids (i.e. sum of all the sludge
fractions, ignoring the supematant) v e approx. 10% chemical - 84% biological (remainder
unknown residue) in R2 (no ferric), and approx. 33 to 39 % chemical and 54 to 62%
biological in R1 (with ferric). If these results are compared to those in Table 4.9 for non-P
limiting conditions, then the relative haviour of the two units was little changed under P
limiting conditions: at most, the biolo :al mechanism may have been “inhibited” (depressed)
by about 12% in the Test unit (dosed with ferric chioride), while the chemical mechanism
gained by no more than this margin, in relative terms. This implies that the biological
mechanism is only at a fairly smali competitive disadvantage to the chemical mechanism
under P-limiting conditions, when corr ired to non-P- limiting conditions.

o PCA-extractable complex P fractions became very minor in R1, but remained fairly significant
in R2; much of the complex P was M JH-extractable, and this was particularly noticeable in
R1. These observations are linked with those reported in Chapter 2 (section 2.4.7) where the
fractionation pattem for complex P wi  found to be at least partly an artefact induced by the
availability of metal during the fractionation procedure, whether that metal was solubilised
from the mixed liquor solids during tt extraction procedure, or added to the test tube during
the PCA step from an extemal source. As a result, little significance can be attached to the
relative size of the PCA and NaOH compiex P fractions. Accordingly, these fractions were
lumped together as “complex P" for interpretation purposes.

e Anaerobic batch P release tests in combination with the fractionation studies (Fig. 4.15)
showed that P release was depressed by 37 t0 47% in mixed liquor from R1 (ferric dosed),
compared to R2 (Control). For both R1 and R2, P release to the supematant could be largely
accounted for by P release from the I 'ogical (complex P) fractions, although the agreement
improved if minor uptake into the PCA ortho P and supernatant complex P fractions was also
taken into account. The apparent uptake into these fractions was also observed in these batch
tests for Period 3.6.1, and could indicate the formation of chemical iron-P complexes (e.g.
colloidal or particulate ferric-hydroxy-f sphate complexes). The formation of such complexes
would be more likely where “surplus® ee or complexed) iron, with the potential to adsorb or
precipitate phosphate, has accumulated in the mixed liquor. This would be most likely under P
limiting conditions, such as Period 3.6 1. The fact that this phenomenon was also observed to
some extent in the batch test for m d liquor from the Control unit suggests that settled
sewage alone can contribute a significant amount of iron (or similar cation) which can give
chemical P precipitation as a minor removal mechanism.

Summarising, Periods 3.6.1 and 3.6.2a represent a fifteen week experimental period (equivalent
tofii r 1dge ages) during which the pilot plants operated under conditions ap| iting full-
scale conditions with limiting effluent P concentrations, and reilatively low effluent alkalinity. The
Control unit (R2) achieved virtually complete P removal by biological means alone. The Test unit

was dosed with ferric chloride at a constant dose of 10 mg/¢ as Fe to the first aerobic reactor. The
Test unit also achieved virtually comple P removal. Fractionation results indicated that the
relative ratio of chemical to biological slu e P fractions in the mixed liquor of the Test unit was
similar to that observed under conditions ‘hen effluent P was never limiting, with a small shift
toward the chemical mechanism. On the one hand, the magnitude of the biological fractions was
depressed (“inhibited™) by about 35% in the Test unit with iron dosing, relative to the Control under
P-limiting conditions; this is approximately ouble that found for non-P-limiting conditions. On the
other hand, a comparison of the chemical ctions in the Test unit under P-limiting versus non-P-
limiting conditions revealed that, for the s e iron dose and operating conditions, significantly iess
phosphate was precipitated under P-limiti  conditions. The stoichiometry of additional chemical
precipitate due to iron dosing (calculated y difference from fractionation data for the Test and
Control units) was approximately 30 to 35% lower under P-limiting conditions, compared to that for
non-P-limiting conditions. it follows that the both the biological and chemical P removal
mechanisms are “disadvantaged” to approximately the same degree under P-limiting conditions.
This explains why the relative proportions of the chemical and biological sludge P fractions
remains essentially constant under both limiting and non-P-limiting conditions. However, the
chemical precipitation mechanism obviously does limit the extent to which the biological P
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precipitation) stages, rather than the secondary stage (simultaneous precipitation with activated
sludge). Simultaneous precipitation does have the initial benefit of increasing the system P
removal over that achieved by biological means alone. If the system does not become phosphorus
limited (e.g. metal doses are kept faily w~ and effluent ortho P concentrations remain approx.
>0.5 mgP/¢), then it is likely that a nef benefit from chemical addition will continue to be observed
indefinitely. Apart from the net benefit of | ater system P removal, compared to a Control system
without metal addition, the accumulation to a degree of metal hydroxide (depending partly on
effluent P concentrations) will be a furth. benefit in terms of acting as a “buffer” with “spare” P
precipitation capacity to absorb cyclic variations in influent P load. However, if the system
becomes phosphorus-limited for extend  periods, the numbers of blo-P bacteria (PAOS) will
decline to a greater extent with simuitaneous chemical precipitation than without. With weakened
BEPR, the danger exists that the plant will fall into an operational regime where, with variations in
influent P load, the effluent P concentr: ins increase (perhaps only a little, but exceeding the
required standard), causing the operatt : to add more chemical precipitant, thereby further
exacerbating the problem. The tertiary (post-precipitation) altemative is potentially the most
expensive since additional clarifier/ filter frastructure is required. The primary (pre-precipitation)
altemative may be the better option. However, in order to achieve optimal performance, chemical
dosing at the primary stage will need tot flow-proportional (or preferably load-proportional) since
the benefit of metal hydroxide accumul: n with the recirculation of sludge (as in the activated
sludge process) may not be practical foi e primary sedimentation tanks and the “buffer” effect
from accumulated metal hydroxide in the system will not be present. Moreover, if the economic
benefit of BEPR activated sludge systems is to be realised, the danger of over-dosing at the
primary stage (pre-precipitation) also ne: 5 to be avoided since limiting P concentrations to the
activated sludge plant (and possibly even carryover of soiuble metal in the settled sewage, or
primary effluent) can still result in “inhibition” (depression) of the bio-P mechanism, as
demonstrated by Aspegren (1995).
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If the explanation of the fractionation patterns in Fig. 5.9 described above is followed, then the similar
extents of P release shown by the Test and Control units in anaerobic batch tests (with excess acetate)
can also be explained. This point will be di issed in more detail in the context of the anaerobic batch
test results (see 5.3.6 below).

The key data in Fig. 5.9 are consolidated in Table 5.9.

In summary, from the fractionation studies, it may be said that the ferrous-ferric chloride always
conferred an advantage on the Test system by increasing the sludge total P content. It did this by
increasing the “chemically” bound ortho P fraction, with little alteration (at low doses) to the acid-
extractable complex P fraction. At the same time, it increased the alkaline-extractable complex P
fi ch that the sum of the acid and alkaline-extractable complex P fractions was never depressed
by more than 13%), relative to the Control, even at high ferrous-ferric dose (Table 5.9). in two of the
fractionation experiments (at the commencement and end of Period 3.4.3 when the anaerobic zone was
dosed with ferrous-ferric chloride), the Test nit showed more complex P (biological) fractions than the
Control unit. Although this may suggests { it the biological mechanism was stimulated by the metal
dosing at this time, it is more likely that the biologicai mechanism in the Control was inhibited by influent
characteristics to a greater extent than in { @ Test unit (see section 5.3.1.1). A similar conclusion was
reached from mass balance considerations around the anaerobic reactor (5.3.3.2 above).
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characterised by unseasonably wet weather in Pietermaritzburg, with heavy snowfalls in nearby
parts of the country. The mean COD measured over this six day period was 269 mg/¢, which was
close to the mean of 280 mg/¢ for the whole period. However, modelling of data for Period 3.5.1
using either the UCTPHO or IAWQ mod (see Chapter 7, section 7.1.5), required input of a high
unbiodegradable particulate influent COD fraction and low readily biodegradable influent COD
fraction(s). The requirement for a high unbiodegradable particulate fraction appeared in the
modelling for several other experiment. periods which all coincided with the spring/ summer
season when the catchment of Darvill V VW typically receives most rain. As stated, July 1996
(Period 3.5.1) saw unseasonable high rai. 1l in this catchment.

It is interesting to note from Figs. 5.11 (a  b) that the Test unit (R1) performed significantly better

n R2 over the same six day period preceding the 28/7/96 fractionation, with a median removal
of 4.48 mgP/¢ compared to a mean removal of 6.04 mgP/¢ for the whole of Period 3.5.1. Aliowing
for a median of 1.70 mgP/¢ biological removal during the six day period (on the basis of resuits for
the Control unit, R2), the median chemical removal in the Test unit (R1) was 4.48 - 1.70 = 2.78
mgP/¢ over the six day period. This compares with the mean chemical removal of 6.04 - 3.85 =
2.19 mgP/¢ for Period 3.5.1 as a whole. In other words, the chemical mechanism performed
slightly better than average during the six day sub-period and partly compensated for the weaker
biologicai P removal. The fractionation results for R1 in 28/7/96 (Fig. 5.11a) showed a large
relative fraction of “chemically” bound phosphate (PCA extractabie ortho P). These results suggest
that during Period 3.5.1, the mixed liquor R1 had the capability of drawing from some “reserve”
P removal potential at a time when the biological P removal was fow. This point illustrates the
value of a combined chemical-bioclogical P mechanism in potentially improving effluent
compliance at times when the influent conditions are not conducive to good biological P removal.
The “reserve” P removal potential will most likely be in the form of metal hydroxide accumulated
in the mixed liquor (see Cheapter 7, section 7.1.1 and 7.1.5). The metal hydroxide has an ion
exchange capacity for phosphate (c.f. Cl ter 1, section 1.2.1.3; and Chapter 7, section 7.1.1).
For a constant metal dose, at low effluent phosphate concentrations, more metal hydroxide will
accumulate as phosphate becomes limiting. This will improve the “reserve” potential of the mixed
liquor to remove phosphate chemically under transient conditions when the biological removal
potential is weak.

It is worth noting that the mixed liquor sample from the Control unit (R2) on 28/7/86 exhibited a
fractionation pattern of weak biological e ess P removal (BEPR), tending toward the “baseline”
for a non-BEPR sludge. The mixed liquor total P content for this sample was 38 mgP/gVSs.
Aliowing 20 mgP/gVS$ for nucleic aclds ¢ | phospholipids (De Haas, 1989), and subtracting ca. 9
mgP/gVSS$S for chemically-bound sludge ortho P and 3 mgP/gVSS for the mixed liquor supematant
ortho P, this leaves approx. 6 mgP/gVSS for possible poly P storage. Anaerobic P release with
excess acetate over 4h amounted to 5.2 mgP/gVSS for the 28/7/96 sample (Fig. 5.14a or b) ,
which is in reasonable agreement with 1e afore-mentioned estimate based on fractionation
results.

The fractionation . _ sults for Periods 3.5.1 and 3.5.2 are summarised in Table 5.11.

If the resuits for 28/7/96 are neglected (for above-mentioned reasons), Table 5.11 indicates that
the “biologicai” component of complex P fractions was depressed by 10 to 22%, which, as
expected, was less than for Period 3.4.4 when lower effluent P concentrations were achieved. This
tends to confirm the hypothesis that competition between the biological and chemical mechanisms
for available phosphate increases as the effluent P concentration decreases below ca. 1 mgP/¢.
However, the difference in biologically stored fractions was more than compensated for by an
increase in the “chemical” ortho P fraction. This is in keeping with the results which showed greater
P removal in the Test unit compared to the Control for these periods (Figs. 5.7b & 5.8b).

5.3.5.4 Estimation of chemical precipit on efficiency from fractionation data

Based on the assumption that the PCA and NaOH ortho P fractions represent chemical precipitate
extracted from the mixed liquor, it is possible to estimate the molar ratio of Fe:P in chemical
precipitate formed as a result of ferrous-ferric chloride dosing on the basis of the relative size of
these fractions between the Test and Control units. The results are shown in Table 5.12a may be
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5.3.7_Nitrification/ denitrification

Ferric chloride did not appear to inhibit r ification-denitrification since the effluent ammonia and
nitrate results of the Test and Control units were very similar (Table 5.4). Alkalinity consumption
due to ferric dosing (based on measuren its of bicarbonate alkalinity in the pilot plant effluents -
refer to Tables 5.2, 5.3 and 5.8) was fess than the theoretical amount for the precipitation of ferric
hydroxide, and lower than that for compe >le periods of ferric chloride dosing (see sections 4.3.4
and 5.3.4). This shows that the gain of alkalinity from oxidation of ferrous ions to ferric ions
(Loewenthal et al., 1986) is a benefit from using ferrous chloride in preference to ferric chloride for
simultaneous precipitation.

5.3.8 Sludge production

In terms of sludge production, the Test unit (ferrous-ferric dosed) showed a significant increase in
some cases, compared to the Control. However, these differences need to be seen against the
experimental background.

During Period 3.4.1 (high Fe dose), a large additional mass of phosphate was removed by the Test
unit (Table 5.4), which partly explains the large increase in TSS production (61%) for this Period,
compared to the Controt. However, for the same period, VSS production was 20% greater in the
Test unit than the Control. At low Fe dose (Penods 3.4.2 and 3.4.3), the increase in siudge
production in the Test unit was smaller, namely 19 to 36% for TSS, and 12 to 15% for VSS. These
data suggest that iron (or iron hydroxide) forms complexes in the mixed liquor which invoive
increased adsorption/ enmeshment of colloidal organic material. Effectively, this would be
equivalent to an increase in the inert (u odegradabie) particulate COD fraction of the influent,
which contributes directly to the VSS of the mixed liquor. However, the observed differences in
VSS were probably exaggerated to a degree by the apparently weakened BEPR response in the
Control unit during Periods 3.4.2 and 3.4.3 (refer to section 5.3.1.1 above). It is well known that
BEPR results in increased VSS production, as a result of a lower death rate of poly P
accumulating organisms (Wentzel et al., 1989). By contrast, during Period 3.4.4 (with good BEPR
in the Control but P-limited in relation to = acetate dose), the increase in TSS production in the
Test unit (10 mg/¢ Fe dose) was signific: ly less (9%) and the difference in VSS production was
negligible. During Periods 3.5.1 and 3.5.2 (low Fe dose, similar to real operating conditions at full-
scale, without phosphate added to the i uent), overall biological P removal was much weaker
and chemical P removal appeared to play a bigger role in the Test unit, compared to the Control
(section 5.3.5.3). For these periods. the Test unit showed increases of 23 to 27% for TSS, and 8 to

12% for VSS production. Ti nilar to that made by Schmidtke (1985) who
reported a median 26% inc produced from a survey of 15 conventional
' Il [ in ¢ addition ( ric/ pl  iin v to

before chemicai addition. Ciearly, botnh the biological and chemical removal P mechanisms
contribute to the changes in sludge production. An increase in TSS will be largely due to increased
Iss® production, which is directly due to inorganic precipitation reactions. However, from the
above-mentioned data, it seems that an increase in VSS of around 8 to 20% may also be
expected for a ferrous-ferric chloride dose range of 10 to 19 mg/¢ Fe (based on influent). This
increase in VSS appears to be slightly « :ater than that noted for ferric chloride dosing, which
could indicate minor differences in the mteraction between the biomass (or colloidal organic
material) and colloidal iron (hydroxide) c: oid formed by the addition of ferrous ions, as opposed
to ferric ions. For example, the oxidation of ferrous ions to ferric ions (which may take up to an
hour, approximately’) may result in slower and slightly more efficient coagulation of colloidal
organic material contributing to the VSS, as suggested above.

Since chemical precipitate contributes directly to the ISS, it is useful to examine the solids data
from the Test and Control units in the context of additional P removal as a result of chemical
precipitation.

® Inorganic suspended solids (ISS) - see discussion foliowing.
7 Refer to section 1.5 of Chapter 1.
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5.4 CONCLUSIONS

1. In the absence of pl iphate limitation, pilot plant operational results over a period equivalent
to approximately 10 siudge ages, as well as chemical fractionation results suggest that
interference in the igical P removal mechanism as a result of ferrous-ferric chloride
(blend) dosing is n wvere. From these experimental periods, when effluent phosphate
concentrations always exceeded 12 mgP/¢ (and usually exceeded 20 mgP/¢), the following
additional conclusions were drawn:

e A net improvement in P removal was virtually always found in the Test unit (ferrous-ferric
dosed), compared to the Control. On average, the additional removal was approximately
0.68 Mol Pemoved PEr Mol Fe gosed- A SilT Ir estimate (0.66 mol P/ mol Fe) was obtained
from fractionation data after approximately six sludge ages with ferrous-ferric chloride
dosing.

e Ferrous-ferric « ing to the anaerobic zone produced additional P removal which
amounted to approximately 1.75 mo! Premoves Per mol Fe goseq. This is in excess of the
stoichiometric amount. However, careful analysis of the data for this period showed that
the apparent ad ional removal may have been caused by the a relative deterioration of
biological P removal in the Control unit, rather than an increase in the absolute P removal
from the Test unit. No explanation for this observation was self-evident. It was proposed
that influent composition played a role, and it was speculated that sulphide inhibition of the
biological mechanism may have occurred to some extent. Circumstances surrounding the
operation of the full-scale plant (from which the pilot plant influent was obtained) most
likely increased the influent septicity and hence the sulphide concentration.

e Compared to the Control, average P release in the anaerobic zone of the Test unit
(ferrous-ferric dosed) was depressed by no more than 11% on average, even when using a
high dose of ferrous-ferric chloride. Stimulation of P release appeared to result from
dosing to the anaerobic zone, but this conclusion was not considered to be valid in view of
the aforementioned weakened biological P removal in the Control during this experimental
period.

« In a similar manner to studies for ferric chloride dosing (Chapter 4), fractionation studies
showed that it a ears to be invalid to measure the relative contribution of the biological P
removal mechanism on the basis of the size of the acid-extractable complex P (or poly P)
fraction alone. Dosing with ferrous-ferric chloride appears to increase the size of the
complex P fraction which is not extractable into cold perchloric acid, but which is
extractable into sodium hydroxide at room temperature. This fraction is biologically active,
as evidenced by its contribution to P release under anaerobic conditions in the presence of
excess acetate, which suggests that it represents a significant portion of the poly P in the
biomass.

s The sum of the acid-extractable and alkaline-extractable complex P (or poly P) fractions in
the biomass from the Test unit (with ferrous-ferric dosing) was never depressed by more
than approximately 13%, relative to the Control and in some cases was greater in the Test
unit than the Control''. When added to the increased fraction attributed to chemical origin
(acid-extractable ortho P), the mixed liquor of the Test unit always contained more total
phosphate than that of the Control. This is in agreement with the observation of greater
system total P removal in the Test unit with simultaneous ferrous-ferric chloride addition.

e Anaerobic P release batch tests (with excess acetate) indicated that the biological
mechanism in the Test unit was depressed by at most 15 to 22%. In one test, the
biological mechanism appeared to be significantly stronger in the Test unit, compared to
the Control but tt again was d to the depres: | biol ':al P removal in the Control
during this period.

" This was due to an apparent inhibition of the BEPR mechanism in the Control unit during Periods 3.4.2 and 3.4.3 (see section
5.3.1.1 for discussion). Furthermore, differences in VSS productian in the Test vs. Control units (see point 8 of this section)
influence, ta some extent, the interpretation of the fractionation results when expressed on a mgP/gVSS basis. Neglecting
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Max. nitrate in return sludge: 1 mgN/¢ >
Return siudge ratio based on influent: 1:1
Sludge age: 9d

Anaerobic mass fraction: 0.12

No. of anaerobic reactors in series: 2.

It was established that the above assumptions have validity, notably :

« the influent VFA in the settled sewage is usually low ¢ (de Haas and Adam, 1995);

o the blodegradable influent COD fraction of 0.23 could be supported by limited
experimental data® and compares well with the default value of 0.24 commonly used for
settled sewage (Dold et al., 199

o the measured nitrate concentration in the pre-anoxic zone (which feeds return sludge to
the anaerobic zone - Fig. 8.2) is routinely measured to be between 0.5 and 1.0 mgN/¢);

+ asludge age of 8 to 10d was recorded for this plant during 1996 (Fig. 6.17).

Hence, with approximately 8 mgP/¢ biol jical P removal potential, and sufficient chemical
precipitant dosed (0.1 mmol/¢) to remove ) to an additional 2 mgP/¢ at a projected ratio of P
(removed):metal (dosed) = approx. 1.5:1 (Chapters 3, 4,& 5), it is clear that better than 10 mgP/¢
removal cannot be expected on average unless a significant contribution of VFA to the influent
comes from primary sludge fermentation.

From the data in Table 6.2, it can be seen that (under dry weather flow conditions, May to
September) the fermented primary sludge supemnatant liguor (SNL) contributes on average
approximately 14 mg/¢ VFA as COD based on the influent flow of settled sewage. This could
increase the biological P removal potential fi n approximately 8 mg P/¢ to approximately 9.5 mgP/¢,
or a theoreticak maximum P removal poti lial of approximately 11.5 mgP/¢ with simultaneous
chemical precipitation included. This estimate of P removal potential may explain to some extent the
observations (Figs. 6.8 & 6.9) that periods f weaker P removal appeared to be associated with
higher influent P concentrations (especially total P, where data was available) or lower influent COD.
More detailed modelling of the results would only be possible if readily biodegradable influent COD
had been measured on a routine basis.

Figures 6.9 &6.10 ............../

3 Nitrate concentrations of 0.5 to 1 mgN/¢ are routinely measured in the pre-anoxic zone (refer to Fig. 6.2).

4 De Haas and Adam (1995) reported an average of 3¢ : 20) mg/¢ VFA (mainly acetic and propionic acids) for Darvill settled
sewage from 26 selected data pairs determined by HPLC.  ie original data set had 41 data pairs which gave 39 (z 43) mg/¢, but 15
data sets to be rejected as outliers.

Unpubllshed data recorded in July 1993 for Darvill settied sewage gave an average of 102 (+15) mg/¢/ RBCOD determined using
the square-wave loading method described by WRC (1 ). The total COD for the corresponding period averaged 445 mg/¢.
Assuming tinbiodegradable fractions (particutate plus solu of 0.11, this gives an fbs value of 0.26. in April 1997, for 24 samples
of Darvill settled sewage using the method of Mamais et al  393), an average fbs value of 0.20 was determined.
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7.1.1.5 Experimental vs. model :sults of Luedecke et al. (1989) and estimation of
unknowns

The model of Luedecke et al. (1989) contains four parameters with unknown vaiues:

o the stoichiometric coefficient,r, FePO4(OH)s.3

o the solubility product, K,, for Fe,PO4(OH)3.3

o the equilibrium (stability) constant (Kg) for the iron-phosphate complex FeH,PO4" (see
footnote®) and

o the adsorption coefficient (Ky).

ecke et al. (1989) evaluated these unknowns from the experimental results of batch and
continuous tests for simultaneous  sing of ferric chioride to activated sludge under aerobic
conditions with strict pH control (pH 7.2 for continuous tests and either pH 6.8, 7.2 or 8.0 for batch
tests). The experiments took into account the observation that during the first hour of aeration,
hydrolysis of complex forms of phosphate (mainly of particulate origin) to dissolved
orthophosphate occurred.

Luedecke et al. (1989) found good agreement between the observed and calculated (model)
results. All the observed Fegosea/Premoved Curves (Figs. 7.2a through c¢) exhibited the following
common features:

¢ moving from high (ca. 6 mgP/¢)  lower (ca. 0.5 to 2 mgP/¢) residual ortho P concentrations,
there was a slow increase in 2 Fe/P ratio during the period when only ferric hydroxy-
phosphate precipitation was predicted. The fact that the Fe/P ratio was not constant in this
region prior to ferric hydroxide formation implied that the composition of the precipitate was
not constant under these condi ns. It was interpreted by Luedecke et al. (1989) as being
consistent with the predictions [ their adsorption model. However, they did note that P
adsorption onto the biological m d liquor suspended solids could not be ruled out.;

o a sharp increase in the Fe/P ratio occurred at low P concentrations when ferric hydroxide
precipitation commenced.

By means of fitting calculated (model) data (Figs. 7.2a to 7.2¢) to the observed values, Luedecke
et al. (1989) concluded that the composition of ferric hydroxy-phosphate formed in their
experimental systems was essentially the same for all pH values. All estimates were distributed
around a mean value of r= 25 m Fe/mol P, which gives the empirical formula of Fe,s5 POy
(OH)45. The estimated pK value for this precipitate was 96.7. This value is much lower than the
literature value for FePQ, as stren¢ 3 (pKs = 28.7) or amorphous FePQO, (pK. = 23). From their
results, supported by similar data from an inc endent source, Luedecke et (1989) conclu
that the solubility of ferric (hydroxy) phosphate precipitating in activated systems is much lower
than in pure chemical systems.

The mean estimated value for pKy, (see above) was -21.5, although some uncertainty in the range
-20.7 to -22.7 was noted for the pH | 1ge 6.8 to 8.0 (Luedecke et al., 1989).

Considerable uncertainty arose in ¢« imating the value of K, at low (6.5) or high (8.0) pH. Less
uncertainty in the data was evidei in the pH range 6.8 to 7.2, and K, appeared to be at a
minimum at pH ca. 7.0. The combi d data gave a mean K, = 1.68 x 10™'> mol*/¢? ; in the pH
range 6.8 t0 7.2, the mean K was 0 3 t0 1.90 x 10" molzlzz; and at pH 8.0, the mean K, was 4.1
x 1072 mol¥/¢%. Luedecke ef al. (1¢ J) noted that the variation in the value of K, is probably a
reflection that their hypothetical ¢ orption mechanism is over-simplistic and does not fully
describe the actual phenomenon.

* The value of the equilibrium constant for the 1 tion Fe®* + H,PO,” = FeH,PO.*" was reported to vary over a wide range in the
literature. Since the formation of this complex could control residual ortho P solubility at low pH, the value of this constant was
estimated by Luedecke ef al. (1989) from experimental results. The estimated pK value for this complex was -21.5).
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in the model for loss of hydroxide ions (decrease in alkalinity) from the bulk phase during
formation of Fe(OH); but pH is assumed to be near neutrality °. Effectively, Fe* dosing
modelled as the addition of Fe(OH); in the form of an influent to the activated sludge plant, on the
basis that 1 g Fe converts to 1.91 g Fe(OH),. If total suspended solids (TSS) is modelled, the
Fe(OH); is considered to contribute to the influent TSS. Absolute values for the stoichiometry of
ortho P precipitation may be calculated as follows:

PO, + Fe(OH); <> FePO, + 30H

where 1 g P reacts with 3.45 g Fe(OH); to form 4.87 g FePO4. | ice, with the units of P
concentration being g/m* (or mgP/¢), for dosing with ferric ions:

VeRrE, MeoH = -3.45

VReD, Meor = 3.45

Vrre, Mer = 4.87

VRep, Mep = -4.87

Similarly, for alum dosing:
PO, + AI(OH); < AIPO, + 30H

where 1 g P reacts with 2.52 g A{OH); to form 3.94 g AIPO,. Hence, with the units of P
concentration being g/m3 (or mgP/¢), for dosing with aluminium ions:

VPRE, MeoH = -2.52

VRED, MeOH = 2.52

VpRE MeP = 3.94

VReD, Mep = -3.94

IAWQ (1995) proposed values for the kinetic constants on the basis that these values gave
predictions of residual ortho P concentrations which are considered typical of simultaneous
precipitation with FeCl; in activated sludge systems:

kere=1 £. (Mg Fe(OH)y)™". d”'
keep = 0.6 d”

IAWQ (1995) did not indicate whether these kinetic constants would also be suitable for alum
dosed systems.

7.1.6 Summary

A model based partly on equilibrium and partly on kinetic processes has been proposed for
simuitaneous precipitation of phosphate in activated sludge systems (Briggs, 1996). The
equilibrium chemistry incorporated in this model gives it a fundamental basis for the incorporation
of pH and alkalinity as model parameters. However, the integration of equilibrium and kinetic
processes poses certain problems in deriving a solution for this model. Moreover, like any other
model, it is highly dependent on calibration. The Briggs (1996) model proved to be sensitive to
several key constants (notably the solubility products of the precipitates and one or more of the
equilibrium constants for metal-phosphate ion pairs). Calibration of the model to particular
applications will require manipulation of these constants. To some extent, this negates the value of
the model and should be seen in the light of the considerable complexity introduced by the
equilibrium chemistry expressions. it suggests that the approach taken by the IAWQ Task Team
(AWQ, 1995) is more practical, mainly in that it is much simpler and may require empirical
calibration of only two rate constants.

In view of the above, for the purposes of this study, the results of pilot plant experiments
presented in Chapters 3, 4 and 5 were tested against the IAWQ Model No. 2.

** The assumption of constant pH is currently a constraint of the ASM2 model. The charge balance calcutation for alkalinity is
based on a pH value of 6.86 at which all the alkalinity is (effectively) in the form of bicarbonate (HCO3) In practical application,
where uncertainty over pH exists, a low calculated alkalinity value should be considered as a waming of possible low pH
conditions (IAWQ, 1995).
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7.2.3.2.1 Alum

The scatter in the data for observed versus predicted P concentrations (Fig. 7.8a) tended to
confound accurate calibration of the model. The wide variation in observed Premoved: Aldosed
stoichiometry was highlighted in Chapter 3 (section 3.3.3.3). However, examining the results in
Fig. 7.8a more closely, sampling or analytical error may be suspected for one experimental period
(Period 3.2.2), with six observed results for the filtered AE2 zones averaging significantly higher
than the eighteen observed results for the clarifier (effluent). For Periods 3.2.3 and 3.2.4, the
observed effluent phosphate concentrations (both AE2 and effluent results, for the Test and
Control units) were lower than the predicted results. It is possible that the systems were not
operating suitably close to steady state during these periods. A new enhanced culture had been
developed during August 1994 (ending with Period 3.2.1), bui W inc in the average P
content of the mixed liquor was noted in the Control reactor over the ensuing five months (refer to
data in Appendix 5):

Period 3.2.2 (Sept. 1994), R2 : Mean = 155.8 mgP/gVSSs (x 11.7)
Period 3.2.3 (Oct. - Nov. 1994), R2 : Mean = 185.1 mgP/gVSS (+ 21.8)
Period 3.2.4 (Nov. - Dec. 1994), R2 : Mean = 223.5 mgP/gVSS (x 19.9)
Period 3.2.5 (Jan. 1995), R2 : Mean = 245.6 mgP/gVESs (x 10.0)
Period 3.2.6 (Jan. 1995), R2 : Mean = 245.1 mgP/gVSS (£ 7.1)

These data suggest that it may take up to six months for a (semi-) enhanced culture to be
developed and reach steady-state. The changes were slow and difficult to discem during
experimentation, occurring against a background of variance produced by changes in influent
compasition. Maoreover, the P mass balances for Periods 32 3 and 3.2.4 were acceptable (Tahle
3.13, Chapter 3). Nevertheless, Fig. 7.8a suggests the neec r caution in the interpretati

results for these periods. For this reason, the data for R1 in Periods 3.2.3 and 3.2.4 were not used
in the estimation of alum precipitation stoichiometry (Fig. 7.8a). Unfortunately this prevented
evaluation of the low observed molar ratios of Premoved: Aldoseds = 0.18 to 0.34 for these periods
(Table 3.14, Chapter 3).

In contrast, Period 3.2.5 was included in Fig. 7.8a. The resuits for this period with a high alum
dose to the anaerobic zone of R1, had shown a somewhat lower molar ratio of Pemoved: Aldosed
(0.57 mol P/mol Al), compared to other periods (molar ratios of Premoved: Algosed = 0.62 to 0.70 mol
P/mol Al; Table 3.14, Chapter 3). Using the IAWQ model, reasonable correlation between
observed and predicted AE2 zone ortho P values was obtained for Period 3.2.5 for stoichiometry
of 0.60 mg P per 2.52 mg AI(OH)3 , i.e. 0.60 Mol Premovea PEr Mol Alyoseq (Table 7.7). The lower
molar ratio for Period 3.2.5 compared to the other alum dosina periods may have resulted from
inhibition of the biological P removal mechanism, associated w | alum being dosed at relatively

high concentrations (9.3 mg/¢ as Al , based on influent flow) to the anaerobic zone™.

Model stoichiometry in the range 0.6 to 0.75 mol P/ mol Al for chemical precipitation is in broad
agreement with that observed by difference in observed system P removal performance between
the Test and Control units (Table 3.14, Chapter 3 - ignoring Periods 3.2.3 and 3.2.4, see above),
as well as that estimated from fractionation data (Table 3.18, Chapter 3).

The role of pH and system alkalinity in relation to simultaneous precipitation processes needs to
be studied further and there could be scope for inclusion in the IAWQ model of a function relating
precipitation efficiency to reactor pH at the point of dosing. Evidence was found in this study (see
Chapter 3, section 3.3.3.3) that bicarbonate alkalinity stabilised combined chemical-biological P
removal with simultaneous chemical dosing, and that a reactor pH of < 7.2 at the point of dosing
resulted in significant inhibition of the biological P removal process, compared to a reactor pH in
the range 7.2 to 7.6. In terms of system P removal, the ber it of alum addition under such
conditions 1y be lost and the apparent effect is a reduction of chemical P precipitation efficiency.
The IAWQ model, in its present format, is not able to predict i ibition of the biological process

% This observation was also made in Chapter 3 (sections 3.3.3.2 and 3.3.3.3). The IAWQ model is not able to predict inhibition
of the bio-P mechanism in the absence of P limitation (see section 7.2.4.1), thus requiring a downward adjustment of P:Al
stoichiometry to compensate for loss of system P removai.
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8.3.2 Full-scale -~ ;" ~~ttling tank ~tress tests

Using flux theory as a basis, a series of fo  stress tests were conducted using the Darvill full-scale
secondary settling tanks. These clearly demonstrated the effect which impaired settling behaviour
(as noted from routine DSVI measuremer*-) has on settling tank nerformance. Although very low
effluent solids concentrations were noted periods with increa DSVI, it was most notable that
the maximum “safe” overflow (or solids i0ading) rate was significantly reduced with increased
DSVI, as judged from measurements of flux theory constants Vo and n in stirred settling tests. At

a DSVI of approx. 104 m#/g, the max 1m “safe” overflow rate for these clarifiers was less than
1.5 times average dry weather flow, compared to between two and three times average dry
weather flow for comparabie mixed liquor solids concentrations at DSVis of approximately 50 to
70 m¢/q. This illustrated the value of flux theory in setting operational parameters for a works such
as Darvill, which is subject to large increases in flow during wet weather.

The stress tests conducted were evalua 1 in terms of standard flux theory (WRC, 1984) and
modified flux theory” (Ekama and Marais, 1986). It was found that the data conformed with the
provisions of modified flux theory as pronosed by Ekama and Marais (1986), namely, that gross
clarifier solids overloading is likely at ovel w rates in excess of 80% of the permissible maximum
overflow rate calculated from standard fiux theory. In the case of the Darvill stress tests, solids
overloading occurred due to a failure to meet the thickening criterion, as defined by WRC (1984).
Confirmation of modified flux theory adds #rther credibility to the approach followed in the design
and operating manual for secondary settl | tanks recently published by the IAWQ (Ekama ef al.,
1997).

% |n terms of modified flux theory, maximum permiss  overflow rates are reduced to 80% of that calculated from standard flux
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APPENDIX 1

¢ SKALARMETHODS <27

V7772  ANALYSIS : AMMONIA / TOTAL NITROGEN %%

77777  RANGE :0.6-30ppmN N/
SAMPLE : WATER/WATER DIGEST |

catnr. 155-2095 issue 072393/MH/93119670

PRINCIPLE

The automated procedure for the determination of Ammonia is based on the modified Berthelot reaction; ammonia is
chlorinated to monochloramine which reacts with salicylate to S-aminosalicylate. After oxidation and oxidative cou-
pling a green colored complex is formed. The absorption of the formed complex is measured spectrophotometrically at
660 nm.

LABORATORY FACILITIES

1. Maximum power consumption depending on the analyzer configuration 2000 YA. Check voltage at the back of
instrument before instailation. ‘
2. Facilities for chemical wastes. Check environmental regulation for proper disposal of waste.

PROCEDURE SAMPLE PREPARATION

Ammonia

watermethod 1.2.3

Field of applicati

Sample preservation for the determination of N-NH4, C.0.D., D.O.C., NO2+NO3, phenols and P-PO4 in water.
Princiol

The sample is preserved with H2SO4 to pH < 2.

Reagents

Sulfuric acid (97%)

Procedure

1 Add concentrated H2SO4 to the sample until pH < 2 (normally 2 mU/liter sample).
2 Store at 4°C for maximum 28 days.

Remarks

1 The sample does not need preservation if analyzed immediately.

2 In the case of phenols, check for sulfur compounds and oxidizing agents.

3 For dissolved organic carbon, fill the sample bottle completely and keep protected from sunlight and atmospheric
oxygen.

4 Turbid samples have to be filtered if necessary.

References

Environmental Protection Agency, methods for chemical analysis on water and wastes, 1983,
catnr. 155-205 1of6



Jotal chosphate
Waterdigest2.1.3

Field of applicati

The digestion is used for the determination of total nitrogen in ail kind of water samples. This digestion may also be
used for phosphorus determination.

Princinl
The water sample is digested with sulfuric acid, potassium sulfate and mercuric sulfate as catalyst. Amino nitrogen of

many organic materials is converted into ammonium sulfate. Free ammonia and ammonium-nitrogen are also converted -
into ammonium suifate. Phosphorus is transferred into ortho-phosphate.

Apparatus

Block digester for 75 ml tubes.  SKALAR SA 5640
Exhaust system for 75 ml tubes. SKALAR SA 5750

Reagents

Mercuric sulfate solution
1 Dissolve 8 g of red mercuric oxide (HgO) in 100 mi suifuric acid (H2504 1.8M).

Digestion soluti

Weigh 134 g of K2SO4 in a 1 liter beaker,

Add about 650 ml of distilled water and dissolve.

Add 200 ml of concentrated H2SO4.

Add, while stirring, 25 ml of mercuric sulfate solution.
Make up to 1 liter with distilled water.

[V 9 TR JYN

Procedure

1 Pipette 60.0 or 75.0 ml of the sample into the digestion tube. Prepare also a b!ank. consisting of 20.0 ml
distilled water.

Add some TFE fluorocarbon boiling stones.

Add 15.0 m! of the digestion solution and mix.

Pre-heat the digestion block to 180°C.

Insert the digestion tube into the digestion block.

Heat at 180°C for 1 hour.

Heat the digestion block to 380°C.

When the temperature is 380°C, leave the digestion tube for 2 1/2 hour at 380°C.
Remove the digestion tube from the digestion block and let it cool down

10 Carefully add 60 mli of distilled water and mix.

11 Make up to the mark and mix.

OO0 WL

Remarks
1 Aromatic and heterocyclic nitrogen compounds are not completely determined.

2 Anorganic nitrate and nitrite and some metals could disturb the Kjeldahl determination.
3 Some amines are determined as ammonium as well, even after distillation.

References

1 ASTM 1990, D3590-89.
2 Environmental Protection Agency, methods for chemical analysis of water and wastes, Method 351.2.

3 Environmental Protection Agency, methods for chemical analysis of water and wastes, Method 365.4.
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REAGENTS

cetilled water = Brii 35 :
Required chemicals: Distilled water ............ 1CC0 ml
H,0 :
Brij 35 (30%) ...cocccnreecninen 3ml

Preparation:

Required chemicals: Sodium chlioride ..............30 gr. Preparation:
NaCl
Distilled water............ 1000 mi.
HO
Brij 35 (30%) .coceaennanrecenss 3 ml

B. Buffer solution

Required chemicals: Potassium sodium ~ Preparation:
LATUALE ..oueeerenriaesssensaensnans Blg
CH,0,KNa.4H,0
Sodium citrate .........c...... 24 gr.
CH,O,Na,2H.0 Note:
Distilled water ........... 1000 ml
H,0
Brij 35 (30%) ..oe-cevereneee 3 Ml

C_Sodi licyl

Required chemicals: Sodium hydroxide .......... 25 gf. Preparation:
NaOH
Sodium salicylate ........... 80 gr
C‘YHSNaOS ’
Distilled water ........... 1000 ml. Note:
H,0

D. Sodi . i

Required chemicals: Sodium nitroprusside ....... 1 gr. Preparation:
Na,[Fe(CN),NO].2H,0
Distilled water ........... 1000 ml.
H,0 Note:

E. Sodium dichloroi

Required chemicals: Sodium dichloroiso Preparation:

' CYANUIALL ....veeveesenecnrosnensen 2 gr. X

C,N,0,CLNa2H,0 A
Distilled water ............ 1000 ml. Note:
H,0

catnr. 155-205

Dilute the Brij 35 in 1 liter distilledwater and mix.

Dissolve the sodium chloride in + 800 ml distilled
water. Fill up to 1 liter dhe Brij 35 and mix.

Dissolve the potassium sodium tartrate in + 800 ml
distilled water. Add the sodium citrate and dissolve.
Fill up to 1 liter, add the Brij 35 and mix.

Check the pH and correct if necessary with HCl to
52+0.1.

Dissolve the sodium hydroxide in £ 50 mI distilled
water. Add + 700 ml distilled water. Add the
sodium salicylate, Fill up to 1 liter and mix well.

Store in a dark colored bottle. The solution is
stable for one week.

Dissolve the sodium nitroprusside in = 800 ml
distilled water. Fill up to 1 liter and mix.

Store in a dark colored bottle. The solution is
stable for one week.

Dissolve the sodium dichloroisocyanurate in
+ 800 ml distilled water, Fill up to 1 liter and mix.

The solution is stable for one week.
If the calibration curve is not lineair, change the
pump-tube to 0.16 ml/min.
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Required chemicals: Distilled water

HO

Required chemicals: Sulfuric acid ..........uu.... 45 ml, Preparation: Dilute the sulfuric acid in + 800 ml distilled water.
H,S0, (97%) . Add the potassium sulfate and dissolve. Fill up to 1
Potassium sulfate .........26.8 gr. liter with distilled water and mix.
XSO,
Distilled water .............. 955 ml.
H,0 '

TANDARD

Stock solution 1000 ppm N

Required chemicals: Ammonium Preparation: Dilute ammonium chioride in + 800 ml distilled
chloride ......cucuc..... 3.8190 gr. : water. Fill up to 1 liter and mix.
NH,Cl
Distilled water............ 1000 ml.
H,0

Worki fards f .

30 ppm N: Dilute 3.0 ml stock solution 1000 ppm N to 100 ml with distilled water.
24 ppm N: Dilute 2.4 ml stock solution 1000 ppm N to 100 ml with distilled water.
18 ppm N: Dilute 1.8 ml stock solution 1000 ppm N to 100 mi with distilled water.
12 ppm N: Dilute 1.2 ml stock solution 1000 ppm N to 100 ml with distilled water.

6 ppm N: Dilute 0.6 ml stock solution 1000 ppm N to 100 ml with distilled water.

30 ppm N: Dilute 3.0 mi stock solution 1000 ppm N to 100 ml with rinsing liquid G.
24 ppm N: Dilute 2.4 ml stock solution 1000 ppm N to 100 mi with rinsing liquid G.
18 ppm N: Dilute 1.8 ml stock solution 1000 ppm N to 100 ml with rinsing liquid G.
12 ppm N: Dilute 1.2 ml stock solution 1000 ppm N to 100 ml with rinsing liquid G.

6 ppm N: Dilute 0.6 ml stock solution 1000 ppm N to 100'ml with rinsing liquid G.

GENERAL REMARKS

1. If a matrix photometer, catnr. 6250 or 6260, is in use, a c'orrection interference filter of 1010 nm % 10% is advised.

2. In most analysis, the first peak coming from the baseline is much lower than it should be. The first peak coming from
the baseline is rejected and will not be included in the calculation of the CV value.

3. If reaction coils with water heating are used, the water bath has to be cooled with tap water when environment
temperature is above 25°C.

4, If the sample take up volume is less than 1.00 ml/min., a bypass is required to increase the sample stream 0
approximately 1.00 mV/min. '

5. All reagent bottles must be rinsed thoroughly with distilled water before refilling with fresh reagents. This to prevent
precipitation of micro organism and interferences.

6. Rinsing valves catnr. SA 1500/1520 can not be used for organic solutions or acid solution > 4N.
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MAINTENANCE

1. To decontaminate the system rinse with 1:10 diluted hypochlorite solution for 30 minutes, rinse clean with distilled
water for 30 minutes afterwards.
2. Degas reagents if air bubbles spontaneously appear. Degas by aspirating hellum gas at 20 liter/hour for 15 minutes.

3. Avoid any turbidity in reagents, filter if necessary.

4. After 6 months the amount of Brij 35 can be reduced to 1 mU/titer.

ETTING

1. The sensitivity of the highest standard 30 ppm N is + 300 A.U.

2. Sample time: 60 sec., wash time: 60 sec., air: 0 sec.

3. Settings recorder: 100 mV.
4. The connection between the sampler and the sample pump tube is made of 5130 tube
5. The stabilizing time of the system is approximately 20 minutes.

'CARTRIDGE COMPONENTS

manifold holder
module

end block

inlet connector
inlet connector
inlet connector
debubbler
connector
glass coil SW
heat exchanger
clamps small

catnr. SA 5105
catnr. SA 5107
catnr. SA 5109
catnr, SA 5232
catnr. SA 5244

camr. SA 5246 (3x)

catnr. SA 5250

catnr, SA 5220 (3x)
catnr. SA 5325 (4x)

camnr. SA 5300
catnr, SA 5111

clamps large
sinkers

flow cell 10 mm
filter 660 nm
filter 520 nm

pump tubing 0.80 mU/min.
pump tubing 0.16 mI/min.
pump tubing 1.40 ml/min.
pump tubing 0.32 mi/min.

pump tube sampler

catnr. SA 5110
camr. SA 5380

- catnr. SA 6401

catnr. SA 6565
catnr. SA 6637
catnr. SA 3030
catnr. SA 3025
catnr., SA 3033
catnr. SA 3030
catnr. SA 1060

Note: If a pump catnr. SA 2002 or 2005 is in use, the pump tubes with catnr. SA 3020 up to 3039 are replaced by pump
tubes with catnr. SA 5020 up to 5039. The inlet connector 5244 can also be a 5231.

CARTRIDGE CONSUMABLES

If only a module is ordered with a flow cell catnr. SA 6401 and filters catnr. SA 6565 and SA 6637, the following
components are added to the module:

silicone tube

polyethylene tube -

sleeves

pump tubes as listed in the cartridge components

catnr. 155-205

catnr. SA 3150
catnr. SA 5141
catr. SA 5142
catnr. SA 5400
catnr. SA 5401
catnr. SA 5406
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CATALOGUE NUMBERS REQUIRED CHEMICALS

Eroduct

Sulfuric acid (97%)
Potassium sulfate
Mercuric oxide

Sodium chloride

Brij 35 (30%)

Potassium sodium tartrate
Sodium citrate

Sodium hydroxide
Sodium salicylate
Sodium nitroprusside
Sodium dichloroisocyanurate
Ammonium chloride

REFERENCES

Sunpli iC D lassificati
Merck 731 corrosive

Merck 5153

Merck 4466 very toxic

Merck 6404

Skalar 13900

Merck 8087

Merck 6448

Merck 6498 corrosive

Merck 6601 harmful

Merck 6541 toxic

Merck 10888 harmful, oxidizing
Merck 1145 harmful

1. Krom, M.,”Spectrophotometric determination of ammonia; a study of modified Berthelot reaction using salicylate
and dichloroisocyanurate™, The Analyst, April 1980, Vol. 105, page 305-316.
2. Searle, PL.,” The Berthelot or indophenol reaction and its use in the analysis chemistry of nitrogen”, The Analyst,
Vol 109, May 1984, page 549-565.

waste

}

Flow ceil 10 mm
Filiter 660 nm
_@__*_ Car. Filter 520 nm

5220

FLOW DIAGRAM
mi/ min
|
|
|
Sodium dichioroigocyanurate 0.32 i5246
Sodlum nitroprusside 0.18 5248
Sodium sallcylate 0.32
Alr
Butfer solution 0.80
Resample 5250 0.16 1
waste A g
\J.h‘
hi
Alr
Dlatliled water + Brl] 35 * 1.40 ! 15232
Sample 0.18 l
' |
s e e e e - - —
0.80 waste

camr. 155-205

- * For the analysis of total nitrogen the distilled water + Bri] 35
L is replaced by a sodium chloride soiution (30 gr/liter).
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APPENDIX 2a

Z7ZZ SKALAR METHODS €7

% ANALYSIS : NITRATE + NITRITE %
RANGE :04-20ppm N
SAMPLE :WATER

catnr. 461-106 issue 080593/MH/93119670

 PRINCIPLE

The automated procedure for the determination of Nitrate + Nitrite is based on the cadmium reduction method; the
sample is passed through a column containing granulated copper-cadmium to reduce the nitrate to nitrite. The nitrite
(originally present plus reduced nitrate) is determined by diazotizing with sulfanilamide and coupling with
o-naphthylethylenediamine dihydrochloride to form a highly colored azo dye which is measured at 540 nm

LABORATORY FACILITIES

1. Maximum power consumption depending on the analyzer configuration, 2000 VA. Check voltage at the back of the
instrument before installation. '

2, Facilities for chemical wastes. Check environmental regulation for proper disposal of waste.

3. Cadmium granules sieve twice, first aperture 0.3 mm and secondly aperture 1.0 mm.

PROCEDURE SAMPLE PREPARATION

watermethod 1.2.3

Sample preservation for the determination of N-NHyg, C.0.D., D.O.C., NO2+NOQO3, phenols and P-PO4 in water.
Principle

The sample is preserved with H2SO4 to pH < 2.

Reagents

Sulfuric acid (97%)

Procedure

1 Add concentrated H2SO4 to the sample untl pH < 2 (normally 2 mU/liter sample).
2 Store at 4°C for maximum 28 days.

Remarks

1 The sample does not need preservation if analyzed immediately.

2 In the case of phenols, check for sulfur compounds and oxidizing agents.

3 For dissolved organic carbon, fill the sample bottle completely and keep protected from sunlight and
atmospberic oxygen.

4 Turbid samples bave 1o be filtered if necessary.

References

Environmental Protection Agency, methods for chemical analysis on water and wastes, 1983.
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REAGENTS

\_ Distilled + Bi 35

Required chemicals: Distilled water ............ 1000 ml. Preparation: Dilute the Brij 35 in 1 liter distilled water and mix.
H,O
Brij 35 (30%) -eoveeeecornenans Iml

B. Buffer solution

Required chemicals: Ammonium chloride eSO gr. Preparation: Dissolve the ammonium chloride in + 800 m!
NH,Cl . distilled water. Adjust the pH to 8.2 with the ammo-
Ammonia solution.......... +1ml ‘ nia solution. Fill up to 1 liter, add the Brij 35 and
NH,OH (25%) ' mix well.
Distilled water ............ 1000 ml.
H,0 Note: It is advised to degas the reagent before adding th
Brij 35 (30%) .oovveerereenes 3ml Brij 35. '

.

Required chemicals: o-Phosphoric acid.......... 150 ml. Preparation: Dilute the o-phospboric acid carefully in + 700 mi
H,PO, (85%) distilled water. Hereafter the sulfanilamide and the
Sulfanilamide ........oeeveeene 10 gr. a-naphthylethylenediamine dibydrochloride are
CH,N,0S added and dissolved. Fill up to 1 liter and mix welL
a-naphthylethylenediamine
dihydrochloride .............. 0.5 gr. Note: Store in a dark colored bottle.
CIZHMCIZNZ
Distilled water .............. 850 ml.
H,0

D. Rinsine liquid l

Required chemicals: Distilled water
H,0

TANDARD

Stock standard 1000 pom N

Required chemicals: Sodium nitrate .......... 6.0681 gr. Preparation: Dissolve the sodium nitrate in + 800 m1 distilled
NaNO, water. Fill up to 1 liter and mix well.
Distilled water ............ 1000 ml.
H,0

YWorking standards

20 ppm N: Dilute 2.0 mi stock solution 1000 ppm N to 100 ml with distilled water.
16 ppm N: Dilute 1.6 ml stock solution 1000 ppm N to 100 ml with distilled water.
12 ppm N: Dilute 1.2 ml stock solution 1000 ppm N to 100 ml with distilled water.
8 ppm N: Dilute 0.8 ml stock solution 1000 ppm N to 100 ml with distilled water.
4 ppm N: Dilute 0.4 ml stock solution 1000 ppm N to 100 ml with distilled water.

catnr. 461-106 | | 20f5




PROCEDURE ACTIVATION CADMIUM COLUMN

E. Hydrochloric acid 4 N

Required chemicals: Hydrochloric acid.......... 400 ml. Preparation: Dilute carefully the hydrochloric acid in 600 mil
HC1 (32%) distilled water.
Distilled water .............. 600 ml.
H,0

E._Cupric sulfate 2%

Required chemicals: Cupric sulfate .................. 20 gr. Preparation: Dissolve the cupric sulfate in £ 8C0 ml distilled
CuSO,S5H,0 water. Fill up to 1 liter and mix well.
Distilled water ............ 1000 mi. ,
H,0

G, Cadmium

Required chemicals: Cadmium granules ......... 2.5 gr.
size 0.3-1.0 mm (sieved)

FILLING PROCEDURE

The cadmium granules are mixed with £ 30 ml hydrochloric acid (4N). Stir for + 1 minute. Wash acid free with distilled
water. Add £ 50 ml cupric sulfate solution and stir for £ 5 minutes. Wash out the dirt between the granules with
distilled water. Dry the cadmium with the filter paper. Add, with aid of a funnel, the granules to a dry column, with now
and then vibrating to pack the column on both sides. Fill up to £ 5 mm from the top. Place a small piece of polyethylene
tube (catnr 5144) which is sharpened at the inlet, into the column to avoid granules coming out of the column. Fill with
aid of a syringe, containing buffer solution, the column without air. Hereafter place the column into the system.

Note: Avoid air entering the column.
Activated cadmium granules can be stored dry, in a well closed bottle.

INTERFERENCES

1. Iron, copper and other metals present in the sample give negative results on the nitrate values.
Add 1 gr EDTA Na, / liter buffer.

2. Sample turbidity may interfere with this method when no dialyzer is used. Remove by filtration before analysis.
Sampie color (that absorbs in the photometric range used for analysis) will also interfere.

GENERAL REMARKS

1. If a matrix photometer, catnr. 6250 or 6260, is in use, a correction interference filter of 620 nm + 10% is advised.

2. In most analysis, the first peak coming from the baseline is much lower than it should be. The first peak coming from
the baseline is rejected and will not be included in the calculations of the CV-value.

3. If reaction coils with water heating are used, the water bath has to be cooled with tap water when environment
temperature is above 25°C.

4. 1f sample take up volume is less than 1.00 ml/min, a bypass is required to increase the sample stream to
approximately 1.00 mU/min.

5. The reagent bottles must be rinsed thoroughly with distilled water before refilling with fresh reagems This to prevent
precipitation of micro organism and interferences.

6. Rinsing valves camr. SA 1500/1520 can not be used for organic solutions or acid solutions > 4N.
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MAINTENANCE

1. To decontaminate the system rinse with 1% hypochlorite solution, once a week for half an hour, but remove the
cadmium column before rinsing.

2. Degas reagents if air bubbles spontancously appear. Degas by aspirating helium gas at 20 lites/hour for 15 minutes.

3. Avoid any wrbidity in reagents, filter if necessary.

4. After 6 months the amount of Brij 35 can be reduced to 1 mU/liter.

ETTIN

1. The sensitivity of the highest standard 20 ppm N, is £ 7C0 A.U.

2. Settings recorder: SC0mV.

3. Sample time: 60 sec., wash time: 60 sec., air: 1 sec.

4. The connection between the sampler and the sample pump tube is made of 5130 tube. -
5. The stabilizing time of the system is approximately 20 minutes.

CARTRIDGE COMPONENTS

module camr. SA 5107 flow cell 10 mm catnr. SA 6401
manifold holder catnr. SA 5105 . filter 540 nm catnr. SA 6541
end block catnr. SA 5109 filter 620 nm catar. SA 6557
inlet connector catnr. SA 5244 (2x) sinkers camr. SA 5380
inlet connector catnr. SA 5246 (2x) clamps small camr. SA 5111
glass coil camr. SA 5325 (2x) pump tube 0.80 ml/min  catnr, SA 3030
glass coil catnr, SA 5323 pump tube 0.16 ml/min  catmr. SA 3025
connector catnr. SA 5220 (2x) pump tube 0.60 ml/min  camr. SA 3029
debubbler catnr. SA 5210 ' pump tube 1.60 m¥/min  catar. SA 3034
Cd column catnr. SA 5357 pump tube 0.42 m/min  catnr. SA 3028
mounting clamp catnr. SA 5112 pump tube sampler catnr. SA 1060
resampler catnr. SA 5250 _

valve catnr. SA 5290

Note: If a pump camr. SA 2002 or 2005 is in use, the pump tubes with catr. SA 3020 up to 3039 are replaced by pump
tubes with catnr. SA 5020 up to 5039.

CARTRIDGE CONSUMABLES

If only a module is ordered with a flow cell catmr. SA 6401 and filters catnr. SA 6541 and 6557, the following compo-
nents are added to the module:

silicone tube catnr. SA 3150
polythene tube catnr. SA 5141
cator. SA 5142
sleeves catnr. SA 5400
catnr, SA 5401
camr. SA 5406

Pump tubes and membranes as listed in the cartridge components
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CATALOGUE NUMBERS REQUIRED CHEMICALS

Product

Sulfuric acid (97%)

Ammonium chloride

Ammonijum hydroxide (25%)

Brij 35 (30%)

o-Phosphoric acid (85%)

Sulfanilamide

a-Naphthylethylenediamine dihydrochloride

Sodium nitrate

Hydrochloric acid (32%)

Cupric suifate
Cadmium granules
Activated cadmium

REFERENCES

Merck 731
Merck 1145
Merck 5432
Skalar SC 13900
Merck 573
Merck 11799
Merck 6237
Merck 6537
Merck 319
Merck 2790
Merck 2001
Skalar SC 13913

1. Standard method for examination of water and waste water, 15* edition, 1980.

2. Navone, R., 1964, Proposed method for nitrate in potable waters, Amer. J., Water works Ass. 56:781.

3. Walinga, I, van Vark, W., Houba, V.J.G., van der Lee, J.J., Plant Analysis Procedures, Part 7, Department of Soil
Science and Plant Nutrition, Wageningen Agricultural University, Syllabus 1989, page 197-200

FLOW DIAGRAM

Color reagent

Alr

Alr
Buffer sclution

Resample

Alr
Distiileds water + Brif 35

Sample

Danger classificari

corrosive
harmful
irritant

corrosive

oxidizing
corrosive
harmful
harmful
harmful

waste

!

Sampler

v

camr. 461-106

mi/ min
r—-——=-=--=-=-=-=-=-= |
I I
| ' sazzg l
| f
0.42 35243 5220 '
5246 5220 |
0.42 ! o \ 535745112
U ¢ !
/TN Cadmium column
1 5350 ™ |
1.60 1 lszu AN l
5210
dois , / l
1
T\ )
] |
0.60 | 5244 5325 |
0.16 ] j I
L 1
0.80 o waste

Flow cell 10 mm
Fliter 540 nm
Cor. Filter 620 nm
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APPENDIX 2b

27 SKALAR METHODS <7
77772,  ANALYSIS : NITRITE | NN
7777  RANGE :0.2-10 ppm N y

SAMPLE : WATER
catnr. 467-132 issue 072293/MH/93119670

PRINCIPLE

The automated procedure for the determination of Nitrite is based on the following reaction; the diazonium compound
formed by diazotation of sulfanilamide by nitrite in water under acid conditions is coupled with a-naphthylethylenedx-
amine dihydrochloride to produce a reddish-purple color which is measured at 540 nm.

LABORATORY FACILITIES

1. Maximum power consumption depending on the analyzer configuration, 2000 VA. Check voltage at the back of the
instrument before installation. ' '
2. Facilities for chemical wastes. Check environmental regulation forproper disposal of waste.

PROCEDURE SAMPLE PREPARATION

waterpo, 1,13
Field of applicati

Sample preparation for the determination of total alkalinity, aluminium, amino acids, ammonia, anionic surfactants
(MBAS), caicium, C.0.D., chromium, conductivity, D.O.C., ethanol, hardness, magnesium, manganese, methanol,
nitrate + nitrite, nitrite, nonionics, ortho-phosphate, potassium permanganate, potassium, protein, silicate, sodium and
urea in water.

Princigl

The sample is not preserved and analyzed as soon as possible, at least within 24 hours after colection. Store the sample
at 4°C till analysis.

References
1 Environmental Protection Agency, methods for chemical analysis of water and wastes, 1983.
2 Standard Methods for the determination of water and waste water, 172 edition, 1989.
3  ASTM, 1990.
4 Intemational Organisation for Standardization, ISO-5667-3.
REAGENT.
\_Distilled Brii 35
Required chemicals: Distilled water ............ 1000 ml. Preparation: Dilute the Brij 35 in 1 liter distilled water and mix.
o HO ;
Brij 35 (30%) «.eeeeenennanes 3ml
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B. Color reagent

Required chemicals: o-Phosphoric acid.......... 150 ml. Preparation: Dilute the o-phosphoric acid carefully in + 700 ml
H,PO, (85%) distilled water. Hereafter the sulfanilamide and the
Sulfanilamide ................. 10 gr. o-naphtbylethylenediamine dihydrochloride are
CHN,0,S added and dissolved. Fill up to 1 liter, add the Brij
o-Naphthylethylenediamine 35 and mix well.
dihydrochloride SR L E s &

C.H LN, Note; Store in a well closed dark colored bottle.

Distilled water .............. 850 ml. :
H,0
Brij 35 (30%) ..ccovvnererconnnne 3mL

Required chemicals: Distilled water
H,0

STANDARDS - -
Stock standard 100 ppm N
Required chemicals: Sodium nitrite............ 0.4926 gr. Preparation: Dissolve the sodium nitrite in + 800 ml distilled

NaNO, water. Fill up w0 1 liter and mix well.
Distilled water ............ 1000 ml. :

H,0

10 ppm N: Dilute 10 ml stock solution 100 ppm N to 100 ml with distilled water.
8 ppm N: Dilute 8 ml stock solution 100 ppm N to 100 ml with distilled water.
6 ppm N: Dilute 6 ml stock solution 100 ppm N to 100 ml with distilled water.
4 ppm N: Dilute 4 ml stock solution 100 ppm N to 100 ml with distilled water.
2 ppm N: Dilute 2 ml stock solution 100 ppm N to 100 mi with distilled water.

INTERFERENCES

1. Sample turbidity may interfere with this method, when no dialyzer is used. Remove by filtration before analysis.
Sample color (that absorbs in the photometric range used for analysis) will also interfere.

GENERAL REMARKS

1. If a matrix photometer, catnr. 6250 or 6260, is in use, a correction interference filter of 620 nm % 10% is advised.

2. In most analysis, the first peak coming from the baseline is much lower than it should be, The first peak coming from
the baseline is rejected and will not be included in the calculations of the CV-value,

3. If reaction coils with water beating are used, the water bath bas to be cooled with tap water when environment
temperature is above 25°C,

4. If sample take up volume is less than 1.00 ml/min, a bypass is required to increase the sample stream to
approximately 1.00 mU/min.

5. The reagent bottles must be rinsed thoroughly with distilled water before refilling with fresh reagents. This to prevent
precipitation of micro organism and interferences.

6. Rinsing valves catnr. SA 1500/1520 can not be used for organic solutions or acid solutions > 4N.
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MAINTENANCE

1. To decontaminate the system rinse with 1% hypochlorite solution, once a week for half an hour.

2. Degas reagents if air bubbles spontaneously appear. Degas by aspirating helium gas at 20 liter/hour for 15 minutes.
3. Avoid any turbidity in reagents, filter if necessary.

4. After 6 months the amount of Brij 35 can be reduced to 1 ml/liter.

5. A refrigerator is used for cooling at 4°C. ‘

CARTRIDGE COMPONENTS

module catnr, SA 5107 sinkers catnr. SA 5330
manifold holder catnr. SA 5105 flow cell 10 mm camr. SA 6401
end block camr. SA 5109 filter 540 nm catnr. SA 6541
inlet connector catnr. SA 5244 (2x) filter 620 nm catnr, SA 6557
inlet connector catnr. SA 5246 pump tube 0.80 mi/min catnr, SA 3030
connector catnr. SA 5220 pump tube 0.16 m/min.  cawr. SA 3025
glass coil catnr. SA 5325 pump tube 0.60 ml/min catnr. SA 5029
glass coil camr. SA 5323 pump tube 0.23 ml/min camr. SA 3026
debubbler catnr. SA 5250 pump tube 1.00 m/min  camr. SA 3031
clamps small camr. SA 5111 pump tube sampler catnr. SA 1060

Note: If a pump camr. SA 2002 or 2005 is in use, the pump tubes with catnr. SA 3020 up to 3039 are replaced by pump
tubes with camr. SA 5020 up to 5039. :

CARTRIDGE CONSUMABLES

If only a module is ordered with flow cell catnr. SA 6401 and filter camr. SA 6541 and 6557, the following compo-
nents are added o the module:

~ polyethylene tube  camr. SA 5141

camnr. SA 5142
sleeves ' catnr. SA 5400
catnr. SA 5401
catnr. SA 5406
silicone tube camr. SA 3150

pump tubes as listed in the cartridge components

ETTIN

1. The sensitivity of the highest standard10 ppm N in £+ 800 A.U.

2. Sample time: 60 sec., wash time: 60 sec., air: 1 sec.

3. Recorder settings: 500 mV.

4. The connection between the sampler and the sample pump tube is made of 5130 tube.
5. The stabilization time is approximately 20 minutes.

CATALOGUE NUMBERS REQUIRED CHEMICALS

Brij 35 (30%) Skalar SC 13900

o-Phosphoric acid (85%) Merck 573 " corrosive
Sulfanilamide Merck 11799

a-Naphthylethylenediamine dihydrochloride Merck 6237

Sodium nitrite Merck 6549 toxic, oxidizing

catnr. 467-132 30f4



REFERENCES

1. Standard methods for examination of water and waste water, 15* edition, 1980.
2. Environmental Protection Agency. Methods for chemical analysis of water and wastes, Off Technol. Transfer, EPA,

1974, Washington D.C.
FLOW DIAGRAM
waste
mi/min *
l— ____________ ] Flow cell 10 mm
Filter 540 nm
| | Cor, fliter 620 nm
! ! '
| |
- ' |
| |
Color reagent 0.23 J§gds l
Alr | I
Distilled water + Bri 35 1.00 5244 533 [
\ : / 5220
Rmmplo 5250 ‘_0'23 i l
waste| J 4 \ , l
T
Alr - l
Distllled water + Bri] 35 0.60 | Jspes 5328 I
Sampie os 1!/
l ]
[ 080 —p- Waste
Sampler
-
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APPENDIX 3

SKALAR METHODS <
77777 ANALYSIS : O-PHOSPHATE / TOTAL PHOSPHATE NN

RANGE :04-20ppm P
SAMPLE :WATER /WATER DIGEST

catnr. 503-205 issue 072293/MH/93119670

PRINCIPLE

~ The automated procedure for the determination of Phosphate is based on the following reaction; ammonium molybdate
catalyzed by potassium antimony tartrate reacts in an acidic medium with diluted solutions of phosphate to form a
phospho-molybdic complex. This complex is reduced to an intensely blue-colored complex by ascorbic acid. The
complex is measured at 880 nm. :

LABORATORY FACILITIES

1. Maximum power consumption depending on the analyzer configuration, 2000 VA. Check voltage at the back of Lhé
instrument before installation. .
2. Facilities for chemical wastes. Check environmental regulation for proper disposal of waste.

PROCEDURE SAMPLE PREPARATION

o-Phosphate
watermethod 1.2.3

Field of applicati
Sample preservation for the determination of N-NHy4, C.O.D., D.O.C., NO2+NO3, phenols and P-PO4 in water.
The sample is preserved with H2SO4 to pH < 2.

Reagents

Sulfuric acid (97%)

Procedure

1 Add concentrated H2SO4 to the sample until pH < 2 (normally 2 mlliter sample).
2 Store at 4°C for maximum 28 days.

Remarks

The sample does not need preservation if analyzed immediately.

In the case of phenols, check for sulfur compounds and oxidizing agents.

For dissolved organic carbon, fill the sample bottle completely and keep protected from sunlight and -
atmospheric oxygen.

4 Turbid samples have to be filtered if necessary.

W N ==

References

Environmental Protection Agency, methods for chemical analysis on water and wastes, 1983.
catnr. 503-205 1of6



toual Phosphate
Water digest2.13

Eield of apnlicati

The digestion is used for the determination of total nitrogen in all kind of water samples. This digestion may also be
used for phosphorus determination.

Pringinl

- The water sample is digested with sulfuric acid, potassium sulfate and mercuric sulfate as catalyst. Amino nitrogen of
many organic materials is converted into ammonium sulfate. Free ammonia and ammonium-nitrogen are also converted
into ammonium sulfate. Phosphorus is transferred into ortho-phosphate.

Apparams

Block digester for 75 ml tubes.  SKALAR SA 5640
Exhaust system for 75 ml tubes. SKALAR SA 5750

Reagents

Mercuric sulfate solution

1 Dissolve 8 g of red mercuric oxide (HgO) in 100 ml sulfuric acid (H2504 1.8M).
Digesii Juti

Weigh 134 g of K2SO4 in a 1 liter beaker.

Add about 650 ml of distilled water and dissolve.

Add 200 mli of concentrated H2S04.

Add, while stirring, 25 ml of mercuric sulfate solution.
Make up to 1 liter with distilled water.

LA B WM

Procedure

—

Pipette 60.0 or 75.0 ml of the sample into the digestion tube. Prepare also a blank, consisting of 20.0 ml
distilled water.

Add some TFE fluorocarbon boiling stones.

Add 15.0 ml of the digestion solution and mix.

Pre-heat the digestion block to 180°C.

Insert the digestion tube into the digestion block.

Heat at 180°C for 1 hour.

Heat the digestion block to 380°C.

When the temperature is 380°C, leave the digestion tube for 2 1/2 hour at 380°C.
Remove the digestion tube from the digestion block and let it cool down.

10 Carefully add 60 ml of distilled water and mix.

11 Make up to the mark and mix.

=3 -ICN B« WV SP - VI )

Remarks

1 Aromatic and heterocyclic nitrogen compounds are not completely determined.
2 Anorganic nitrate and nitrite and some metals could disturb the Kjeldahl determination.
3. Some amines are determined a3 ammonium as well, even after distillation.

-References

1 ASTM 1990, D3590-89.
2 Environmental Protection Agency, methods for chemical analysis of water and wastes, Method 351.2.

3 Environmental Protection Agency, methods for chemical analysis of water and wastes, Method 365.4.

catnr. 503-205 - 206



BEAGENTS

Required chemicals: Distilled water ............ 1000 mt.
H,0
FFD6 2ml

A2, Sodium chloride solution (f

Required chemicals: Sodium chloride .............. 30gr.

NaCl

Distilled water ............ 1000 ml.

H,0

FFD6 2ml

B . lybd luti

Required chemicals: Sulfuric acid ......ccccconenene 40 ml.

H,S0, (97%)

Ammonium molybdate ..4.8 gr.

(NH4)6M0101‘.4H20

Distilled water ............ 1000 ml.

H,0

FFD6 2ml

o Stock soluti . .

~ Required chemicals: Potassium antimony

LAMIALE ....eoereererencsesene 300 mg.

K(SbO)C H,0,0.5 HO

Distilled water .............. 100 ml.

H,0

D. Ascorbic acid

Required chemicals: Ascorbic acid..................4.5 gr.

CH,O, ,
Stock solution potassium

antimony tartrate .............. Sml
Distilled water .............. 250 ml.

H,0
£ Rinsine liquid samoler for o-ohosal

Required chemicals: Distilled water
H,0

catnr. 503-205

Preparation: Add the FFD6 to 1 liter distilled water and mix.

Preparation: Dissolve the sodium chloride in + 800 m1 distilled
water. Fill up to 1 liter, add the FFD6 and mix.

Preparation: Dilute the sulfuric acid in + 800 ml distilled water.
Add the ammonium molybdate and dissolve. Fill up
to 1 liter add the FFD6 and mix.. -

Preparation: Dissolve the potassium antimony tartrate in + 80 ml
distilled water. Fill up to 100 ml and mix.

Note: Stable for one month at 4°C

Preparation: Dissolve the ascorbic acid in £ 200 m! distilled
water. Add the stock solution potassium antimony.
tartrate. Fill up to 250 ml with distilled water and
mix.

Note: Stable for one week at 4°C.

30f6



-

insine liquid s fort

Required chemicals: Sulfuric acid ................... 45ml. Preparation: Dilute carefully the sulfuric acid in + 800 ml
H,SO, (97%) distilled water. Add the potassium sulfate and
Potassium sulfate ......... 26.8 gr. dissolve. Fill up to 1 liter with distilled water and
K;SO, Mmix.
Distilled water .............. 955 ml.
H,0

TANDARD

Stock standard 1000 ppm P

Required chemicals: Potassium dihydrogen Preparation: Dissolve the potassium dihydrogen o-phosphate in
o-phosphate ............... 4,394 gr. + 800 ml distilled water. Fill up to 1 liter and mix
KH’PO‘ well.
Distilled water ............ 1000 ml. '
H,0

Working standards for o-phosphate

20 ppm P: Dilute 2.0 ml stock solution 1000 ppm P to 100 ml with distilled water,
16 ppm P: Dilute 1.6 ml stock solution 1000 ppm P to 100 ml with distilled water.

" 12 ppm P: Dilute 1.2 ml stock solution 1000 ppm P to 100 ml with distilled water.

8 ppm P: Dilute 0.8 ml stock solution 1000 ppm P to 100 ml with distilled water,
4 ppm P: Dilute 0.4 ml stock solution 1000 ppm P to 100 ml with distilled water.

Working standards for total phosphate

20 ppm P: Dilute 2.0 ml stock solution 1000 ppm P to 100 ml with rinsing liquid F.

16 ppm P: Dilute 1.6 ml stock solution 1000 ppm P to 100 ml with rinsing liquid F.
12 ppm P: Dilute 1.2 ml stock solution 1000 ppm P to 100 ml with rinsing liquid F.
8 ppm P: Dilute 0.8 ml stock solution 1000 ppm P to 100 ml with rinsing liquid F.
4 ppm P: Dilute 0.4 ml stock solution 1000 ppm P to 100 ml with rinsing liquid F.

GENERAL REMARKS

1. If a matrix photometer, catnr. 6250 or 6260, is in use, a correction interference filter of 1010 nm £ 10% is advised.

2. In most analysis the first peak coming from the baseline is much lower than it should be. The first peak coming from
the baseline is rejected and will not be included in the calculations of the CV-value.

3. If reaction coils with water heating are used, the water bath has to be cooled with tap water when the environment
temperature is above 25°C.

4_If the sample take up volume is less than 1.00 ml.min, a bypass is required to increase the sample stream to
approximately 1.00 ml/min.

5. All reagent bottles must be rinsed thoroughly with distilled water before refilling with fresh reagents. This to prevent
precipitation of micro organism and interferences.

6. Rinsing valves catnr. SA 1500/1520 can not be used for organic solutions or acid solution >4 N.

MAINTENANCE

1. To decontaminate the system rinse with 1:10 diluted sodium hypochlorite solution for 30 minutes once a week.

2. Degas reagents, if air bubbles spontaneously appear. Degas by aspirating helium gas at 20 liter/hour for 15 minutes.
3. Avoid any turbidity in reagents, filter if necessary.

4. A refrigerator is used for cooling at 4°C.

catnr. 503-205 A 40f6



SETTINGS

1. The sensitivity of the highest standard 20 ppm P is = 800 A.U.
2. Samgle time: 60 sec., wash time: 60 sec., air: 1 sec.

3. Settings recorder: 5CO0mV.
4. The connection between the sampler and the sample pump tube is made of 5130 tube.

5. The stabilizing time is about 20 minutes.

CARTRIDGE COMPONENTS

manifold bolder
module

end block

inlet connector
inlet connector
inlet connector
glass coil SW
debubbler
connector

heat exchanger
sinkers

catnr. SA 5105
catnr. SA 5107
camr. SA 5109
catnr. SA 5232
catnr. SA 5244
catnr. SA 5246

camr. SA 5325 (2x)

camr. SA 5250
catnr. SA 5220
catmr. SA 5303
camr. SA 5380

clamps small

clamps large

flow cell 30 mm

filter 880 nm

filter 1010 nm

pump tubing 0.80 ml/min.

pump tubing 0.16 ml/min.

pump tubing 1.40 ml/min.
pump tubing 0.60 mi/min.
pump tubing 0.42 mi/min,
pump tubing sampler

catnr, SA 5111
catnr. SA 5110
catnr, SA 6403
camr, SA 6609
camr. SA 6635
camr. SA 3030
camr. SA 3025
camr, SA 3033
catnr. SA 3029
catnr, SA 3028
catmr. SA 1060

Note: If pump catnr. SA 2002 or 2005 is in use, the pump tubes with catnr. SA 3020 up to 3039 are replaced by pump

tubes with catnr. SA 5020 up to 5039.

CARTRIDGE CONSUMABLES

If only a module is ordered, with flow cell camr. SA 6403 and filters catnr. SA 6609 and catnr. SA 6635, the following

components are added to the module.

polyethylene tubing catmr. SA 5141

sleeves

silicone tube

catnr, SA 5142
catnr. SA 5400
catnr. SA 5401
catnr. SA 5406
catnr. SA 3150

pump tubing as listed in the cartridge components.

ATAL ENUMBERS RE
Product
Sulfuric acid (97%)

Potassium sulfate

Mercuric oxide

Sodium chloride

Ammonium molybdate

Potassium antimony tartrate
Ascorbic acid

Potassium dihydrogen o-phosphate

camr. 503-205

IRED CHEMICAL

Merck 731 corrosive
Merck 5153
Merck 4466 very toxic
Merck 6404
Merck 1182 harmful
Merck 8092 toxic
Merck 127
Merck 4873
Sof6



REFERENCE

1. Standard Methods for Examination of Water and Waste Water. 15% edition 1980 APHA-AWWA-WPCF
page 410-425.
2. Boltz, D.F., Mellon, M.G.,”Spectrophotometric determination of phosphate as molydiphosphoric acid”, Analytical
~ chemistry, Vol. 20, No 8, August 1943, page 749-751.
3. Walinga, 1., van Vark, W., Houba, VJ.G., van der Lee, L.L., Plant analysis Procedures, Part 7, Department of Soil
Science and Plant Nutrition, Wageningen Argricultural University, Syllabus 1989, Page 138-141.

FLOW DIAGRAM

i . waste _ _
mil/ min | . ’ _ .
——————————— ' Flowcell30mm -
r L Fliter 880 nm N
l } ) Cor. Filter 1010 nm
| | '
| f [
| |
| |
Ascorbic acld 0.42 . 5246
Ale I 5303 l
Ammonium malybdate 0.60 | lsasa 332 [~ , A |
2.3 5220 0
: Aoas 40°C
Resample 5250 ] |
waste AT\t l
1
Alr |
S.50
Distilied water + FFD6 * _140 ' spp 5328 '
Sample 0.16 | ' |
[ |
L )
0.80 »- Waste
Sampler l

[ Y

* For the analysis of total phosphate the distilled water + FFD6
is replaced by a sodium chloride solution (30 gr/liter).
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APPENDIX 4

METHOD FOR DETERMINATION OF TOTAL ALUMINIUM
BY ICPAE SPECTROMETRY

1. INTRODUCTION

In this procedure, aluminium extractable with hot nitric acid is measured using
Inductively Coupled Plasma Atomic Emission Spectrometry.

2. SCOPE

This method is suitable for the analysis of the above-mentioned elements in water,
wastewater and solid samples.

3. INTERFERENCE

Spectral overlap from matrix elements can be problematic in complex matrices.
Nebulisation interference and crystallisation in the sample injection tube of the torch must be
considered when analysing viscous, high density samples or samples with very high dlssolved
solids. '

4 HAZARDS

4.1 Nitric acid.
4.2 See the manufacturer's manual for instrument related hazards.

Ensure that familiarity with the dangers and treatment associated with each of the |
substances used.

5. SAMPLE COLLECTION AND PRESERVATION

Samples should be collected in polyethylene bottles w1th high purity nitric acid added
(2 ml stock 50% v/iv mtnc acid per 100 mi sample).

6. APPARATUS

6.1 Varian 150 AX Axial Inductively Coupled Plasma Spectrometer.
6.2 Precision Instruments USN-557 Ultrasonic nebuliser.

6.3  Varian - Liberty 200 Inductively Coupled Plasma Spectrometer.
6.4 Varian SPS5 sample changer.

6.5 Volumetric glassware for preparation of standards (A grade)
6.6 150 ml Plastic sample bottles

6.7 Centrifuge.

7. REAGENTS

7.1 Concentrated nitric acid (AR grade).

7.2 Nitric acid stock solution 50% v/v - dilute concentrated nitric acid 1:1 with uitrapure
water.

7.3 Nitric acid blank solution -2 ml stock 50% v/v nitric acid / 100 mi ultrapure water.
7.4 High purity argon gas.

7.5 Spectroscopic standard solution (1000 mg/l) for the element aluminium.



8. PREPARATION OF STANDARDS

8.1 Stock standard
Element Volume spectroscopic Concentration
standard solution in 500 m¢_| ug/¢
Al 5m/ 10 000

Add 5 m¢ concentrated nitric acid before making up to the mark in 500 m¢ volumetric flask.

8.2 Working Standards
Std 1 Std 2 Std 3 Std 4
Element | Vol. stock | Conc. | Vol. stock | Conc. | Vol. stock | Conc. | Vol. stock | Conc.
. std g/t std ug/t std pg/t std ug/f
Al 2.5 250 5 500 10 1000 |50

5000

Make up to the mark in 100 m¢ volumetric flask and then add 1 m¢ 50% nitric acid.

9. PREPARATION OF ANALYTICAL QUALITY CONTROL (AQC)

9.1 Stock AQC
Element Volume spectroscopic Concentration
AQC solution ¢
Al 5m¢ 10 000

Add 5 m¢ concentrated nitric acid before making up to the mark in 500 m¢ volumetric flask.

9.2  Working AQC solutions
Element Volume AQC stock solution | Concentration
Al 5 500

Make up to the mark in 100 m/ volumetric flask and then add 1 m¢ 50% nitric acid.

Stock AQCs must be discarded after three months and working AQCs after one month.




10. ANALYTICAL PROCEDURE
10.1 Sample pre-treatment (for clean water samples)

NB: This procedure only applies to untreated water samples. Treated water samples may be
analysed without pre-treatment.

10.1.1 Allow the sample to stand for 24 hours after sampling.

10.1.2 Centrifuge the sample at 3000 rpm for five minutes after weighing to balance the
centrifuge.

10.1.3 Decant the supematant into another clean bottle. Pour slowly so as not to disturb
solids.

10.2 Digestion of sludge/ sewage samples

10.2.1 Raw sewage/ sludge samples: Add 50 ml conc. nitric acid to 200 ml sample and digest
on a hot-plate under a fume extraction hood until the volume has reduced to about 40 mi. Cool
and make up to 200 ml in a volumetric flask, transferring quantitatively.

10.2.2 Treated sewage/ secondary sewage effluents: Add 15 ml conc. nitric acid to 200 ml|

sample and digest on a hot-plate under a fume extraction hood until the volume has reduced to
about 40 ml. Cool and make up to 200 ml in a volumetric flask, transferring quantitatively.

10.3 Procedure

10.3.1 A nitric acid blank must be prepared according to the amount of nitric acid used in the
digestion (see 10.1 or 10.2). The nitric acid blank solution and the standard solutions should be
placed in the standard rack in the programmed positions. The AQC solution should be placed
in position number 12.

10.3.2 A quality control solution must be analysed after every ten samples.

10.3.3 A slope correction (“reslope”) must be done after every ten samples.

10.3:4 Atleast three replicates of each sample should be performed. An average of these
results should be reported.

10.3.5 The instrument should be set up as per the parameters below. Refer to the
manufacturer's handbook for further instrument set-up and optimisation.

10.3.6 Aluminium may be analysed by Radial ICP. Refer to operating manual of instrument

for suitable set-up parameters (e.g. wavelength, search window, scan window, filter position
etc.) :

REFERENCES

Varian ICPAES Operating Manual (1997) Umgeni Water, PO Box 9, Pietermaritzburg, 3200,
South Africa.
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PERIOD 3.1.1
SUMMARY DATA 1

BNHANCED CULTURE DRVBLOPMENT

verage:
‘ount:

aximum:
inimum:

tandard Deviation:

'PRNDIX 5

DATE
23/02/94
24/02/94
25/02/94
26/02/94
27/02/94
28/02/94
01/03/94
02/03/94
03/03/94
04/03/94
06/03/94
07/03/94
08/03/94
09/03/94
10/03/94
11/03/94
12/03/94
13/03/94
14/03/94
15/03/94

s22sss===

CORR

Sbsai R1 L/d R2 L/d R1 OOR R2 OUR COD IN COD BL (COD B2 TEN IN TEN Bl TEN B2

7.1
26.4
26.4
30.5
7.1
23.5
0.7
307

Smems ==a2== sasaxs

15.44

14.21
13.68
12.64

12.95
12.26

12.11

11.34
9.46

14.03

430

285

167
216
194
m

52

28

42
15
47
15

12 -

42

45

42
17
40
17
14



PERIOD 3.1.1
SUMMARY DATA 2

ENHANCED CULTURE DEVELOPMENT

Average:
Count:

Maximum:
Minimum:

Standard Deviation:

APPENDIX §

DATE
23/02/94
24/02/94
25/02/94
26/02/94
27/02/94
28/02/94
01/03/94
02/03/54
03/03/94
04/03/94
06/03/94
07/03/94
08/03/94
09/03/94
10/03/94
11/03/94
12/03/94
13/03/94
14/03/94
15/03/94

--------
--------

INPLUENT
TP mgP/L

RL BFPL.
TP ugP/L

11.30
0.62
0.70

4.85

9.92
10.53
12.60

§.61

7.66

--------
--------

R2 BFFL.
TP ngP/L

--------
--------

TP REM.
R mge/L

TP REN.
R2 mg?/L

--------
--------

R1 ML TP
gP/qvss

81.84

R2 ML TP
ngP/qvss



ERIOD 3.1.1
UMMARY DATA 3

NHANCED CULTORE DEVELOPMENT

Bverage:

sount:

Maximun:

®inimum:

sStandard Deviation:

APPENDIX §

DATE
23/02/94
24/02/94
25/02/94
26/02/94
27/02/94
28/02/94
01/03/94

02/03/94

03/03/94
04/03/94
06/03/94
07/03/94
08/03/94
09/03/94
10/03/94
11/03/94
12/03/94
13/03/94
14/03/94
15/03/94

Rl

R2

ngP/gMLSS mgP/gHLSS MLSS(1)

56.81

.........

.........................
-------------------------

VsS(1) MLSS(2)

1614

172

VSS(2) $VSS(1) %VsS(2)

DSVI
Rl
nl/q

DSVI
R2

al/g

-----------------------------------------------

111

233



PRRIOD 3.1.1
SUMMARY DATA ¢
ENHEANCED CULTURE DEVELOPMENT

pl pl pl pl pH pl ACID ACID H2003¢t H2C03¢
Rl R2 Rl R2 1l R2 DOSE R1 DOSE R2 Alk Alk
DATE AN AR ARl ARl AR2 AR2 amol/d amol/d g1 R2
23/02/94
24/02/94 7.10 7.4 0 0
25/02/94 7.40 7.80 7.60 7.57 0 0
26/02/94 _
27/02/94
28/02/94 7.48 7.40 7.51 7.54 0 0
01/03/94
02/03/94 7.34 7.38 1.47 1.4 0 0
03/03/94 7.37  1.26  1.51  1.51 0 0
04/03/94 ' 7.52 7.52 1.13 7.60 0 0
06/03/94
07/03/94 7.27 1.2 1.3 1.1 0 0
08/03/94 7.1 1.22 1.3 1.7 0 0
09/03/94 :
10/03/94 7.58 7.64 7.68 7.68 0 0
11/03/94 7.66 7.58 7.69 7.1 0 0
- 12/03/94 7.3 1.30 7.45  1.83 0 0
13/03/94
14/03/94 7.44 1.3 7.55 7.42 0 0
15/03/94 730 7.22 140 1.33 0 0
Average: 0.00 0.00 7.41 7.39 7.5 1.48 0 0 0.0 0.0
Count: 0 0 12 13 12 13 13 13 0 0
Naximum: 7.66 7.8 1.13 1.1 0 0
Minimum: 7.18  1.10 7.3 1. 0 0
0.13 0.19 0.12 0.14 0 0 0.0 0.0

Standard Deviation: 0.00  0.00

.

APPENDIX 5




ERIOD 3.1.1
JMMARY DATA §

NHANCBD CULTURB DRVELOPMENT

verage:

-ount:

aximum:

iinimum:

ntandazd Deviation:

APPRNDIX §

DATE
23/02/94
24/02/94
25/02/94
26/02/94
27/02/94
28/02/94
01/03/94
02/03/94
03/03/94
04/03/94
06/03/%4
07/03/94
08/03/94

09/03/94

10/03/94
11/03/94
12/03/94
13/03/94
14/03/94
15/03/94

--------
--------

N3
£81

0.11

0.26

0.35

[ — N TR — N )

N . .

w2 B L
P - O WO M B OO OO

o O O
o O o

1K)
£R2

0.09

0.26

0.2}

. . .
O WL PO PO PO

O H O O o
. - .
D OD ~—3 € L2 ) D W2

o O o
.

10.98

12.83

9.43

13.54

.....
-----

0.49

10.44
12.02
1.9
6.31

0.24

1.32
11.45
9.00
§.83

==s==



PERIOD 3.1.1
SOMMARY DATA 6
BNEANCED COLTURR DRVELOPMENT
NO3 -§03 NO3 NO3 NO3 O3 N3 KO3
DATE R1 AN Rl fAX R1 fAR1 R1 fAR2  R2 fAN  R2 fAX  R2 fAR1  R2 fAR2
23/02/9%4
24/02/94
25/02/94
26/02/94
27/02/94
28/02/94
01/03/94
02/03/94
03/03/94
04/03/94
06/03/94
07/03/94
08/03/94
09/03/94
10/03/94
11/03/94
12/03/94
13/03/94
14/03/94
15/03/94
Average: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Count: 0 0 0 0 0 0 0 0
Maximum:
Ninimum: : - ,
Standard Deviation: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

APPENDIX §



PBRIOD 3.1.1
“ SUMMARY DATA 7

BNBANCED CULTURR DRVELOPMENT

Average:

Count:

Maximum:

Minimum:

Standard Deviation:

- APPBNDIX §

DATE
23/02/94
24/02/94
25/02/94
26/02/94
27/02/94
28/02/94
01/03/94
02/03/94
03/03/94
04/03/94
06/03/94
07/03/94
08/03/94
09/03/94
10/03/94
11/03/94
12/03/94
13/03/94

14/03/94

15/03/94

TP
R1 fAN

s=3=2s

0.00
0

0.00

TP
R1 £AX

0.00
0

0.00

TP
R1 £AEl

0.00
0

0.00

TP
R1 fAR2

0.00
0

0.00

TP
R2 AN

0.00
0

0.00

TP
R2 £AX

0.00
0

0.00

TP
R2 fAB1

0.00
0

0.00

TP
R2 fAB2

.......



PRRIOD 3.1.1
SUMMARY DATA 8

ENHANCED COLTURE DEVELOPMENT

Average:

Count:

Maximum:

Minimum:

Standard Deviation:

APPENDIX 5

DATR
23/02/94
24/02/94
25/02/94
26/02/94
27/02/94
28/02/94
01/03/94
02/03/94
03/03/94
04/03/94
06/03/94
07/03/94

08/03/94

09/03/94
10/03/94
11/03/94
12/03/94
13/03/94
14/03/94

15/03/94

ALUM
Rl
amolAl/d

--------

-

FERRIC
Rl
zmolFe/d

--------
........

FERROTS
Rl
mmolFe/d

T1

T

< n
[— 2= |}

0.0



=fRIOD 3.1.2
UMMARY DATA 1

mHANCED CULTURE DEVBLOPMENT

miverage:
count:
= aximum:
mMinimum:
Standard Deviation:

APPENDIX §

DATE
16/03/94
17/03/94
18/03/94
19/03/94
20/03/94
21/03/94
22/03/94
23/03/94
24/03/94
25/03/9¢
26/03/94
27/03/94
28/03/94
29/03/94
30/03/94
31/03/94
01/04/94
02/04/94
03/04/94

- 04/04/94

05/04/94

T 06/04/94

CORR

$bsai R1L/d R2L/d RLOUR R2 OUR COD IN COD Bl (COD B2 TEN IN TRN Bl TEN B2

1.94

251
301
278
343
316

335
329
370
356
441

17
17
18
15

16

19
18
19
19

......

......

19
20
20
21
21

......



PRRIOD 3.1.2
_SUMMARY DATA 2
ENHANCEBD COULTURE DEVELOPMENT
INPLUENT R1 BFPL. R2 BPPL. TP REM. TPREM. RLHMLTP RZMLTP

DATE TP mgP/L TP ugP/L TP mgP/L Rl mg®/L  R2 mgP/L  mgP/qVSS  mgP/gVss

16/03/94 20.93 0.2] 0.58 20,70 20.35 69.76 17.89

17/03/94 20.12 0.24 0.41 19.88 19.71 74.10 82.35

18/03/94

19/03/94

20/03/94 26.81 0.24 0.7 26.57 26.08 105,89 115.64

21/03/94 15.28 1.50 1.5 11,718 28.03 116.16 131,82

22/03/94 14,95 12,14 17.03 22.81 17.92 115.39

23/03/94 15.44 14.91 18.17 20.53 1.7 132.84 149.06

24/03/94 31.98 15.89 19.15 18.09 14.83 124.61 128.08

25/03/94

26/03/94

27/03/94 1.n 7.45 . 24.28 22.02 126.40 125.92

28/03/94 30.60 9.88 11.98 20.72 18.62 141.28 116.76

29/03/94 32.06 13.44 T14.97 18.62 17.49 134.99 124.08

30/03/94 11.13 17.00 18.94 4.7 12.719 .n 127.51

31/03/94 31.90 12.83 12,47 19.27 19.43

01/04/94

02/04/94

03/04/94

04/04/94 33.02 20,27 22.69 12.75 10.13 155.84 159.10

05/04/94 '

06/04/94 35.44 28.18 29.31 1.26 ' 6.13 153.67 150.65
Average: 31.00 11.14 11.07 19.86 17.93 121.89 124.07
Count: 1 14 14 1 1 1] 12
Maximum: 35.44 28.18 29.31 WL 28.03 155.84 159.10
Minimum: 20.12 0.23 0.41 7.26 6.13 69.76 17.89
Standard Deviation: 4.83 7.94 8.40 5.12 5.55 25.32 23,54

APPENDIX 5



PERIOD 3.1.2
SUMMARY DATA 3

ENHANCED CULTURE DEVBLOPMENT

Average:

Count:

Maximum:

Minimum:

Standard Deviation:

APPENDII §

DATE
16/03/94
17/03/94
18/03/94
19/03/94
20/03/94
21/03/94
22/03/94
23/03/94
24/03/94
25/03/94
26/03/94
27/03/94
28/03/94
29/03/94
30/03/94
31/03/94
01/04/94
02/04/94
03/04/94
04/04/94
05/04/94
06/04/94

2657
2749

2877
2971
3155
3025
3081

3124
2966
3113

3183
1296

VSS(1) MLSS{2) VSS(2) $VSS(1) #vss{2)

.......

Rl R2
ngP/gMLSS mgP/gMLSS MLSS(1)

51.15 55.80
52.99 56.81
69.21 12.41
13.39 75.44
74.83 15.92
82.20 80.69
81.1] 81.87
82.66 84.12
88.98 72.41
87.38 81.70
85.75 82,01
89.65 83.40
94.03 _95.32
94.02 92.01
19.10 77.85

14 14
94.03 95.32
51.15 55.80
13.11 10.79

-------

DSVI
Rl
al/g

......

139
131
127
112

110

118
109
111
‘106

DSVI
R2

94
90
88
86
86

85
™
X!

89

T rrr s Smemnacw seses= m=mes=
=3s3==3== I==23= 2=;=s3== =232 ==22s==



PERIOD 3.1.2
SUMMARY DATA ¢

ENHANCED CULTURR DEVELOPMENT

Average:
Count:
Maximum:
- .. Minimum:
Standard Deviation:

APPENDIZ 5

16/03/94
17/03/94
18/03/94
19/03/94
20/03/94
21/03/94
22/03/94
23/03/94
24/03/94
25/03/94
26/03/94
27/03/94
28/03/94
29/03/94
30/03/94
31/03/94
01/04/94
02/04/94
03/04/94
04/04/94
05/04/94
06/04/94

........
zs=2s32s8=s

pE
R2
AN

oA
R1

ARL

1.1
1.19
1.50
1.46
1.59
7.4
1.54
7.68
1.45
7.43
1.4
7.44
1.46
7.49
1.39
1.36
1.22
7.28

.
[ R N
o S oSO I O~

< 3} -3

pl

R2
ARl
7.28
7.33
7.44
7.61
7.55
1.4
1.39
7.47
1.3
7.36
1.36
1.34
1.31
1.29
1.22

1.21

1.15
1.26

-3

. .

e oA N e LT B IRV - B — B — B
YD PO IO O O

= o ~3
. .

ol
RL
AR2
7.40
7.45
1.51
7.42

- M =3 =3 =3 =3 =3 =3 w3 =3 3 =3 =) =3 ~] ~3 =3 ~3 ~3
. - . . . . - - . . . - . - N . . -

A GO P W O SR e LN WL LUTOY WL QO -~ Oy ~) ~] ~] -3 ~-) O
N OO P 0O Il OO0 GO ON = OO RO ~ P PO D QO e

S ~3 ~3
. - .

pi
R2

AR

7.43
1.42
1.60
1.5¢
1.69
1.57
1.6
7.6
1.56
7.57
1.53
7.56
1.6
7.61
7.54
7.4
1.33

ACID
DOSE R
mmol/d

ACID
DOSE R2
mnol/d

T
|sS=238sS

H2C03¢
Alk
Bl

------

§2C03¢
Alk
k2



PERIOD 3.1.2
SUMMARY DATA 5

BNBANCED CULTURE DEVBLOPMENT

Average:

Count:

Maximum:

Minimum:

Standard Deviation:

APPENDIX 5

DATR
16/03/94
17/03/94
18/03/94
19/03/94
20/03/94
21/03/94
22/03/94
23/03/94
24/03/94
25/03/94
26/03/94
27/03/94
28/03/94
29/03/94
30/03/94
31/03/94
01/04/94
02/04/94
03/04/94
04/04/94
05/04/94
06/04/94

NE3
£R1
0.19
0.21

[—]
(PN}
=2

o n o
- " .
oo

[ — )

« .

— 00 L
[V~ DR OV Ry UV T

L 1:€]
fg2
0.15
0.14

(=3
o
—

o n o
- "wo.
-

— O oY

L= — Y — )

L O — L2 O Wi

1.53
11.66
8.92
.82

4.12
11.86
9.35
2.74



PERIOD 3.1.2
SUMMARY DATA 6

ENHANCBD COLTORE DEVELOPMENT

Average:
Couant:
Maximum:
Minimum:
- ._ §tandard Deviation:

ABPENDIX §

DATR

16/03/94
17/03/94
18/03/94
19/03/94
20/03/94
21/03/94
22/03/94
23/03/94
24/03/94
25/03/94
26/03/94
27/03/94
28/03/94
29/03/94
30/03/94
31/03/94
01/04/94
02/04/94
03/04/94
04/04/94

05/04/94

06/04/94

NO3
Rl fAN

......
------

03
R1 fAX

0.00

§03
R1 fAR1

ss=ssss2s3

K03
R1 £AR2

0.00
0

0.00

NO3
R2 £AN

ss=333

0.00
0

0.00

03
R2 £AX

0.00
0

0.00

03
R2 £ARl

.......

smsases
I=2=338=S

0.00
0

0.00

03
R2 £AR2




PERIOD 3.1.2

SUMMARY DATA 7

ENBANCED CULTURE DEVELOPMENT

_ P 1P TP TP TP TP TP TP
DATE R1 AN Rl fAX R1 fAR1 Rl £AE2?  R2 AN R2 fAX  R2 fAR1  R2 fAR2

16/03/94

17/03/%

18/03/94

19/03/94

20/03/94

21/03/94

22/03/94

23/03/94

24/03/94

25/03/94

26/03/94

27/03/94

28/03/94

29/01/94

30/03/94

31/03/94

01/04/94

02/04/94

03/04/94

04/04/94

05/04/94

06/04/94

cemmmma= Pr T = Snssmes =  sssesss 2 sssesz 2 sssses | Sossesss = wssse=s
s=3=3=z=32 s333s2 =33z=% s233sSs== 2s=28s3== 233=s= 28sss= ===s8== f=s==s3=

Average: : .00 0.00 0.00 0.00 0.00 0.00 .00 0.00
Count: ' 0 0 0 0 0 0 0 0
Maximum:

Ninimum: _

Standard Deviation: 0.00 0.00 0.00 0.00 0.00 0.00 ~ 0.00 0.00

APPENDIX 5



PERICD 3.1.2
SUMMARY DATA 8§

BNHANCED CULTURE DEVBLOPMBNT

Average:
Count:
Maximuam;

.. Minimum:

Standard Deviation:

APPENDIX 5

DATR

16/03/94
17/03/94
18/03/94
19/03/94
20/03/94
21/03/94
22/03/94
23/03/94
24/03/94
25/03/94
26/03/94
27/03/94
28/03/94
29/03/94
30/03/94
31/03/94
01/04/94
02/04/94
03/04/94
04/04/94
05/04/94
06/04/94

ALOM
Rl
nmolAl/d

--------
--------

FERRIC
Rl
mmolFe/d

........

--------

FERROUS
Rl
mmolfe/d

........
........

Tl

.....

< B

O O n

0.0



BRIOD 3.1.3
SUMMARY DATA 1

®NHANCED CULTURE DEVELOPMENT

Average:

Count:

Maximum:

Ninimum:

Standard Deviation:

APPENDIX §

DATE
07/04/94
08/04/94
09/04/94
10/04/94
11/04/94
12/04/94
13/04/94
14/04/94
15/04/94
16/04/94
17/04/94
18/04/94
19/04/94
20/04/94
21/04/94
22/04/94
23/04/94
24/04/94
25/04/94
26/04/94
27/04/94
28/04/94
29/04/94
30/04/94

CORR

Sbsai R1 L/d R2 L/d R1 OUR R2 QUR COD IN COD Bl COD B2

150
150
150
150
150
150
150
150
150
150
150
150
150
150

150 -

150
150
150
150
150
150
150

B Ll B Ll L Ll bl L b Ll Ll b LD Ll L) L Ll L) b Ll Ll L o
OO 8D O Ld = €D = PO DO DD L) = b b e B B = = B
Cd O N = B O ) o b B OO B ) B e O U A e WO ) O O

......

411
457
440
184

539
412
542
503
566

62
§7
38
2
69

21
20
20
22

55
61
43
20

TKN IN TRN B1 TEN B2

..............................



PERIOD 3.1.3
SUMMARY DATA 2
ENHANCED CULTORR DEVELOPMENT

INFLURNT R1 BFPL. R2 BFFL. TP REM. TP REN. RLML TP  R2 ML TP
DATR TP mgP/L TP mgP/L TP agP/L Rl ogP/L  R2 mgP/L  mgP/qVSS  mgP/qVss
07/04/94 18.19 24.95 13.24 153.44
08/04/94 '
09/04/94
10/04/94 YT 1.12 0.80 11.32 11.64 132.62°  110.16
11/04/94 37.96 .19 1.28 35.57 36.68 132.62 116.31
12/04/94 36.35 14.83 4.63 21.52 11.12 142.75 135.96
13/04/94 38.92 12.60 5.58 ¢ 26.32 11,34 166.79 139.64
14/04/94 155.05 141,97
15/04/94 '
16/04/94
17/04/94 16.70 6.20 9.10 30.50 27.60 - 158.13 155.38
18/04/94 36.70 9.90 14.30 26.80 22.40 164.78 157.25
19/04/94 16.80 9.70 7.20 27.10 29.60 173.82 158.97
20/04/94 316.40 17.80 22.30 18.60 14.10 158.94 134.48
21/04/94 42.07 12.03 10.04 -
22/04/94
23/04/94 :
24/04/94 32.54 §.12 .14 24.22 30.20 192.64 154.48
25/04/94 40.61 1.35 2.50 33.26 18.11 183.39 161.05
26/04/94 40.77 15.42 10.25 25.35 30.52 168.74 177.25
27/04/94 39.48 15.91 10.74 23.57 28,74 187.20 171.16
28/04/94 319.97 18.33 14.78 21.64 25.19 199.18 184.23
29/04/94
30/04/94
Average: 16.39 11.79 8.14 24,60 27.68 164.71 149.88
Count: 15 15 13 15 13 15 14
Maximuam: : 42.07 24.95 22.30 35.57 18.11 199.18 184.23
- Minimum: 12.44 1.12 0.80 11.32 11.64 132.62 110.16
Standard Deviation: §.79 .14 6.08 §.51 1.51 19.59 20.70

“ APPENDIX §



PBRIOD 3.1.3
SUMMARY DATA 3

E¥HANCED COLTURE DEVELOPMENT

Average:

Count:

Maximuam:

Minimum:

Standard Deviation:

APPENDIX 5

DATE
07/04/94
08/04/94
09/04/94
10/04/94
11/04/94
12/04/94
13/04/94
14/04/94
15/04/94
16/04/94
17/04/94
18/04/94
19/04/94
20/04/94
21/04/94

22/04/%4

23/04/94
24/04/94
25/04/94
26/04/94
27/04/94
28/04/94
29/04/94
30/04/94

Rl

R2

pgP/gHLSS mgP/gHLSS MLSS(1)

---------

100.76
112.80

99.85
108.83
116.38

92.92

101.37

108.30
103.15
111.94

.......

vss{1)

.......

.......
.......

LSS (2)

-------
.......

VSS§{2)

2114
2153
2094
2056
2092

2111

2124
- 2145
2320

$Vss (1)

V88 (2)

DSVI
R1
al/g

......

89
96
97
102

86

95
92
89
92

DSVI
R2
ul/q

90
98
92
98

85 .

88
87

s==3S=S S=3288sS =2ss8s:2 s=23=== =I==3=2



PERIOD 3.1.1
SUMMARY DATA 4

ENHANCED CULTURE DEVELOPMENT

Average:

. Count:

Mazioum:

Minimum:

Standard Deviation:

APPBNDIX 5

07/04/94
08/04/94
09/04/94
10/04/94
11/04/94
12/04/94
13/04/94
14/04/94
15/04/94
16/04/94
17/04/94
18/04/94
19/04/94

20/04/94

21/04/94

22/04/94

23/04/94
24/04/94
25/04/94
26/04/94
27/04/94
28/04/94
29/04/94
30/04/94

--------
ssSszasss

PR
Rl
AN

(=]

.

o u
[— 3 — | ]

0.00

pE
R2
AN

pE

Rl
ARl
1.19
1.18
7.24
1.28
1.27
1.36
1.25
1.39
1.35
1.54
1.48
1.42
1.57
1.29
1.38

1.43
7.39
1.39
1.19

-3
[¥8)
wn

. -
— = U B LD M e
el - 2 N B T T [ — Y- o}

S -3 ~3
.

~3 =3 =3 -3 =3 OV =3 OV OO 3 —3 ON
o e e e e e e ee e e

o)
R2
ARl

=B Ol O O D ~d O -
O PO O e 3 O O W Ll O LN e

B LD WD D I O
C - a W I = T - - B TR P Y — )

o o~

- =3 =3 =3 =] =3 =3 ~I
e o e s = e

pE
R1
AR2
7.40
1.55
1.67
1.62
7.40
7.57
1.52
1.65
1.6
1.64
1.50
1.54
1.62
1.49
1.51

- - . TR
== O PO LY U B RO s LN
B ~3 =3 PO = e =3 s OO U

D =3 -3
.

o)
R
AB2

-_ =3 =3 e =3 =3 =) -3 =3O ~) -3 ON
e s e & & s & e e & & o
WY sbe DO s e DI M PO 4 OO R BRI GO
a2 GO LI DO PO U e U € WO OO On W

ACID
DOSB R
amel/d

-------

ACID
DOSE R2
mmol/d

§2003¢
Alk
Bl

------

§2003+
Alk
B2

......



PERIOD 3.1.3
SUMMARY DATA 5

ENHANCED CULTURE DEVELOPMENT

Average:
Count:
_ Maximum:
Minimum:
Standard Deviation:

APPENDIX 5

DATE
07/04/94
08/04/94
19/04/94
10/04/94
11/04/94
12/04/94
13/04/94
14/04/94
15/04/94
16/04/94
17/04/94
18/04/94
19/04/94
20/04/94
21/04/94
22/04/94
23/04/94
24/04/94
25/04/94

1 26/04/94

27/04/94
28/04/94
29/04/94
30/04/94

EEEEEEEH

NE3
fBL

cac.

0.44

NE3
fR2

9.81
12.19

10.43

-----
.....

§.52
10.92

10.70

.....
.....

1.63
16.27
14.04

§.22

7.56

1.22

ssz2==



PERIOD 3.1.3
SUMMARY DATA 6

ENBANCED COLTORE DEVELOPMENT

Average:

Count:

Maximum:

Ninimum:

Standard Deviation:

APPENDIX §

DATR

07/04/94
08/04/94
09/04/94
10/04/94
11/04/94
12/04/94
13/04/94
14/04/94
15/04/94
16/04/94
17/04/94
18/04/94
19/04/94
20/04/9%4
21/04/94
22/04/94
23/04/94
24/04/94
25/04/94
26/04/94
27/04/94
28/04/94
29/04/ 94
30/04/94

........
--------

NO3
R1 fAN

------

0.00
0

0.00

N03
R1 £AX

------

0.00
0

0.00

NO3
R1 fABl

0.00
0

0.00

5§03
R1 fAR2

0.00
0

0.00

¥03
R2 faN

0.00
0

0.00

¥o3 -

R2 fAX

0.00
0

0.00

KO3
R2 fAB1

0.00
0

0.00

N03
R2 fAR2




PERIOD 3.1.3
SUMMARY DATA 7
ENHANCED CULTURR DRVELOPMENT _
P P TP TP TP °m - TP ™
DATE Rl £AN Rl £AX Rl £ARL Rl fAB2  R2 fAN  R2 fAX  R2 fARl  R2 fAR2
07/04/94
08/04/94
09/04/94
10/04/94
11/04/94
12/04/94
13/04/94
14/04/94
15/04/94
16/04/94
17/04/94
18/04/94
19/04/94
20/04/94
21/04/94
22/04/94
23/04/94
24/04/94
25/04/94
26/04/94
27/04/94
28/04/94
29/04/94
30/04/94

...........................................................
233===2=2 2==s38= s===== sx=s==3 =3=333== 232222 s=s3=2==2 s===38s=2 sI==33=

Average: 0.00 0.00 0.00 ©0.00 0.00 0.00 0.00 0.00
Count: 0 0 0 0 0 0 0 0
Maximum:
Ninimum:
Standard Deviation: 0.00 0.00 0.00 .00 0.00 0.00 0.00 0.00

APPENDIX 5



PERIOD 3.1.3
SUMMARY DATA 8
ENHANCED CULTURE DRVELOPMENT :
ALUM FERRIC FERROUS

Rl Rl Rl T1 T2
DATE mmolAl/d mmoife/d ammolPe/d o o
07/04/94 0.0 0.0 0.0 20.1
08/04/94 ; 19.3
09/04/94 20.7
10/04/94 19.7
11/04/94
12/04/94 1 20.4
13/04/94 19.7
14/04/94 ! 18.8
15/04/94 20.0
16/04/94 : 18.6
17/04/94 19.3
18/04/94 . 13.6.
19/04/94 19.0
20/04/94 : 18.3
21/04/94
22/04/94 . 17.5
23/04/94 182
24/04/94 _ 17.2
25/04/94 '
26/04/94 17.2
27/04/94 18.7
28/04/%4 . 19.4
29/04/94 ' 19.1
30/04/94 .
Average: » 19.0 0.0
. Count: 1 1 ‘ 1 20 0
Maximum: 0.0 0.0 0.0 20.7
Minimum: 0.0 0.0 0.0 17.2
Standard Deviation: 1.0 0.0

APPENDIX §



ERIOD 3.1.4
UMMARY DATA 1

NHANCED CULTURE DSVBLOPMENT

Average:

Count:

Maximum:

Ninimua:

Standard Deviation:

APPENDIX 5

DATE
01/05/94
02/05/94
03/05/94
04/05/94
05/05/94
06/05/94
07/05/94
08/05/94
09/05/94
10/05/94
11/05/94
12/05/94
13/05/94
14/05/94
15/05/94
16/05/94

Shsai Rl L/d

.....

R2 L/d

R1 OGR

R2 OOR COD IN COD Bl COD

CORR

466

......

Al

22

........................
s===2=2 SSSSST 8283323 238/s== =zz=z==s

B2 TEN IN TEN Bl

4.90

5.50

T==33=2



PERIOD 3.1.4
SUMMARY DATA 2
ENHANCEBD CULTURE DRVBLOPMENT _
INFLUBNT R1 EFFL. R2 EFFL. TP REN. TP REM. RIML TP  R2 ML TP
DATR TP agP/L TP agP/L TP agP/L Rl mgP/L  R2 mgP/L  ugP/qVSS  mgP/qVss

................................................................

07/04/94 18.19 24.95 13.24 153.44
08/04/94
09/04/94
10/04/94 12.44 1.12 0.80 11.12 11.64 132.62 110.16
11/04/94 17.96 .19 1.28 15.57 36.68 132.62 116.31
12/04/94 36.35 14.83 4.63 21.52 11.12 142,75 135.96
13/04/94 13.92 12.60 5.58 26.32 13.34 166.79 139.64
14/04/94 155.05 141.97
15/04/94
16/04/94 :
17/04/94 16.70 6.20 9.10 30.50 27.60 158.73 155.38
18/04/94 36.70 9.90 14.30 26.80 22.40 164.78 . 157.25
19/04/94 36.80 3.70 7.20 27.10 29.60 173.82 158.97
20/04/94 36.40 ©17.80 22.30 18.60 14.10 158.9¢4 134.438
21/04/94 42.07 12.03 30.04
22/04/94
23/04/94 ' . ,
24/04/94 32.54 8.32 . .M 4.2 30.20 192.64 154.43
25/04/94 40.61 7.35 .50 13.26 18.11 183.39 161.05
26/04/94 40.77 15.42 10.25 25.35 310.52 168.74 177.25
27/04/94 19.48 15.91 10.74 23.97 28.74 187.20 171.16
28/04/94 19.97 18.33 14.78 21.64 25.19 199.18 184,23
29/04/94
30/04/94
Average: 36.39 11.79 8.14 24.60 27.68 164.71 149.88
Count: 15 15 13 15 13 15 1
Maximum: 42.07 24.95 22.30 15.57 13.11 199,18 184.23
Minimum: 12.44 1.12 0.80 11.12 11.64 132.62 110.16
Standard Deviation: 6.79 6.14 _ 6.08 6.51 7.51 19.59 20.70

APPENDIX 5



PERIOD 3.1.4
SUMMARY DATA 2

ENHEANCED CULTURE DBVELOPMENT

Average:

Count:

Maximum:

Ninimum:

Standard Deviation:

APPENDIX 5

01/05/94
02/05/94
03/05/94
04/05/94
05/05/94
06/05/94
07/05/94
08/05/94
09/05/94
10/05/94
11/05/94
12/05/94
13/05/94
14/05/94
15/05/94
16/05/94

FE e T ey
--------

INPLUENT
TP ag?/L

........
--------

RL BFFL.
T ug?/L

........

==s=z=2=3

R2 BFFL.
TP ug?/L

TP REM.
B2 ugh/L

TP REN.
- R2 ngh/L

RL KL TP
ugP/qvss

R2 HL TP
ugP/qvss



PERIOD 3.1.4
SUMMARY DATA 3

ENHANCED CULTURE DEVELOPMENT

Average:
Count:

Maximom:
Ninimum:

Standard Deviation:

APPENDIX 5

DATE
01/05/94
02/05/94
03/05/94
04/05/94
05/05/94
06/05/94
07/05/94
08/05/94
09/05/94
10/05/94
11/05/94
12/05/94
13/05/94

- 14/05/94

15/05/94
16/05/94

--------
........

Rl

ngP/qNLSS mgP/gMLSS NLSS(1)

124.26
102.49

91.07
98.09

103.58

-------------------------
SS32=22323=22  sSs3s382ss s=3s28==

---------------------
---------------------

98

100

333333  a2s====



PERIOD 3.1.4
SUMMARY DATA 4

ENHANCBD CULTURE DEVELOPMENT

Average:

Count:

Maximum:

Minimum:

Standard Deviation:

APPENDIX 5

01/05/94
02/05/94
03/05/94
04/05/94
05/05/94
06/05/94
07/05/94

08/05/94

09/05/94
10/05/94
11/05/94
12/05/94
13/05/94
14/05/94
15/05/94
16/05/94

EEEEE LT

pH
RL
AN

cmmw

pH
R
AN

pi
AL
ABL
1.05
1.43
7.24

-~ N -3~
. - .
O OO ~3 = o ) L e

S O ~3
N . .

~3 i ~3 -2

U O WU W = 1 U e

pi
R2
ABL
1.25
7.08
7.53
6.62
1.31
7.08

. "
PO OO PO I
U OO e LI | O o

S O ~3

- N -~
. .

pH

R1
AR2
6.90
7.62
6.71
6.98
7.68
7.88

. n .
o -3 O = Ut N oON -2
L ol el e B B TR S, B - )

< o o
. .

-~y ~a -2

pH

R2
AR2
7.13
1.17
1.20
6.81
1.78
.13

- D ~3 ~3 ~)
. . . - .
o= D oD U O
[-- ", )

. [T
W 0O O 1 = 1l Lo O
Ll N LD O I O O

= O oo
. . .

ACID ACID
DOSE R DOSE R2
neol/d mmol/d

20 10
20 10
20

20 10
20 20
20 20
20 20
20 20
20 20
20 20
50 50
40 40,
40 40
40 40
26 24
14 14
50 50
20 10
10 1]

H2C03¢
Alk
k1

H2C03*
Alk
B2



PBRIOD 3.1.4
SUMMARY DATA 5

BWHANCED CULTURE DEBVELOPMENT

Average:
Count:

Maximum:
Minimum:

Standard Deviation:

APPENDIX §

-

DATR

01/05/94
02/05/94
03/05/94
04/05/94

05/05/94

06/05/94
07/05/94
08/05/94
09/05/94
10/05/94
11/05/94
12/05/94
13/05/94
14/05/94
15/05/94
16/05/94

--------
a33s=3=3=2

NH3

1394
0.33
0.38
5.14
0.54
0.10

0.66

0.34

(=2
o
(=3

[~ TN T — =2
- N .
B = = = O I O i

— e O WL ) O o

- o uwn
. .

o n oo

NH3

fB2
0.23
0.25
5.0
0.27
0.08

0.37

0.29

[ —3
-l
-

« s e N .
o OO - 0D il O Oh
- I I — - A T

- uwun

11.44

16.09

-----
-----

SRP
fB1

.....

SRP
f82

.....




PERIOD 3.1.4
SUMMARY DATA 6

BNHEANCBD CULTURE DEVELOPMENT

Average:

Count:

Maximum:

Ninimum:

Standard Deviation:

APPENDIX 5

01/05/94
02/05/94
03/05/94
04/05/94
05/05/94
06/05/94
07/05/94
08/05/94
09/05/94
10/05/94
11/05/94
12/05/94
13/05/94
14/05/94
15/05/94
16/05/94

. X
R1 fAN

NO3
R1 fAB1

-------

NO3
R1 £AB2

03
R2 £AN

NO3
R2 £AX

03
R2 fagl

N03
R2 fAR2



PERIOD 3.1.4
SUMMARY DATA 7

ENHANCRD CULTURE DEVELOPMENT

Average:
Count:

Naxiaum:
Minimum:

Standard Deviation:

APPENDIX §

01/05/94
02/05/94
03/05/94
04/05/94
05/05/94
06/05/94
07/05/%4
08/05/54
09/05/94
10/05/94
11/05/94
12/05/94
13/05/94
14/05/94
15/05/94

s=s83==2

TP
R1 £ABL

P TP
Rl fABZ  R2 fAN
0.00 0.66
0 0
0.00 0.00

TP

R2 £AX

0.00
0

0.00

P
R2 fAB1

TP
R2 £AR2



ERIOD 3.1.4
UMMARY DATA 8

INHANCED CULTURE DEVELOPMENT

verage:
‘ount:

Aximum:

inimem: )
itandard Deviation:

APPENDIX 5

DATE
01/05/94
02/05/94
03/05/94
04/05/94
05/05/94
06/05/94
07/05/94
08/05/94
09/05/94
10/05/94
11/05/94
12/05/94
13/05/94
14/05/94
15/05/94
16/05/94

ALUM
R1
nmolal/d

........

 PRRRIC
Rl
zmolPe/d

PERROUS
R1
mmolPfe/d

........
________

Tl
T



PBRIOD 3.1.5
SUMMARY DATA 1

BNHANCED CULTURE DEVELOPMENT

Average:

Count:

Maximum:

Minimum:

Standard Deviation:

APPENDIX 5

DATE
17/05/94
18/05/94
19/05/94
20/05/94
21/05/94
22/05/94
23/05/94
24/05/94
25/05/94
26/05/94
27/05/94
28/05/94
29/05/94
30/05/94
31/05/94

Shsai

CORR

R1 L/d R2 L/d RLOUR R2 OOR COD IN COD Bl (COD B2 TEN IN TEN Bl TRN B2

------

5§32
536
545
537
503

26
23
22
2
23

25
22
2l
20
21

------------------------



PERIOD 3.1.5
SUMMARY DATA 2

ENHANCED COLTURE DEVELOPMENT

Average:
Count:

Maximum:
Minimum:

Standard Deviation:

APPENDIZX 5

DATE
01/05/94
02/05/94
03/05/94

04/05/94.

05/05/94
06/05/94
07/05/94
08/05/94
09/05/94
10/05/94
11/05/94
12/05/94
13/05/94
14/05/94
15/05/94
16/05/94

INFLUENT
TP mgB/L

........

--------
--------

R1 BEPL.
¢ ngB/L

R2 BFPL.
TP ugP/L

TP REM.
Rl ng?/L

TP REM.
R2 mgB/L

R1 ML TP
ngP/qVss

196.48
173.25

150.34
157.22

187.02

R2 ML TP
1g?/gVss



PRRIOD 3.1.5
SUMMARY DATA 3
ENHANCED CULTURE DEVELOPMENT
o DSVI  DSVI
Rl R2 Rl R2
DATE  wgP/qMLSS ngP/gMLSS  MLSS(1) VSS(1) MLSS(2) VSS(2) $%VSS{1) %V§s(2) al/g uml/g

..............................................................................

17/05/94 107.84 103.97 4564 2543 4397 2180 55.7 49.6 19 85
18/05/94 114.01 104.91 4384 2593 4314 2504 59.1 58.0 82 90
19/05/94 108.32 104.02 4530 2631 4468 2620 58.1  58.6 15 87
20/05/94

21/05/94 - ‘

22/05/94 107.89 105.72 4802 2767 4742 2687 57.6 56.7

23/05/34 103.89 98.29 4944 2178 4300 21 56.2 56.7 69 i2
24/05/94 106.07 106.79 4733 2708 4660 2719 §7.2 58.3 74 86
25/05/94 104.64 102.52 4589 2463 4613 2666 §3.7 57.9 76 87
26/05/%4 117.25 113.33 4418 2689 4404 2700 60.9 61.3 i1 95
27/05/94

28/05/94 :

29/05/94 108.97 107.10 4794 2682 4565 2687 55.9 58.9

30/05/94 130.28 131.18 4794 2682 4565 2687 5.9 58.9 15 92
31/05/94 113.25 115.96 5181 2965 4713 - 3022 §7.2 §3.3 '

Frerre ey P ctessmess YT Y] rmaeser BessenNm EEeeete BEsEess Semmma= cesms  Smewses

Averaqe: . 111.13 108.53 4703 2682 4582 2659 §7.0 58.0 16 88
Count: 11 11 11 11 11 11 11 11 8 8
Maximum: 130.28 131.18 5181 2965 4900 3022 60.9 63.3 82 95
Minimum: 103.89 98.29 4184 2463 43114 2180 §3.7 49.6 69 82
Standard Deviation: 1.20 8.53 225 126 1n 193 1.8 3.2 4 4

APPENDIX §



PERIOD 3.1.5
SUMMARY DATA ¢4

BNHANCED CULTURE DEVELOPMENT

Average:

Count:

Maximum:

Ninimum:

Standard Deviation:

APPENDIX 5

DATE
17/05/%4
18/05/94
19/05/94
20/05/94
21/05/94
22/05/94
23/05/94
24/05/94
25/05/94
26/05/94
27/05/94

28/05/94 -

29/05/94
30/05/94
31/05/94

pH
Rl
AN

pH
R2
AN

< o -3

p

Rl
ARl
7.58
7.3
7.49
7.44
7.29
1.13
7.01
1.50
1.34
7.28
7.00

o
o
o

[TIEE - AN )
"no. -
—
~o

~3
OO LN O O o

— -3 O Ul 2 o~

pH

R2
ARl
1.36
1.30
1.32
7.34
1.27
1.15
1.23
1.53
1.45
1.07
6.88

B —3 U — | WO -3 O
L RS R B, B TR o Y - o

S o -3

-3 U =3 w3 ~3 ~3
. e e e e

o ~3 -3,

pi
R1
AR2
7.86
7.83
7.89
7.89
7.19
1.51
7.42
7.90

S 1.8

1.1

~3
-
wwn

"
= WO w3 N B e GO W
MO LUYO I O oL

pl
R2
AR2

1.12

1.62

1.13
1.76
7.68
1.56
7.54
1.74
7.84
1.57
1.29

ACID
DOSE R1
nmol/d

ACID
DOSE R2
amol/d

.......

.......
-------

H2C03¢
Alk
Bl

12003+
Alk
1Y)



PERIOD 3.1.5
SUMMARY DATA 5§

ENBANCED CULTURE DBVELOPMENT

Average:
Count:

Maximum:
Minimum:

Standard Deviation:

APPENDIX §

DATE
17/05/94
18/05/94
19/05/94
20/05/94
21/05/94
22/05/94
23/05/94
24/05/94
25/05/94
26/05/94
27/05/94
28/05/94
29/05/94

30/05/94

31/05/94

--------
........

NH3

fB1l

0.89
0.98
0.39

[~ =] <
. . . .

P DO WO WU
U o o S

NH3 -

£R2
1.2
0.81
0.96

kY
&en
4.55
1.52
11.15

§03
82

in
5.15
4.74
1.79
10.87

SRP
fBl

11.23
10.10
12.59

-----

SRP
fR2

12.75
10.00
13.1



PERIOD 3.1.5

SUMMARY DATA 6

ENHANCED CULTURR DBVELOPMENT

' NO3 03 LK} 503 N03 03 03 03

DATR R1 AN Rl fAX R1 fARlL R1 £AE2 R2 fAN  R2 fAX R2 fAR1 R2 fAE2

17/05/94

18/05/94

19/05/94

20/05/94

121/05/94

22/05/94

23/05/94

24/05/94

25/05/94 ' :

26/05/94 0.20 1.28 11.96 12.87 00.24 6.43 - 12.91 13.41

27/05/94 .

28/05/94

29/05/94 '

30/05/94 0.05 1.85 29.22 12.97 0.15 16.43 40.17 38.35

31/05/94
Average: 0.13 2,57 20.59 22.87 0.20 11.43 26.34 25.88
Count: : 2 ' 2 2 2 2 2 2 2
Mazimum: 0.20 1.28 - 29.22 12.97 0.24 16.43 40.17 18.35
Minimum: ' 0.05 1.85 11.96 12.97 0.15 6.43 12.51 13.41
Standard Deviation: 0.08 0.12 8.63 10.00 “0.04 5.00 13.83 12.47

APPENDIX §



PERIOD 3.1.5
SUMMARY DATA 7

ENHANCED CULTURE DEVELOPMENT

Average:
Count:

Maximum:
Ninimum:

Standard Deviation:

APPENDIX 5

DATE
17/05/94
18/05/94
19/05/94
20/05/94
21/05/94
22/05/94
23/05/%4
24/05/94
25/05/94
26/05/94
27/05/94
28/05/94
29/05/94
30/05/94
31/05/94

P
R1 fAN

143.66

=83sSs==2

P
Rl fAX

86.20

P
R1 £ARL

.......

52.17

TP
R1 £AR2

-------

© o 28.88

-------
-------

5.60

P
R2 fAN

142.15

127.03

134.59
2
142.15
127.03
7.56

P
R2 fAX

68.05

------

P
R2 fAR1

46.88

™
R2 FAR

31.00



RIOD 3.1.5
MMARY DATA 8
wHANCED CULTURE DEBVELOPMENT

AL PERRIC - PERROUS
Rl Rl Rl Tl
DATE mmolil/d nmolPe/d mmolPe/d Jy
17/05/94 18.7
18/05/94 17.4
19/05/94 22.6
20/05/94 21.2
21/05/94 21.6
22/05/94 19.3
23/05/94 19.5
24/05/94 19.9
25/05/94 19.8
26/05/94 19.7
27/05/94 20.3
28/05/94
29/08/94 . .
30/05/94 < 19.6
31/05/94 ‘ :
verage: : . : o 20,0
-ount: - 0 0 0 12
-aximum: 22,6
inimum: . 17.4
=tandard Deviation: 13

\PPENDIX §



PERIOD 3.1.6
SUMMARY DATA 1
ENHANCED CULTURR DEVBLOPMENT
CORR
DATE Shsai R1 L/d R2 L/d RLOUR R2 OUR COD IN COD Bl COD B2 TEN IN TEN B1 TEN 82
01/06/94 250 32,
02/06/94 250 33,
03/06/94 250 4.
04/06/94 250 41,
06/06/94 250 32,
07/06/94 250 33,
08/06/94 50 25,
09/06/94 250 29,
10/06/94 250 3.
12/06/94 250 3.
13/06/94 50 31,
14/06/94 250 30,
15/06/94 250 30,
16/06/94 50 31,
17/06/94 50 31,
18/06/94 250 - 32,
19/06/94 250 31,
20/06/94 50 32,
21/06/94 50 31,

29.8 1,70 486 13 4 6.6 2.4

18.10 20.40 567 25 2 435

11.50 11.40 545 18 4 497 1.8 .20
31.2 15.70  15.10 537 25 2 525 .10 1.90

33,1 1490 14.30 491 2 23 50,0 2.95  2.96
3.7 1460 14.10 440 19 19 49.4

8.6 12.20 12.20 467 12 T 4.2 180 1.80
27.1 1190 12.40 367 16 17 41.8

28.6 12.80 11.07 484 19 19

b
1
1
]
9
1
4
0
1
4
1
1
5
0
1
2 . .
9 32,9 14.03 15.30 539 21 22 56.0
2 32,2 1340 13.40 515 24 23 351
2 30,5 13.80 14.80 557 20 20 54.2 L8000 2.30
22/06/94 250 30.2 30.2 -12.80 13.30 454 16 16 63.9 2.40 2.20
23/06/94 50 32,2 - 329 1490 16.50 496 2 22 60,2 2,30 2.40
24/06/94 250 310 310 15.20 13.40
25/06/94 250 32.2
b
8
9
4
2
9
1
4
8
9
9
9
6
4
4
1
9
9
2
4

26/06/94 250 15. 32,6 14.90 18.20 551 18 18 55.1  2.10  2.60
27/06/94 250 34, 32.6 16.90 20.70 517 2 23 42.9  2.50  2.60
28/06/94 250 12, 2.6 14.30 16.10 474 19 22 492 1.60
29/06/94 250 33, 33.1 1550 14.70 399 18 20 50.8 1.8 2.14
- 30/06/94 250 32, 32.2 1400 14.70 435 18 a1 62.4  1.00  1.90
01/07/94 250 32, 2.9 1457 1.2
02/07/94 250 33, 32.6 1457 14.30
03/07/94 250 33, 13.4 15,05 14.86 445 18 19 55.2  2.30  2.10
04/07/94 250 33, 1.9 15,34 1431 447 21 20 57,3 219 1.96
05/07/94 250 31, 1.9 16,02 13.54 420 21 200 58.8 210 1.9l
06/07/94 250 31, 31.9  16.50 13.68 440 23 8 476 2.04 1.9
07/07/94 250 32, 32.9 18.49 16.18 510 2 21 48,0 1.54  1.86
08/07/94 250 32, 2.6 16.23 13.67
09/07/94 250 33, 32.4 15,95 13.26
10/07/94 250 32, 32.4 492 2 19 57.4 2.0 1.9
11/07/94 250 33, 319 15.68 13.93 448 16 4 35.1  2.15
12/07/94 250 31, 31,2 15.62 13.34 522 18 17 50.9 0.9 .
13/07/94 250 32. 31.7 2150  21.98 503 19 18 52.4 279 2.4l
14/07/94 250 32, 3.4 20,35 20.65 622 22 27 359 2,74 2.81

16/07/94 50 31 .
'17/07/94 250 331 32,9 20.89  19.82 536 85 57 361 1.06  5.95
18/07/94 250 3.4 29.8

19/07/94 250 32.6 32.6 556 23 33 4.7 2.28 2.78
20/07/94 250 1.2 30.5 565 30 26
Average: 250 1.9 31.6 15.67 15.80 498 22 22 49.8 2.09 2.45
Count: 47 47 45 319 40 34 34 34 32 27 25
Maximum: 250 41.3 38,6 22.26 24.40 622 85 57 69.7 3.40 5.95
Minimum: 250 15.6 7.1 11.50 11.07 367 12 7 24.7 0.%4 0.94
Standard Deviation: 0 3.1 1.8 2.61  1.28 57 11 §  10.2 0.5  0.93

APPENDIX §



PERIOD 3.1.6
SUMMARY DATA 2

ENEANCRD COLTURE DEVELOPMENT

Average:
Count:

Maximuam:
Minimum:

Standard Deviation:

APPENDIX §

DATE
01/06/94
02/06/94
03/06/94
04/06/94
06/06/94
07/06/94
08/06/94
09/06/94
10/06/94
12/06/94
13/06/94
14/06/94
15/06/94
16/06/94
17/06/94
18/06/94
19/06/94
20/06/94
21/06/94
22/06/94
23/06/94
24/06/94
25/06/94
26/06/94
27/06/94
28/06/94
29/06/94
30/06/94
01/07/94
02/07/94
03/07/94
04/07/94
05/07/94
06/07/94
07/07/94
08/07/94
09/07/94
10/07/94
11/07/94
12/07/94

13/07/94

14/07/94
16/07/94
17/07/94
18/07/94
19/07/94
20/07/94

INFLUBNT
TP ngP/L

R1 BFFL.
TP mg?/L

R2 BFFL.
TP ug?/L

TP REM.
RL 0g?/L

TP REH.
R2 agP/L

RL ML TP
mgP/qvss
188.90
197.85

R2 ML TP
ngP/qvss

181.26
213.92
191.38

194.42
194.99
191.61
192.58
193.29

182.60
158.62
172.41
179.49
159.57

155.43
1713.97
156.36
157.05
155.34

155.713
153.69
166.22
163.04
187.96

173.00
167.70
1713.13
1713.13
170.78



PERIOD 3.1.6
SUMMARY DATA 3

Rl R2 - R
DATE  ngP/QMLSS ugP/QNLSS MLSS(1) VSS(1) MLSS(2) VSS(2) %vSS(1) %vs$(2) ul/g ul/q

...............................................................................

01/06/94 107.66 109.31 5155 2938 4925 2781 57.0 56.5 68 85

02/06/94 111.13 5089 2874 56.5 )
03/06/94 :

04/06/94

06/06/94 4004 2550 4495 2605 63.7 58.0

07/06/94 1.3 113.94 4310 1791 4467 2808 64.8 62.9 9 94

08/06/94 89.19 123.04 4419 2115 4117 2713 61.9 57.5 91 85
09/06/94 89.25 108.14 4451 2101 4635 2619 §0.7 56.5 85 82
10/06/94 . '

12/06/94 99.30 113.82 4563 2719 4458 2610 59.6 5¢.5

13/06/94 110.89 124.99 4314 2718 3983 2553 §3.0 64.1 X 100
14/06/94 112.48 123.24 4426 2815 4092 2632 §3.6 §4.3 86 93
15/06/94 107.67 115.69 4684 2804 4233 2543 59.9 §0.1 (i 85
16/06/94 111.28 118.02 4357 2591 3916 291 59.5 §1.1 92 102
17/06/94 :

18/06/94 ‘ ’

19/06/94 122,28 126.96 4469 2837 423 2380 §3.5 §9.5

20/06/94 111.29 103.11 4735 2880 4098 2664 §0.8 §5.0 80 88
21/06/94 117.30 111.75 4590 2759 3752 432 60.1 §4.8 83 96
22/06/94 147.10 123.26 4126 2570 3256 2236 §2.3 68.7 97 117
23/06/94 110.05 100.97 4557 2622 3117 2390 57.5 63.3 88 101
24/06/94 '

25/06/94

26/06/94 121.91 101,12 4513 2616 3852 2506 58.0 §5.1

27/06/94 119.93 110.92 4479 2616 4053 2590 58.4 §3.9 80 89
28/06/94 116.39 99.65 4576 2693 4045 2578 58.9 §3.7 87 94
29/06/94 118.67 99.03 4611 2808 4087 2577 §0.9 §3.1 89 106
30/06/94 103.10 93.33 4733 2650 4196 2521 56.0 0.1 76 95
01/07/94 '

02/07/94

03/07/94 105.01 102.02 4647 2736 4045 2650 58.9 §5.5

04/07/94. 105.79 97.84 4592 2866 4246 2103 §2.4 §3.7 % 106
05/07/94 105.17 106.13 4790 2835 4423 2824 59.2.  63.8 88 99
06/07/94 108.88 98.70 4657 2819 4215 2588 0.5~ 60.5 8 103
07/07/94 110.42 118.40 4577 2609 4075 2567 57.0 63.0 87 108
08/07/94

09/07/94 _

10/07/94 115.93 111.18 4416 2583 4178 2685 58.5 64.3

11/07/94 109.14 104.85 4617 2718 4336 2711 58.9 §2.5 87 106
12/07/94 107.63 109.65 4529 2690 4251 2683 59.4 63.1 97 108
13/07/94 112.46 103.77 - 4700 2716 4318 2588 57.8 59.9 89 111
14/07/94 112.87 104.21 4555 2649 4220 2575 58.2 61.0 97 114
16/07/94

17/07/94 110.77 109.45 4583 2696 4535 71

18/07/94 :

19/07/94 110.36 104.14 4565 2711 4290 2594 59.4 §0.5 92 112
20/07/94 102.56 110.60 4261 2548 4069 2599 59.8 63.9 99 118

sm=m=as= semmmmm== cammmamma smmm=aa Sm=mmma smmmmmo emmamm= =s==2==2 s2xss== ===3=z ==z=z==3=2
........................................................

Average: 109.87 109.41 4549 2720 417 2595 59.9 §2.5 81 100
Count: 1 1 14 14 BR| BX| N 32 21 26
Maximum: ©147.10 126.96 5155 2938 4925 2824 64.8 69.5 99 118
Minimum: 81.37 91.13 4004 2548 1256 2236 56.0 56.5 68 82
Standard Deviation: 10.99 8.12 220 103 ERE| 125 2.2 1.1 8 10

APPENDIX §



PERIOD 3.1.6
SUMMARY DATA ¢

ALUM TO R1; HIGH ACID DOSR

Average:
Count:

Maximum:
Mioimum:

Standard Deviation:

APPENDIX §

01/06/%4
02/06/94
03/06/94
04/06/94
06/06/94
07/06/94
08/06/94
09/06/94
10/06/94
12/06/94
13/06/94
14/06/94
15/06/94
16/06/94

17/06/94 -

18/06/94

19/06/94 -

20/06/94
21/06/94
22/06/94
23/06/94
24/06/94
25/06/94
26/06/94
27/06/94
28/06/94
29/06/94
30/06/94
01/07/94
02/07/94
03/07/94
04/07/94
05/07/94

©06/07/94

07/07/94
08/07/94
09/07/94
10/07/94
11/07/94
12/07/94
13/07/94
14/07/%4
16/07/94
17/07/94
18/07/94
19/07/94
20/07/94

pl

R1
ARl
6.88
6.98
6.96
1.16
1.07

- 1.20

1.56
1.53
1.62
1.21
6.98
6.85
6.67
1.59
6.97
1.12
7.08
6.93

6.94

7.08
6.84
1.11
1.30
§.02
1.13
1.20
7.13
7.1%
7.09
1.30
1.23
1.56
7.30
1.43
1.26
1.16
7.01
1.12
7.10
7.09
6.93
1.19
7.13

—~3
—
o

PO OO O

-3 i =3 ~3 -
SV PO PO~ PO U WD )

S O 3

pl

R2
ARl
1.12
6.70
6.62
6.78
7.28
7.04
1.29
1.23
7.42
6.90
6.94
6.72
6.62
7.41
6.95
6.68
6.99
6.77
6.84
6.97
6.76
1.12
7.34
1.23
1.25
1.29
1.20
7.20
7.16
1.16
1.18
7.40
7.40
7.55
1.37
1.28
7.03
7.13
7.24
1.25
6.87
7.25
1.15

—~3
PO N WL e OO s
PO U~ O 1 WO O Wt O

< o ~3

pi
Rl

AR

7.33
7.45
7.47
1.56
7.1
1.52
7.89
7.87
7.96
1.55
7.46
1.26
6.87
7.86
1.35
1.30
1.13
1.26
7.19

1.3

1.12
7.45
7.66
1.710

1.31 .

1.58
1.50
7.50
7.20
.1
1.54
1.91
7.64
1.713
7.60
1.47
1.33
7.41
1.47
1.4
7.18
1.51
7.8

-3
PO OO O Wb e i PO Lo
N R - N - BT Ry - S ]

< O~

pl

R2
AR2
1.32
7.09
§.91
1.17
7.66
7.42
7.68
1.67
1.74
1.26
7.35
7.15
§.81
7.80
7.29
6.98
7.03
1.23
1.11
1.26
1.12
7.48
1.12
7.55
1.46
7.69
1.56
7.56
7.54
7.65
7.68
7.59
1.19
7.94
1.19
7.65
1.36
1.52
7.68
7.64
1.20
7.65
7.41

ACID
D0SE R1
nmol/d

ACID
DOSE R2
mmol/d

H2€03+
Alk
Bl

g2C03*
Alk
B2



PERIOD 3.1.6
SUMMARY DATA §

ALOM TO RL; HIGE ACID DOSE

Average:
Count:

Maximum:
Minimum:

Standard Deviation:

APPENDIX 5

DATE
01/06/94
02/%6/94
03/06/94
04/06/94
06/06/94
07/06/94

- 08/06/94

09/06/94
10/06/94
12/06/94
13/06/94
14/06/94
15/06/94
16/06/94
17/06/94
18/06/94
19/06/94
20/06/94
21/06/94

. 22/06/94

23/06/94
24/06/94
25/06/94
26/06/94
27/06/94
28/06/94
29/06/94
30/06/94
01/07/94
02/07/94
03/07/94
04/07/94
05/07/94
06/07/94
07/07/94
08/07/94
09/07/94
10/07/94
11/07/94
12/07/94
13/07/%4
14/07/94
16/07/94
17/07/94
18/07/94
19/07/94
20/07/94

NH3
f81

0.41
0.31

0.6
0.3
0.21
0.3

0.13

D OO
[ VU VU I S o

B = O W U =3

— O =

NE3
fR2
0.46
0.31

NO3-
f8L

03
fR2

§RP
£81

11.26
10.59

11.59
22.35
15.32
16.51

18.95
17.13
17.80
23.39
19.42

26.08

19.07

22.49
24.38
22.05

25.41
19.35
35.54

16.12

§RP
£R2

17.88
19.53

18.37
4.17
33.69
34.84
42.15

39.63
37.85
319.07
46.78
34.41

29.65

22.60




PERIOD 3.1.6
SUMMARY DATA 6

ALUM TO R1; HIGH ACID DOSE

Average:
Count:

Maximum:
Minimum:

§tandard Deviation:

APPENDIX 5

DATE

01/06/94
02/06/94

03/06/94

04/06/94
06/06/94
07/06/94
08/06/94
09/06/94
10/06/94
12/06/94
13/06/94
14/06/94
15/06/94
16/06/94
17/06/%4
18/06/94
19/06/94
20/06/94
21/06/94
22/06/94
23/06/94
24/06/94
25/06/94
26/06/94
27/06/94
28/06/94
29/06/94
30/06/94
01/07/94
02/07/94
03/07/94
04/07/94
05/07/94
06/07/94
07/07/94
08/07/94
09/07/94
10/07/94
11/07/94
12/07/94
13/07/94
14/07/94
16/07/94
17/07/94
18/07/94
19/07/94
20/07/94

03
Rl fAN

0.07

N03
Rl fAX

3.06

.4

2.48

N03
R1 fARl

9.12

1.89

03
R1 fAR2

.37

10.19

7.84

N03
R2 fAN

0.03

0.03

N03
R2 fAX

2.63

2.87

.42

N03
R2 £ARL

6.60

8.59

1.99

03
R2 fAR2

1.67



PRRIOD 3.1.6
SUMMARY DATA 7

ALUM TO R1; HIGH ACID DOSB

Average:
Count:

Maximum:
Ninimum:

Standard Deviation:

APPENDIX §

01/06/94

02/06/94
03/06/94
04/06/94
06/06/94
07/06/94
08/06/94
09/06/94
10/06/94
12/06/94
13/06/94
14/06/94
15/06/94
16/06/94
17/06/94
18/06/94
19/06/94
20/06/94
21/06/94
22/06/94
23/06/94
24/06/94
25/06/94
26/06/94
27/06/94
28/06/94
29/06/94
30/06/94
01/07/94
02/07/94
03/07/94
04/07/94
05/07/94
06/07/94
07/07/94
08/07/94
09/07/94
10/07/94
11/07/94
12/07/94
13/07/94
14/07/94
16/07/94
17/07/94
18/07/94
19/07/94
20/07/94

P
R1 £AN

105.52

110.18

121.62

132.97

137.05

124.96

110.08

119.74

133.26

TP

45.00

48.10

59.03

15.08

11.79

11.57

57.63

62.50

70.18

73.94

50.06

TP
R1 fARl

.......

25.14
21.31
37.46
56.28

41.93

44.95
28.49

37.35

2.2

=ss==2s

P
R1 fAR2

42.67

11.95

24.81

32.92

28.88

32.13

19.26

26.06

29.11

P
R2 fAN

1L.n

130.35

142.70

118.38‘

146.84

124.15

114.1}

110.70

124.26

P
R2 fAX

55.86

55.86

81.24

57.40

83.04

67.35

§7.15

54.22

66.74

P
R2 fAB1

11.48

18.92

62.59

43.95 .

61.02

43.66
33.19

33.29

38.60

4y
R2 £AR2

24.67

22.72

50.92

20.76

48.46

30.02

21.37

21.84

25.18



WBRIOD 3.1.6
JMMARY DATA 8

=LOM TO R1; HIGH ACID DOSE

Average:
Count:

Maximum:
Minimum:

Standard Deviation:

APPENDIX 5

DATE
01/06/94
02/06/94
03/06/94
04/06/94
06/06/94
07/06/94
08/06/94
09/06/94
10/06/94
12/06/94
13/06/94
14/06/94
15/06/94
16/06/94
17/06/94

- 18/06/94

19/06/94
20/06/94
21/06/94
22/06/94
23/06/94
24/06/94
25/06/94
26/06/94
27/06/94
28/06/94
29/06/94
30/06/94
01/07/94
02/07/94
03/07/9¢
04/07/94
05/07/94
06/07/94
07/07/94
08/07/94
09/07/94
10/07/94
11/07/94
12/07/94
13/07/94
14/07/94
16/07/94
17/07/94
18/07/94
18/07/94
20/07/94

oOyoOhnOvnOYONOVOYNOVNOVNOWNOWNOWNOVTOYTONOYTOVWOYOVTONOYTOYOYTOYWTONOYWOVWTONOYVOYWTAOYOWOYOYOY OO OYOY OV OV OY O Oy O OO
. . . . . . . . . . . . N . - . . - . . . . . . . . - . . . . . . PR . . . . - . - . . . . .

[ N O R S R S R S S R B S R S N R N R L N S R R N S RN S R o R N N N SN N N SR Uy N R N N NP R S R N R N R I R I T
[ — N — I — R R — N I~ — X — I — - I — B — Y — B — Y B — B — N — Y — B — Y — = R — Y — i R — N — B — I — R — I — B — Y — N = Y — Y — P — QY Y — i — Y — N~ )
O OO O O OO O O OO OO OO O O D OO OO OO O D O O O OO O OO O O O O O OO O oo O O o
- . . . . - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . « . . . . . . - . .

O DO OO O OO OO OO OO OO OO OO O O OO OO OO O OO OO 00 000 00 00 O



PERIOD 3.2.1

SUMMARY DATA 1

NEANCED CUL Al ID

DATE Sbsai R1 L/d R2 L/d R1 OUR R2 OUR COD IN COD Bl COD B2 TEN I¥ TEN Bl TEN R2

19/08/94 150  35.5
20/08/94 150  35.8 . .
21/08/94 150 35.5 35.5 16.60 14.60 348 2 26 42,9 191 2.00
22/08/94 150 34.8  34.8 16.10 15.80 226 24 5 40,9 2.35  1.90
23/08/94 150  34.8  34.8 16.80 288 21 3 420 323 .01
24/08/94 150  34.6  37.4 16.00 305 29 4 45 2,64 4.20
25/08/94 150  34.1 334 16.20 14.00 M 3k 23 49 2.7 LM
26/08/94 150 34.1 343 16.70 17.60
27/08/94 150 34.1  34.8 15.90 16.80
28/08/94 150 35.0  35.0 16.10 16.40
29/08/94 150 - 33.8 346 20.00 19.10

30/08/94 150 22.80  22.10 503 2 27 543 1.59 2.4

31/08/94 150 35.5  36.5 335 Y, 4 4.2 1.55 2.58
Average: 150  34.8  35.2 17.23 16.81 325 x| 6 44.8 . 229 2.52
Count: 13 12 12 12 U 7 1 7 1 7
Maximum: 150  35.8  37.4 22.80 22.70 503 .29 34 543 3.2 4.20
Minimum: 150  33.8  33.4 15.90 14.00 226 2 23 409 155 1.90
Standard Deviation: - 0 0.6 1.1 198  2.40 82 3 4 4,1 0.5 0.4

APPENDIX §




PERIOD 3.2.1

SUMMARY DATA 2

ENHANCED COLTORE DEVELOPMENT '

INFLOENT R1 BPPL. R2 BFFL. TP REM. TPREM. RIMLTP ~ R2ML TP

DATR TP mgP/L TP ngP/L TP ngP/L Rl mgP/L  R2 mgP/L  mgP/qVSS  mgP/qVSS
19/08/94
20/08/94 A
21/08/94 45.59 16.27 15.42 29.32 10.17 167.28 149.82
22/08/94 46.77 13.73 14.74 33.04 32.03 167.32 170.89
23/08/94 45.08 16.44 14.24 28.64 30.84 173.41 176.14
24/08/94 45.93 14.57 13.39 31.36 32.54 190.00 190.90
25/08/94 45.36 13.64 13.97 I1.72 31.39 173.711 181.49
26/08/94
27/08/94
28/08/94
29/08/94 :
30/08/94 - 58.55 12.99 25.11 45.56 3.4 189.84 179.85
31/08/94 52.14 18.73 13.92 33.41 18.22 196.95 192.07
Average: ‘ 48.49 15.20 18.71 33.29 29.78 179.719 177.31
Count: 1 : 1 1 1 1 7 7
Naximum: _ 58.55 18.73 13.92 45,56 33.24 196.95 192.07
Minimum: 45.08 12.99 13.39 2§.64 18.22 - 167.28 149.82
~ Standard Deviation: 4.69 1,89 1.29 5.27 4.81 11.27 13.23

APPENDIX §



PERIOD 3.2.1
SUMMARY DATA 3

BNEANCED CULTURE REDEVELOPED, NO ACID

Average:
Count:

Maximum:
Minimum:

Standard Deviation:

APPENDIX 5

DATE
19/08/94
20/08/94
21/08/94
22/08/94

©23/08/94

24/08/%4
25/08/94
26/08/94
27/08/94
28/08/94
29/08/94
30/08/94
31/08/94

Rl
ngP/qMLSS

101.14
100.51
103.83
112.67
101.25

s=zz=za33

121.32
100.51
1.34

MLSS (1)

4340
4468
4456
4678
4464

VsS(1)

2624
2684
2668
2174
2602

HLSS(2)

3637
3761
3838
4012
3891

V8§ (2)

2251
211
2338
2388
291

DSVI
Rl
nl/g

80
58
61

63

DSVI
R2
nl/g

63
61
80

62



PERIOD 3.2.1
SUMMARY DATA ¢

ENHANCRD CULTURE REDBVELOPED, X0 ACID

Average:

Count:

Naximum:

Minimum:

Standard Deviation:

APPRNDIX §

DATR
19/08/94
20/08/94
21/08/94
22/08/94
23/08/94
24/08/94
25/08/94
26/08/94
27/08/94
28/08/94
29/08/94
30/08/94
31/08/94

pl
R1
AN

R2
AN

<
o n
[— 2= 1)

0.00

pi

R1
ARl
7.05
1.37
1.33
1.39
1.35
1.36
1.35
1.30
1.2%

-3
— O L Wl WU o
— A =) s W i e~ O OO

< ~3 =)
- . .

pi

R2
ARl
1.02
1.32
1.27
1.33
1.36
1.26
1.47
1.25
1.23

-
— D W LD ) G e s
— PO ) D N e O D s

€ —3 -2

pf
RL
AR
7.15
7.60
1.57
7.65
1.63
7.60
7.58
7.54
1.51

-3
o
-3

— = 0O = Ul ON OO W

< ~3 =)

ON U =3 s -3 I O ~3 b

pi

R2
aR2
7.08
1.51
1.50
1.59
1.59
1.38
1.87
7.43

143

-3
— o o = WU It WO U O
-_— 00 .~ L B =D e U O

(=T B ]

ACID
DOSE R1
mmol/d

ACID
DOSE R2
mmol/d

H2C03¢
Alk
g1

B2003*
Alk
g2



PBRIOD 3.2.1

SUMMARY DATA 5

ENBANCED CULTURE REDEVELOPED, NO ACID

NH3 NH3 03 N03 §RP §RP

DATE Bl £R2 Bl £R2 fR1 fR2

19/08/94

20/08/94

21/08/94 0.21 0.11 1.53 9 14.67 13.76

22/08/94 0.18 0.18 6.26 8.18 12.17 11.43

23/08/94 0.20 0.12 5.82 6.25 13.64 9.55

24/08/94 0.23 0.14 6.65 9.88 14,35

25/08/94 0.98 0.85 5.82 7.14 11.70 11.88

26/08/94

27/08/94

28/08/94

29/08/94

- 30/08/94 0.52  0.41 1.26 1.35 9.07 18.15

31/08/94 0.01 0.23 4.83 3.52
Average: 0.33 0.29 5.45 §.51 12.60 13.43
Count: 7 7 7 7 § 5
Maximum: 0.98 0.85 7.53 9.38 14.67 18.15
Minimum: 0.01 0.11 1.26 1.35 9.07 9.55
Standard Deviation: 0.30 0.25 1.88 2.87 1.91 2.83

APPENDIX §



PERIOD 3.2.1
SUMMARY DATA 6

ENHANCED COULTURE REDEVELOPED, NO ACID

Average:

Count:

Maximum:

Minimum:

Standard Deviation:

APPENDIX 5

DATE
19/08/94
20/08/94
21/08/94
22/08/94
23/08/94
24/08/94
25/08/94
26/08/94
27/08/94
28/08/94
29/08/94
30/08/94
31/08/94

03
R1 £AN

0.00

0.00

03
Rl £AX

1.42

1.39

N03
R1 £AR1

5.41

6.14

N03
R1 £AR2

N03
R2 fAN

0.00

0.00

N03
R2 £AX

1.07

2.48

03
R2 £AR1

7.03

10.711

¥03
R2 fAR2

§.32

11.03



PERIOD 3.2.1
SUMMARY DATA 7

RNHANCRD CULTURR REDEVELOPED, NO ACID

Average:

Count:

Maximum:

Ninimum:

Standard Deviation:’

APPENDIX 5

DATR
19/08/94
20/08/94
21/08/94
22/08/94
23/08/94
24/08/94
25/08/94
26/08/94
27/08/94
28/08/94
29/08/94
30/08/94
31/08/94

TP
R1 fAN

111.85

105.07

TP
R1 fARL

33.39

26.78

P
Rl fAR2

17.12

14.24

TP
R2 fARl

34.40

21.28




PERIOD 3.2.1
SUMMARY DATA §
ENEANCED CULTURE REDEVELOPED, NO ACID

ALUM FERRIC PERROUS
R1 Rl Rl Tl
DATE mmolal/d mmolFe/d mmolFe/d oC
19/08/94 0.0 0.0 0.0 19.7
20/08/94 0.0 0.0 0.0 18.2
21/08/94 0.0 0.0 0.0 18.3
22/08/94 0.0 0.0 0.0 18.8
23/08/94 0.0 0.0 0.0 19.3
24/08/94 0.0 0.0 0.0 19.3
25/08/94 0.0 0.0 0.0 19.6
26/08/94 0.0 0.0 0.0 20.6
27/08/94 0.0 0.0 0.0 21.4
28/08/94 0.0 0.0 0.0 18.8
29/08/94 0.0 0.0 0.0 18.9
30/08/94 0.0 0.0 0.0 21.1
31/08/94 0.0 0.0 0.0 18.3
Average: - 19.4
Count: : 13 13 13 13
Haximua: : 0.0 0.0 0.0 21.4
Minimum: . ' 0.0 0.0 0.0 18.2
Standard Deviation: . - 1.0

APPENDIX 5



PERIOD 3.1.6
SUMMARY DATA 1

Average:
Count:

Maximum:
Minimum:

Standard Deviation:

APPENDIX §

DATR
01/06/94
02/06/94
03/06/94
04/06/94
06/06/94
07/06/94
08/06/94
09/06/94
10/06/94
12/06/94
13/06/94
14/06/94
15/06/94
16/06/94
17/06/94
18/06/94
19/06/94
20/06/94
11/06/94
22/06/94
23/06/94
24/06/94
25/06/94
26/06/94
27/06/94
28/06/94
29/06/94
30/06/94
01/07/94
02/07/94
03/07/94
04/07/94
05/07/94
06/07/94

07/07/94

08/07/94
09/07/94
10/07/94
11/07/94
12/07/94
13/07/94
14/07/94
16/07/94
17/07/%4
18/07/94
19/07/94
20/07/94

........

Shsai R1 L/d R2 L/d R1 OUR R2 OUR COD IN COD B1 (COD B2 TRN IN TEN Bl TRN R2

......

386
467
445
37

391
340
367
267
384

439
415
457
354
396

451
417
N
299
335

345
7
320
340
410

3192
348
422
403
522

13
25
18
25

22
19
12
16
19

A
24
20
16
23

18
1l
19
18
18

18
21
1
%)
1l

22
16
18
19
2

......

14
26
U
2

2
19

17
19

2

X}

20
16
1Y)

18
23
"2
20
3

19
20
20
28
1

19
24
17
18
27

..................

1.80



ERIOD 3.2.2
UMMARY DATA 1
W ALUM TO R1, NO ACID
CORR
DATE Sbsai R1 L/d R2 L/d R1OUR R2 QUR COD IN COD Bl (COD.E2 TKN IN TEN Bl TRN R2

01/09/94 150 35,3 37.9 19.36 18.43 181 22 28 439 2.0 3.06
02/09/94 150 20.98  21.32
03/09/94 . 150  35.3  35.0 20.54 23.35

04/09/94 150 36.5 34.8 18.43 21.94 410 25 23 37.0 2.05  2.16
05/09/94 150 4.6 39.4 17.59 20.97 404 25 28 39.8  2.08 2.5
06/09/94 150 17.10  15.64 457 26 30 333 2,04 2.54
07/09/94 150 36.0 432 28 30 339 2.83 2.48
08/09/94 150 334 25.4 13.19 12.92 442 28 28 41,6 2.45  2.60
09/09/94 150 13.65

10/09/94 150  34.8  21.8 16.17 _

11/09/94 150 34.3  27.4 14.31 14.18 465 24 24 29.0  3.11  2.66
12/09/94 150 353 35.8 15.25 15.07 460 20 22 38.0 - 1.28  31.18
13/09/94 150 33.6 © 336 16.43 15.61 532 23 23 47.0 3.59  2.86
14/09/94 150 33.8  35.0 15.92 503 26 23 42,0 - 3.0 3.18
15/09/94 150 341 35.0 20.22 19.70 454 27 1 46.0 . 335 3.69
16/09/94 150 346 341 2165 21.44

17/09/94 150  34.8  36.2 15.68 28.37 _

18/09/94 150 3.0 37.2 18.74 21.00 657 23 2 4.0 316 2.29
19/09/94 150 336 35.8 23.26 26.43 510 27 24 40,0 2.99  2.95
20/09/94 150 346 353 24.58 25.78 480 27 4 587 .10 2.99
21/09/94 150 35.0 34,6 22.48 24.41 548 27 4 3.4 311 310
22/09/94 150  35.0 - 37.4 21.99 28.36 499 26 26 3.0 340 2.7

23/09/94 150 34.1  37.0 21.4%  21.96

24/09/94 150 35.8  37.2

25/09/94 150 343 37,0 2134 17.62 493 22 4 437 .16 4.69
26/09/94 150 35.3  37.2 2113 23.58 468 25 26 38.8 2,90 2.75

Average: 150 34.8 346 18.84 20.86 478 25 26 403 2.67 . 2.92
Count: 26 23 22 24 21 18 18 18 18 18 18
Maxinum: 150 36.5  39.4 24.58 28.17 657 28 30 58.7 3.59 4.89
Minimum: 150 33.4 218 13.19 12.92 381 20 22 290 1.28 2.16
Standard Deviation: 0 0.8 4.2 3.18 4.42 61 2 ] 6.3 0.64 0.56

APPENDIX §



PERIOD 3.2.2
SUMMARY DATA 2

ENHANCED CULTURE DEVELOPMENT

_ Average:

" Count:

Maximum:

Minimum:

Standard Deviatiom:

APPENDIX §

DATE

01/09/94
02/09/94

03/09/94.

04/09/94
05/09/94
06/09/94
07/09/94
08/09/94
09/09/94
10/09/94
11/09/94
12/09/94
13/09/94
14/09/94
15/09/94
16/09/94
17/09/94
18/09/94
19/09/94
20/09/94
21/09/94
22/09/94
23/09/94
24/09/94
25/09/94
26/09/94

INPLUBNT
TP agP/L

R1 BFPL.
TP agP/L

R2 RPEL.
TP ag?/L

TP REM.
R1 ngP/L

TP REM.
R2 ug?/L

2.4
u.4
18.28
20.12
16.11

R1 ML TP
ugR/qvss

179.15

197.74
180.20
172.36
194.45
182.29

170.49
180.26
171.26
158.66
175.97

169.45
167.61
171.70
168.75
174.48

R2 Y
ngP/qvss




PERIOD 3.2.2
SUMMARY DATA 3 .
LOW ALTM TO R1, NO ACID

S | RL R2 | R R
DATR  ngP/qMLSS mgR/QMISS MLSS(L) VSS(I) MLSS(2) VSS(2) $VSS(1) WSS(2) ul/g al/g

01/09/94 108.24 102.15 4879 2948 4300 2746 60.4 63.9 10 67

02/09/94
03/09/94
04/09/94 119.95 106.59 4906 2976 4184 2707 60.7 647 11 76
05/09/94 106.03 95.28 5202 3061 4540 2829  58.8 . 62.3 .13 75

06/09/94 101.91 100.63 5182 3064 4382 2157 59.1 62.9 15 18
07/09/94 112.27 105.43 5376 3104 4405 2679 51.1 §0.8 14 19
08/09/94 105.56 90.41 5319 3080 4230 2647 57.9 62.6 19 85
09/09/94

10/09/94

11/09/94 102.83 5017 3026 1666 2404 §0.3 65.6

12/09/94 194.88 93.98 4859 2827 3730 2453 58.2 65.8 91 - 91
13/09/94 102.94 89.35 4966 2985 3796 2494 §0.1 §5.7 85 90
14/09/94 94.52 91.82 5031 2997 3871 2532 59.6 65.4 89 93
15/09/94 104.54 90.55 4863 2889 3852 2512 59.4 §5.2 88 88
16/09/94

17/09/94

18/09/94 103.34 106.41 4983 3039 4190 2744 61.0 65.5 88 91
19/09/94 102.83 97.00 5040 3092 4274 2762 61.3 §4.6 83 89
20/09/94 103.51 . 102.13 5245 3162 4446 2780 §0.3 62.5 86 85
21/09/94 108.27 99.27 5151 3305 4458 2787 §4.2 §2.5 85 85
22/09/94 101.09 109.04 5183 3003 4455 2743 57.9 §1.6 85 85
23/09/94

24/09/94

25/09/94 119.76 106.31 4999 3076 4538 2944 §1.5 6.9 90 84
26/09/94 111.22 101.42 5159 3086 4675 2959 59.8  63.3 85 19

..............................................................................
..............................................................................

Average: 106,32 99,28 5076 3040 4222 2693 59.9 63.9 82 84
Count: 18 17 18 18 18 18 18 18 17 17
Maximum: 119.95 109.04 5376 3305 4675 2959 64.2 65.8 91 93
Minimua: L 94.52 89.35 4859 2827 3666 2404 57.1 60.8 70 61
Standard Deviation: 6.14 §.27 153 101 301 154 1.6 1.5 7 7

APPENDIX 5



PERIOD 3.2.2
SUMMARY DATA ¢4

LOW ALUM TO R1, NO ACID

© Average:

.. Count:

Maximum:
Minimum:
Standard Deviatiom:

APPENDIX §

DATE
01/09/94
02/09/94
03/09/94
04/09/94
05/09/94
06/09/94
07/09/94
08/09/94
09/09/94
10/09/94
11/09/94
12/09/94
13/09/94
14/09/94
15/09/94
16/09/94
17/09/94
18/09/94
19/09/94
20/09/94
21/09/94
22/09/94
23/09/94
24/09/94
25/09/94
26/08/94

pl
R1
AN

pH
R2
AN

pi
R1
AR
7.28
7.24
7.20
1.22
7.24

1 1.26
. 1.28

1.23
71.48
1.15
1.20
1.33
1.34
1.28
1.27
1.33
1.27
1.33
1.33
1.26
1.21

-3
L]
- 2

P R S I R TR S S N Y

-3 =3 =3 ~3 -
-3 U OO Oy ~3 ) ON O

S ~-3 -3

pl

R2
ARl
1.18
1.21
1.22
1.2
1.25
1.30
1.30
1.2
1.36
1.15
1.16
1.36
1.34
1.39
1.34
1.28
1.28
1.28
1.28
1.25
1.28

-3
Ll
= o

€O = PO B e O D

-3 H =3 =3 -3 -
. - . . .
-3 UV OO O CO Il — OO o

S ~-3 -3
. .

pl

R1
AR2
1.47
1.46
1.45
7.48
7.48
7.48
1.52
1.4
1.47
1.28
1.37
1.53
1.52
1.42
7.43
1.45
1.58
1.45
1.55
1.51
1.52

-3
wn
— oo

S B =3 B B I W 3 e

-3 =3 ~3 -3 -3
. . . .
OO O3 = O GO Il o 5

<> -3 -3

pi
R2
AR
1.31
1.39
7.4
1.41
1.46
7.49
1.50
7.40

1.40 -

1.31
1.25

1.5¢

1.52
1.53
1.50
1.52
1.57
1.52
1.62
1.54

-3
wn
—an

. S
D OO PO W ) UY OO e

-3 N =3 3 -3 -3
— N e ON D I D e b

S ~3 —3

ACID
DOSE R1
nzol /4

=zzz3=2

ACID
DOSE R2
amol/d

§2003¢
Alk
Bl

§2C03+
Alk
2



PERIOD 3.2.2
SUMMARY DATA 5

LOW ALUM TO R1, NO ACID

Average:

Count:

Maximuam:

Minimum:

Standard Deviation:

APPENDIX §

DATE
01/09/94
02/09/94
03/09/94
04/09/94
05/09/94
06/09/94
07/09/94
08/09/94
09/09/94
10/09/94
11/09/94
12/09/94
13/09/94
14/09/94
15/09/94
16/09/94
17/09/94
18/09/94
19/09/94
20/09/94
21/09/94
22/09/94
23/09/94
24/09/94
25/09/94
26/09/94

N3
£81

0.05

[ — T T I — I —
. .
B O~ D B e

[— 3 — i — )
- . .
e Ot OO O O MO

):K]
£R2

0.48

= TN T I — I — ]
— O W B D

O O W0 ~3 PO

[ = — i — )
- .

N3
£81

3.1

3 bt ped s QO U e~

2 I L o
0O -3 QO 0 © U == .u

(= o B

— G2 PO st
e e & s e
oa
o

NO3
£82

4.06

A3
.99
.64
.41
.14

.29
83
.63
.95
.84

e P P O

<
B™D p=at

-3
L]

LS T R )
O QO O W W On

tad L O OO L §)) DO O

[ =2 — 3
- . .

SRP
£81

SRP
£82

32.36

37.96
32.84
24.98

30.79
15.96
11.84



PERIOD 3.2.2
SUMMARY DATA 6

LOW ALOM TO R1, NO ACID

Average:

Count:

Maximum:

Minigum:

Standard Deviation:

APPENDIX §

DATE
01/09/94
02/09/94
03/09/94
04/09/94
05/09/94
06/09/94
07/09/94
08/09/94
09/09/94
10/09/94
11/09/94
12/09/94
13/09/94
14/09/94
15/09/94
16/09/94
17/09/94
18/09/94
19/09/94
20/09/94
21/09/94
22/09/94
23/09/94
24/09/94
25/09/94
26/09/94

N03
Rl fAN

0.05

0.00

0.00

0.03

0.00

0.02

03
Rl fAX

0.25

- 0.3

0.24

1.88

0.00

0.05

NO3
Rl fAEL

3.08

.17

1.75

§.78

1.74

.84

N03
R fAR2

.......

2.83

2.28

1.68

3.60

1.87

1.75

-------
-------

03
R2 AN

0.05

0.00

0.04

0.05

0.00

0.03

NO3
R2 fAX

......

0.0

0.98

0.14

2.64

0.00

0.03

szz233

NO3
R2 fABl

.......

3.0

.34

1.55

1.52

1.29

4.24

§03
R2 fAR2

2.88

2.61

1.3

2.60

1.08

4.24



PERIOD 3.2.2
SUMMARY DATA 7

LOW ALUM TO R1, NO ACID

01/09/94
02/09/94
03/09/94
04/09/94
05/09/94
06/09/94
07/09/94
08/09/94
09/09/94
10/09/94
11/09/94
12/09/94
13/09/94
14/09/94
15/09/94
16/09/94
17/09/94
18/09/94
19/09/94
20/09/94
21/09/94
22/09/94
23/09/94

. 24/09/94

. 25/09/94

Average:

Count:

Naximum:

Minimua:

Standard Deviation:

APPENDII 5

26/09/94

TP
Rl AN

140.94

117.36

119.711

107.11

=s=s333

TP

60.10

~ 58.59

70.09

66.23

TP
R1 fAB1

53.12

41.91

47.36

40.25

48.04

319.98

TP
R1 fAR2

.......

5.1

28.67

34.50

31.00

35.87

26.32

TP
R2 fAN

107.30

§7.24

102.24

111.97

125,03

------

P
R2 £AX

§0.81

57.34

59.89

§4.99

65.64

TP
R2 £ARl

58.68

46.11

42.52

43.93

41.13

-------

TP
R2 fAR2

45.94

19.57

32.95

10.11

25.99

2zs3=232



PERIOD 3.2.2
SUMMARY DATA 8
LOW ALOM TO R1, NO ACID

ALOM FERRIC PERROUS
1l Rl Rl T1
DATR nmolAl/d omolPe/d mmolFe/d °C
01/09/94 6.2 0.0 0.0 18.0
02/09/94 6.2 0.0 0.0 18.7
03/09/94 6.2 0.0 0.0 19.4
04/09/94 6.2 0.0 0.0 19.1
05/09/94 6.2. 0.0 0.0 18.8
06/09/94 6.2 0.0 0.0 17.9
07/09/94 6.2 0.0 0.0
08/09/94 6.2 0.0 0.0 17.0
09/09/94 6.2 0.0 0.0 17.1
10/09/94 6.2 0.0 0.0 16.5
11/09/94 6.2 0.0 0.0 17.3
12/09/94 6.2 0.0 _ 0.0 17.9
13/09/94 6.2 0.0 0.0 16.6
14/09/94 6.2 0.0 0.0 16.3
15/09/94 6.2 0.0 0.0 18.8
16/09/94 §.2 0.0 0.0 18.9
17/09/%4 6.2 0.0 0.0 17.9
18/09/94 6.2 0.0 0.0 17.6
19/09/94 §.2 0.0 0.0 16.8
20/09/94 6.2 0.0 0.0 19.8
21/09/94 6.2 0.0 0.0 19.4
22/09/94 6.2 0.0 0.0 20.9
23/09/94 6.2 0.0 0.0 20.9
24/09/94 6.2 0.0 0.0
" 25/09/94 6.2 0.0 0.0 20.1
26/09/94 6.2 0.0 0.0 20.5
Average: . 18.4
Count: 26 26 26 24
Maximum: _ 6.2 0.0 0.0 20.9
Minimum: 6.2 0.0 0.0 16.3
Standard Deviation: 1.4

APPENDIX §
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®ERIOD 3.2.3
<SUMMARY DATA 1

00 ALDM TO R1 AEROBIC, WITH ACID

Average:
Count:

Maximuam:
Minimum:

Standard Deviation:

APPENDIX 5

DATR
27/09/94
28/09/94
29/09/94
30/09/94
01/10/94
02/10/94
03/10/94

04/10/94 -

05/10/94
06/10/94
07/10/94
08/10/94
09/10/94
10/10/94
12/10/94
13/10/94
14/10/94
15/10/94

16/10/94
17/10/94.

18/10/94
20/10/94
21/10/94
22/10/94
23/10/94
24/10/94
25/10/94
26/10/94
27/10/94
28/10/94
29/10/94
30/10/94
31/10/94
01/11/94
02/11/94
03/11/94
04/11/94
05/11/94

06/11/94

07/11/94

Shsai

Rl L/d

25
26
25
27
30

25
3
21

2
25
i
29

4

25
19
19
18

I3
22
3
25
21

2
2
2

3
i
23
31

26
23
22
20
19

TEN IN TEN B1

CORR
R2 L/d R1 OUR R2 OUR COD IN COD Bl CQD R2
5.8 17.97 18.17 447
37.0 16.22 16.82 410
36.2  16.55 18.14 417
36.2 17.69 18.59
7.4 17.49  21.35
3.2 17.83  18.08 349
16.31 17.87 195
36.2  16.63  16.59 461
36.7 17.16 18.67 503
3.7 18.42  19.26 507
36.0 18.26 19.84
7.4 19.20 20.95
37.0 18.69 20.80
3.2 14.40  14.46 329
36.0 15.78 17.26 326
37.2 1421 14.93 33
36,2 14.5¢ 15.48
37.2 14.83
36.7 14.41  14.90 310
37.2 1401 14.42 295
37.9 15.44 16.82 . 412
35.8  19.80 19.06 402
35.3 16.52 17.43
4.3 16.32 16.13
34,6 16.47 16.07 in
4.3 1.1 17.09 185
36.2  16.36 16.51 in
36.0 15.31  16.65 396
37.4 15,43 15.70 315
36.5 13.92 13.70
37.0  15.53  14.45
37.2 13.56  13.44 i
6.0 3
36.7 13.30 13.20 366
36.7 13.00 13.90 320
37.0 11.60 13.80 152
37.0 15.50 13.90
36.7 17.20 14.90
36.7 16.50 15.40 347
36.7 17.80 16.20 418
36.5 16.09 16.60 379
39 39 38 27
37.9 19.80 21.35 507
343 11.60 13.20 295
0.8 181 .17 56

1.68
10.41
2.84
2.50



PERIOD 3.2.3
SUMMARY DATA 2
ENHANCED CULTURR DEVBLOBMENT

INFLOBNT Rl BFFL.  R2 BFFL. TP REM. TP REM. RIML TP  RZML TP
UATR T mg?/L TP mgP/L TP mgP/L  R1mgl/L  R2mgP/L  mgP/qVSS  mgP/qVss
27/09/94 52.40 31.80 15.62 20.60 16.78 191.07 170.717
28/09/94 52.58 47.08 47.91 5.48 4.65 189.52 -169.78
29/09/94 54.23 28.78 31.44 25.45 22.19 169.02 157.39
30/09/94
01/10/94 : '
02/10/94 47.91 7.85 §.32 40.26 318.59 191.14 177,75
03/10/94 50.24 13.14 17.47 17.10 1.n 203.42 151.05
04/10/94 o 8124 14.14 18.13 17.10 3.1 193.05 180.87
05/10/94 50.41 22.13 24.95 28.28 25.46 207.68 184.59
06/10/94 52.57 22.18 23.99 30.39 28.58 196.61 187.79
07/10/94 ‘
08/10/94
09/10/94 :
10/10/94 46.99 22,51 26.29 24,48 20.70 188.79 178.10
12/10/94 46.99 28.91 13.80 18.08 33.19 247.36 170.28
13/10/94 50.14 31.40 21.37 18.74 8.M 201.40 173.81
14/10/94 ’
15/10/94 o ' '
16/10/94 46.52 28.93 32.88 17.59 - 13.64 2341 185.59
17/10/94 47.67 17.81 35.67 - 9.86 12.00 204.80 169.87
18/10/94 51.95 © 31,89 35.67 20.06 16.28 188.67 176.54
20/10/94 51.96 11.21 22,83 40.75 29.13 223.35 134.66
21/10/94 '
22/10/94 .
23/10/94 50.65 ~13.66 16.12 36.99 34,53 220.67 186.38
24/10/94 49.67 13.17 18.90 36.50 30.M 210.35 189.03
25/10/94 49.01 16.94 22,34 12.07 26.67 216.08 190.98
26/10/94 51.96 5. 29.70 26.19 22.26 245.34 210.69
27/10/94 52.69 21,931 23.07 30,76 29.62 205.71 188.77
28/10/94 '
29/10/94
30/10/94 45.66 12,76 16.04 32.90° 29.62 219.05 185.81
31/10/94 45.49 18.82 22,09 26.67 23.40 241.59 189.78
01/11/94 48.44 . 26.84 32.24 21.60 16.20 229.19 200.71
02/11/94 46.80 20.62- 24.38 26.18 22.42 268.12 218.68
03/11/94 49.34 24.43 29.02 24.91 20.32 - 239.09 214.11
04/11/94
05/11/94
06/11/94 49.34 22.19 25.90 26.55 1.4 258.95 244 .86
07/11/94 48.36 19.18 25.57 29.18 22.79 241.80 209.23
Average: 49.67 22.83 25.2% 26.84 24.39 215.80 185.11
Count: 21 27 21 27 27 27 27
Maximum: 54.23 47.08 47.91 40.75 38.59 268.12 244.86
Minimum: ' 45.49 1.65 o 5.48 4.65 169.02 134.66
Standard Deviation: .31 8.76 §.10 §.56 1.66 24.43 AT

APPENDIX §



PERIOD 3.2.3
SUMMARY DATA 3

LOW ALOM TO R1 ABROBIC, WITH ACID

Average:
Count:

Maximum:
Minimum:

Standard Deviation:

APPENDIZX 5

DATE

27/09/94
28/09/94
29/09/94
30/09/94
01/10/94
02/10/94
03/10/94
04/10/94
05/10/94
06/10/94
07/10/94
08/10/94
09/10/94
10/10/94
12/10/94
13/10/94
14/10/94
15/10/94
16/10/94
17/10/94
18/10/94
20/10/94
21/10/94
22/10/94
23/10/94
24/10/94
25/10/94
26/10/94
27/10/94
28/10/94
29/10/94
30/10/94
31/10/94
01/11/94
02/11/94
03/11/94
04/11/94
05/11/94
06/11/94
07/11/94

Rl
ngP/qMLSS

.........

102.54
11.05

R2

mgP/gMLSS MLSS({1)

.........

.......

V8§ (1)

HLSS(2)

88 (2)

$VSS(1)

2z=23==

$ss(2)

DSVI
R1

al/g

80
19
79
18
7

m

87
18

m

70
103

m
7
75
74

74

DsvI
R2

15
16
74
1
76

67
75
80

81

83
19

86

18
85
82
79



PERIOD 3.2.3
SUMMARY DATA 4

LOW ALUM TO R1 ABROBIC, WITE ACID

Average:
Count:

Maximum:
Minimum:

Standard Deviation:

APPENDIX §

27/09/94
28/09/94
29/09/94
30/09/94
01/10/94
02/10/94
03/10/94
04/10/94
05/10/94
06/10/94
07/10/94
08/10/94
09/10/94
10/10/94
12/10/94
13/10/94
14/10/94
15/10/94
16/10/94
17/10/94
18/10/94
20/10/94
21/10/94
22/10/94
23/10/94
24/10/94
25/10/94
26/10/94
27/10/94
28/10/94
29/10/94
30/10/94
31/10/94
01/11/94
02/11/94
03/11/94
04/11/94
05/11/94
06/11/94
07/11/%4

2333333

R1
AN

pE
R2
AN

<
< I
o O n

0.00

3 3 =3 =3 =3 —3 3 =3 3 3 =3~ ~3 3 ~3 3 ~3 —3 -3
N e e e e T T TS T,
.
»o

pd
Rl
ARl

= b N
[LS BNV BNV, ]

o
C .

e B Lo N Lo e Lo D
— 00 D O OO O \O o~

3 =3 3 ~3 =3 =3 w3 ~3 3 —3 ~3 —3 ~3 —3 3 ~3 —3 —3 3
e e s T T T T T T T T T T T T T e
Cad Lad o L o e e O DY LD L
B OO Oy UN o L = - OO O

e L
o= -3

el = IR N B S B TR VN I PU SV O VI VU I VU DU Ry
O O D =3l U O 0o OO e O W

O -3 ~3
. . .

pl

R2
ARl
7.2
1.20
7.18
1.25
1.31
1.37
1.57
7.44
7.45
1.32
7.34
7.40
7.44
1.1
6.90
1.30
1.31
7.34
1.32
1.27
1.23
7.04
1.13

1.43

7.43
7.30
1.13
1.28
1.32
.37
T.44
1.41
7.40
1.39
7.33
1.35

—~3
s
—

0 -3 O O N O WO oo

S O ~—3
T O U W s e B0 o

pl

Rl
AR2
7.48
7.38
7.41
7.54
7.58
7.65
1.79
1.47
1.63
7.59
7.58
7.65
1.11
7.61
7.83
7.52
1.46
1.59
1.57
1.55

1.4

7.03
7.61
7.68
7.69
7.56
7.61
1.56
1.55
1.56
7.64
7.66
7.65
1.52
1.55
1.59

-

.
— O OO W= U i LWL U O
D L LD O~ 0 OO U

€ -3 ~I
. . -

pl

R2
AR2
1.42
7.47
7.4
7.5§
7.63
7.65
1.90
7.70
1.11
7.62
7.63
7.64
1.11
7.61
6.97
1.59
7.54
7.60
1.53
7.54

- 7.46

7.05
7.63
7.74
1.7¢
7.60
7.62
1.58
7.61
7.65
7.68
7.68
7.68
7.64
7.61
1.62

-3
w0 \D W U Oy O O ON
O ~3 € O O i G O —

o o )

ACID
DOSE R1
nmol/d

.......

ACID
DOSE R2
mmol/d

H2C03*
Alk
Bl

=3322s

§2003¢
Alk
52



PRRIOD 3.2.3
SUMMARY DATA 5

LOW ALUM TO R1 ABROBIC, WITH ACID

Average:
Couant :

Maximun:
Ninimum:

Standard Deviationm:

APPENDIX §

DATE
27/09/94
28/09/94
29/09/94
30/09/94
01/10/94
02/10/94
03/10/94
04/10/94
05/10/94
06/10/94
07/10/94
08/10/94
09/10/94
10/10/94
12/10/94
13/10/94
14/10/94
15/10/94
16/10/94
17/10/94
18/10/94
20/10/94
21/10/94
22/10/94
23/10/94
24/10/94
25/10/94
26/10/94
27/10/%4
28/10/94
29/10/94
30/10/94
31/10/94
01/11/94
02/11/94
03/11/94
04/11/94
05/11/94
06/11/94
07/11/94

NH3
f81

0.57

0.56
0.34

[— I =
L R R e I BT

[T = L B T TR~ o W =]

L= —

NH3
82
0.39
0.38
0.21

L= T T I = R =]
— B O B W i D OO

e i B TRV = i V)

[ = = I — ]

NO3

139

8.48
1.56
10.49
12.15

9.20
8.81
10.07
§.43
6.03

N03
f82
.0
8.46
1.39

SRP
{11

20.82

- 27.65

29.92

SRP
f82

24.47
12.81
19.717

11.81
33.83
34.20
19.46

13.93
13.78
18.50
27.69



PRRIOD 3.2.3
SUMMARY DATA 6

LOW ALUM TO R1 AEROBIC, WITH ACID

Average:
Count:

Maximum;
Minimum;

Standard Deviation:

APPENDIX 5

DATR
21/09/94
28/09/94
29/09/94
30/09/94
01/10/94
02/10/94
03/10/94
04/10/94

05/10/94

06/10/94
07/10/94
08/10/94
09/10/94
10/10/94
12/10/94
13/10/94
14/10/94
15/10/94
16/10/94
17/10/94
18/10/94
20/10/34
21/10/94
22/10/94
23/10/94
24/10/94
25/10/94
26/10/94
27/10/94
28/10/94

29/10/94 -

30/10/94
31/10/94
01/11/94
02/11/94
03/11/94
04/11/94
05/11/94
06/11/94
07/11/94

3az=a==ss

03
R1 fAN

......

0.05

0.05

. 0.06

0.08

0.10

0.03

0.03

03
Rl fAX

.92

3.58

4.06

3.60

1.9

0.73

~~~~~~
......

N03
R1 £AR1

1.59

8.95

§.44

8,39

9.20

§.39

2.63

-------
-------

N03

1.86

§.13

§.81

8.65

9.29

§.55

2,63

N03
R2 £AN

0.09

0.07

0.04

0.07

0.05

0.06

0.03

NO3

R2 fAX

2.41

2.48

1.06

2.35

2.49

1.04

0.63

N03
R2 ARl

1.08

7.45

4.44

5.83

1.09

3.64

2.45

O3
R2 fAR2

§.04

1.33

§.09

6.75

3.81

2.47

.......



PRRIOD 3.2.3
SUMMARY DATA 7

LOW ALOM TO R1 ABROBIC, WITH ACID

Average:
Count:

Maximum:
Minimum:

Standard Deviation:

APPENDIX 5

DATE
27/09/94
28/09/94
29/09/94

30/09/94

01/10/94
02/10/94
03/10/94
04/10/94
05/10/94
06/10/94
07/10/94
08/10/94
09/10/%4
10/10/94
12/10/94
13/10/94
14/10/94

15/10/94.

16/10/94
17/10/94
18/10/94
20/10/%4
21/10/94
22/10/94
23/10/94
24/10/94
25/10/94
26/10/94
27/10/%4
28/10/94
29/10/94
30/10/94

- 31/10/94

01/11/94
02/11/94
03/11/94
04/11/94
05/11/94
06/11/94
07/11/94

s=zzzs=z2

T
R1 AN

119.16

"101.50

131.92

110.07

101.93

104.12

124.78

99.82

Y
Rl fAX

47.87

§2.10

45.82

......
------

P
R1 fARl

19.63

4.1

41.07

39.13

25.45

7.1

26.35

.......
.......

TP
Rl fAR2

-------

31.05

29.59

13.50

26.76

16.69

oo
.......

Y

......

102.31

133.92

101.86

128.23

106.78

125.60

99.82

Y
R2 £AX

46.91

11.70

- 49.62

§5.59

43.83

§5.21

53.00

s=I=3=3

TP
R2 £ARL

22.96

48.25

26.94

45.54

28.88

41.81

1.1

P
R2 fAR2

-------

10.81

12.61

14.62

11.89

16.28

29.86

21.89

-------



PERIOD 3.2.3
SUMMARY DATA 8
LOW ALUM TO RL ABROBIC, WITH ACID

ALDM FRRRIC FRRROUS
Rl Rl Rl T
DATE amolAl/d mmolFe/d amolPe/d o0
27/09/94 §.2 6.0 0.0 1.6
28/09/94 6.2 0.0 0.0 16.9
29/09/94 6.2 0.0 0.0 16.4
30/09/94 6.2 0.0 0.0 17.6
01/10/94 6.2 0.0 0.0 17.2
02/10/94 6.2 0.0 0-0 13.1
03/10/94 6.2 0.0 0.0 17.1
04/10/94 6.2 0.0 0.0 17.6
05/10/94 6.2 0.0 0.0 18.4
06/10/94 6.2 0.0 0.0 17.9
07/10/94 6.2 0.0 0.0 17.5
08/10/94 6.2 0.0 0.0 13.0
09/10/94 6.2 0.0 0.0 18.8
10/10/94 6.2 0.0 6.0 16.4
12/10/94 6.2 0.0 0.0 13.5
13/10/94 6.2 0.0 0.0 18.1
14/10/94 6.2 0.0 0.0 13.4
15/10/94 6.2 0.0 0.0 18.4
16/10/94 §.2 - 0.0 0.0 18.4
17/10/94 6.2 0.0 0.0 18.8
18/10/94 6.2 0.0 0.0 18.3
20/10/94 6.2 0.0 0.0 18.2
21/10/94 6.2 0.0 0.0 18.4
- 22/10/94 6.2 0.0 0.0 18.0
23/10/94 6.2 0.0 0.0 18.0
24/10/94 6.2 0.0 0.0 18.4
15/10/94 6.2 0.0 0.0 13.8
26/10/94 6.2 0.0 0.0 19.0
27/10/9%4 6.2 0.0 0.0 18.5
28/10/94 6.2 0.0 0.0 18.0
29/10/94 6.2 0.0 0.0 18.5
30/10/94 6.2 0.0 0.0 18.5

31/10/94 6.2 0.0 0.0
01/11/94 6.2 0.0 0.0 18.1
02/11/%4 6.2 0.0 0.0 17.8
03/11/94 6.2 0.0 0.0 18.3
04/11/94 6.2 0.0 0.0 13.6
05/11/%4 6.2 0.0 0.0 18.2
06/11/94 6.2 0.0 0.0 18.5
07/11/94 6.2 0.0 0.0 18.8
Average: : 13.2
Count: 40 40 40 19
Maximum: 6.2 0.0 0.0 1.6
Ninimua: ' 6.2 0.0 0.0 16.4
Standard Deviationm: 0.8

APPENDIX 5

<
.
(=2 — BT



PERIOD 3.2.4
SOMMARY DATA 1

LOW ALUN TO R1 ANABRQBIC, WITH ACID

Average:
Count:

Maximum:
Minimum:

Standard Deviation:

APPENDIX §

DATE

08/11/94
09/11/94
10/11/94
11/11/94
12/11/94
13/11/94
14/11/94
15/11/94
16/11/94
17/11/94
18/11/94
19/11/94
20/11/94
21/11/94
22/11/94
23/11/94
24/11/94
25/11/94
26/11/94
27/11/94
28/11/94
29/11/94
30/11/94
01/12/94
02/12/94
03/12/94
04/12/94
05/12/94
06/12/94
07/12/94
08/12/94
09/12/94
10/12/94
11/12/94
12/12/94
13/12/94
14/12/94
15/12/94
16/12/94
17/12/94
18/12/94

o 19/12/94

20/12/94
21/12/94
22/12/94
23/12/94
24/12/94
25/12/94
26/12/94

Shsai
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
158
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150

CORR

R2 L/d RLOUR R2 QUR COD IN COD Bl COD B2 TKN IN TKN Bl TN B2

307
290
375
342
330

326
138
309
360
335

363
361
495
447
512

354
359

429
390

292
268
357
341

286
i1l
257
318
118

41
23
2
24
22

23

25
2
26

25
26
23
25
28

22
2
20
17
23

20
16
17
20

3
19
19
3
2

18
19
19
2
2

2
23
25
16
%4

22
19
21
19
20

20
18
18
20

......



PERIOD 3.2.4
SUMMARY DATA 2

ENHANCED CULTURE DEVBLOPMENT

Average:
Count:

Naximum:
¥inimum:

Standard Deviation:

APPRNDIX 5

DATR

08/11/94
09/11/94
10/11/94
11/11/%4
12/11/94
13/11/94
14/11/94
15/11/94
16/11/94
17/11/94
18/11/94
19/11/94
20/11/94
21/11/94
22/11/94
23/11/94
24/11/94
25/11/94
26/11/94
27/11/94
28/11/%4
29/11/94
30/11/94
01/12/94
02/12/94
03/12/94
04/12/94
05/12/94
06/12/94
07/12/94
08/12/94
09/12/94
10/12/94
11/12/94
12/12/94

13/12/94

14/12/94
15/12/94
16/12/94
17/12/94
18/12/94
19/12/94
20/12/94
21/12/94
22/12/94
23/12/94
24/12/94
25/12/94
26/12/94

INPLUENT
TP ng?/L

R1 BPPL.
TP mg?/L

18.90
19.55
23.31

23.48
22.82
22.99
29.22
24.75

24.10

25.08

26.09
21.84
21.51

21.90
28.18
30.26
12.91
20.48

12.85
16.99
20.98
2.42

R2 BPPL.
TP mgP/L

TP REM.
Rl mg?/L

27.19
25.69
26.44

25.12
26.11
24.46
21.18
26.23

26.712

23.93
32,71
31.40
28.62

30.40
16.36
18.40
15.25
22,54

36.64
3101
26.26
.70

TP REM.
R2 ug?/L

R1 ML TP
ngP/qvss

- 228.88
231.13
220.39
240.18

236.54
242.48
244.98
250.37
286.04

263.86
192.74
235.97
240.35
2311.90

243.75
237.29
217.16
227.34
239.12

248.87
272.32
219.67
2313.28

R2 ML TP
ngP/qvss



PERIOD 3.2.4
SUMMARY DATA 3
LOW ALUM TO R1 ANABROBIC, WITH ACID

Rl R2 ' R R

DATE  mgP/gMLSS mgP/gMLSS MLSS(1)  VSS{1) MLSS(2) VSS{2) %VSS(1) $vss{2) al/g al/g
08/11/94 131.59 115.66 4734 2411 4592 2601 509  56.6 M 76
09/11/94 135.36 127.95 4711 2499 4369 2585 530  59.2 M 82
10/11/94 126.96 120.06 4785 2435 4589 2565  50.9  55.9 71 78
11/11/94
12/11/94 :
13/11/94 119.25 4756 2676 563 78
14/11/%4 118.26 116.05 5069 2619 3982 2269  S51.7  57.0 43 93
15/11/94 118.14 112.82 4992 2545 4139 2301 51,0 55.6 M2 80
16/11/94 112.15 116.85 4913 2500 4162 2320 509 5.7 M 79
17/11/94 123.11 120.55 5041 2584 4181 2312 S1.3  55.3 47 79
18/11/94 : :
19/11/94 ’ : _
20/11/9%4 119.55 108.91 4903 2478 4387 2385 50.5 544 65 15
21/11/94 123.5¢  127.98 4758 2424 4272 2362 . 50.9  55.3 69 80
22/11/94 129.23 136.62- 4561 2406 4110 2382  S52.8  58.0 72 . 88
23/11/94 127.51 117.27 4571 2328 4242 2290 . 50.9  54.0 65 10
24/11/94 146.50 126.54 4563 2337 4262 -2368  51.2 556 M2 80
25/11/94 , . , N
26/11/94 : ' :
27/11/94 135.72 . 125.68 4940 2541 4761 2615 514 549 71 74
28/11/94 100.48 148.50 4617 2407 4493 2489 52,1 554 0™ 78
29/11/94 125.80 153.86 - 4843 2582 4587 2625 5.3 5.2 1 16
30/11/94 125.68 122.66  S173 2705 4487 2505  52.3  §5.8 66 80
01/12/94 125.07 115.49 4819 2599 4525 2546 539  56.3 77 82
02/12/94 _
03/12/94
04/12/94 129.73 - 119.86 4656 2478 4612 2659  S3.2 0§17 M 79
05/12/94 ©  124.42 110.98 5054 2650 4698 2605  52.4  55.4  ¢§7 81
06/12/94 117.58 119.25 3899 2111 4192 2370 4.1 56.5 88 93
07/12/94 125.12 115.46 3823 2004 4746 2720 550 573 0™ 16
08/12/94 127.76 118.60 3614 1931 4089 2274 534 55.6 75 98
09/12/94
10/12/94
11/12/94 132.47 118,32 4486 2395 4393 2418 534 55.0 63 87
12/12/94 144,44 125.81 4425 2347 4329 2447 530 56.5 68 88
13/12/94 115.80 113.29 4729 2493 4297 2318 52.7 5.9 83 84
14/12/94 119.43 . 113,73 4840 2478 4435 2395 51,2 - S4.0 62 83
15/12/94 '
16/12/94
17/12/94
18/12/94 123.98 123.94 4677 2425 4264 2279 518 534 64 91
19/12/94 123.66 125.80 4582 2357 4188 2212 S1.4  52.8 65 91
20/12/94 129.00 120.73 4495 2354 4041 2161 52.4  53.5 47 94
21/12/94 133.32 126.62 4511 2306 3742 193¢  SL.1 517 64 102
22/12/94 123.08 124.92 4563 2306 3899 2021 50.5  51.8 64 85

23/12/94
24/12/94 :

25/12/94 131.85 138.79 4649 2402 3975 2048 51.7 51.5 0 0

26/12/94 131.989 132.75 4585 23192 39481 2051 52.2 51.5 65 93
Average: 126.02 123.22 4654 2422 4317 2386 52.1 55.2 66 81
Count: 1 34 1 13 N 34 11 34 EX| 34
Maximua: 146.50 153.86 5173 2705 4761 2720 55.0 59.2 88 102
Minimum: 100.48 108.91 3614 1931 3742 1936 50.5 51.5 0 0
Standard Deviation: 8.61 9.81 336 157 260 197 1.1 1.9 14 16

APPENDIX §



PERIOD 3.2.4

SUMMARY DATA 4

LOW ALUM TO R1 ANABROBIC, WITH ACID
pl pl pH pl pl pl ACID ACID §2C03+  H2C03*
Rl R2 Rl R2 Rl R2 DOSE Rl DOSB R2 Alk Alk

DATR AN AN ABL ARl AR2 AR2 mmol/d mmol/d B1 B2
08/11/94 7.34 7.30 7.56 7.63 10 10
09/11/94 1.23 7.34 7.53 7.65 10 10
10/11/%4 7.41 7.30 7.62 7.62 10 1
11/11/% 7.4} 7.46 7.68 7.76 10 10
12/11/94 7.52 7.48 1.78 7.81 10 10
13/11/%4 7.38 7.37 7.61 7.67 10 10
14/11/94 7.31 7.56 7.60 10 10
15/11/94 1.25 7.32 7.40 7.59 10 10
16/11/94 7.3 7.3 7.55 6.86 10 10
17/11/%4 7.34 7.35 7.53 7.65 10 10
18/11/94 6.96 6.93 7.0 7.00 10 10
19/11/94 7.00 6.91 T.44 7.36 7.62 7.75 10 10
20/11/94 6.92 6.87 7.33 7.13 7.50 7.64 10 10
/11/94  6.88  6.91 7,38 .44 7.5 .M Co10 .10
22/11/%4 6.38 6.80 7.27 1.4 7.48 7.59 10 10
23/11/94 1.12 7.04 7.49 7.48 7.65 - 1.74 - 10 10
24/11/94 7.04 7.02 7.45 7.4} 7.61 7.70 10 10
. 25/11/%4 7.11 7.06 7.47  1.51 7.65 7.76 10 10
26/11/94 7.08 7.03 7.43 7.45 7.62 7.1 10 10
27/11/94 6.98 6.98 7.31 7.28 1.48 7.57 10 10
28/11/94 7.21 7.24 7.50 7.39 7.60 7.74 10 10
29/11/94 7.01 7.00 7.28 7.38 7.48 7.58 10 10
30/11/9¢  7.12 0 7.1l 7.32 131 1.5 1.6l 10 10
01/12/94 6.58 6.88 7.35 7.2 7.52  7.56 10 10
, 02/12/94 6.89 6.86. 1.13 7.13 7.56 7.66 10 10
03/12/94 6.84 7.32 7.62 10 10
04/12/94 6.37 6.85 7.2% 1.21 7.53 7.58 10 10
05/12/94 6.96 6.97 7.30 1.4 7.49 7.61 10 10
06/12/94 1.07 6.95 7.32 7.31 7.56 7.57 10 10
07/12/%4 7.07 7.03 1.31 7.27 7.45 7.49 10 10
08/12/94 6.95 6.91 7.37  T.41 1.59  1.67 10 10
09/12/94 7.02 6.94 7.38 7.43 7.62 7.66 10 10
10/12/94 6.92 6.91 7.00 7.38 7.63 7.67 10 10
11/12/94  6.98 6.91 7.31 7.31 1.51 7.58 10 10
12/12/%4 6.96 6.96 7.30 7.34 7.52 7.59 10 10
13/12/%4 7.04 7.02 7.29 7.38 7.58 7.46 10 10
14/12/94 6.93 6.87 7.28 7.39 7.51 7.67 10 10
15/12/94 6.96-  6.92 7.32 1.35 7.51 7.60 10 10
16/12/94 6.93 6.92 7.48 7.47 7.68 7.70 - 10 10
17/12/%4 6.96 6.93 1.8 1.2 7.48 7.58 10 10
18/12/%4
19/12/94 6.97 6.94 7.34 7.33 7.51 7.56 10 10
20/12/94 6.94 6.93 7.29 7.36 7.47 7.60 10 10
21/12/94 7.01 6.99 7.32 7.3 7.48 7.56 10 10
22/12/%4 6.96 .93 7.30 .11 7.49 7.62 10 10
23/12/94 6.95 6.93 7.31 7.37 7.49 7.60 10 10
24/12/94 6.93 6.89 1.32 7.33 7.53 7.62 10 10
25/12/%4 6.94 6.92 7.36 7.44 7.55 7.69 10 10
26/12/94 6.94 6.90 7.30 7.1 7.50 7.66 10 10
Average: 6.97 6.95 7.33 7.36 7.54 7.61 10 10 0.0 0.0
Count: 38 17 46 48 47 48 48 48 0 0
Maximum: 7.21 7.4 7.52 7.51 7.78 7.81 10 10
Minimum: 6.58 6.80 6.96 .93 7.03 6.86 10 10
Standard Deviation: 0.10 0.08 0.10 0.09 0.10 0.16 0 0 0.0 0.0
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PERIOD 3.2.4
SUMMARY DATA 5

LOW ALUM TO R1 ANABROBIC, WITH ACID

Average:
Count:

Maximum:
Minimua:

Standard Deviation:

APPENDIX 5

DATE
08/11/94
09/11/94
10/11/94
11/11/94
12/11/94
13/11/94
14/11/94
15/11/94
16/11/94
17/11/94
18/11/94
19/11/94
20/11/94
21/11/%4
22/11/94
23/11/94
24/11/94
25/11/94
26/11/94
27/11/94
28/11/94

.- 29/11/94
30/11/94

01/12/94
02/12/94
03/12/94
04/12/94
05/12/94
06/12/94
07/12/94
08/12/94
09/12/94
10/12/94
11/12/94
12/12/94
13/12/94
14/12/94
15/12/94
16/12/94
17/12/94
18/12/94
19/12/94

- 20/12/94

21/12/94
22/12/94
23/12/94
24/12/94
25/12/94
26/12/94

NE3
fR1
0.35
0.39
0.27

[t LI — I — )
B PO L O Oy OO

GO = = e - I S s

-0 W

NE3
£R2
0.43
0.35
0.30

< h O o
L R S e I P e e e I

[ e I~ V- I T e |

— O

03

N3
f82
5.50
6.84
4.06

SRP
fBL-

17.74

17.74
1.1

21.72
19.83
20.85
27.84
21.49

22.18
23.25
24.52
20.46

20,87

18.00
25.39
30.03
32.15
19.33

11.83

15.8¢

15.05

SRP
f82

15.16
22.75
24,96
17.2
16.91

17.38
18.24
19.62
26.60
21.49

2.47
5.1
28.85
24.14
20.25

25.60
29.97
32.5¢
28.30

2511

19.08
22.02

- 25.09

18.40



PERIOD 3.2.4
SUMMARY DATA 6
LOW ALUM TO R1 ANABROBIC, WITH ACID

03 No3 NO3 03 03 N03 ¥03 NO3
DATR Rl fAN Rl fax R1 £aB1 Rl fAR2 R2 faN  R2 fAX R2 ARl R2 fAR2

08/11/94 0.13 2.67 7.58 7.78 0.11 1.13 5.17 5.25

09/11/94 0.12 3.4 10.51 12.14 0.11 1.35 7.01 6.32

10/11/94 .

11/11/94

12/11/94 .

13/11/94 0.08 1.20 3.19 .M

14/11/94

15/11/94

16/11/94

17/11/94

18/11/94

19/11/94

20/11/94 .00 0.79 2.89 2.70 0.00 0.33 - 1.69 1.61

21/11/94 - 0.00 1.04 4.03 3.8 0.00. 0.38 2.18 2:52

22/11/94

23/11/94 0.04 0.58 L 1.13 0.00 0.29 . 1.35 1.37

24/11/94 : . S

25/11/9¢

26/11/94 -

27/11/94 0.00 0.69 2.14 2.26 0.00 .45 .17 1.87

28/11/94 0.00 0.64 2.1 2.05 0.00 0.54 1.1 1.62

29/11/94

30/11/94 0.00 0.00 1.59 1.38 0.00 0.00 1.86 1.62

01/12/94

02/12/94

03/12/94

04/12/94 0.00 0.24 2.03 .11 0.00 0.00 1.91 1.95

05/12/94

06/12/94

07/12/94 0.03 0.14 1.39 1.39 0.02 0.19 1.39 1.59

08/12/9¢

09/12/94

10/12/94

11/12/94 0.04 0.75 .13 2.41 0.0¢4 1.17 2.80 2.86

12/12/94 0.02 1.10 3.04 2.96 0.00 1.46 3.20 3.16

13/12/94 '

14/12/94 0.02 0.88 2.42 2.58 0.02 0.88 2.47 2.68

15/12/94

16/12/94

17/12/94

18/12/94

19/12/94 0.00 0.98 2,18 2.28 0.00 0.94 2.29 2.40

20/12/94

21/12/94

22/12/94

23/12/94

24/12/94

25/12/94 v

26/12/94 0.00 0.95 2.25 .47 0.00 0.99 2.26 .43
Average: 0.03 0.99 3.1 1.} 0.02 0.1 2.69 2.69
Count: 15 15 15 15 16 16 16 16
Maximuam: 0.13 3.44 10.51 12.14 0.11 1.46 7.01 6.32
Ninimua: 0.00 0.00 1.3§ 1.38 0.00 0.00 1.35 1.37
Standard Deviation: 0.04 0.38 2.4} 2.78 0.04 0.47 1.46 1.35

APPENDIX §



PERIOD 3.2.4
SOMMARY DATA 7

LOW ALUM TO R1 ANARROBIC, WITH ACID

Average:
Count:

Maximum:
Minimum:

Standard Deviation:

APPENDIX 5

........

08/11/94
09/11/94
10/11/94
11/11/94
12/11/94
13/11/94
14/11/94
15/11/94
16/11/94
17/11/94
18/11/94
19/11/94
20/11/94
21/11/94
22/11/94

23/11/94

24/11/94
25/11/94
26/11/94
27/11/94
28/11/94
29/11/94
30/11/94
01/12/94
02/12/94
03/12/94
04/12/94
05/12/94
06/12/94

07/12/9¢

08/12/94
09/12/94
10/12/94

" 11/12/94

12/12/94
13/12/94
14/12/94
15/12/94
16/12/94
17/12/94
18/12/94
19/12/94
20/12/94
21/12/94
22/12/94
23/12/94
24/12/94
25/12/94
26/12/94

TP
Rl fAN

102.46
122.95

94.41
110.00

111.65

100.82
83.83

91.19

94.61

95.75

89.12
81.65

80.86

98.57

TP
Rl fAX

43.71
51.64

50.40
53.85

60.91

54.92
50.30

70.25

52.97

60.10

47.33
44.68

43.55

51.03

TP
Rl £AB1

23.11
26.39

29.88
30.70

41.87

16.23
34.59

19.66

3.3

38.05

8.1
30.92

26.90

33.80

TP

R1 fAR2

11.64

13.61

- 20.85
22.00

30.70

21.70
26.91

30.01

22.06

23.79

18.49
22.13

21.30

25.02

TP
R2 fAN

96.72
112.29

113.10

128.88
126.42

123.14

112.29
101.82

111.63

106.18

97.41

104.87
92.43

91.27

102.72

TP

56.19

55.33

6058

66.82

63.77
56.51

75.48

74.28

56.79

53.80
50.82

45.96

55.00

TP
R2 fABL

32.48

27.42
35.63

43.02

41.15
40.15

45.55

43.55

3.4

15.89
36.72

31.87

35.12

TP
R2 f£AR2

21.17

16.91
21.02

31.69

27.38
28.21

27.23

28.18

23.96

25.45
28.10

21.94

26.01



PERIOD 3.2.4
SUMMARY DATA 8
LOW ALUM TO R1 ANABROBIC, WITE ACID

ALTM FERRIC FERROTS
Rl 3 Rl Tl
DATE mmolAl/d mmolFe/d mmolFe/d o
08/11/94 6.2 0.0 0.0 17.1
09/11/94 6.2 0.0 0.0 18.5
10/11/94 6.2 0.0 0.0 18.6
11/11/94 6.2 0.0 0.0 18.6
12/11/94 6.2 0.0 0.0 18.0
13/11/94 6.2 0.0 0.0 18.8
14/11/94 6.2 0.0 0.0 18.6
15/11/94 6.2 0.0 0.0 18.9
16/11/94 6.2 0.0 0.0 18.5

17/11/94 6.2 0.0 0.0
18/11/94 6.2 0.0 0.0 18.2
19/11/94 6.2 0.0 0.0 18.7
20/11/94 6.2 0.0 0.0 18.4
21/11/94 6.2 0.0 0.0 18.8
22/11/94 6.2 0.0 0.0 18.8
23/11/94 6.2 0.0 0.0 18.1
24/11/94 6.2 0.0 0.0 17.9
25/11/94 6.2 0.0 0.0 17.8
26/11/94 6.2 0.0 0.0 17.8
- 27/11/94 6.2 0.0 0.0 18.5
28/11/94 6.2 0.0 0.0 17.7
29/11/94 §.2 0.0 0.0 18.7
30/11/94 6.2 0.0 0.0 18.3
01/12/94 6.2 0.0 0.0 18.6
02/12/94 6.2 0.0 0.0 19.1

03/12/94 6.2 0.0 0.0
04/12/94 6.2 0.0 0.0 18.6
05/12/94 6.2 0.0 0.0 18.5
06/12/94 6.2 0.0 0.0 - 197
07/12/94 6.2 0.0 0.0 19.0
08/12/94 6.2 0.0 0.0 19.1
09/12/94 6.2 0.0 0.0 19.1
10/12/94 6.2 0.0 0.0 18.2
11/12/94 6.2 0.0 0.0 18.0
12/12/94 6.2 0.0 0.0 17.9
13/12/94 6.2 0.0 0.0 18.7
14/12/94 6.2 0.0 0.0 19.1
15/12/94 6.2 0.0 0.0 19.3
16/12/94 6.2 0.0 0.0 18.5
17/12/94 6.2 0.0 0.0 18.8
18/12/94 6.2 0.0 0.9 19.1
19/12/94 6.2 0.0 0.0 18.7
20/12/94 6.2 0.0 0.0 18.6
21/12/94 6.2 0.0 0.0 18.7
22/12/%4 6.2 0.0 0.0 19.0
23/12/94 6.2 0.0 0.0 18.9
24/12/94 6.2 0.0 0.0 18.8
25/12/94 6.2 0.0 0.0 19.0
26/12/94 6.2 0.0 0.0 19.0
Average: 18.6
Count: 49 49 49 41
Maximum: 6.2 0.0 0.0 19.7
Minimum: 6.2 0.0 0.0 17.7
Standard Deviation: 0.4

APPENDIX §
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PERIOD 3.2.5
SUMMARY DATA 1

HIGH ALUM TO ANARROBIC, WITH ACID

Average:

Count:

Maximum:

Minimum:

Standard Deviation:

APPENDIX 5

DATE
21/12/94
28/12/94
29/12/94
30/12/94
31/12/94
01/01/95
02/01/95
03/01/95
04/01/95
05/01/95
06/01/95
07/01/95
08/01/95
09/01/95

Shsai Rl L/d

R2 L/d R1 OOR R2 OUR COD IN COD Bl (OD B2

CORR

Yy 21 19
196 17 17
23 19 17
288 19 14
286 17 17
264 19 18
298 17 19
263 16 17
236 20 13
13 16 1
251 . 18 16

10 10 10
298 21 19
196 16 1

33 2 3

TRN IN

TRN B1



PERIOD 3.2.5
SUMMARY DATA 2
ENHANCED CULTURE DEVELOPMENT
INFLUBNT R1 EFPL. R2 BFFL. TP REM. TP REM. RIML TP RZMLTP

DATR TP mgP/L TP ngP/L TP ngP/L Rl og?/L  R2 mg®/L  mgP/qVSS  mgP/qVsS
27/12/94 45.39 20.87 25.35 24.52 20.04 259.48 261.29
28/12/94 : 212,27 240.75
29/12/94 44.26 30.53 315.70 13.1 8.56 264.67 261,62
30/12/94
31/12/94 52.59 31.58 36.21 21.01 16.38 256.01 250,85
01/01/95
02/01/95 50.72 30.69 315.05 20.03 15.67 266.09 231.86
03/01/95 47.81 23.26 29.56 24.55 18.25 262.96 239.97
04/01/95 45.71 24.55 30.69 21.16 15.02 261.43 232.13
05/01/95 45.23 19.06 25.85 26.17 19.38 275.10 246.23
06/01/95
07/01/95 .
08/01/95 44.65 17.89 24,14 26.96 20.51 279.88 250.15
09/01/95 43.99 19.02 25.14 24.97 18.85 275.88 241.30
Average: 46.71 24.14 29,74 22.57 16.96 267.38 245.62
Count: 9 9 -9 : 9 9 10 10
~ Maximum: 52.59 31.58 36.21 26.96 20.51 -~ 279.88 261.62
Minimum: 43,99 17.69 24.14 131.1 8.56 256.01 231.86
Standard Deviation: 2.88 5.21 4.64 .87 1.4 1.53 9,98

APPENDIX §




PERIOD 3.2.5
SUMMARY DATA 3

EIGH ALUM TO R1 ANAERCBIC, WITH ACID

Average:
Count:

Maximum:
Minimum:

Standard Deviation:

APPENDIX §

DATE

27/12/94
28/12/94

29/12/94

30/12/94
31/12/94
01/01/95
02/01/95
03/01/95
04/01/95
05/01/95
06/01/95
07/01/95
08/01/95
09/01/95

3
mgP/gMLSS

R2

ngP/qMLSS MLSS(1)

vss(1)

LSS (2)

VSS(2)

tVSS(1)

tV8s(2)

DSVI
Rl
nl/g
68
67
70

69

79
15
73
68

......

--------------------------------------------



PERIOD 3.2.5
SUMMARY DATA ¢

BIGH ALUM TO R1 ANABROBIC, WITH ACID

Average:

Count:

Maximum:

Minimum:

Standard Deviation:

APPENDIX 5

DATE
27/12/94
28/12/94
29/12/94
30/12/94
31/12/94
01/01/95
02/01/95
03/01/95
04/01/95
05/01/95
06/01/95
07/01/95
08/01/95
09/01/95

--------
--------

pl

RL .

AN
6.91
6.83
1.09
6.94

pE

R2

AN
1.02
§.97
1.17
§.97
7.08
1.00
7.09
7.00
1.04
§.96
1.09
§.97

< o ~3 -3 N
- . - .

OO Ol
O O ~3 B Lo it

pH
RL
ARL
1.3
7.19
1.21
1.3
1.29
7.42

pH
- R2
ARl
1.42
1.35
1.35
7.46
7.40
1.31
7.34
7.4
1.39
7.45
1.47
1.52

< ~3 -3 -~ u
e e e .

D WL U e N
N O )

pi
Rl
AR2
7.49
1.34
1.1
7.44
1.39
7.48

< =3 -3 ~3 "
O LU e
oD = 0o O O N

pE

R2
AR2
.70
1.49
7.49
1.62
1.5
1.61
7.57
1.65
7.58
1.67
7.69

ACID
DOSE R1
amol/d

.......
.......

ACID
DOSE R2
amol/d

B2C03*
Alk
3]

------

H2003*
Alk
B2



PERIOD 3.2.5
SUMMARY DATA §

HIGH ALOM TO R1 ANAEROBIC, WITE ACID

Average:

Count:

Naximua:

Minimum:

Standard Deviation:

APPENDIX 5

DATE
27/12/94
28/12/94
29/12/94
30/12/94
31/12/94
01/01/95
02/01/95
03/01/95
04/01/95
05/01/95
06/01/95
07/01/95
08/01/95
09/01/95

NE3

£81
0.68
0.68
0.42

0.46

[~ T TR = ]
-0 -3 e O ~3

o O o
- . -
WO o U O oy B o WL

NH3
fR2
0.712
0.46
0.46

[— 2 | I — B - ]
— b~ W B O

=2 — i —J
. . .

U WO O WO

NO3
fB1
3.20
6.03
1.33

7.13

T U e
L B LD = OO il LU O

— ol ~3

L A
.

O LW O e o ~3

e —3

03
f82
3.09
1.03
1.23

1.74

O —3 O~ L
GO O v OO L N o

SRP
fE1

SRP
fg2



PERIOD 3.2.5
SUMMARY DATA 6
BIGH ALUM TO R1 ANAEROBIC, WITH ACID

503 03 §03 N03 O3 . §03 §03 §03
DATR Rl fAN  R1 fAX  RLfARL  R1 fAR2  R2 fAN  R2 fAX  R2 fARl  R2 fAR2

27/12/94 :

28/12/94 0.06 3.48 §.03 §.23 0.04 3.54 1.03 6.43

29/12/94 0.04 3.24 §.63 1.03 0.03 3.13 5.83 1.03

30/12/94 '

31/12/94

01/01/95

02/01/95 - 0.05 2.83 §.63 §.63 0.06 3.15 §.63 §.73

03/01/95 0.05 .13 §.63 §.90 0.06 3.40 §.90 1.11

04/01/95 0.08 1.55 5.12 5.25 0.08 2.33. 5.47 5.60

05/01/95 0.06 1.53 4.96 5.08 0.04 2.18 5.2 5.27

06/01/95 (

07/01/95

08/01/95

09/01/95 0.04 2.00 3.38 4.65 0.05 2.61 3.64 4.13
Average: 0.05 2.48 5.63 5.97 0.05 2.91 5.82 §.13
Count: 7 1 S 1 7 T 7 7
Maxinum: 0.08 3.48 '6.63 7.03 0.08 3.54 7.03 1.1
Minimun: 0.04 1.53 .38 4.65 0.03 2.18 3.64 4.13

Standard Deviation: 0.01 0.713 1.1 0.89 0.02 0.49 1.10 0.86

APPENDIX 5



PERIOD 3.2.5
SUMMARY DATA 7.

EIGH ALUM TO R1 ANARROBIC, WITH ACID

Average:

Count:

Maximua:

Minimua:

Standard Deviation:

APPENDIX 5

DATR
27/12/94
28/12/94
29/12/94
30/12/94
31/12/94
01/01/95
02/01/95
03/01/95
04/01/95
05/01/95
06/01/95
07/01/95
08/01/95
09/01/95

TP
Rl fAN

. 47,65

15.92

§2.38
67.04
84.80
11.07

TP
Rl fAX

12.47
44.74

47.01
39.58
49.59
19.41

TP
R1 fAR1

28.27

34.08

31.50
28.11
31.18
23.91

TP
Rl fAR2

25.68
28.91

TP
R2 fAN

58.96
90.46

96.11
82.38
102.57
86.42

P
R2 fAX

40.38
55.24

55.13
49.11
57.99
47.01

TP
R2 fAR1

34.24
40.11

38.77
35.54
38.44
30.85

TP
R2 fAR2

30.04
4.2

31.18
29.40
29.12
23.91



PERIOD 3.2.5
SUMMARY DATA §
HIGH ALUM TO R1 ANAEROBIC, WITE ACID

ALUNM PERRIC FERROTS
3! R1 Rl Tl
DATE anolAl/d anolPe/d mmolFe/d oC
27/12/94 12.4 0.0 0.0 19.0
28/12/94 12.4 0.0 0.0 19.0
29/12/9¢ 12.4 0.0 0.0 19.4
30/12/94 12.4 0.0 0.0 18.9
31/12/94 12.4 0.0 0.0 18.5
01/01/95 12.4 0.0 0.0 19.1
02/01/95 12.4 0.0 0.0 18.9
03/01/95 12.4 0.0 0.0 18.7
04/01/95 12.4 0.0 0.0 19.7
05/01/95 12.4 0.0 0.0 18.6
06/01/95 12.4 0.0 0.0 18.9
07/01/95 12.4 0.0 0.0 18.6
08/01/95 12.4 0.0 0.0 19.0
09/01/95 12.4 0.0 0.0 19.0
Average: . 19.0
Count: . _ 14 14 14 14
Maximum: 12.4 0.0 0.0 19.7
Minimua: _ 12.4 0.0 0.0 18.5

“Standard Deviation: : 0.3

APPENDIX 5

-
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BERIOD 3.2.6
SUMMARY DATA 1
HIGH ALUM TO R1 AEROBIC, WITH ACID ‘
CORR : :
DATE $bsai R1 L/d R2 L/d R1OUR R2 OUR COD IN COD Bl COD B2 TEN IN TEN Bl TEN B2
10/01/95 150 36.0 36.0 11.90 12.90 240 18 15 236 1.69 2.83
11/01/95 150 35.8 35.8 12.00 12.80 221 18 13 18.1 1.76 1.48
12/01/95 150 360 360 11.54 12.20 228 17 15 20,9 2.6 2.09
13/01/95 150 35.0 35.0 11.00 11.50
14/01/95 150 35.3 353 13.80 13.90
15/01/95 150 36.2  36.2 14,10 15.90 123 22 18
16/01/95 150 35,5 35.5 16.10 17.50 168 22 19
17/01/95 150 35.8  35.0 14.50 14.50 143 2] 1
18/01/95 150 34,6 348 12.50 13.90 17 23 23
19/01/95 150 36.7  37.4  12.40 13.90 122 19 19
20/01/95 150 35,5 35,5 13.30 14.70 :
21/01/95 150 36.0  36.0 13.20 15.00
22/01/95 150 36.2  36.7 14.70 14.80 166 18 20
23/01/95 150  37.0 365 13.70 1490 340 21 21

.........................................................................
.........................................................................

Average: - 150 35.8 35.8 13.20 14.17 112 20 . 18 20,9 2.05 2.13
~Count: ' ' © 4 14 14 14 i 10 10 10 3 ] ]
¥aximum: C1500 37,00 374 16.10 17.50 170 2] 23 2.6 2.6 .83
Minimum: , ©150 346 348 11,00 11.50 221 17 13 18.1  1.69  1.48
Standard Deviation: 0 0.6 0.7 1.35 1.48 56 2 ] 2.2 0.46  0.55

APPENDIX 5



PERIOD 3.2.6
SUMMARY DATA 2

BNHANCED CULTURE DEVBLOPMENT

Average:
Count:

Maximum:
Minimum:

Standard Deviation:

APPENDIX S

DATE
10/01/95
11/01/95
12/01/95
13/01/95
14/01/95
15/01/95
16/01/95
17/01/95
18/01/95
19/01/95
20/01/95
21/01/95
22/01/95
23/01/95

INPLUBNT
TP mgP/L

R1 BFFL.
TP mg?/L

R2 BFPL.
TP ugP/L

- TP REM.
R1 ngP/L

TP RBY.
.. R2 ngP/L

R1 ML TP
ngP/qvss

R2 ML TP
mgP/qvss




PERICD 1.2.6
SUMMARY DATA 3

HIGH ALUM TO R1 ABROBIC, WITH ACID

Average:

Count:

Maximum:

Hinimua:

Standard Deviation:

APPENDIX 5

- DATB
10/01/95
11/01/95
12/01/95
13/01/95
14/01/95
15/01/95
16/01/95
17/01/95
18/01/95
19/01/95
20/01/95
21/01/95
22/01/95
23/01/95

Rl
mgP/qMLSS

R2

ngP/qMLSS  MLSS(1)

vss (1)

MLSS (2)

V8§ {2)

tV8s(1)

Vss(2)

DSVI
3
al/g

106
107
110
104

97



PERIOD 3.2.6
SUMMARY DATA ¢

BIGH ALOM TO R1 ABROBIC, WITH ACID

Average:

Count:

© Maximum:

Minimun:

Standard Deviation:

APPENDIX 5

10/01/95
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PERIOD 3.2.6

SUMMARY DATA 5

BIGH ALUM TO RI AEROBIC, WITH ACID

NE3 NE3 NO3 NO3 SRP SRP
DATE fB1 £R2 £R1 £g2 £81 fR2

10/01/95 0.26 0.24 4.62 - 4.90 26.24 28.10
11/01/95 1.37 1.32 4.70 4.40 25.82 30.01
12/01/95 0.64 0.47 4.44 4.60 22.12 21.86

13/01/95

14/01/95

15/01/95 3.20 3.55 21.04 27.80

16/01/95 1.99 1.61 5.04 0 16.98 22,96

17/01/95 0.06 0.00 5.58 6.73 5.89 12.03

18/01/95 0.00 0.00 1.66 64 6.63 14.98

19/01/95 0.00 0.00 1.0 .M 4.91 9.45

20/01/95

21/01/95

22/01/95 0.74 0.50 in 4.49 6.38 12.52

23/01/95 1.02 0.24 4.53 .01 8.84 16.94
Average: 0.68 0.49 4,25 5.08 14.55 20.27
Count: 9 9 10 10 10 10
Haximum: 1.99 1.61 5.58 7.80 26.24 30.01
Minimum: 0.00 0.00 3.01 3.55 4,91 9.45
Standard Deviation: 0.65 0.56 0.78 1,28 8.42 7.50

APPENDIX §



PERIOD 3.2.6
SUMMARY DATA 6

HIGH ALUM TO Rl ARROBIC, WITH ACID

~ Average:
Count:
Maximum:
Ninimum:
Standard Deviation:

APPENDIX §

DATE
10/01/95
11/01/95
12/01/95
13/01/95
14/01/95
15/01/95
16/01/95
17/01/95
18/01/95
19/01/95
20/01/95
21/01/95
22/01/95
23/01/95

--------

O3
Rl AN

03
Rl £AX

......

NO3
R1 ARl

-------
-------

NO3

Rl fAR2

NO3
R2 £AN

§03
R2 fAX

03
R2 fAR1

.......

§03
R2 fAR2

.......

ERemm==
.......



PERIOD 3.2.6
SUMMARY DATA 7

HIGH ALUM TO R1 ABROBIC, WITH ACID

Average:
Count:

Maximum:
Minimum:

Standard Deviation:

APPENDIX §

DATR
10/01/95
11/01/95
12/01/95
13/01/95
14/01/95
15/01/95
16/01/95
17/01/95
18/01/95
19/01/95
20/01/95
21/01/95
22/01/95
23/01/95

TP
R1 £AN

TP
R1 fAX

TP
R1 fAB1

TP
R1 £AR2

......
......

TP
R2 £AX

P
R2 fARL

TP
R2 fAR2



PERIOD 3.2.6
SUMMARY DATA 8

HIGH ALUM T0 R1 ABROBIC, WITH ACID

Average:
Count:

Maximum:
Minimum:

Standard Deviation:

APPENDIX 5

DATR
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PERIOD 3.2.7
SUMMARY DATA 1

HIGH ALUM TO R1 ABROBIC, WITH BICARB.
Shsai R1L/d R2 L/d R1 ODR R2 OUR COD IN COD Bl (COD R2

Average:

Count:

Maximum:

Minimum:

Standard Deviation:

APPENDIX 5

DATE
20/02/95
21/02/95
22/02/95
23/02/95
24/02/95
25/02/95
26/02/95
27/02/95
28/02/95
01/03/95
02/03/95
03/03/95
04/03/95
05/03/95
06/03/95
07/03/95
08/03/95
09/03/95
10/03/95
11/03/95
12/03/95
13/03/95

14/03/95

15/03/95
16/03/95
17/03/95
18/03/95
19/03/95

20/03/95

21/03/95
22/03/95

3.0
36.0
37.2
36.5
36.7
35.8
36.2
36.2

37.0

B O -3 DO O L -y O o
OO OO O OO

(=1

324
EVE|
304

249

223
167
398
363
336

281
339
104
445
433

ZSS== s==3s== SIVITIZT IRITTIZ ZIIITITS S22 S=2NES8 ====S=s mzzE=s

......

17
14
11

11

14
15
15
13
17

21
14
13
16
11

16
19
17

17

16
16
16
20
21

15
1
15
4
10

TEN IN

11.0

TEN B1 TRN B2

=z=zz3:22



PERIOD 3.2.7
SUMMARY DATA 2
ENHANCED CULTURE DBVELOPMENT
INPLUENT R1 BFFL. R2 BFFL. TP REN. TP REM. RIMLTP R2 ML TP
DATR T ogP/L TP mg/L TP umgP/L Rl mgP/L  R2 mgP/L  ugB/gVSS  mgP/qVss

................................................................

20/02/95 50.11 11.43 16.81 38.68 33.30 95.37 89.49

21/02/95 48.97 25.79 31.99 23.18 16.98 96.48 89.09

22/02/95 44.89 20.73 29.71 24.16 15.18 108.10 97.22

23/02/95 45.38 16.32 24.16 29.06 .22 115.46 101.09

24/02/95

25/02/95

26/02/95 45.38 12.12 13.06 137.65

27/02/95 45.83 25.63 29.90 20.20 15.93 125.50 97.49

28/02/95 44.15 19.55 26.94 24.80 17.41 129.76 104.67

01/03/95

02/03/95 44.03 24.15 34.17 19.88 9.86 151.23 110.95

03/03/95 ‘ . :

04/03/95 , - .

05/03/95 44,85 26.94 38.11 17.91 §.74 166.48 115.25

06/03/95 56.62 23.89 29.62 32.13 27.00 . 158.37 112.83

07/03/95 51.39 18.16 29.78 13.23 21.61 168.25 122.65

08/03/95 . 50.24 20.62 35.68 29.62 14.56 170.64 124.16

09/03/95 ~  45.98 & . 20,78 5.0 176.20 119.91

10/03/95

11/03/95 ‘

12/03/95 43.86 22.42 .44 178.18 129.19

13/03/95 47.51 21.52 26.98 25.99 20.53 209.52 126.29

14/03/95 46.02 20.53 21.98 25.49 18.04 184.20 129.01

15/03/95 48.51 27.65 37.91 20.86 10.60 186.50 124.17

16/03/95 46.52 25.83 34.17 20.69 11.75 204.83 122.63

17/03/95 _

18/03/95

19/03/95 - 47.18 17.48 29.30 208.40 123.41

20/03/95 41.13 16.13 19.38 31.60 28.35 194.53 121.95

21/03/95 45.61 16.13 20.52 29.48 25.09 203.08 133.52

22/03/95 43.42 15.89 22.02 21.53 21.40 202.87 134.28
Average: 47.02 21.41 28.27 25.66 - 18.99 162.35 115.713
Count: 2 Py 19 2 19 22 21
Maximum: 56.62 12.32 38.11 38.68 313.30 209.52 134.28
Minimum: : 43.42 11.43 16.81 13.06 §.74 95.37 89.09

Standard Deviation: 3.00 4.88 §.20 5.89 §.73 36.46 13.65

APPENDIX §



PERIOD 3.2.7
SOMMARY DATA 3

HIGE ALUM TO R1 ABROBIC, WITH ACID, WITH BICARB.

Average:
Count:

Maximum:
Minimum:

Standard Deviation:

APPENDIX 5

DATE

20/02/95
21/02/95

22/02/95

23/02/95
24/02/95
25/02/95
26/02/95
27/02/95
28/02/95
01/03/95
02/03/95
03/03/95
04/03/95
05/03/95
06/03/95
07/03/95
08/03/95
09/03/95
10/03/95
11/03/95
12/03/95
13/03/95
14/03/95
15/03/95
16/03/95
17/03/95
18/03/95
19/03/95
20/03/95
21/03/95
22/03/95

Rl
ngP/gHLSS

R2
ugP/gMLSS

LSS {1)

VSS(1)

MLSS (2)

V8§ (2)

$Vss(1)

0SS (2)

.......
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58
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60
63



PRRIOD 3.2.7
SUMMARY DATA 4

HIGH ALUM TO R1 ARROBIC, WITH ACID, WITH BICARB.

Average:
Count:

Maximum:
Minimum:

Standard Deviation:
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PERIOD 3.2.7
SUMMARY DATA §
HIGE ALUM TO R1 ARROBIC, WITH ACID, WITH BICARB.
1:8] NH3 03 K03 SR SRP
DATE £81 £E2 fB1 £82 £81 £82

20/02/95 0.00 0.00 5.42 5.42 12.57 19.39

21/02/95 0.00 0.00 7.90 7.45 31.24 31.70
22/02/95 0.00 0.00 5.42 4.29 24.41 33.03
23/02/95 0.00 0.00 5.50 4.62 18.24 29.25
24/02/95
25/02/95

26/02/95 0.00 0.00 5.10 3.80
27/02/95 0.00 0.00 3.07 2.65 - 30.58 35.18
28/02/95  .0.00 ~ 0.00 3.10 .87 2403 31.57

01/03/95

02/03/95 0.00 0.00 4.41 5.21 30.70 . 38.37
03/03/95

04/03/95 '

05/03/95 0.00 0.00 5.50 7.30 31.10 44.93
06/03/95 0.00 0.00 £.30 5.50 26.35 32.40
07/03/95 0.00 0.00 3.30 4.40 20.74 38.88
08/03/95 0.00 - 0.00 3.60 2.30 24.19 42.34
09/03/95 0.00 0.69 4,711 . 23.38
10/03/95 .

11/03/95.

12/03/95 0.00 5.68 80 25.59

.94 24,55 21.97
. E)RRR
.0 11.33 42.85
.76 25.04 32.80

13/03/95 0.00 0.04 1.07
14/03/95 0.00 0.00 6.50
15/03/95 0.00 0.00  6.50
16/03/95 0.00 - 0.00 5.74

C S RS, B,
-3
(=1
o
[ =]
—
*~

17/03/95

-18/03/95

19/03/95 0.00 0.00 ~5.49 1.95 17.02

20/03/95 0.0 0.00 4.80 1. 15.77 19.39

21/03/95°  0.00 0.00 1.56 2.89 15.76 20.17

22/03/95 0.00 0.00 2.88 .72 15.77 22.36
Average: 0.00 0.00 4,80 4.3 23.37 11.75
Count: 1 2 22 22 20 19
Maximum: 0.00 0.04 7.90 7.45 11.33 44.93
Minimum: . 0.00  0.00 0.69 1.80 12.97 19.39
Standard Deviation: 0.00 0.01 1.60 1.60 5.82 7.86

APPENDIX 5



PERIOD 3.2.7
SUMMARY DATA 6
HIGH ALUM TO R! ABROBIC, WITH ACID, WITH BICARB.

NO3 NO3 O3 NO3. NO3 NO3 NO3 NO3
DATR Rl fAN R1 £AX R1 fARL Rl fAR2  R2 fAN  R2 fAX  R2 fABL  R2 fAR2

20/02/95

21/02/95

22/02/95

23/02/95

24/02/95

25/02/95

26/02/95 .06 0.54 2.88 2.1 0.10 0.03 1.70 1.18

27/02/95 0.00 1.97 4.18 - 4.03 0.00 1.719 1.94 4,06

28/02/95 :

01/03/95

02/03/95

03/03/95

04/03/95 :

05/03/95 0.00 2.68 5.00 . 5.20 0.00 1.50 6.29 6.59

06/03/95 0.09 1.73 1.76 1.10

07/03/95 ,

08/03/95 0.00 1.97 4,35 4.23 0.00 0.09 2.53 2.1

09/03/95 -

10/03/95

11/03/95

12/03/95 0.02 .14 11.35 12.10 0.06 4.1 12.09 11.712

13/03/95 .05 1.22 6.49 7.16 0.05 2.51 6.08 5.94

14/03/95

15/03/95 0.03 1.08 6.35 5.43 0.08 1.78 4.86 5.30

16/03/95

17/03/95

18/03/95 , :

19/03/95 0.01 ©1.57 4.89 1.66 0.04 0.05 4.89 1.1

20/03/95 _

21/03/95 0.03 0.13 2.84 .19 0.01 0.05 2.84 2.79

22/03/95
Average: 0.03 1.96 5.21 §5.11 0.04 1.61 §.02 4.84
Count: ' 10 10 10 10 9 9 9 9
Maximum: 0.09 1.22 11.35 12.10 0.10 i 12.09 11.72
¥inimum: .00 0.13 -2.84 2.79 0.00 0.03 1.70 1.18
Standard Deviation: 0.03 0.98 2.36 2.65 0.04 1.62 2.90 2.92

APPENDIX 5




PRRIOD 3.2.7
SUMMARY DATA 7 .
HIGE ALUM TO R1 ABROBIC, WITH ACID, WITH BICARB.

TP T TP TP T TP TP TP
DATE Rl AN Rl fAX R1 ARl R1 fAE2 R2 £AN R2 fAX R2 ARl R2 fAR2
20/02/95
21/02/95
22/02/95
23/02/95
24/02/95
25/02/95
T 26/02/95 66.93 42.22 13.46 27.42
27/02/95 64.89 39.26 29.24 23.98 69.00 43.70 315.81 10.23
28/02/95
01/03/95
02/03/95
03/03/95
04/03/95
05/03/95 55.03 35.65 27.60 23.98 67.35 47.97 41.23 35.98
06/03/95 ‘
07/03/95 : :
_ 08/03/95 65.46 36.33 25.86 20.62 73.64 46.15 38.78 32.24
> 09/03/95 _ :
10/03/95
11/03/95 :
12/03/95 60.55 34.69 24.87 19.80 58.91 29.95 24.22 23.07
13/03/95 72.84 19.M3 27.65 20.53 71.19 45.20 13.m 26.98
14/03/95
15/03/95 86.09 - 51.65 39.24 31.29 81.95 55.79 44,53 37.91
16/03/95
17/03/95
18/03/95 : _
19/03/95 84.43 41.55 23.18 16.89 94.36 61.75 41.39 31.79
20/03/95
21/03/95 87.96 43.66 25.74 17.10 88.78 50.33 32.42 22.15
22/03/95 ' .
Average: 71.58 40.53  28.54 22.40 75.65 47.61 36.52 30.04
Count: 9 9 9 9 8 8 8 8
Maximum: 87.96 51.65 39.24 31.29 94.36 61.75 44.53 37.91
Minimum: -55.03 34,69 23.18 16.89 58.91 29.95 24.22 22.15
Standard Deviation: 11.28 4.89 4.69 4.49 11.06 8.7 6.03 5.11

APPENDIX 5



PERIOD 3.2.7
SUMMARY DATA 8
H1GE ALUM TO Rt ABROBIC, WITH ACID, WITH BICARB.

ALUM FRRRIC FRRROTS _
Rl 3! Rl Tm 1N
DATR mmolAl/d mmolPe/d mmolFe/d o ¢
20/02/95 20.6
21/02/95 1.2
22/02/95 18.7
23/02/95 21.7
24/02/95 18.7
25/02/95
26/02/95 18.8
27/02/95
28/02/95 18.7
01/03/95
02/03/95
03/03/95 » ’ 19.8
04/03/95 19.9
05/03/95 18.6
06/03/95 19.0
07/03/95 19.3
08/03/95 19.0
09/03/95 19.9
10/03/95 20.0
11/03/95 19.2
12/03/95 18.8
13/03/95 . 19.4
14/03/95 19.8
15/03/95 19.6
16/03/95 19.9
17/03/95 18.7
18/03/95 18.7
19/03/95 19.1
20/03/95 19.4
21/03/95 19.8
22/03/95 19.7
Average: 18.3 0.0
Count: 0 0 0 1 0
Yaximum: 1.7
Minimum: 17.2
Standard Deviationm: : 0.8 0.0

APPENDIX §




PERIOD 3.2.8(A)

SUMMARY DATA 1

HIGHE ALOM TO R1 AEROBIC, NO BICARB.

DATE Sbsai R1 L/d R2 L/d R1OUR R2 QUR COD IN COD BL COD B2 TRN IN TEN Bl TRN B2

23/03/95 150 34.6  34.6 12.50 12.20 I 16 15
24/03/95 150 36.0  36.0 12.30 12.10
25/03/95 150  35.8 358 9.10  8.90
26/03/95 150 36.0 35.0 6.70  7.60 1m 10 9
27/03/95 150 35.0  35.0 10.20 10.70 m 11 13 22,6 2.29  4.07
28/03/95 150 36.0  36.0 288 18 18
29/03/95 150  36.0 35.3 13.70 17.00 296 14 16 - 3.67
30/03/95 150  36.0 35.0 10.90 11.70 253 11 13
31/03/95 150  36.5 35.3 10.20 10.90
01/04/95 150 36.7 367 9.90 10.70
02/04/95 150 36.7 355 9.90  8.00 303 14 14 16.8  2.00  2.00
03/04/95 150 36.0 360 9.10 10.00 243 11 17
04/04/95 150 37.2 319 9.20 9.30 M 13 15 167 2.00  2.00
05/04/95 150 36.5 365 9.20  9.20 254 1 1
06/04/95 150  36.5 36.5 10.60 12.30 483 21 320 14,5 2.00  2.00
07/04/95 150 37,7 38.4  11.70 12.10 :
08/04/95 150 36.0 34.1 12.10 12.20
09/04/95 150  36.0  36.0 11,70 10.50 349 18 18 246 2.00 2.00
10/04/95 150 36.2 ° 37.0 10.90 10.70 428 15 1
11/04/95 150 37.2  37.2 10.80 11.10 . 310 13 .13 15.8  2.00 2.00
12/04/95 150 36.5  36.7 12.10 12.50 . 395 16 15
13/04/95 150 37.0 - 38.2 12,10 12.40 218 2 17 22,1 2.00  2.00
14/04/95 150 39.6 39.6 11.50
15/04/95 - 150  36.5  37.7 11.30 21.20
16/04/95 150  37.2 9.00 12.40 215 20 16 2.8 3.33  5.56
17/04/95 150 36.7 377 9.10 10.00 235 2 16
18/04/95 150 37.2 37.7 0 9.30 11.00 346 20 13 30.6 3.70 3.98
19/04/95 150 37.2  37.4  10.60 12.40 342 2 17 _ :
20/04/95 150  37.0  37.0 10.50 12.70 329 19 17 30.2 433 3.54
21/04/95 150  37.2  37.9 12.80 .11.40
22/04/95 150  36.7 34.8 11.80 10.90

23/04/95 150  35.8  33.6 11.10 289 19 17 237 1.8 1.2

24/04/95 150  36.5 . 9.70  9.60 s .17 15

25/04/95. 150  37.0  37.0 10.00  9.70 286 19 15 201 3.12 2.00
Average: 150  36.6  36.4 10.65 11.40 112 17 16 216 2.79 2.86
Count: 3 34 32 13 i1 24 24 24 12 13 12
waximn: 150 39.6  39.6 13.70 21.20 483 27 32 306 433 5.56
winimum: 150 34.6 33.6 6.70 7.60 171 10 9 14.5 2.00 2,00
Standard Deviation: 0 0.8 1.4 141  2.48 66 4 4 5.0 0.85 1.15

MPPENDIX §



PERIOD 3.2.8(R)
SUMMARY DATA 2

BNEANCED CULTURE DEVBLOPMENT

Average:
Count:

Maximum:
Minimum:

. Standard Deviation:

APPENDIX 5

DATR
23/01/95
24/03/95
25/03/95
26/03/95
27/03/95
28/01/95
29/03/95
30/03/95
31/03/95
01/04/95
02/04/95
03/04/95
04/04/95
05/04/95
06/04/95
07/04/95
08/04/95
09/04/95
10/04/95
11/04/95
12/04/95
13/04/95

INFLORNT
TP ngP/L

--------
--------

R1 BFFL.
TP 1g?/L

R2 BFFL.
TP agP/L

........

28.79

26.59
22.50

sZ=33s==

TP REM.
Rl ng?/L

TP REM.
. R2 agP/L

R1 ML TP
agP/gvss

206.20

225.47

R2 ML TP
agP/qvss



PERIOD 3.2.3(R)
SUMMARY DATA 3

HIGH ALUM TO Rl AEROBIC, WITH ACID, NO BICARB.

. Average:
Count:
Maximum:
Minimum:

Standard Deviation:

APPENDIX 5

DATE

23/03/95
24/03/95
25/03/95
26/03/95
27/03/95
28/03/95
29/03/95
30/03/95
31/03/95
01/04/95
02/04/95
03/04/95
04/04/95
05/04/95
06/04/95
07/04/95
08/04/95
09/04/95
10/04/95
11/04/95
12/04/95
13/04/95
14/04/95
15/04/95
16/04/95
17/04/95
18/04/95
19/04/95
20/04/95
21/04/95
22/04/95
23/04/95
24/04/95
25/04/95

Rl
ngP/qgMLSS

.........

102.03

109.16

.........

R2
ngP/qMLSS

---------

80.82
94.62
86.21

88.16
93.18

LSS (1)

.......

V8s (1)

MLSS{2)

VSS(2) %VSS(1) %vss(2)

.......

51
52
54
53
54

57
54
- 50
52
52

53
51

§5

55
58
58
60

53
H
53
50
52

55
55
56
62



pRRIOD 3.2.8(a)
SUMMARY DATA 4

HIGE ALUM TO Rl ABROBIC, WITE ACID, NO BICARB.

Average:
Count:

Maximum:
Minimum:

Standard Deviation:

APPRNDIX §

DATR
23/03/95
24/03/95
25/03/95
26/03/95
27/03/95
28/03/95
29/03/35
30/03/95
31/03/95
01/04/95
02/04/95
03/04/95
04/04/95
05/04/95
06/04/95
07/04/95
08/04/95
09/04/95
10/04/95
11/04/95
12/04/95
13/04/95
14/04/95
15/04/95
16/04/95
17/04/95
18/04/95
19/04/95
20/04/95
21/04/95
22/04/95
23/04/95
24/04/95
25/04/95

pl
Rl
AN
1.11
6.98
6.96
1.18
1.09
7.01
6.75
6.98
6.99
6.98
1.02
6.97
7.06
7.08
7.09
6.98
7.00
6.97
7.26
7.00
7.00
6.98
6.92

-3 =3 O ~3 =3 ~] -3 O O O
- . . - . . . . . .

= el B LD O I OO ) OO D O WD O O
WL ON G2 O Il - WU L)) OO O O

-3

S o -

pE

R2

AN
7.05
§.97
§.92
1.12
6.99
6.95
6.86
6.98
6.93
6.80
6.99
6.95
1.07
6.99
1.02
6.95
6.89
§.80

1.4

6.94
6.93
6.91
71.01

= e DD L O OO O ) O O WO W O OO

Oy H OV —3 Oy —3 OOV O O O I
. . . N . - . .
O O B W O LU OB O LN L e OO O

S oy~

-3 I - OoNVNON —-] -3 ) =3 ~3 I

pl
RL

AB1

7.40
1.31
7.19
1.3
1.20
7.07
6.87
7.03
7.09
6.96
1.2
7.08
1.25
7.18
1.25
1.12
1.4
1.25
1.8
1.30
1.29
1.26
1.11

=t QO LN Ll = I O D D OO O
e = G LD O I B U O LN R 3 LN G O O

o oy~

3 3 ~3 =3 3 ~3 ~3 ~3 ~3 3 ~3
. . . e e T

pE

R2
ARl
7.41
1.31
1.20
7.40
7.20
1.11

-6.99

7.08
7.07
7.06
7.17
1.19
1.12
7.20
1.20
7.21
1.35
7.14
7.60
1.26
7.6
1.22
7.12

. .
= L0 ON LD PO LU OO OO D
e D O LI O ) LN OO e OO N -] O D L e

< o~

pE
Rl
AR
7.59
7.4
1.3
7.40
1.23

-3
[
— -3

w3~ =3 —F a3 = =3 w3 =) =3 =3 =3 —3 =3 =3 -3 N
e e e e e e e e e e e e e e e e .
DO Lo b b O L2 PO LD LU PO DD O Y e O
CO WO PO U~ O WO O - N oo S o oo O O

=00 OV Lo P I PO DD D O

- =3 =3 =3 =~ =) -] O ~J -3 -]
- - - - .
~ =3 LD O™ O W O U oo OO O OO D

= O -3

pl
R
AR
1.63
1.50
1.39
1.41
1.29
7.28
1.01
1.29
1.23
1.2
1.26
1.22
1.23
7.38
1.34

1.39 -

7.55

©1.35

7.80
1.50
1.50
1.45
1.27

O OO LS Gl e 0D DD PRI RO LDWLn

- =3 =3 -3 ~F ] =3 ~I ~F ~F I
. . . . . . - . . - .
OO LD 3 O OO L LN GO~ LN LD e

D =3 —3

ACID
DOSE R1
mmol/d

.......

-------

ACID
DOSE R2
mmol/d

H2C03¢
Alk

......
......

E2C03*
Alk



PRRIOD 3.2.8(R)
SUMMARY DATA §

HIGH ALUM TO R1 AEROBIC, WITH ACID, NO BICARSB.

Average:
Count:

Maximum:
Ninimum:

Standard Deviation:

APPENDIX 5

DATR
23/03/95
24/03/95
25/03/95
26/03/95
27/03/95
28/03/95
29/03/95
30/03/95
31/03/95
01/04/95
02/04/95
03/04/95
04/04/95
05/04/95
06/04/95
07/04/95
08/04/95
09/04/95
10/04/95
11/04/95
12/04/95
13/04/95
14/04/95
15/04/95
16/04/95
17/04/95
18/04/95
19/04/95
20/04/95
21/04/95
22/04/95
23/04/95
24/04/95
25/04/95

o oo o

NH3
£l

0.00

B OO NN O O
Uy O OOl O O

0o o

NE3
f82

0.00

[ — 2 TR — I — I —
O oo MO O

B O -3 LI LI DD O O

(=2 — B — )

5.81
§.54
1.26
.72

10.40

NO3
f82

2.68

1.11
4.74

5.712
.59

.52
.55
.85
.13
32

b b b L s

.22
.40
.36
.86
.67

4.62
5.42
§.29
7.02
6.55

C S TR R Ve Ry
U ORI S LW

O WO B Ut U

—— -

SRP
fBL

SRP
£82

21.67

25.94
22.42



PERIOD 3.2.8(f)
SUNMARY DATA §

BIGH ALUM TO R1 ABROBIC, WITH ACID, NO BICARB.

Average:
Count:

Maximum:
Minimum:

Standard Deviation:

APPENDIX §

DATR
23/03/95
24/03/95
25/03/95
26/03/95
21/03/95
28/03/95
29/03/95
30/03/95
31/03/95
01/04/95
02/04/95
03/04/95
04/04/95
05/04/95
06/04/95
07/04/95
08/04/95
09/04/95
10/04/95
11/04/95
12/04/95
13/04/95
14/04/95
15/04/95
16/04/95
17/04/95
18/04/95
19/04/95
20/04/95
21/04/95
22/04/95
23/04/95
24/04/95
25/04/95

03
Rl £AN

0.00

L{X]
Rl fAX

......

.68

NO3
Rl £ABL

4.57

NO3
R1 fAR2

4.79

NO3
R2 fAN

0.00

03
R2 fAX

1.4

IzI==s

NO3
R2 fARL

.......
.......

03
R2 fAR2

.......

3.84



PRRIOD 3.2.8(A)
SUMMARY DATA 7
HIGE ALUM TO R1 ABROBIC, WITE ACID, NO BICARS.
TP TP TP TP TP TP TP TP
DATE RLfAN  RL FAX Rl fARl Rl fAB2  R2 fAN  R2 fAX  R2 fARl  R2 fAR2
23/03/95
24/03/95
25/03/95 -
26/03/95 49.55 44.83 34.14 28.79 §52.70  39.64 33.66 30.68
27/03/95
28/03/95
29/03/95
30/03/95
31/03/95
01/04/95
02/04/95
03/04/95 68.26 34.78 28.28 21.94 73.94 46.32 35.59 29.42
04/04/95
05/04/95
06/04/95
07/04/95
08/04/95 _
09/04/95 17.43 4.5 . 18.75 . 10.11  86.39  48.74 30.16 19.89
10/04/95 86.39 40.43 22.98 13.53 92.91  52.49 33.93 21.19
11/04/95
12/04/95 87.85 42.69 21.09 17.24 96.06  56.81 14,48 22.66
13/04/95 : ' ‘
14/04/95
15/04/95
16/04/95
17/04/95 §4.04 1.1 29.39 25.12 §9.78 43.35 33.99 21.75
18/04/95 90.31 56.81 40.06 35.96 94.41  58.78 4.1 35.30
19/04/95
20/04/95 80.17 47.94 35.83 20.80 92.44  56.45 41.56 33.54
21/04/95
22/04/95
23/04/95
24/04/95 89.17 48.59 34.69 26.67  103.08  56.28 37.80 27.49
25/04/95

2zzzz3:=3 332332 sss===  ° 33333=3 ss=s=:=2

Average: 77.02 43,16 30.13 231.13 84.63 50.98 36.15 27.55
Count: 9 9 9 9 9 9 9 9
Mazimum: 90.31 56.81 40.06 15.96 103.08 58.78 44,17 35.30
Minimum: 49.55 34.56 18.75 10.11 52.70 39.64 30.16 19.489
Standard Deviation: 13.08 6.85 6.34 1.1 15.11 6.40 4.10 5.08

APPENDIX §



PRRIOD 3.2.8(4)
SUMMARY DATA 8
RIGH ALUM TO R1 ABROBIC, WITH ACID, NO BICARB.
' ALUM PRRRIC FERROUS
Rl 3 Rl T
DATR amolAl/d amolFe/d nmolPe/d ¢

.....................................

23/03/95 12.4 0.0 0.0 19.8
24/03/95 12.4 0.0 0.0 19.8
25/03/95 12.4 0.0 0.0 19.8
26/03/95 12.4 0.0 0.0 19.2
27/03/95 12.4 0.0 0.0 19.9
28/03/95 12.4 0.0 0.0
29/03/95 12.4 0.0 0.0 19.5
30/03/95 12:4 0.0 0.0 19.5
31/03/95 12.4 0.0 0.0 19.6
01/04/95 12.4 0.0 0.0 19.4
02/04/95 12.4 0.0 0.0 19.7
03/04/95 12.4 0.0 0.0 19.7
04/04/95 12.4 0.0 0.0 19.8
05/04/95 12.4 0.0 0.0 19.7
06/04/95 12.4 0.0 0.0 19.6
07/04/95 12.4 0.0 0.0 19.5
08/04/95 12.4 0.0 0.0 19.4
09/04/95 | 12.4 0.0 0.0 19.4
10/04/95 12.4 0.0 0.0 19.0
11/04/95 12.4 0.0 0.0 19.1
12/04/95 12.4 0.0 0.0 19.5
13/04/95 12.4 0.0 0.0 19.4
14/04/95 ©12.4 0.0 0.0 18.9
15/04/95 12.4 0.0 0.0 19.5
16/04/95 12.4 0.0 0.0 20.0
17/04/95 12.4 0.0 0.0 19.5
18/04/95 12.4 0.0 0.0 19.7
19/04/95 12.4 0.0 0.0 19.4
20/04/95 12.4 0.0 0.0 19.6
21/04/95 12.4 0.0 0.0 19.9
22/04/95 12.4 0.0 0.0 19.7
23/04/95 12.4 0.0 0.0 19.7
24/04/95 12.4 0.0 0.0 19.6
25/04/95 O 12.4 0.0 0.0 19.6
Average: 19.6
Count: 34 34 i 1
Maximum: 12.4 0.0 0.0 20.0
Minimum: 12.4 0.0 0.0 18.9
Standard Deviation: 0.2
~

APPENDIX §
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PERIOD 3.2.8(B)

SUMMARY DATA 1

HIGH ALUM TO R1 AEROBIC, NO BICARB.

DATE Sbsai R1L/d R2L/d R1OUR R2 OUR COD IN COD Bl COD B2 TRN IN TRN Bl TRN B2

16/04/95 150 37.2 9.00 12.40 275 20 16 21.8  3.33 5.5
17/04/95 150 36.7 3T 9.10 10.00 235 3 16
18/04/95 150 37.2 3.7 9.30 11.00 346 20 13 306 370 3.98
19/04/95 150 37.2  37.4 10.60 12.40 342 21 17
20/04/95 150 37.0  37.0 10.50 12.70 329 19 17 30,2 433 3.54
21/04/95 - 150 37.2 379 12.80° 11.40
22/04/95 150 36,7 34.8 11.80 10.90

23/04/95 150 35.8 3.6 11.10 289 19 17 23.7 3.85 3.1

24/04/95 150 36.5 9.70 9.60 305 17 15

25/04/95 150 37.0 37.0 10.00 9.70 286 19 15 20.1 3.12 2.00
Average: 150 36.9 36.6 10.39 11.12 301 20 16 25.3 3.87 3.66
Count: 10 10 8 10 9 8 8 8 5 5 5
Maximum: 150 37.2 37.9  12.80 12.70 346 21 17 30.6 4.33. 5.5
Minimum: 150 35.8 33.6 9.00 9.60 235 17 13 20.1 3.12 2.00
Standard Deviation: ' 0 0.4 1.5 117 1.13 35 1 1 4.3 0.42  1.16

APPENDIX 5



PERIOD 3.2.8(B)
SUMMARY DATA 2

INFLUBNT R1 BFPL. R2 BFFL. TP REY. TP REYM. R1 ML TP R2 ML TP
DATR TP ngP/L TP mgP/L TP ugP/L R2 mgP/L  R2 mg?/L  wmgP/qVSS  mgP/qVSS
16/04/95 43.51 22.99 16.42 20.52 27.09 265.09 191.49
17/04/95 42.69 26.217 24.30 16.42 18.39 289.09 215.63
18/04/95 47.29 15.63 14.32 11.66 12,97 340.68 184.05
19/04/95 46.47 27.09 11.85 19.38 14.62 265.49 213.00
20/04/95 49.58 28.80 1.8 20.78 15.11 274.M 205.23
21/04/95
22/04/95
23/04/95 45.32 26.67 11.25 18.65 14.07 163.41 196.90
24/04/95 45.81 25.36 26.99 20.45 18.82 252.17 196.16
25/04/95 45.65 21.60 20.29 24.05 25.36 247.29 230.98
ARerage: 45.79 26.80 27.41° 18.99 18.38 475 204.18
(ehe: 8 8 8 8 8 8 8
Eﬂia ham: . 49.58 15.63 314.32 24.05 27.09 140.68 230.98
“Windenn: 42.69 21.60 16.42 11.66 12.97 247.29 - 184.05
Standard Deviation: 2.00 3.97 6.18 3.43 4.92 27.67 14.19

KERIRBIX 5




PERIOD 3.2.8(B)
SUMMARY DATA 3

_ DSVI  DSVI
Rl R2 Rl R2
DATE  mgP/aMLSS - mgP/gMLSS MLSS{1)  VSS(1) WMLSS{2} VSS(2) %VvSS(1) $VSS(2) ml/g ml/g
16/04/95 127.43 109.64 4381 2106 3205 1835 48.1 ]
17/04/95 134.76 119.72 4301 2005 3278 1820 46.6 5
18/04/95 158.82 102.19 4301 2005 3278 1820 46.6 55.5 51 55
19/04/95 127.53 121.50 4249 2041 3203 1827 8.0 0
20/04/95 129.81 117.29 4172 1971 3055 1746 4.2 2
21/04/95
22/04/95
23/04/95 125.86 112.714 4056 1938 3280 1878 41.8 5713 58 60
24/04/95 122.20 111.27 4057 - 1966 3235 1835 48,5  .56.7 57 62
25/04/95 118.719 128.34 4201 2018 - 3200 1778 48.0 - -55.6 52 66

Average: 130.65 115.34 4215 2006 3217 . 1817 47.6 56.5 54 59

Count: _ 8 -8 8 8 8 8 8 8 6 1.
Maximum: . 158.82 128.34 4381 - 2106 . - 3280 1878 48.5 51.3 . 88 66
Minimum: . 118.79 102.19 4056 - 1938 - ° 3055 1746 - 46.6 §5.5 51 85
Standard Deviation: 11.54 .57 - 109 . . 4% - 69 1 0.7 0.8 LN

APPRNDIX 5



PERIOD 3.2.8(B)
SUMMARY DATA ¢

Average:

Count:

Maximum:

Minimum:

S$tandard Deviation:

APPENDIX §

DATE

16/04/95
17/04/95
18/04/95
19/04/95
20/04/95
21/04/95
22/04/95
23/04/95
24/04/95
25/04/95

pH

Rl

AN
§.86
§.98
6.98
7.02
7.03
7.03

R N — LY = B | B R —
0O -3 N O -3 H O — —-)

o o )
- - .

pH
R2
AN
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6.96

-3
— el 0 oo O O
— O MO S WY Il WU O

o o )
- . .

pH

Rl

ARl
7.06
1.16
1.13
7.15
1.0
7.04

o
OO O S OO
0o S Oh e - I &= U o wn

[— - AW ]
. . .

- u -3

S ~3 -2

pH

R2

AB1
1.34
7.13
1.09
7.06
7.07
1.12
7.08
7.04

-3
wn
oo

— o W — o W o
P- 2N - - — - - TR )

pl

Rl

AR2
1.19
7.08
1.18
6.98
1.18
1.15

-3

. .

(= V- R et L S B B I
(PRS- — RS, B TR Ve BYL S - A N et

[— K- AW ]

pl

R2

AR2
7.54
1.33
1.25
1.2
1.21
7.28

-3

.
B2 B OO W W OO RO D
0O S -3 H O OO WL

S -3 ~3
. .

ACID
DOSE Rl
amol/d

ACID
DOSE R2
amol/d

B2€03¢
Alk

H2C03+
Alk



PERIOD 3.2.8(B)
SUMMARY DATA 5

Average:

Count:

Maximum:

~¥inimum:

Standard Deviation:

APPENDIX 5

DATR

16/04/95
17/04/95
18/04/95
19/04/95
20/04/95
21/04/95
22/04/95
23/04/95
24/04/95
25/04/95

NH3

fB1
.14
0.14
0.14
0.24
0.00

"

o LI S Y = R . )

S H O oo
OO U e OO

[ — N — W =]
- o

NH3

£82
0.14
0.87
0.12
0.24
0.00

=T | — Y — I — )
. . . .
[ I T o B — B —
e I — B Y - = I — N | BV - A — Y}

[— N — 3 —
. . .
b O 0O

03
fR1

03

f82
4.62
5.42
6.29
1.02
6.55

SRP
fR1

SRP
£82



PERIOD 3.2.8(B)
SUMMARY DATA 6

NO3 NO3 NO3 NO3 NO3 NO3 NO3 NO3
DATE Rl fAN Rl fAX R1 £AR1 R1 fAR2 - R2 fAN  R2 fAX  R2 fARl  R2 fAR2
16/04/95
17/04/95 0.00 4.4} 5.90 7.99 . 0.00 2.90 5.12 5.12
18/04/95 0.00 4,21 7.99 1.51 0.00 3.48 1.51 71.26
19/04/95 :
20/04/95
21/04/95
22/04/95
23/04/95 ,
24/04/95 0.00 2.02 4,65 1.9 0.00 0.59 2.69 2.55
25/04/95 B
Average: 0.00 3.55 6.51 6.48 0.00 .12 5.17 5.04
Count: ] ] ] ] ] ] 3 ]
Maximum: 0.00 4.4} 9 71.99 0.00 1.48 7.51 1.26
Minimum: 0.00 2.02 4.65 - 3.94 0.00 0.59 2.69 2.55
Standard Deviation: 0.00 1.09 1.39 1.81 0.00 -1.25 1.97 1.9
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PERIOD 3.2.8(B)
SUMMARY DATA 7

Average:

Count:

Maximum:

Minimum:

Standard Deviation:

APPENDIX 5

DATE
16/04/95
17/04/95
18/04/95
19/04/95
20/04/95
21/04/95
22/04/95
23/04/95
24/04/95
25/04/95

TP
R1 fAN

64.04
90.31

80.17

TP
R1 fAX

311.11
56.81

47.94

TP
R1 fARl

29.39
40,06

35.83

TP
R1 £AR2

25.12
35.96

28.80

TP
R2 fAX

43.35
58.78

56.45

TP
R2 fARl

33.99
4.17

41.56

TP
R2 £AR2

21.75
35.30

33.54



PERIOD 3.3.1
SUMMARY DATA 1

APPENDIX §

16/05/95
17/05/95
18/05/95
19/05/95
20/05/95
21/05/95
22/05/95
23/05/95
24/05/35
25/05/95

26/05/95

27/05/95
28/05/95
29/05/95
30/05/95
31/05/95
01/06/95
02/06/95
03/06/95
04/06/95
05/06/95
06/06/95
07/06/95
08/06/95

" 09/06/95

10/06/95
11/06/95
12/06/95
13/06/95
14/06/95
15/06/95
16/06/95
17/06/95
18/06/95
19/06/95
20/06/95
21/06/95
22/06/95
23/06/95
24/06/95
25/06/95
26/06/95
27/06/95
28/06/95
29/06/95
30/06/95
01/07/95
02/07/95
03/07/95
04/07/95
05/07/95
06/07/95
07/07/95
08/07/95
09/07/95
10/07/95
11/07/95

38.6
36.2
36.5
36.2
3.7
36.5
35.
37.0
36.0
3.7
36.0
36.5
36.5
36.2
36.2
37.2
36.5
37.2
36.0
3.4
35.8
3.5
35.3
3.8
36.0
37.0
35.5

36.5
36.7
37.0

36,7
35.4
35.5
36.7
36.2
1.

)|

8.6
38.4
34.8
34.8
36.5
34.3
4.8
5.0
35.3
35.3
35.5
3.1
34.8
34.9
35.8
36.0

15.60
18.10
13.70
12.80
14.30
14.40
16.00
17.20
20.60
19.90
20.00
18.40
16.90
16.90
18.20
17.30
17.30
17.60
17.40
16.20
17.10
18.50
20.30
18.60
17.90
18.40
16.10
18.10
19.70
19.00
17.70
17.60
17.80

- 16.20

15.50
14.30
17.30
15.40
15.10
17.30
16.20
15.80
15.50
15.70
16.00
17.70
17.50
16.10
15.70
15.70
17.10
15.60
12.50
12.60
15.10
13.60
18.10

1

......

11.10
16.10
17.00
17.30
17.30
15.30
16.70
18.10
20.80
22.00
21.30
19.00
20.40
21.00
23.30
20.10
22.60
19.70
21,70
12.59
23.30
26.10
21.10
20.40
24.40
25.60

17.30
17.90
19.60
20.10
21.00

19.80
15.30
16.30
13.00
13.00
16.30
15.10
15.70
17.10
19.40
14.90
15.30
15.00
14.20
15.40
16.20
15.70
14.90
15.30
14.30
16.00
16.60
19.90

474
415
197

152
604
513
489
514

475
521
521
489
559

481
837
578
436
392

436
404
508
393

278
N
338
329
230

406
445
376
ERE!
406

348
478
kY
428
362

460
449
522

20
1
2
M
35

26

22
26
22

28
25
21
21
17

20
25
1
19

18
20
19
16
16

18
19
21
16
19

17
18
17
14
16

23
29
26

19
18
2
20
28

25

23
24
27

© 2
24
23
23
14

23
25
21
20

19
19
17
16
16

14
20
20
18
17

16
15
17
17
14

19
13
24

......

40.5
39.3
36.9

17.9
29.0

2.3

12.0

27.6
36.4

10.8

25.9

41.8

.61

5.26
3.54

4.79

3.0l
3.30
2.00

2.00
4.46

1.39

2.00

2.00
2.00

2.00

2.00
3.92

2.00

2.00

2.00

2.00

2.00

3.58
2.00

3.65

2.00
2.00

2.00

2.00
2.00

2.00

3.80

2.00
2.00

2.00

2.00
2.00

2.00

2.00
2.00

2.00

2.00

2.00



PERIOD 3.3.1

SUMMARY DATA 1

LOW FRRRIC TO R1 ARROBI :
DATE Shsai Rl L/d R2 L/d RL OOR R2 OUR COD IN COD B1 (COD B2 TRN IN TKN Bl TEN B2

12/07/95 15  37.0  37.0 17.10 17.30 486 25 26

13/07/95 150 367 367 18.20 17.50 451 26 5 330 335 4.4
14/07/95 150 36.7 367 17.10 17.20

15/07/95 150 37.2 17.00 17.50

16/07/95 150 34.1 36,0 17.20 15.60 420 26 27 40,2 342 4.00

Average: 150 36.0 36.2 16.77 17.98 442 21 20 313 2,86 2.38
Count: 62 58 57 62 59 4 42 42 26 25 25
Maximum: ‘ 150 38.6 © 39.4 20.60 26.10 637 35 28 59.7 5.26 4.4
¥inimua: 150  31.7  26.6  12.50 11.10 278 14 13108 2,00  2.00
Standard Deviation: 0 1.2 1.6 1.80 3.26 82 5 4§ 130 10 0m

APPENDIX 5



PERIOD 3.3.1
SUMMARY DATA 2
ENHANCED CULTURB DEVELOPMENT

INFLOENT Rl BFPL. R2 BFFL. TP REM. TP REM.  RLML TP  R2 ML TP

DATE TP ngP/L TP agP/L . TP mgP/L Rl mgB/L  R2 mg/L  mgP/qVSS  mgR/gVss
16/05/95 §1.17 33.15 35.95 20.62 17.82 204.65 185.40
17/05/95 52.99 22.36 21.23 30.63 25.76 193.07 184.54
18/05/95 50.40 20.26 28.52 30.14 21.88 204.74 185.47
19/05/95
20/05/95
21/05/95 49.59 23.98 28.36 25.61 21.23 219.13 198.98
22/05/95 50.46 21.36 30.80 23.10 19.66 197.80 180.58
23/05/95 48.49 20.15 23.76 8.3 - u.m 186.21 177.05
24/05/95 49.64 14.25 "17.86 35.39 11.78 180.45 177.30
25/05/95 50.46 17.86 14.42 32.60 36.04 192.46 175.87
26/05/95
27/05/95
28/05/95 51.11 27.69 28.67 23.42 22.44 187.96 185.23
29/05/95 51.55 22.75 24.22 28.80 21.13 191.66  ° 170.65
30/05/95 §2.53 18.16 21.11 34.37 1.42  180.52 168.41
31/05/95 51.38 18.16 .11 3.2 30.27 185.29 182.12
01/06/95 50.89 15.87 19.31 35.02 31.58 196.83 180.04
02/06/95 ' :

03/06/95 ,

04/06/95 47.62 18.98 21.60 28.64 26.02 194.06 190.55
05/06/95 52.88 23.74 24.07 29.14 28.81 195.38 183.40
06/06/95 50.42 24.88 21.83 25.54 22.59 184.90 1.1
07/06/95 48.79 4.1 26.03 24.07 22.76 190.84 184.72
08/06/95 41.97 28.81 29.96 19.16 18.01 198.75 171.35
09/06/95

10/06/95

11/06/95 50.42 31.76 31.92 18.66 18.50 197.18 190.15
12/06/95 51.39 13.83 33.50 17.56 17.89 191.24 181.89
13/06/95 53.04 30.54 14.32 22.50 18.12 191.04 181.88
14/06/95 51.89 - 23,97 - 21,15 21.92 24.14 194.91 173.23
15/06/95

16/06/95

17/06/95

18/06/95 50.08 27.42 29.39 22.66 20.69 202.14 185.07
19/06/95 49.26 34.97 36.29 14.29 12.97 208.36 184.05
20/06/95 46.63 33.00 36.29 13.63 10.34 186.38 175.36
21/06/95 47.13 31.03 35.80 16.10 11.13 208.13 176.88
22/06/95 46.80 11.69 35.96 15.11 10.84 193.43 177.84
23/06/95

24/06/95

25/06/95 49.26 26.11 33.00 23.15 16.26 202.62 178.83
26/06/95 49.34 22.95 26.88 26.39 22.46 203.67 179.67
27/06/95 49.50 22.95 28.52 26.55 20.98 192.27 185.31
28/06/95 50.32 2.9 26.88 28.03 23.44 213.37 183.66
29/06/95 49.83 24.59 29.01 25.24 20.82 218.36 181.07
30/06/95

01/07/95

02/07/95 47.54 19.83 25.08 21,11 22.46 208.38 175.60
03/07/95 . 4.9 19.37 25.44 28.56 22.49 223.46 186.43
04/07/95 45.31 17.89 2.32 21.42 22.9% 188.01 185.26
05/07/95 45.96 17.13 22.98 28.23 22.98 234.40 197.26
06/07/95 55.32 15.43 19.04 39.89 36.28 224.26 192.21
07/07/95

08/07/95 :

09/07/95 49.74 19.04 29.711 30.70 20.03 233.23 200.33
10/07/95 48.10 11.65 24.29 36.45 23.81 224.83 183.37
11/07/95 52.70 18.81 25.78 33.89 26.92 231.06 198.13
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PERIOD 3.3.1
SUMMARY DATA 2
ENHANCED COLTURE DEVBLOPMENT

INFLUENT
DATR TP ngP/L
12/07/95 4§8.06
13/07/95 47.09

 14/07/95

15/07/95
16/07/95 50.17
Average: 49.85
Count: 4]
Maximum: ' 55.32
Minimum: 45.31
Standard Deviation: 2,18

APPENDIX 5

R1 EPFFL.
TP ngP/L

R2 BFFL.

TP ugP/L

==S=333==2

TP REM.
R1 mgP/L

TP REM.

R2 ogP/L

R1 ML TP
ngP/qvss

R2 ML TP
ugP/qvss

--------



PERIOD 3.3.1
SUMMARY DATA 3
LOW FERRIC TO R1 ABROBIC
DSVI  DSvI
Rl R2 . ' Rl R2
DATE  ngP/gMLSS mgP/gHLSS  MLSS(1) VSS(1) MLSS{2) VSS(2) ¢vSS(1) $vS$(2) al/g al/g

16/05/95 110.73 110.15 2532 1370 2725 1619 54.1 59.4 55 70
17/05/95 104.13 106.57 2926 1578 2722 1572 53.9 57.8 51 1
18/05/95 107.39 105.81 2852 1496 2864 1634 52.5 57.1 63 70
19/05/95 1

20/05/95

21/05/95 112.75 113.15 3162 1627 2979 1694 51.5 56.9 57 74
22/05/95 106.11 106.02 1335 1789 3214 1887 53.6 58.7 54 .68
23/05/95 102.05 104.90 1580 1962 3389 2008 54.8  59.3 56 68
24/05/95 99.63 105.33 3749 2070 1562 2116 §5.2 59.4 53 65
25/05/95 103.83 104.51 3203 1728 3778 2245 53.9 59.4 62 66
26/05/95

27/05/95

28/05/95 103.99 109.63 4049 2240 3945 2335 55.3 59.2 57 §7
29/05/95 103.67 101.25 4167 2254 4089 2426 54,1 59.3 55 68
30/05/95 100.58 100.13 4523 2520 4380 2604 55.1 59.5 53 66
31/05/95 100.30 106.82 4356 2358 4182 2453 54.1 58.7 55 §9
01/06/95 105.43 103.21 4501 2411 4455 2554 53.6 57.3 56 §5
02/06/95

03/06/95 .

04/06/95 105.07 109.16 4719 2555 4542 2602 54.1 57.3 57 §4
05/06/95 102.91 105.23 4868 2564 4636 2660 52.17 57.4 58 §5
06/06/95 101.33 99.61 4976 2121 4799 2783 54.8 58.0 56 §5
07/06/95 105.00 112.07 4693 2582 470 2712 55.0 §0.7 64 69
08/06/95 106.15 102.74 4750 2537 4621 2677 53.4 57.9 59 §7
09/06/95

10/06/95

11/06/95 105.25 110.43 4682 2499 4403 2557 53.4 58.1 62 170
12/06/95 106.50 107.10 40 2490 4431 2609 55.7 58.9 63 12
13/06/95 101.27 104.56 4167 2527 4460 2564 53.0 §7.5 61 0
14/06/95 108.10 105.20 4724 . 2620 4339 2635 55.5 §0.7 66 16
15/06/95

16/06/95

17/06/95 '

18/06/95  105.35 105.94 4816 2510 4495 2573 52.1 57.2 64 69
19/06/95 108.26 106.08 4702 2443 4334 498 52.0 57.6

20/06/95 98.69 101.51 4125 2502 4319 2500 53.0 57.9 68 14
21/06/95 109.33 107.76 3915 2067 4038 2460 52.5 §0.9 19 1
22/06/95 101.48 106.17 4401 2309 4052 2419 52.5 59.7 59 19
23/06/95

24/06/95
125/06/95 106.02 103.04 4631 2423 4207 2424 52.3 57.6 69 16
26/06/95 101.96 103.46 4678 2342 4246 2445 50.1 57.6 11 78
27/06/95 98.19 106.56 4674 2387 4184 2406 51.1 57.5 13 81
28/06/95 108.56 107.50 4560 2320 4071 2383 50.9  58.5 15 81
29/06/95 106.14 104.94 4633 2252 4155 2408 48.6 58.0 73 79
30/06/95 ;

01/07/95

02/07/95 109.37 108.14 4586 2407 4123 2539
03/07/95 117.12 114.22 4415 2314 3981 2439

5 61.6 76 82

§
04/07/95 102.07 105.57 5082 2759 4245 2419 §

4

4

5

4 61.3 n 85
4.3 57.0 67 18

6 57.4 7 83

9 56.3 69 79

05/07/95 116.30 113.18 4432 2199 4235 2430
06/07/95 111.94 108.17 4634 2313 4325 2434
07/07/95
08/07/95
09/07/95 119.29 119.15 +4307 2203 4257 2532 511 59.5 19 85
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PRRICD 3.3.1

SUMMARY DATA 3

LOW PERRIC TO R1 ABROBIC :

DSVI . DSVI

Rl R2 Rl R2
DATE  mgP/qMLSS mgP/qMLSS  MLSS(1)  VSS(1) MLSS{2) VSS(2) %VSS(1) $VSs(2) wal/g ml/g

10/07/95 112.39 108.12 1783 1891 44138 2605 50.0 59.0 90 81

11/07/95 113.01 110.82 3889 1902 4507 2521 43.9 55.9 1 82

12/07/95 109.30 104.79 4011 1971 4602 1606 4.1 56.6 15 80

13/07/95 109.87 106.45 4212 2057 4617 2595 48.8 56.0 11 82

14/07/95

15/07/95

16/07/35 118.46 111.24 4441 2163 4788 2660 48.17 35.6 1 13
Average: . 106.63 106.89 4259 2238 4121 2401 526 583 65 T4
Count: 43 43 4] 4] 43 4 43 4] 42 12
Maximum: 119.29 119.15. 5082 2759 4799 2783 §5.7 61.6 90 85
Minimum: 98.19 99.61 2532 1370 2722 1512 48.6 55.6 51 64
Standard Deviation: 5.20 3.86 611 333 527 299 2.1 1.4 9 §

APPERNDIX §



PRRIOD 3.3.1

SUMMARY DATA 4

LOW FBRRIC TO R1 ARROBIC

-~
e -
O~~~
L =<t &3
o3
(== ]
-~
3 et
O~ o~
) =<
Ll
=]

o~

ot o
(=] ~—
— e
L O
- O B

s 8

ACID
DOSE R1
mmol/d

pi
Rl R2
AB2 AB2

pE
R2
ARl

pE
Rl
ABl

pE
R2
AN

pH
Rl
AN

_ DATE

camane

cvsaces

1.32
1.51
1.50
1.52
1.45
1.66
1.50
1.44
1.41
1.66
1.50
1.57
1.76
1.52
1.48
7.64
1.52
1.59
1.63
1.55
1.47
1.46
1.36
1.51
7.40
1.44
7.47
1.86
1.20

7.32
1.41
1.61
1.54
1.60
7.60
71.46
1.41
7.40
7.61
1.51
7.56
7.62
7.55
7.52
1.62

7.19
7.26
7.28
1.35
1.28
7.33
1.27
1.21
1.1
1.33
1.29
7.26
1.4
1.2%
1.26
.33
1.2
1.28
7.13
7.34
1.2
1.3
1.21
1.24
71.18
1.20
1.31
7.50
6.90
1.29
7.28
7.18
1.00

7.19
1.22
1.47
1.35
1.41
1.31
7.26
1.21
1.20
7.36
7.33
1.33
7.45
1.30
1.29
1.42
7.29
1.34
7.36
1.21
1.35
1.19
1.23
7.30
1.27
1.26
7.47
7.34
6.89
1.33
1.31
7.26
1.29

1.12
7.02
6.98
7.05
1.02
7.0
7.08
7.03
6.95
6.98
§.93

1.29
7.13
1.11
1.11
1.19
.17
1.20
7.1
7.05
1.10
1.10
1.01
1.21
7.06
1.06
7.02
6.98
6.98
7.1l
1.07
7.09
6.99
1.02
7.01
1.02
§.96
1.21
1.07
6.70
6.98
1.00
7.00
1.02

16/05/95

17/05/95

18/05/95

19/05/95
20/05/95

240.8

220.0

21/05/95
22/05/95
23/05/95
24/05/95
25/05/95

313

7.1

26/05/95

6.84
1.12
6.99

27/05/95
28/05/95

29/05/95
30/05/95

§.96
§.90
§.89

31/05/95

1.43
7.56
1.57
7.42
1.52
7.46
1.42
7.48
7.42
7.48
7.61
7.54
1.15
7.58

01/06/95

§.87
§.96
1.07
6.96
6.88
6.88
6.90
6.90
6.85
1.03
7.03
§.59
§.89
6.92
§.98
§.86

02/06/95

03/06/95

04/06/95
05/06/95
06/06/95

07/06/95

1.5

199.6

08/06/95
09/06/95

10/06/95
11/06/95
12/06/95
13/06/95
14/06/95
15/06/95
16/06/95
17/06/95

229.1.

3.1

230.3

203.4

228.3

208.6

240.4

212.5

276.8

259.3

179.2

201.3

209.9

184.4
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PERIOD 3.3.1
SUMMARY DATA 4

LOW FBRRIC TO R1 ABROBIC

Average:

Count:

¥aximum:

Minimum:

Standard Deviation:

APPENDIX 5

10/07/95
11/07/95
12/07/95
13/07/95
14/07/95
15/07/95
16/07/95

pl
R1
AN

7.07

7.2
7.08
7.05
1.06

-3 0 N o

pi
R2
AN
6.97
6.99
6.92
6.82

<o
o
U on

o oy~

. . . " .

[ IS o WY N R L N N [ = - BV -
WO WL W

pd

Rl
ARl
7.35
1.51
1.33
7.39

-3
o
- =

- -3 -3
— oo WUN O L2l e b
[ B V=TS o T YR TR )

o oy~

pl
R2
ARL
7.28
7.33
7.30
7.30
7.39

[ - IS L I - S U N TR o ]
— O PO H NSO

o on —3
. . .

- =3 -3

pl

R1
AR2
7.62
7.52
7.59
7.64

-3

.

o
— o

"
— = g OohnWUn -3 -
TN Oy B e B

S ~3 ~3
DU

pi
R2
AR2
7.59
7.60

ACID
DOSE R1
mmol/d

.......

ACID
DOSE R2
mmol/d

B2C03¢
Alk
Bl

210.9
10
259.3
184.4
18.5

H2C03¢
Alk
B2

......

229.8
10
276.8
179.2
3.3



PBRIOD 3.3.1
SUMMARY DATA 5

LOW PRRRIC TO R1 ABROBIC

APPENDIX §

DATE
16/05/95
17/05/95
18/05/95
19/05/95
20/05/95
21/05/95
22/05/95
23/05/95
24/05/95
25/05/95
26/05/95
21/05/95
28/05/95
29/05/95
30/05/95
31/05/95
01/06/95
02/06/95
03/06/95
04/06/95
05/06/95
06/06/95
07/06/95
08/06/95
09/06/95
10/06/95
11/06/95
12/06/95
13/06/95
14/06/35
15/06/95
16/06/95
17/06/95
18/06/95
19/06/95

20/06/95

21/06/95
22/06/95
23/06/95
24/06/95
25/06/95
26/06/95
27/06/95
28/06/95
29/06/95
30/06/95
01/07/95
02/07/95
03/07/95
04/07/95
05/07/95
06/07/95
07/07/95
08/07/95
09/07/95
10/07/95

NH3
141
0.50
0.20
0.11

0.37
0.28
.40
.18
.18

o O o

.14
A7
A3
.18
.10

[~ — W — Y — i —

.25
.05
14
.18
0.08

[— 2 — N — W =)

NH3
fg2
0.25
0.20
0.31

4.00
1.50
10.40
10.16
9.32

KO3
£82

1.12
10.04
7.38
8.13
7.90

1.1
4.40
3.49
2.9

.28
N
.81
.80

[N P S |

20
.30
.28
A7
03

D OO WO O o

49
)
.34
.21
.2l

SN O ~3 ~3 O©

.49
.16
.04
82
97

[UT NE R S R )

SRP
£81

24.64
33.36
32.59
30.16
Ly

23.03
22.87
20.29
17.55
20.84

17.55
12.44

18.00
15.13

18.45
10.83

§RP
B2

.....

29.27
34.91
35.35
35.68
35.35

28.52
26.73
5.1
23.03
24.13

22.48
19.22
22.20
22.31
19.44

29.60
22.11




PERIOD 3.3.1
SUMMARY DATA 5

LOW PERRIC TO R1 ABROBIC

Average:

Count:

Maximum:

Minimum:

Standard Deviation:

APPBNDIX 5§

DATE
11/07/95
12/07/95
13/07/95
14/07/95
15/07/95

16/07/95.

NH3
fBl
0.26
0.26
0.36

NH3
£82
0.31
0.26
0.26

2.01

N03
£g2

2.13

SRP
fB1

SRP
£82



PERIOD 3.3.1
SUMMARY DATA 6

LOW FERRIC TO R1 AEROBIC

APPENDIX 5

DATE
16/05/95
17/05/95
18/05/95
19/05/95
20/05/95
21/05/95
22/05/95
23/05/95
24/05/95
25/05/95

26/05/95

27/05/95
28/05/95
29/05/95
30/05/95
31/05/95
01/06/95
02/06/95
03/06/95
04/06/95
05/06/95
06/06/95
07/06/95
08/06/95
09/06/95
10/06/95
11/06/95
12/06/95
13/06/95
14/06/95
15/06/95
16/06/95
17/06/95
18/06/95
19/06/95
20/06/95
21/06/95
22/06/95
23/06/95
24/06/95
25/06/95
26/06/95
27/06/95
28/06/95
29/06/95
30/06/95
01/07/95
02/07/95
03/07/95
04/07/95
05/07/95
06/07/95
07/07/95
08/07/95
09/07/95
10/07/95

NO3
R1 fAN

0.00

0.00

0.00

0.06

0.05

0.12

0.11

03

3.2

3.49

2.52

3.00

4.35

0.79

3.15

.......

- 9.08

1.60

7.18

10.23
5.64

3.40

4.0
10.45

§.53

1.99

1.98

1.15

N03

§.96

5.10

5.89

7.33

10.23
6.64

3.43

1.4

6.88

6.60

3.3

4.38

N0}

0.00

0.00
0.06

0.06

0.1

0.19

0.18

0.10

§03

.92

2.09

0.45

0.46

3.4

6.60

3.33

0.85

.48

03

§.90

7.69
5.14

3.67

3.87

10.23
1.19

.72

6.48

6.60

6.60

4.93

6.72

5.30

¢.00

3.30

7.43

§.60

6.05

3.10

§.30



PERIOD 3.3.1
SUMMARY DATA 6

LOW PBRRIC TO RL ARROBIC

Average:
_ Count:
Maximun:
Minimum:
Standard Deviation:

APPENDIX 5

DATR
11/07/95
12/07/95
13/07/95
14/07/95
15/07/95
16/07/95

03
R1 £AN

EEEFEH

03
Rl £AX

NO3
Rl £AR1

§03
R1 fAR2

.......

O3
R2 £AN

§03
R2 £AX

N0
R2 fARL

03
R2 fAR2

-------
-------



PRRIOD 3.3.1
SUMMARY DATA 7
¥ PERRIC TO R1 ARROBIC
. TP T T? TP TP TP P TP

DATR Rl £AN Rl fAX Rl fAR1 Rl fAB2  R2 fAN  R2 M .RZ fABl  R2 fAR2

......................................
......................

16/05/95 94.83 54,39 41.40 32.82  103.90  59.04 57.72 18.92
17/05/95

18/05/95 90.75 47.48 31.93 22.53  102.10  55.42 40.35 30.14
19/05/95

20/05/95

21/05/95 16.17 44.08 32.25 25.93 §7.51  48.29 36.26 32.74
22/05/95 97.48 54.23 38.66 28,51 107.31  58.9% 43.41 313.91
23/05/95 .
24/05/95 104.03 46.96 .74 13.27  121.23  53.08 29.98 17.04
25/05/95

26/05/95

27/05/95

28/05/95 '
29/05/95 98.18 50.56 32.07 21,44 108.82  56.62 37.80 24.22
30/05/95 :

31/05/95

01/06/95  105.55 49.42  30.76 19.47  117.82  62.02 38.13 24.87
02/06/95 ‘ ‘

03/06/95

04/06/95 89.18 45.98 29.62 21,11 100.64 5122 34.20 22.58
05/06/95

06/06/95

07/06/95

08/06/95 97.41 53.04 16.83 28.81  105.59  59.75 42.13 31.76
09/06/95 .

10/06/95 _

11/06/95 107.23 59.59 38.96 10.12 112.96 §3.03 41.91 12.41
12/06/95 103.95 58.94 39.94 30.12 112.14  §7.61 43.38 31.92
13/06/95 o

14/06/95 103.45 52.87 30.71 20,03 113.30  69.78 41.54 25.62
15/06/95

16/06/95

17/06/95

18/06/95 86.20 48.60 35.47 28.24  90.31  59.93 42.20 32,18
19/06/95 97.70 59.71 43.51 34,81 105.91  70.61 49.59 31.93
20/06/95

21/06/95 94.41 55.83 46.63 33.00  100.16 §8.96 51.39 1.1
22/06/95

23/06/95

24/06/95

25/06/95 99.35 51.47 136.55 26.23  107.36 60.48 44.42 31.64
26/06/95

27/06/95

28/06/95 83.60 3.1 29.67 22,46 90.97  54.58 39.01 28.85
29/06/95 :

30/06/95

01/07/95 :

02/07/95 84.42 43.60 21.70 19.67  98.35  51.14 34.09 25.24
03/07/95 » .

04/07/95

05/07/95 104.60 50.43 31,62 19.46  115.95 §3.73 42.97 30.81
06/07/95 : : _

07/07/95

08/07/95

09/07/95

10/07/95

APPENDIX 5



PRRIOD 3.3.1
SUMMARY DATA 7

LOW FBRRIC TO R1 AEROBIC

Average:

Count:

Maximum:

Minimum: ,
Standard Deviation:

APPENDIX 5

11/07/95
12/07/95
13/07/95
14/07/95
15/07/95
16/07/95

P
R1 £AN

TP
R1 fAE1

TP
R1 £AR2

TP
R2 ARl

TP
R2 fAR2



PERIOD 3.3.1.
SUMMARY DATA 8
LOW FERRIC TO R1 ABROBIC

ALUM FBRRIC FBRROUS
Rl Rl Rl Tl
DATR mmolAl/d amolFe/d mmolfe/d oC
16/05/95 0.0 6.7 0.0 - 18.5
17/05/95 0.0 6.7 0.0 19.3
18/05/95 0.0 6.7 0.0 19.0
19/05/95 0.0 6.7 0.0 19.3
20/05/95 0.0 6.7 0.0 19.7
21/05/95 0.0 6.7 © 0.0 19.4
22/05/95 0.0 6.7 0.0 18.6
23/05/95 0.0 6.7 0.0 18.2
24/05/95 0.0 6.7 0.0 20.2
25/05/95 0.0 6.7 0.0 20.9
26/05/95 0.0 6.7 0.0 21.6
27/05/95 0.0 6.7 0.0 20.9
28/05/95 0.0 6.7 0.0 19.5
29/05/95 0.0 6.7 C 0.0 18.8
30/05/95 0.0 6.7 0.0 19.9
31/05/95 0.0 6.7 0.0 19.3
01/06/95 0.0 6.7 0.0 19.1
02/06/95 0.0 6.7 0.0 18.6
03/06/95 0.0 6.7 0.0 18.8
04/06/95 0.0 6.7 0.0 18.7
05/06/95 0.0 6.7 0.0 18.8
06/06/95 0.0 6.7 0.0 18.6
07/06/95 0.0 6.7 P 0.0 20.0
08/06/95 0.0 6.7 0.0 19.8
09/06/95 0.0 6.7 0.0 20.5
10/06/95 0.0 6.7 0.0 20.8
11/06/95 0.0 6.7 0.0 20.6
12/06/95 0.0 6.7 0.0 20.5
13/06/95 0.0 6.7 0.0 20.1
14/06/95 0.0 6.7 0.0 20.1
15/06/95 0.0 6.7 0.0 20.1
16/06/95 0.0 6.7 0.0 20.4
17/06/95 0.0 6.7 0.0 20.2
18/06/95 0.0 6.7 0.0 20.3
19/06/95 0.0 6.7 0.0 19.9
20/06/95 0.0 6.7 0.0 1.3
21/06/95 0.0 6.7 0.0 18.8
22/06/95 0.0 6.7 0.0 18.7
23/06/95 0.0 6.7 0.0 19.1
24/06/95 0.0 6.7 0.0 19.1
25/06/95 0.0 6.7 0.0 19.0
26/06/95 0.0 6.7 0.0 18.7
27/06/95 0.0 6.7 0.0 18.5
28/06/95 0.0 6.7 0.0 18.9
29/06/95 0.0 6.7 0.0 18.8
30/06/95 0.0 6.7 0.0 19.4
01/07/95 0.0 6.7 0.0 19.2
02/07/95 0.0 6.7 0.0 18.8
03/07/95 0.0 §.7 0.0 19.3
04/07/95 0.0 6.7 0.0 19.0
05/07/95 0.0 6.7 0.0 19.1
06/07/95 0.0 6.7 0.0 18.9
07/07/95 0.0 6.7 0.0 18.9
08/07/95 0.0 6.7 0.0 19.4
09/07/95 0.0 6.7 0.0 19.0

APPENDIX §

D ) U e



PERIOD 3.3.1.
SUMMARY DATA §
LOW PERRIC TO R1 ARROBIC

ALUM FERRIC FERROTS
Rl Rl Rl Tl
DATE mmolAl/d meolPe/d mmolfe/d oC
10/07/95 0.0 6.7 0.0 18.9
11/07/95 0.0 6.7 0.0 20.3
12/07/95 0.0 6.7 0.0 18.7
13/07/95 C0.0 6.7 0.0 18.6
14/07/95 0.0 6.7 0.0 18.9
15/07/95 0.0 6.7 0.0 20.13
16/07/95 0.0 6.7 0.0 20.0
Average: 19.4
Count: 62 62 62 62
Maximum: : 0.0 6.7 0.0 21.6
Minimum: 0.0 6.7 0.0 18.2
Standard Deviation: 0.8

APPENDIX §



PRRIOD 3.3.1(B)
SUMMARY DATA 1

Average:
Count:

Maximum:
Minimum:

Standard Deviation:

APPENDIX 5

DATR
16/06/95
17/06/95
18/06/95
19/06/95
20/06/95
21/06/95
22/06/95
23/06/95
24/06/95
25/06/95
26/06/95
21/06/95
28/06/95
29/06/95
30/06/95
01/07/95
02/07/95
03/07/95
04/07/95
05/07/95
06/07/95
07/07/95
08/07/95
09/07/95
10/07/95
11/07/95
12/07/95
13/07/95
14/07/95
15/07/95
16/07/95

........
--------

Sbsai R1 L/d R2 L/d R1 OUR

......

R2 OUR COD IN COD B1 COD B2

......

218
N4
338
329
290

406
445
76
3133
406

18
20
19
16
16

18
19
P38
16
19

17
18
17
14
16

..............................
..................

19
19
17
18
16

14
20
20
18
17

16
15
17

17

14

TEN IN TEN BL

......

10.8

13.7

3.9

29.7

19.1

13.2

25.9

41.8

2.00
2.00

2.00

2.00
.92
2.00

2.00
2.00

2.00

2.00

......

2.00

2.00

2.00
2.00
2,00

2.00
2.00
2.00

2.00

.......................
=ss=3s SSS2I8  =S|=3zz ======



BRIOD 3.3.1(b)
UMMARY DATA 2

INFLUBNT R1 BFPL. R2 BPFL. TP REM. TP REY. R1 ML TP R2 ML TP
DATE TP ugP/L TP mgP/L TP mgP/L R2 mg?/L - R2 mgP/L  mgP/qVSS  mgP/qVss
16/06/95
17/06/95 ‘
18/06/95 50.08 27.42 29.139 22.66 20.69 202.14 185,07
19/06/95 49.26 34.97 316.29 14.29 12.97 208.36 184.05
20/06/95 46.63 33.00 36.29 13.63 10.34 186.38 175.36
21/06/95 41.13 31,03 35.80 16.10 11.33 208.13 176.88
22/06/95 46.80 - 31,69 15.96 15,11  10.84 193.43 177.84
23/06/95
24/06/95 :
25/06/95 49,26 26,11 33,00 23,15 16.26 202,62 178.83
26/06/95 49.34 22,95 26.98 26,39 22,46 203,67 . 179.67
27/06/95 49.50 22,95 28,52 26,55 20.98 192,27 185.31
28/06/95 50.32 22.29 26.88 28.03 23.44 213.17 183.66
29/06/95 49,83 24.59 29,01 25,24 20,82 218.36 181,07
30/06/95 ‘
01/07/95 ' '
02/07/95 47.54 19.43 25.08 21.11 22.46 208.38 175.60
03/07/95 47,93 19.97 25.44 28.56 22,49 223.46 - 186.4]
- 04/07/95 45.11 17.89 22,32 27.42 22,99 188.01 185,26
05/07/95 . 45.96 17.713 22.98 28,23 22,98 234,40 - 197.26
06/07/95 55.32 15.43 19.04 19.89 36.28 224.26 192.21
07/07/95
08/07/95
09/07/95 49.74 19,04 29,71 30.70 20.03 233,23 200.33
10/07/95 48.10 11.65 24.29 16.45 23.81 124.83 183.37
11/07/95 52,70 18.01 25.78 33,99 26.92 231.06 198,13
12/07/95 48.06 14.61 26.79 13.45 1,27 222.44 185.06
13/07/95 47.09 10.712 21.27 - 36,17 25.82 224.97 190.22
14/07/95 '
15/07/95
16/07/95 50,17 12.18 19.97 37,99 30.20 431.23 200.2]
Average: 48.86 21.83 27.65 2.3 21.21 213.67 185.80
Count: 21 2 3! 21 21 - 21 21
Maximum; : 55.32 34,97 16.29 19.89 36,28 241.23 200,33
Minimum: 45.31 10.72 19.04 13.63 10.34 186.18 175.16
Standard Deviation: 2.2} 6.94 5.24 7.59 6.18 15.483 7.69

APPENDIX §



PERIOD 3.3.1(B)
SUMMARY DATA 3

Average:
Count:

Maximun:
¥inimum:

Standard Deviation:

APPENDIX §

DATR
16/06/95
17/06/95
18/06/95
19/06/95
20/06/95
21/06/95
22/06/95
23/06/95
24/06/95
25/06/95
26/06/95
27/06/95
28/06/95
29/06/95
30/06/95
01/07/95
02/07/95
03/07/95
04/07/95
05/07/95
06/07/95
07/07/95
08/07/95
09/07/95
10/07/95
11/07/95
12/07/95
13/07/95
14/07/95
15/07/95
16/07/95

........

Rl

R

ag?/gMLSS  ngB/GHLSS  MLSS(1)

---------

---------

V8§ (1)

HLSS(2)

v§s(2)

.......

-------

$vss (1)

.......

VSS(2)

68
79
59

69
!
13
15
1

16
1
67
1
89,

.....

.....

T4
7
19

16
18
81
81
19

82
85
18
83
19



BRIOD 3.3.1(B)
UMMARY DATA 4

Average:
Count:

Maximum:
Minimum:

Standard Deviation:

APPENDIX §

DATE
16/06/95
17/06/95
18/06/95
19/06/95
20/06/95
21/06/95
22/06/95
23/06/95
24/06/95
25/06/95
26/06/95
27/06/95
28/06/95
29/06/95
30/06/95
01/07/95
02/07/95
03/07/95
04/07/95
05/07/95
06/07/95

1 07/07/95

08/07/95
09/07/95
10/07/95
11/07/95
12/07/95
13/07/95
14/07/95
15/07/95
16/07/95

D
R1
AN

7.00

7.02

7.02

7.08

7.04

7.19

7.14

7.21

7.11

1.12

7.20

7.25

7.24

1.11

7.19

7.21

7.18

1.27

6.97

7.19

7.06

7.10

7.08

7.07

7.07

7.24

7.05

-3

. .

— 00 W o OO
S O oY OO

o a3

pl

R2

AN
6.98
6.86
§.96
7.00
6.93
1.07
7.05
7.16
7.03
1.2}
7.19
7.22
7.25
1.24
1.23
1.25
1.18
1.22
7.19
1.22
6.98
1.02
6.99
6.98
6.97
6.99
6.92

— 00 P W Il OO WO D
WU = o UL oY

S N ~3

pl

Rl

ARl
7.26
7.28
7.30
1.37
7.24
1.30
7.32
7.38
1.31
7.07
1.42
7.39
7.48
7.49
1.42
1.43
1.43
7.47

1.34

7.35
1.42
7.50
7.38
7.48
1.35
1.51
1.33

-3
— SO LN L LIl o b W D
D ~I W WO I O~ O

S -3 =3

va
R2
ARL

1.18.

7.00
7.52
7.33
7.12
7.21
7.25
1.27
7.16
7.20
7.30
71.41
1.44
1.44
7.46
7.46
7.43
1.44
1.42
1.44
1.38
1.39
1.33

. 1.35

1.28
7.33

-3
[os]
L= —J

- N =3 -3 -3 -3
O W W Lo e b0 LD

R — N R PU R T - - -]

S ~3 =3

o ~3 —a

pH

Rl

AR2
7.40
7.51
7.49
1.53
1.41
7.46
7.46
7.53
7.49
1.32
7.60
7.59
7.67
1.67
7.64
1.62
7.64

7.66

7.76
7.69
7.61
1.66
7.63
7.68
7.62
7.52

-3
wn
C_ V-]

- i ~3 ~3 -3 =3
. - . .
) 3L g~~~ OO

D PO I PO = O

< -3 =3

pl

R2

AR2
42
.09
.88
.58
32
A3
.42
.46
.38
.41
.63
.62
.65
.58
.13
.12
10
.76
.68
.
.64
.63
.58
.56
.59

J T S e T T S e R Y T STt S S
— O oo L U =3 U O OO

o
WO O 0o I PO - OO

ACID
DOSE R1
meol/d

ACID
DOSE R2
mmol/d

§2C03+
Alk
i1

203.4

208.6

212.5

©259.3

201.3

184.4

g2003¢
Alk
B2

2303

228.3

240.4

276.8

179.2

209.9



PERIOD 3.3.1(B)
SUMMARY DATA 5

Average:
Count:

Maximum:
Minimum;

Standard Deviation:

APPENDIX 5

DATE
16/06/95
17/06/95
18/06/95
19/06/95
20/06/95
21/06/95
22/06/95
23/06/95
24/06/95
25/06/95
26/06/95
27/06/95
28/06/95
29/06/95
30/06/95
01/07/95

02/07/95

03/07/95
04/07/95
05/07/95
06/07/95
07/07/95
08/07/95
09/07/95
10/07/95
11/07/95
12/07/95
13/07/95
14/07/95
15/07/95
16/07/95

........

NE3

fBL.

L= 20 T B~ ]
. T
—

o O o

. . .

[l — BN = o N N T TR N
“w OO -3 — -2 W

NE3
fR2

03
fR1

4.00
1.50
10.40
10.16
§.32

NO3
£B2

SRP
fB1

.....

24.64
33.36
32.59
30.16
L

23.03
22.87
20.29
17.55
20.84

SRP
£82



'BRIOD 3.3.1(B)
UMMARY DATA 6

NO3 NO3 NO3 NO3 NO3 NO3 NO3 W03
DATR R1 fAN Rl £AX Rl ARl R1 fAB2  R2 fAN  R2 fAX  R2 fABl  R2 fAR2

16/06/95

17/06/95 _ ‘

18/06/95 0.03 1.08 4.20 4.11 0.04 0.06 3.74

19/06/95 0.07 5.06 10.45 9.36 0.07 3.60 9.91

20/06/95 :

21/06/95 0.08 5.64 8.53 10.18 0.10 31.58 7.15 8.81

22/06/95

23/06/95

24/06/95 :

25/06/95 0.12 3.99 7.98 1.43 0.11 3.41 6.88 7.43

26/06/95

27/06/95

28/06/95 0.11 7.1 7.98 6.88 0.19 6.60 £.60 6.60

29/06/95

30/06/95

01/07/95

02/07/95 0.14 4.35 7.15 - 6.60 0.18 .13 6.60 6.05

03/07/95

04/07/95

05/07/95 0.05 0.79 R 7 O PR V' 0.10 0.85 1.54 3.10

06/07/95 :

07/07/95

08/07/95

09/07/95 0.07 - 3.15 5.21 4.38 0.11 1.48 4.93 6.30

10/07/95

11/07/95

12/07/95 0.05 2.02 5.07 6.00 0.07 3.07 5.48 4.38

13/07/95 '

14/07/95

15/07/95

16/07/95
Average: 0.08 3.75 6.66 6.48 0.11 1.1 6.09 §.13
Count: 9 9 9 9 9 9 9 9
Maximum: 0.14 - 1.1 10.45 10.18 0.19 6.60 .91 8.81
Minimum: 0.03 0.79 3.}4 3.4 0.04 0.06 3.54 3.10
Standard Deviationm: 0.03 2.12 2.19 2.19 0.05 1.74 1.84 1.96

APPENDIX 5



PERIOD 3.3.1(B)
SUMMARY DATA 7

Average:
Count:

Maximum:
Minimum:

Standard Deviation:

APPBNDIX 5

16/06/95

17/06/95
18/06/95
19/06/95
20/06/95
21/06/95
22/06/95
23/06/95
24/06/95
25/06/95
26/06/95
21/06/95
28/06/95
29/06/95
30/06/95
01/07/95
02/07/95
03/07/95
04/07/95
05/07/95
06/07/95
07/07/95
08/07/95
09/07/95
10/07/95
11/07/95
12/07/95
13/07/95
14/07/95
15/07/95
16/07/95

P

R1EAN

......

86.20
97.70

94.41

98.35

83.60

84.42

104.60

98.92

TP
Rl £AX

48.60
5%.17

55.83

S1.47

an

43.60

50.43

4.4

TP
R1 £ABL

35.47
43.51

46.63

36.55

29.67

27.70

31.82

25.46

ss=23::3

TP
R1 £AR2

28.24
14.81

13.00

26.23

22.46

- 19.67

19.46

12.32

.......

TP
R2 £AN

90.31
105.91

100.16

107.3¢

90.97

98.35

115.95

109.46

s2s3ss3=

TP
R2 £AX

59.93
10.61

68.96

60.48

54.58

51.14

§3.73

53.84

TP
R2 £AR)

.......

42.20
49.59

§1.3%

44.42

19.01

34.08

42.97

33.89

TP
R2 fAR2

32.18
11.93

nn

31.64

28.85

25.24

30.81

22.87



PERIOD 3.3.2

SUMMARY DATA 1

HIGH FERRIC TO R1 AEROBIC ' :
DATE Sbsai Rl L/d R2 L/d R1 OUR R2 OUR COD IN COD Bl COD B2 TKN IN TEN Bl TRN R2
17/07/95 150 31,7 331 13.00 - 18.60 382 16 19

18/07/95 150  35.8  40.3 14.50 15.50 343 19 21 355 2,00 2.00
19/07/95 150  35.0 343 15.50 19.80 389 3 30

20/07/95 150 34,3 338 13.10 15.70 328 20 a1 22,2 2,00 2.00
21/07/95 - 150  34.8  35.5 16.00 15.70

22/07/95 150 37.4 367 15.70 16.80

23/07/95 150 35.8 36.2 14.20 16.10 342 19 19 28,0 2.00  2.00
24/07/95 150  36.2  37.0 12.30 13.60 2N 17 3

25/07/35 150 35.8  35.8 13.70 14.00 405 20 15 276 2.00  2.00
26/07/95 150 36.5  35.8 14.20 15.40 133 18 19

27/07/95 150 35.8  36.5 13.80 15.30 419 22 17 260 2.00  2.00
28/07/95 150 36.2  36.2 13.30 14.30

29/07/95 150 36.0 36.0 14.50 15.90 ‘

30/07/95 15 35.3 36,2 16.10  16.30 436 3% 22 25.2 2.00  2.00
31/07/95 150  36.0 36.0 16.90 20.10 402 23 3

01/08/95 150 36.0  36.0 14.50 19.10 416 19 20 386 2,00 2.00
02/08/95 150 35.8°  37.4 15.40 20.80 526 21 18 31,5

03/08/95 150 . 36.2 15.50  20.50 449 2 2332, 2,00 s.21
04/08/95 150 35,5 35,5 17.10 21.80

05/08/95 150 3.2 36.2 18.70 22.90

06/08/95 150  35.8  36.2 14.70 20.70 4mn 18 19 3.5 3.18 2.00
07/08/95 150 35.8  35.8 16.10 20.00 11y 20 22

08/08/95 150  36.0  36.0

09/08/95 150 35.5 360 17.30 22.40 464 2 25

10/08/95 150 36,5 36.5 14.80 18.30 387 18 19 27,9 411 4.07
11/08/95 150  35.8  35.8 12.70 17.40

12/08/95 150 36.5  36.0 12.90 15.60

13/08/95 150  36.0  36.0 13.30 20.80 326 18 17 241 2.00 3.56
14/08/95 150  37.4  36.7 17.00 21.20 476 17 19

15/08/95 150 3.5 36.5 17.50 20.10 413 19 19 398 3113 313
16/08/95 150 36.2  35.5 316 18 13 '
17/08/95 150 35,5 36.2 15,50 21.10 568 19 19 424 2.00 2.00
18/08/95 150

19/08/95. 150  35.0 35.3 12.60 17.10

.........................................................................
.........................................................................

Average: 150  35.8  36.0 14.92 18.16 407 19 20 313 234 2.6l
Count: 34 13 32 i1 3l 2] 23 23 14 13 13
Maximum: 150 17.4 40.3 18.70 22.90 568 23 30 42.4 4,11 5.21
Mirnimum: 150 31.7  33.1 12.30 13.60. 270 16 13 22,2 2.00 2.00
Standard Deviatiom: 0 1.0 1.1 164 2.68 67 2 3 6.2 0.66 1.02

APPENDIX 5



PERIOD 3.3.2
SUMMARY DATA 2

ENHANCED CULTURR DEVELOPMENT

Average:
Couant:

Maximum:
Mininum:

Standard Deviation:

APEENDIX 5

DATR

17/07/95
18/07/95
19/07/95
20/07/95
21/07/95
22/07/95
21/07/95
24/07/95
25/07/95
26/07/95
27/07/95
28/07/95
29/07/95
30/07/95
31/07/95
01/08/95

- 02/08/95

03/08/95
04/08/95

- 05/08/95

06/08/95
07/08/95
08/08/95
09/08/95
10/08/95
11/08/95
12/08/95
13/08/95
14/08/95
15/08/95
16/08/95
17/08/95
18/08/95
19/08/95

INPLUENT
TP ug?/L

R1 BPPL.
TP ugP/L

R2 BFPL.
TP ugP/L

TP RBM.
Rl mgP/L

TP REM.
R2 mg?/L

RL ML TP

mgP/qVss

R2 ML TP
mgP/qVss




PERIOD 3.3.2
SUMMARY DATA 3

BIGE FERRIC TO R1 ABROBIC

Average:
Count:

Maximum:
Ninimum:

Standard Deviation:

APPENDIX 5

- DATR

17/07/95
18/07/95
19/07/95
20/07/95
21/07/95
22/07/95
23/07/35
24/07/95
25/07/95
26/07/95
27/07/95
28/07/95
29/07/95
30/07/95
31/07/95
01/08/95
02/08/95
03/08/95
04/08/95
05/08/95
06/08/95
07/08/95
08/08/95
09/08/95
10/08/95
11/08/95
12/08/95
13/08/95
14/08/95
15/08/95

. 16/08/95

17/08/95
18/08/95
19/08/95

R1
ngP/qMLSS

R2
ngP/qMLSS

MLSS (1)

V§s (1)

MLSS(2)

WSH) tVSs{1) Vs§{2)

DSVI
R1
nl/g
74
80
78
15

74
12
74
7
12

12
71
76
76
73

13
1
67
76

7
76

78
80
79
78
- n

80
78
19
81
17

19
16

4
76



PERIOD 3.3.2
SUMMARY DATA 4

HIGE FERRIC TO R1 ABROBIC

Average:
Count:

Maximum:
Minimum:

Standard Deviation:

APPENDIX §

17/07/95
18/07/95
19/07/95
20/07/95
21/07/95
22/07/95
23/07/95
24/07/95
25/07/95
26/07/95
27/07/95
28/07/95
29/07/95
30/07/95
31/07/95
01/08/95
02/08/95
03/08/95
04/08/95
05/08/95
06/08/95
07/08/95
08/08/95
09/08/95
10/08/95
11/08/95
12/08/95
13/08/95
14/08/95
15/08/95
16/08/95
17/08/95
18/08/95
19/08/95

pE
Rl
AN

pE

R2

AN
6.48
6.9
7.00
6.88
6.78

pE

Rl
ARl
1.22
1.21
7.18
1.21
1.26

-3 =3 ] =] ~3 =3 =3I
i ekl S I R UV S ]
O WO O L L

-3 il -3
- "noo.
wun

D =3 -3
O oD O
Qo PO OO WO D

pE

R2
ARl
7.10
1.24
1.25
1.26
1.32

-3 I -3
. 1)
o

S —3 ~3
O DI IO N D
CO Lo = WO = W

-3 0 -
. [ 1Y

pE

Rl
AR2
1.57
7.55
1.43
1.46
1.52

< -3 -3
[ - R o Y S TR
SO DD DO O e

pl

R2
AR2
7.49
7.54
7.48
7.49
7.60

ACID
DOSE R1
mmol/d

ACID
DOSE R2
mmol/d

.......

H2C03¢
Alk
3

......

211.0

185.0

218.5

196.2

252.4

260.3

B2C03t
Alk
E2

250.1
215.2
220.3

257.6

2334

287.0

014




PERIOD 3.3.2
SUMMARY DATA 5

HIGE FERRIC TO R1 ABROBIC

Average:
Count:

Maximum:
Minimum:

Standard Deviation:

APPENDIX 5

DATS
17/07/95
18/07/95
19/07/95
20/07/95
21/07/95
22/07/95
23/07/95
24/07/35
25/07/95
26/07/95
27/07/95
28/07/95
29/07/95
30/07/95
31/07/95
01/08/95
02/08/95
03/08/95
04/08/95
05/08/95
06/08/95
07/08/35
08/08/95
09/08/95
10/08/95
11/08/95
12/08/95
13/08/95
14/08/95
15/08/95
16/08/95
17/08/95
18/08/95
19/08/95

NH3
f81
0.31
0.31
0.21
0.31

[l S BV - B U - L W 1]

NH3
£82
0.31
0.21
0.21
0.52

N03
fB1

G LD b Y e

.92
.57
.19
42
.83

"
.09
.55
.58
.19

92
.39

3
.19

N03
f82

= s N

DO e OO W B

O WO o o O
. . . . .

.20
15
15
.56
.38

.25
.85
.39
.87
!

.25
.85

.52
!

SRP
f81

SRP
£82



PERIOD 3.3.2
SUMMARY DATA 6

BIGH PERRIC TO R1 ABROBIC

Average:
Count:

Maximua:
Minimum:

Standard Deviation:

APPENDIX 5

DATE
17/07/95
18/07/95
19/07/95
20/07/95
21/07/95
22/07/95
23/07/95
24/01/95
25/07/95
26/07/95
21/01/95
28/07/95
29/07/95
30/07/95
31/07/95
01/08/95
02/08/95
03/08/95
04/08/95
05/08/95
06/08/95
07/08/95
08/08/95
09/08/95
10/08/95
11/08/95
12/08/95
13/08/95
14/08/95
15/08/95
16/08/95
17/08/95
18/08/95

19/08/95

03
Rl fAN

......

0.03

0.13

0.0

0.05

0.50

0.05

0.05

03
Rl fAX

1.61

0.97

0.38

1.10

1.18

0.43

0.78

03
Rl fABL

4.54

3.23

.69

- 4.98

5.38

NO3
" R1 £AR2

2.96

5.25

5.12

5.12

5.25

03
R2 fAN

0.03

0.05

0.05

0.07

0.50

0.05

0.07

03
R2 fAX

1.7

0.19

019

0.10

0.13

0.19

......
......

03
R2 fABL

4.84

3.10

2.56

3.50

.64

2.96

-------
.......

N03
R2 £AB2

2.42

3.10

3.64

3.50



PERIOD 3.3.2
SUMMARY DATA 7

HIGH PERRIC TO R1 ARROBIC

Average:
Count:

Maximum:
Minimum:

Standard Deviation:

APPRNDIX 5

17/07/95
18/07/95
19/07/95
20/07/95
21/07/95
22/07/95
23/07/95
24/07/95
25/07/95
26/07/95
27/07/95
28/07/95
29/07/95
30/07/95
31/07/95
01/08/95
02/08/95
03/08/95
04/08/95
05/08/95
06/08/95
07/08/95
08/08/95
09/08/95

©10/08/95

11/08/95
12/08/95
13/08/95
14/08/95
15/08/95
16/08/95
17/08/95
18/08/95
19/08/95

TP
Rl £AN

130.07

84.54

92.67

120.58

113.19

96.09

P

43.25

38.86

2.7

59.06

49.54

48.29

TP
R1 AR

24.23

23.57

20.65

34.12

24.61

23.09

TP
R1 £AR2

14,14

14.63

10.89

22.47

12.80

12.43

4.98

P
R2 fAN

111.37

99.99

105.68

133.70

124.68

107.39

10.29

TP
R2 £AX

57.88

58.86

55.44

78.91

61.03

§2.13

TP
R2 fAR1

35.93

38.69

33.49

54.30

42.98

9.4

TP
R2 fAR2

24,71

27.80

1.719

37.24

30.51

26.16



PERIOD 3.3.2
SUMMARY DATA 8
HIGH PRRRIC TO R1 ARROBIC

ALUM . PERRIC PERROUS
Rl R1 Rl Tl
DATE mmolal/d nmolFe/d mmolPe/d ]
17/07/95 0.0 113 0.0 0.7
18/07/95 0.0 13.3 0.0 19.5
19/07/95 0.0 133 0.0 19.9
20/07/95 0.0 13.3 0.0 19.8
21/07/95 0.0 133 0.0 20.0
22/07/95 0.0 13.3 0.0 19.8
23/07/95 0.0 113 0.0 20.2
24/07/95 0.0 133 © 0.0 19.9
25/07/95 0.0 133 0.0 20.3
26/07/95 0.0 13.] 0.0 20.7
27/07/95 0.0 133 0.0 20.3
28/07/95 0.0 133 0.0 20.0
29/07/95 0.0 133 0.0 20.3
30/07/95 0.0 13.3 0.0 19.5
- 31/07/95 0.0 13.3 0.0 20.8
01/08/95 0.0 113 0.0 20.5
02/08/95 0.0 13.3 0.0 21.3
03/08/95 0.0 13.3 o 0.0 20.7
04/08/95 0.0 13.3 0.0 20.7
05/08/95 0.0 13.3 0.0 20.9
06/08/95 0.0 13.3 0.0 17.6
07/08/95 0.0 13.3 0.0 18.2
08/08/95 0.0 13.3 0.0
09/08/95 0.0 13.3 0.0 20.6
10/08/95 0.0 113 0.0 19.1
11/08/95 0.0 13.3 0.0 18.0
12/08/95 0.0 13.3 0.0 18.9
13/08/95 0.0 113 0.0 19.6
14/08/95 0.0 13.3 0.0 21.0
15/08/95 0.0 13.3 0.0 20.5
16/08/95 0.0 113 0.0
17/08/95 0.0 13.3 0.0 19.6
18/08/95 0.0 13.3 0.0
19/08/95 0.0 13.3 0.0 20.0
Average: 20.0
Count: 34 34 34 )
Maximum: 0.0 13.3 0.0 21.3
Minimum: 0.0 133 0.0 17.6
Standard Deviation: : 0.9

APPENDIX 5
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PRRIOD 3.3.3 .
SUMMARY DATA 1

LOW PERRIC TQ Ri ANARROBIC

Average:

Count:

Maximum:

Ninimum:

§tandard Deviation:

APPENDIX §

DATR
08/09/95
09/09/95
10/09/95
11/09/95

12/09/95

13/09/95
14/09/95
15/09/95
16/09/95
17/09/95
18/09/95
19/09/95
20/09/95
21/09/95
22/09/95
23/09/95
24/09/95
25/09/95
26/09/95
27/09/95
28/09/95
29/09/95
30/09/95
02/10/95
03/10/95
04/10/95
05/10/95

Shsai

R1 L/d R2 L/d R1OUR R2 OUR COD IN COD Bl COD B2

1.49

2.66

483
454
517
457
521

407
369
310
525
491

527
413
521
470
483

22
21
13
25
25

i
19
18
18
24

20
0
23
20
19

23
22
%
20
23

il
2
17
20
26

19
.23
22
22
16

TRN 1N

3.5
26.2
31.9

40.4

414

TRN B1
2.00
2.00

3.42

31.30

2.00

3.06
31.57

.00

2.00

1.45

3.76

1.28
2.00

....................................
........................



PERIOD 3.3.3
SUMMARY DATA 2
BNHANCBD CULTURE DBVBLOPMENT

INFLUENT R1 BFFL. R2 BFFL. TP REM. TP REM. RLML TP RZ ML TP
DATB TP mg?/L TP aogP/L TP amgP/L Rl amgP/L  R2 mgP/L  mgP/qVSS  mgP/qVSS
08/09/95
09/09/95
10/09/95 53.11 33.36 37.84 19.75 15.27 192.64 178.60
11/09/95 60.42 25.56 30.54 34.86 29.88 227.09 208.10
12/09/95 58.76 23.90 32.20 34.86 26.56 207.81 202.52
13/09/95 57.43 17.59 21.08 19.84 36.35 226.08 209.17
14/09/95 57.26 17.93 21.58 19.13 35.68 229.49 223.61
15/09/95
16/09/95 :
17/09/95 56.13 23,32 28.15 12.81 27.98 215.70 208.00
18/09/95 47.12 22.68 33.94 24.44 13.18 228.60 204.67
19/09/95 47.12 23.96 30.08 23,16 11,04 230.33 198.37
20/09/95 52.43 28.95 313.61 23.48 18.82 220.86 196.36
21/09/95 50,34 23.80 28.63 26.54 21.71 209.11 178.03
22/09/95 :
23/09/95
24/09/95 o 53 21.55 24.61 11,69 28.63 206.93 200.29
25/09/95 55.685 21.55 22.03 34.10 33,62 205.95 181.51
26/09/95 48.89 18.17 19.62 10.72 29.27 204.87 176.78
27/09/95 48.95 19.32 23.83 29.63 25.12 180.85 178.65
28/09/95 49.60 20.93 26.41 28.687 23.19 217.63 190.16
29/09/95 : ' :
30/09/95
02/10/95 51.53 23.483 28.02 21,10 23.51 205.21 181.67
03/10/95 51.21 30.92 31.40 20.29 19.81 198.59 180.09
04/10/95 50.08 28.50 13.82 21.58 16.26 208.95 178.65
05/10/95 50.89 26.41 31.08 24,48 19.81 210.17 186.41
~ "~ Average: 52.64 23.80 - 8.4 28.84 24.30 211.94 192.712
Count: : - 19 19 19 19 19 19 19
- Maximua: 60.42 13.36 37.84 19.84 36.35 230.33 221.61
Miniaum: 47.12 17.59 19.62 19.75 13.18 180.485 176.78
Standard Deviation: 1.84 4.26 4.98 5.95 6.72 12.96 13.68

APPENDIX §



PERIOD 3.3.3
SUMMARY DATA 3
LOW FERRIC TO R1 ANAEROBIC

DSVI ~ D§VI
Rl R2 ‘ o Rl R2
DATE  mgP/qHLSS wgP/gMLSS MLSS(1)  VSS(1) MLSS(2)  VSS{2) %vSS(1) $vss{2) wl/g al/g
08/09/95
09/09/95

10/09/95 107.20 103.74 4196 2335 8mn 2249 55.6 58.1 109 108
11/09/95 125.52  125.08 4192 317 3875 2329 55.3 60.1 95 103
12/09/95 115.62 120.52 4479 2492 3939 2344 55.6 59.5 89 102
13/09/95 122.81 124.25 4352 2364 3914 2325 54.3 59.4 92 112
14/09/95 126.07 130.24 4358 1394 4040 2353 54.9 58.2 92 104
15/09/95 '
16/09/95 :
17/09/95 118.14 120.84 4506 2468 4126 23197 54.8 58.1 98 102
18/09/95 119.02 117.1 4581 2385 4138 2381 52.1 57.5 92 106
19/09/95 124.02 120.14 4461 2402 31876 2408 51.8 60.6 94 il
20/09/95 119.09 118.27 4551 2454 4066 2449 53.9 60.2 88 108
21/09/95 111.38 105.20 4534 2415 4036 2385 53.3 59.1 88 104
22/09/95 :
23/09/95 . - : ‘ A
24/09/95 107.91° - 114.74 4844 2526 4219 417 - 52,1 57.3

©25/09/95 107.42 103.33 4866 2538 4467 2543 52.2 56.9 86 99
26/09/95 107.27 102.63 4918 2575 4482 2602 52.4 58.1 85 94
27/09/95 105.46 103.67 4474 2609 4489 2605 58.3 58.0 94 98
28/09/95 120.81 116.57 4500 2498 3951 2422 55.5 61.3 98 111
29/09/95
30/09/95
02/10/95 103.35 102.50 4690 2362 4399 2482 . 50.4 56.4 47 100
03/10/95 104.66 102.68 4662 2457 4297 2450 52.7 57.0 90 102
04/10/95 107.68 100.45 4591 2366 4489 2524 51.5 . 56.2 87 94
05/10/95 105.76 106.79 4644 2331 - am 2393 50.3 57.3 86 105

memma=== ermsm===w emtmmmaes sSmmeasaE mSemmans Smmsmmae SmsamsE Sewdsms eseSSmew Smmmwaw =mmasw
--------------------------------------------------------------------------------

Average: 113.64 112.60 4547 2437 4155 2424 53.6 58.4 89 104
Count: ‘ 19 19 19 19 19 19 18 19 18 18
Maximum: 126.07 130.24 4918 2609 4489 2605 58.3 61.3 109 112
Minimum: 103.35 100.45 4192 2317 3872 2249 50.3 56.2 47 94
Standard Deviatioa: 1.1 9.32 194 83 16 92 2.0 1.4 12 5

APPENDIX 5



PRRIOD 1.3.3
SUMMARY DATA ¢

LOW PERRIC TC Rl ANABROBIC

Average:

Couant:

Maximuam:

Minimua:

Standard Deviation:

APPENDIX §

DATR

08/09/95
09/09/95
10/09/95
11/09/95
12/09/95
13/09/95
14/09/95
15/09/95
16/09/95
17/09/95
18/09/95
19/09/95
20/09/95
21/09/95
22/09/95
23/09/95

24/09/95

25/09/95
26/09/95
27/09/95
28/09/95
29/09/95
30/09/95
02/10/95
03/10/95
04/10/95
05/10/95

pi
RL
AN
6.93
7.14
6.98
6.90
6.91
6.96
1.02
7.09
7.04

O =3 O O ~3 ~3 ~3 I
. . - . - . . .

OO LI O WO O O O
0D € - \O -3 ~3 U o

Oy -3 N
. . .

-3
L andiie IR 2N LS B — AN TRV - Y — I )
Lo I Y S — T | I T o )

o o )
. . .

Oy =3 O OV ~3 ~3 ~3 ~I
PR . . . - . .

pl

R2

AN
1.05
7.20
7.01
6.90

6.91
6.88
6.98
1.10
1.02

oD € WO O — = PO O
- e O U O O O

=3 PO PO WO 0O OO -2

L AN T - -
G LN O WO LN W un

[— - AW )

pd

Ri
AR1
1.2
1.34
1.19
1.39
1.42
1.47
1.43
1.50

-7.46

—~3 =3 3 ~3 ~3 ~3 ~3 —3
e e e e e e e =
G2 O Lo Lo e LN e B
- o —3 OO e s O e

-3 # -3 -3 -3
i el - 2 B I U TR PO Ry DV oy )

€O WO L B O W -y O

O -3 -3

pH

R
ARL
1.32
1.21
1.18
1.36
1.39
7.40
7.44
1.51
7.49

-3 ~3 ~3 ~3 ~3 3 —3 2
e e e e e T
Cad bm LoD b i e e OO
L O B LN O oo OO

- =3 =3 =3
N O L b
LN O OO b

el and - R B B T B VS R U Ry N )

-3 ) =3 =3 -3 "
B OO GO B O N L O

S -3 -3
e e e

~ H -3~ -2
. P

pd

R1
AR2
7.48
1.54
1.42
7.68
1.66
.14
1.69
1.82
1.13

— L O OO e LN
B 00 — Lo W Il oD WL 0o

O -3 ~3

ol
R2
AR2
7.54
7.45
7.37
7.64
7.64
.12
7.70
.12
.13

—_— ) =) —) ) ) —I OO
- - . . - . . .
O QO O ~3 O O O Wi

-~ -3 -2 -2
8 e e
0O G2 e 8O OY I U e
— ~2 Lo s 0D N e LN

< -3 0o

G 3 OV ~3 —~3 4 LD L

ACID
DOSB R
maol/d

-------

ACID
DOSE R2
_mmol/d

.......

22C03¢
Alk
Bl

240.5

H2C03¢
Alk
B2

256.3




PERIOD 3.3.3
SUMMARY DATA §

LOW PERRIC TO R1 ANABROBIC

Average:
Count:

Maximum:
Minimum:

Standard Deviation:

APPENDIX §

DATE
08/09/95
09/09/95
10/09/95
11/09/95
12/09/95
13/09/95
14/09/95
15/09/35
16/09/95
17/09/95
18/09/95
19/09/95
20/09/95
21/09/95
22/09/95

©23/09/95

24/09/95
25/09/95
26/09/95
27/09/95
28/09/95
29/09/95
30/09/95
02/10/95
03/10/95
04/10/95
05/10/95

zzaz3333

N3
fB1

— 0 e e
N OO O — O H D O O

L OO o VO & O OO O O

o O -

NH3
£82

L el el
. e« e .
— o OO0 OO

[

OO = & WO ON Il D D O O

NO3
fB1

S It U U U e
L = PO = O 1 O OO O I

U OO0 WO D LN D e \D \OD

Ll R -

§03
£82

SRP
£B1

SRP
£B2.



PERIOD 3.3.3
SUMMARY DATA 6

LOW PERRIC TO R1 ANAEROBIC

Average:
Count:

Maximum:
Minimum:

Standard Deviation:

APPENDIX 5

DATR
08/09/95
09/09/95
10/09/95
11/09/95
12/09/95
13/09/95

14/09/95

15/09/95
16/09/95
17/09/95
18/09/95
19/09/95
20/09/95
21/09/95
22/09/95
23/09/95
24/09/95
25/09/95
26/09/95
27/09/95
28/09/95
29/09/95
30/09/95
02/10/95
03/10/95
04/10/95
05/10/95

N03
R1 £AN

0.09

0.08

0.12

No3
R1 fAX

......

1.85

1.30

1.12

O3
R1 £AR1

7.14

o

7.89

EEEEEE ]

03
R1 fAR2

6.99

- 1.92

.......

03
R2 fAN

0.10

0.12

0.32

03
R2 fAX

1.99

4,80

1.50

------
------

~ NO3

R2 £AB1

8.17

1.52

6.71

N03
R2 fAR2

8.36

7.1

6.61

-



PERIOD 3.3.3
SUMMARY DATA 7

LOW FERRIC TO R1 ANAEROBIC-

. Average:
Count:

Naximuam:
Minimum:

Standard Deviation:

APPENDIX 5

08/09/95
09/09/95
10/09/95
11/09/95
12/09/95
13/09/95
14/09/95
15/09/95
16/09/95
17/09/95
18/09/95

19/09/95 -

20/09/95
21/09/95
22/09/95
23/09/95
24/09/95
25/09/95
26/09/95
27/09/95
28/09/95
29/09/95
30/09/95
02/10/95
03/10/95
04/10/95
05/10/95

TR
R1 fAN

......

98.11

......
......

TP
R1 fAX

56.77

62.40

56.13

TP
R1 fARl1

34.58

31.84¢

29,43

-------
-------

TP
R1 £AR2

23.96

18.98

18.01

TP
R2 fAN

125.32

100.52

108.56

102.93

TP
R2 £AX

58.06

£6.32

59.83

T8
R2 £AR1

31.31

33.13

35.87

-------
.......

T2
R2 fAR2

29.27

19.30

24.29



PERIOD 3.3.3
SUMMARY DATA 8
LOK FERRIC T0 R1 ANAEROBIC

ALUM . PERRIC FERROUS

Rl R1 R1 Tl T2
DATE mmolAl/d mmolPe/d mmolPe/d oC °C

08/09/95 0.0 6.7 0.0 22.0

09/09/95 0.0 6.7 0.0 20.8

10/09/95 0.0 6.7 0.0 21.5

11/09/95 0.0 6.7 0.0 1.3

12/09/95 0.0 6.7 0.0 19.5

13/09/95 0.0 6.7 0.0 19.9

14/09/95 0.0 6.7 0.0 20.0

15/09/95 0.0 6.7 0.0 20.1

16/09/95 0.0 6.1 0.0 20.0

17/09/95 0.0 6.7 0.0 19.9

18/09/95 0.0 6.7 0.0 19.7

19/09/95 0.0 6.7 0.0 19.6

20/09/95 0.0 6.7 0.0 20.6

21/09/95 0.0 6.7 0.0 19.8

22/09/95 0.0 6.7 0.0 19.9

23/09/95 0.0 6.7 0.0 20.0

24/09/95 0.0 6.7 0.0 20.0

25/09/95 0.0 6.7 0.0 1§.1

26/09/95 0.0 6.7 0.0 19.1

27/09/95 0.0 6.7 0.0 18.8

28/09/95 0.0 6.7 0.0 19.3

29/09/95 0.0 6.7 0.0 18.8

30/09/95 0.0 6.7 0.0 18.8

02/10/95 0.0 6.7 0.0 19.0

03/10/95 0.0 6.7 0.0 18.8

04/10/95 0.0 6.7 0.0 18.9

. 05/10/95 0.0 6.7 0.0 18.8
Average: 19.8 0.0
Count: 21 27 21 21 0

Maximum: 0.0 6.7 0.0 22.0

Minimum: . 0.0 6.7 0.0 18.8
Standard Deviation: 0.9 0.0

APPENDIX §




PERIOD 3.3.4
SUMMARY DATA 1

LOW_FERRIC TO R1 ANARROB

Average:
Count:

Maximum:
Ninimum:

Standard Deviation:

APPENDIX 5

DATE
06/10/95
07/10/95
08/10/95
09/10/95
10/10/95
11/10/95
12/10/95
13/10/95
14/10/95
15/10/95
16/10/95
17/10/95
18/10/95
19/10/95
20/10/95
21/10/95
22/10/95

23/10/95

R
Shsai

R2 L/d R1 OUR R2 OUR COD IN COD B1 COD B2

223233 s=22232 =33=22  33sS3sS2 IS=SsSsS= I=RII==

------

437
436

501

393
470

425
457
426
591
560

2
27
24
20
2

......

22
23
24
20
20

TRN IN TEN 81 TRN B2

-29.9

35.3

25.9

34.5

------------------------------

3.1

2.00

4.01

in

4.05

2.00

2.00

2.00

1.22

5.22



PBRIOD 3.3.4
SUMMARY DATA 2
ENHANCED CULTURE DEVBLOPMENT
INPLUENT - R1 BFFL. R2 EFRL. TPREM. -~ TPREK. RLMLTP RZMLTP

DATE TP ng?/L TP agP/L TP ngP/L Rl mgP/L . R2 mgP/L’ mgP/qVSS  mgP/gVss
06/10/95
07/10/95
08/10/95 49.28 16.91 19.00 32.37 30.28 209.87 176.09
09/10/95 41.99 14.98 13.85 33.01 3414 199.51 185.03
10/10/95 51.83 16.68 16.36 35.15 35.47 192.40 185.39
- 11/10/95 51.47 15.97 16.78 35.50 . 34,69 238.46 190.29
12/10/95 50.02 16.62 18.07 33.40 31.95 222.04 206.44
13/10/95 ,
14/10/95 ,
15/10/95 49.21 17.10 21.46 32.11 21.75 225.11 212,31
16/10/95 48.40 18.39 22.10 30.01 26.30 229.63 210.41
17/10/95 47.11 18.23 2114 28.88 25.97 - 239.00 210.57
18/10/95 54.70 25.33 34.04 29.37 20.66 217.98 195.26
19/10/95 55.65 25.21 21.01 30.44 28.64 9.1 202.74
20/10/95 : -
21/10/95 _
22/10/95 51.23 20.62 - 19.81 30.61 .42 2174 206.28
23/10/95 50.41 20.46 24.39 29.95 . 26.02 © 217.46 211.44
Average: 50.61 18.88 21.17 31.73 29.44 220,24 199.35
Count: 12 12 12 12 12 12 12
Maximuam: 55.65 25.33 34.04 35.50 35.47 239.00 212.31
Minimum: 47.11 14.98 13.85 28.88 20.66 192.40 176.09
Standard Deviation: 2.46 1.7 5.19 2.1 4.19 13.11 11,94

APPENDIX 5



PERIOD 3.3.4
SUMMARY DATA 3
" LOW PERRIC TO R1 ANABROBIC, 10d Rs

| DSVI DSV

R R R R

DATE  ugP/gHLSS ugB/QNLSS MLSS(1) VSS(1) MLSS(2) VSS{2) %VSS(1) %VsS(2) al/g al/g
06/10/95
07/10/95

08/10/95 108.19 102.56 4644 2394 4004 2332 51.6 58.2 86 95
09/10/95 103.25 104.2¢4 4570 2365 1955 2228 51.8 56.3 88 96
10/10/95 108.46 107.60 4435 2500 31823 2219 56.4 58.0 81 94

11/10/95 122.34 96.72 319 1908 4287 2179 51.3 50.8 97 86
12/10/95 129.76 113.68 3643 2129 3690 2032 58.4 55.1 88 92
13/10/95
14/10/95

15/10/95 112.36 119.20 4035 2014 3411 1915 49.9 56.1 T4 94

16/10/95 113.26 115.55 3832 1890 1365 1848 49.3 54.9 75 95

17/10/95 121.04 115.14 3639 1843 1195 1747 50.6 54.7 82 94

18/10/95 111.13 112.95 3615 1843 1314 1917 51.0 57.8 n 91
- 19/10/95 113.12 114.97 3603 1855 3303 1873 51.5 56.7 83 91

20/10/95

21/10/95 .

22/10/95  116.39 114.43 134 1681 3290 1825 50.2 55.5 18 85

23/10/95 109.711 118.19 1142 1686 3102 1734 50.4 55.9 18 87

Average: o 114,08 11127 3869 2009 3562 1987 . 51.9 55.8 82 92
Count: ‘ 12 12 12 12 12 12 12 12 12 12
Maximum: 129.76 119.20 4644 2500 4287 2332 58.4 58.2 97 96
Minimum: 103.25 96.72 1342 1681 31102 1734 49.3 508, T 85

Standard Deviation: §.97 - 6.83 433 265 362 196 2.6 1.9 b 4

APPENDIX 5



PERIOD 3.3.4
SUMMARY DATA ¢

LOW FERRIC TO R1 ANAEROBIC, 10d Rs

Average:
Count:

Maximua;
Minimum:

Standard Deviation:

APPENDIX §

DATR
06/10/95
07/10/95
08/10/95
09/10/95
10/10/95
11/10/95
12/10/95
13/10/95
14/10/95
15/10/95
16/10/95
17/10/95
18/10/95
19/10/95
20/10/95
21/10/95
22/10/95
23/10/95

o oy ~-3
. . -

o8
RL
AN

6.93

6.89

6.95

6.86

6.94

6.93

6.36

1.01

6.94
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7.01

o Oy
. -

[~ 23]
O -3 O - O h oo oo

-3 O ~3 ~3 D N o

o H Oy O

pl
R2
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PR

§.93

- 6.84

6.95
§.89
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6.89
6.99
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6.87
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§.75

o
-3
-3

"o.
© ~3 O ¢+ 0o i1 oo
=3 W= O ~3 LU H O

< Oy O

-~ 0 ~3 -3
. .

ol
R1
AR
7.44
1.4
7.50
1.51
1.51
7.40
7.18
1.5
1.36
1.4
1.38
1.30
1.35
1.32
1.4

[T
D G Y - e i e
-3 L ~J PO e

D —3 ~3

pl

R2
ARl
1.45
1.41
7.50
1.55
1.45
1.38
1.39
7.49
7.43
7.50
7.38
1.38

7.42

7.41
1.42

~ 0 ~3 =
- . .
O PO AN 4 e I W D

-3 AN WY -] e B O Wy

O -3 -3

pl
RL
AR2
1.66
7.68
7.76
1.65
1.63
1.61
7.60
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1.60
7.58
1.62
1.56
7.56
1.57
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-~ -3 -2
- .
O WUV ~3 - ON I Y LN

T b O ~3 B 3

S -3 -3
. . .

pl

R2
AR2
1.70
7.65
7.719
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1.70
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7.68

- 0 ~3 -3
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ACID
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.......
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PRRIOD 3.3.4
SUMMARY DATA §
LOW FBRRIC TO R1 ANAEROBIC, 10d Rs

¥E3 §E3 §03 N3 53 $RP

DATR fR1 £82 fR1 £82 fR1 £R2
06/10/95
07/10/95

08/10/95 1.09 1.09 §.29 6.14 17.40 19.45

09/10/95 2.63 2.10 .38 6 14.76 14.91
10/10/95 2.17 1.64 7.05 6.78 16.79 15.41
11/10/95 1.58 2.17 7.45 6.98 14.76 17.23
©12/10/95 1.31 1.18 7.58 7.05 15.13 16.74
13/10/35
14/10/95
15/10/95 1.38 1.45 7.05 6.25 16.00 20.21
16/10/95 1.97 3.68 7.05 6.32 19.00 22.32
17/10/95 3.5% 3.4l 6.32 6.18 16.87 20.03
18/10/95 1.88 1.01 4.43 4,11 25.07 311
19/10/95 1.30 1.30 2.91 2.69 24.7¢4 26.25
20/10/95
21/10/95 :
22/10/95 1.15 0.94 6.32 6§.25 20.10 19.44
23/10/95 0.87 0.94 7.85 7.56 19.77 24.30
Average: L7417 639 6.04 18.37 20.80
Count: 12 12 12 12 12 12
Haximum: 1.58 1.68 7.85 7.56 25.07 13.13
Minimum: 0.87 0.94 2.91 2.69 14,76 14.91
Standard Deviation: 0.713 0.90 1.35 1.29 3.40 4.99

APPENDIX 5



PERIOD 3.3.4
SUMMARY DATA 6
LOW PERRIC TO R1 ANAEROBIC, 10d Rs ' o
' N03 K03 03 O3 N03 N03 LOX] N03

DATE R1 £AN Rl fAX Rl fARL R1 fAR2  R2 fAN  R2 fAX  R2 fARL  R2 fAR2

06/10/95

07/10/15 ,

08/10/95 0.15 1.31 §.56 §.44 0.10 1.13 5.94 5.94

09/10/95

10/10/95

11/10/95 0.07 2.30 1.18 §.93 0.12 2.48 §.69 §.69

12/10/95

13/10/95

14/10/95

15/10/95 0.07 2.05 §.69 §.56 0.09 1.78 §.07 5.94

16/10/95 -

17/10/95

18/10/95 0.04 0.25 7.51 3.32 0.08 0.68 3.86 3.62

19/10/95 : :

20/10/95

21/10/95 : ,

22/10/95 0.03 1.91 3.49 7.64 0.09 2.6 1.51 1.11

23/10/95 ' '
Average: 0.07 1.56 §.29 §.18 0.10 = 1.86 §.01 5.98
Count: 5 5 5 5 5 5 5 5
Maximuam: 0.15 2.30 1.51 1.64 0.12  2.83 1.51 1.11
Minimum: 0.03 0.25 3.49 3.32 0.08 0.68 3.86 3.62

Standard Deviatiom: 0.04 0.13 1.4 1.49 0.01 0.69 1.21 1.38

APPENDIX 5




PERIOD 3.1.4
SUMMARY DATA 7 :
LOW PERRIC TO R1 ANAEROBIC, 10d Rs

TP TP TP TP TP TP TP TP
DATE RL AN Rl fAX . R1 fARl Rl fAB2  R2 fAN  R2 fAX  R2 fABl  R2 fAR2

06/10/95

07/10/95

08/10/95 125.52 63.49 33.36 19.43  128.76 62.84 33.20 18.46

09/10/95

10/10/95

11/10/95 101.22 50.69 26.24 14.25  108.51 54.74 28.99 15.55

12/10/95

13/10/95

14/10/95 ,

15/10/95 94.74 48.59 21.53 16.36  106.89 56.85 33.69 21.05

16/10/95 :

17/10/95 '

18/10/95 113.76 64.16 39.45 26.52  125.21  73.00 49.27 36.17

19/10/95

20/10/95

21/10/95

22/10/95 93.30 56.14 32,74 20.46  101.48 55.65 36.34 23.90

23/10/95
Average: 105.71 - 56.61 31.86 19.40 114,17 §0.62 36.30 23.03
Count: 5 5 5 5 5 5 5 5
Maximum: : 125.52 64.16 39.45 26.52 128.76 73.00 49.27 36.17
Minimum: 93.30 48.59 26.24 14.25  101.48 54.74 28.99 15.55
Standard Deviation: 12.26 6.39 4.71 4.19 10.78 6.81 6.90 7.13

APPENDIX 5



PERIOD 3.3.4
SUMMARY DATA 8
LOW FERRIC T0 R1 ANAEROBIC, 10d Rs

ALUM FERRIC FERRQUS

R1 Rl 3 T1 T2
DATE mmolAl/d mmolFe/d nmolfe/d ¢ ¢

06/10/95 0.0 6.7 0.0 19.3

07/10/95 0.0 6.7 0.0 18.9

08/10/95 0.0 6.7 0.0 18.9

09/10/95 0.0 6.7 0.0 18.8

10/10/95 0.0 6.7 0.0 18.9

11/10/95 0.0 6.7 0.0 18.6

12/10/95 0.0 6.7 0.0 18.7

13/10/95 0.0 6.7 0.0 18.8

14/10/95 0.0 6.7 0.0 17.8

15/10/95 0.0 6.7 0.0 18.7

16/10/95 0.0 6.7 0.0 18.8

17/10/95 0.0 6.7 0.0 18.6

18/10/95 0.0 6.7 0.0 19.0

19/10/95 0.0 6.7 . 0.0 18.9

20/10/95 0.0 6.7 0.0 19.3

21/10/95 0.0 6.7 © 0.0 18.9

22/10/95 0.0 6.7 0.0 19.5

23/10/95 0.0 6.7 0.0 18.9
Average: _ 18.9 0.0
Count: - 18 18 18 18 0

Haximum: 0.0 §.7 0.0 19.5

Minimum: 0.0 6.7 0.0 17.8
Standard Deviation: 0.3 0.0

APPENDIX §




PERIOD 3.3.5

SUMMARY DATA 1

il RIC T ANAEROBIC, 10d R '

DATR Shsai R1 L/d R2 L/d R1QOR R2 ODR COD IN COD Bl COD B2 TEN IN TKN Bl TRN R2

24/10/95 150 3.7 36.7 11.30 10.98 421 19 15 19.8 348 3.3
25/10/95 150 3.0 36.0 10.60 10.50 145 18 e
26/10/95 150 35.5 3.2 9.80 11.50 459 40 17 3.6 3.43 2.00
27/10/95 150 35.8 35.8 13.00 13.30
28/10/95 150  36.5 36.5  7.70 13.20
29/10/95 150 36.0 343 1410 12.90 340 21 a1 334 368 .U
30/10/95 150  36.2 36.2 13.10 12.60 n 21 22 '
31/10/95 150 35.8  36.5 12.60 11.70 437 3 23358 2,00 3.60
01/11/35 150  35.8 36.5 12.20 12.90 360 18 20
02/11/95 150 35.3  36.0 13.60 14.00 7 20 a1 32,0 404 2,00
03/11/95 150 35.8 372 14.40
04/11/95 150 35.3 343 14,40 13.60
05/11/95 150  38.2  37.0 15.20 14.90 478 20 22 38,0 2.00 2.00
06/11/95 150 403 15.00 15.20 402 21 19
07/11/95 150 37.2  37.0 13.40 13.80 494 Al A 2.6 415 335
08/11/95 150 36.5  36.5 12.20 12.60 416 23 28
09/11/95 150  37.0  37.0 13.30 13.50 404 21 a1 26,3 200 2.00
10/11/95 150 379 353 12.20 12.40
11/11/95 150 353 35.8 11.30 11.60
12/11/95 150  35.8  36.2 11.60 11.30 268 19 5 238 3.2 U
13/11/95 150  34.8  35.5 12.20 12.50 451 25 25

........................................................................
2===3==2 s===3 ssss==3 2I33=3 :==2=3== ======2 2333== ==s=s== zzs=== 2===s=2=2 23333 2223222

Average: C 150 364 361 2.4 12.83 398 23 P S 11 V0 R 0 ¥ AN
Count: 21 3 20 20 21 15 15 15 9 9 9
Maximum: 150  40.3  37.2 15.20 15.20 494 40 2 380 415 3.60
¥inimum: 150 34,8 343 7.70 10.50 268 15 19 19.8  2.00 2.00

5.7 0.83  0.68

Standard Deviation: 0 1.2 0.8 1.7 1.4 61 7 3

APPENDIX 5



PRRIOD 3.3.5
SUMMARY DATA 2
ENHANCBD CULTURB DBVELOPMENT

INFLUENT R1 BFFL. R2 BFFL. TP RBM. TPREM. RLMLTP RZMLTP
DATB TP ogp/L TP mg®/L TP amgd/L R ngP/L  R2 mgP/L  ugP/qVSS  mgP/gVss
24/10/95 47.42 18.80 26.46 28.62 20.96 208.84 188.52
25/10/95 49.92 18.47 27.46 31.45 22.46 226.27 192.47
26/10/95 48.25 20.97 28.79 27.28 19.48 221,58 192.91
27/10/95
28/10/95 '
29/10/95 45.59 11.31 21.47 34.28 24.12 234.96 197,69
30/10/95 50.42 10.82 23.63 319.60 26.79 238.60 210.25
31/10/95 48.42 12.65 23.96 5.1 24,46 252,62 217.46
01/11/95 52.75 22.30 32.28 30.45 20.47 290.35 222.89
02/11/95 51.66 15.67 4. 35.99 27,35 236.08 203.10
03/11/95
04/11/95 .
05/11/95 48.94 9.44 17.59 39.50 31.35 275.35 226.06
06/11/95 48.62 9.44 15.35 19.18 13.27 242.67 221.12
07/11/95 59.34 12.96 2.1 46.38 36.63 . 251.80 219.82
08/11/95 55.82 18.71 28.95 .1 26.87  165.87 159.10
09/11/95 50.86 20.79 - 30.87 30.07 19.99 260.98 194.61
10/11/95 ' . s :
11/11/95 '
12/11/95 49,74 19.83 28.63 29.91 1.1 121.22 215.11
13/11/95 47.18 18.23 26.87 28.95 20.11 278.06 244.25
Average: 50.33 16.03 25.29 34.30 25.04 247.42 207.46
Count: 15 15 15 15 15 5 15
Maximum: 59.34 22.30 32.28 46.38 36.63 21.22 244.25
Minioum: 45.59 9.44 15.35 27.28 19.46 165.87 159.10
Standard Deviation: 3.40 4,15 4.55 5.22 5.12 36.33 20.13

APPENDIX 5



PERIOD 3.3.5
SUMMARY DATA 3

HIGH PERRIC TO R1 ANABROBIC, 10d Rs

Average:

Count:

Maximum:

Minimum:

Standard Deviation:

APPENDIX §

DATR
24/10/95
25/10/95
26/10/95
27/10/95
28/10/95

29/10/95°

30/10/95
31/10/95
01/11/95
02/11/95
03/11/95
04/11/95
05/11/95
06/11/95
07/11/95
08/11/95
09/11/95
10/11/95
11/11/95
12/11/95
13/11/95

Rl
ngP/gHLSS
102.89
110.41
107.29

109.96
110.35
118.30
138.92
115.73

132.05
113.71
119.58
100.06
149.33

R2

ngP/gNLSS

106.
.18
.68
122.
97

113
117

115

16

18

MLSS (1)

58 (1)

HLSS(2)

v85(2)

V8§ {1)

V85(2)

12
69
73
73
12

67
66
65
78
82

82
79
i
84
87

79
74
75
80
62



PBRIOD 3.3.5
SUMMARY DATA ¢

HIGE PERRIC TO R1 ANARROBIC, 10d Rs

Average:
Count:

Maximum:
Minimum:

-~ .. §tandard Deviation:

APPENDIX §

DATE
24/10/95
25/10/95
26/10/95
27/10/95
28/10/95
29/10/95
30/10/35
31/10/95
01/11/95
02/11/95
03/11/95
04/11/95
05/11/95
06/11/95
07/11/95
08/11/95
09/11/95
10/11/95
11/11/95
12/11/95
13/11/95

ol
RL
AN

6.79

1.02

6.8

6.84

1.07

6.80

7.02

6.92

1.01

1.01

6.87

6.88

6.91

6.78

6.93

6.17

6.87

<SS O -2 o
— -3 O — W i
€ -3 —~3 O — it

o
R2
AN

6.82

6.95

6.98

6.85

7.05

6.85

7.1

1.13

1.20

1.14

6.91

6.5

6.92

6.86

1.10

6.80

6.85

6.91

o o ~3 C- a3 )
. . - -

— oo M ol
- O — oo O W

pH

RL
ABl
1.39
1.3
1.32
7.19
7.66
1.2
1.35
1.42
7.40
1.34
1.41
1.21
1.30
1.18
1.36
1.25
1.30

1.33

o ~3 -3 -3 i
= O s i
— oD Oy OO W i

ol
R2

AR

1.41
7.40
7.32
1.21
1.35
1.22
7.44
1.34
7.45
1.59
1.52
1.21
7.43
.12
1.57
1.3
7.44

1.36

. =3 -3 Lo=3 M
— D LU SN
O M WO oo O M

pH

Rl
AR2
7.48
1.47
1.53
1.46
1.97
7.48
1.59
7.65
1.74
7.62
1.10
1.53
1.52
1.45
1.59
7.48
7.54

1.55

S ~-a -3 -3
. - . -

— O — Wi
[PEINT, I By - Y- - INT]

o
R2

AR

7.54
1.41
1.63
1.54
1.52
1.51
1.67
1.55
1.69
1.87
1.18
1.60
1.62
1.50
1.74
7.60
1.69

1.62

< —3 -3 - "
. .. .
— e OO — O i

O -3 -3 0o M

ACID
DOSE R1
mmol/d

szaz==2

ACID
DOSR R2
mmol/d

H2C03t
Alk
Bl

210.5

8.7

219.3

H2€03¢
Alk
B2

252.4

269.3

249.1




PERIOD 3.3.5
SUMMARY DATA §

HIGE PERRIC TO R1 ANABROBIC, 10d Rs

Average:

Count:

Haximum:

Ninimum:

Standard Deviation:

APPRNDIX 5

DATE
24/10/95
25/10/95
26/10/95
27/10/95
28/10/95
29/10/95
30/10/95
31/10/35
01/11/95
02/11/95
03/11/95
04/11/95
05/11/95
06/11/95
07/11/95
08/11/95

.09/11/95

10/11/95
11/11/95
12/11/95
13/11/95

— " = o
. . .

K]
fE1
1.08
1.23
2.20

P 0
e €D L = OO I O
Lo o —ap no

O =

NH3
fB2
1.15
1.30
1.56

— u
e e L O I o

e e - A N [

< — D

NO3
fE1
.51
3.42
5.20

(S INTRENE , -
O o PO O

L2 PO B LYWDO I O

— Ll O

§03
£g2

1.13
10.40
8.54
5.63
5.69

SRP
f81

SRP
£82



PERIOD 3.3.5
~ SUMMARY DATA 6
HIGE PRRRIC TO R1 ANARROBIC, 10d Rs

N03 03 N03 03 §03 §03 §03 §03
DATE Rl £AN Rl fAX Rl fARL Rl fAR2  R2 fAN  R2 fAX  R2 fARl  R2 fAR2
24/10/95
25/10/95
26/10/95 0.04 1.48 501 - 6.65 0.09 1.48 6.76 6.69
27/10/95 '
28/10/95
29/10/95 0.05 0.05 7.11 1.17 0.09 2.05 1.42 1.13
30/10/95 0.10 0.79 §.37 7.54 0.07 1.64 1.61 1.92
31/10/95
01/11/95
02/11/95
03/11/95
04/11/95 o
05/11/95 0.03 0.72 8.29 §.38 0.04 1.71 §.43 8.78
06/11/95 :
07/11/95
08/11/95
09/11/95
10/11/95
11/11/95
12/11/95 0.03 0.95 4.47 4,27 0.07 3.50 5.59 §.10
13/11/95 '
Average: ' 0.05 0.80 §.25 6.80  0.07 2.48 1.16 7.44
Count: 5 5 5 5 5 5 5 5
Maximum: ' 0.10 1.48 §.29 8.38 0.09 1.1 - 8.43 §.78
Minimum: 0.03 0.05 4.47 4.7 0.04 1.48 5.59 6.10
Standard Deviation: 0.03 0.46 1.9 1.39 0.02 0.94 - 0.95 0.95

APPENDIX §




PERIOD 3.3.5
SUMMARY DATA 7

HIGH PERRIC TO R1 ANAEROBIC, 10d Rs

Average:

Count:

Maximum:

Hinimum:

Standard Deviation:

APPENDIX 5

DATR
24/10/95
25/10/95
26/10/95
27/10/95
28/10/95
29/10/95
30/10/95
31/10/95

TP
Rl fAN

§1.53

86.53
81.53

01/11/95.

02/11/95
03/11/95
04/11/95
05/11/95
06/11/95
07/11/95
08/11/95
09/11/95
10/11/95
11/11/95
12/11/95
13/11/95

87.17

™

R1 £AX

......

54.41

53.58
50.58

53.90

T
R1 £AR1

23.79

23.35

TP
R1 £AR2

10.48

9.28

TP
R2 fAN

97.34

86.53
97.34

105.56

P
R2 fAX

§5.06

58.07
64.40

54.38

TP
R2 £AB1

42.10

36.27
8.7

TP
R2 £AR2

29.12

22.63
24.46

19.67



PERIOD 3.3.5
SUMMARY DATA 8
BIGH FERRIC TO R1 ANABROBIC, 10d Rs

ALUM PRRRIC PBRROUS

Rl Rl Rl Tl 12
DATE mmolAl/d mmolPe/d mmolPe/d oC ¢

24/10/95 0.0 11.3 0.0 18.9

25/10/95 0.0 13.3 0.0 18.7

26/10/95 0.0 13.3 0.0 18.8

27/10/95 0.0 11.3 0.0 13.8

28/10/95 0.0 133 0.0 19.0

29/10/95 0.0 13.3 0.0 18.5

30/10/95 0.0 13.3 0.0 18.8

31/10/95 0.0 1313 0.0 19.3

01/11/95 0.0 13.3 0.0 19.0

02/11/95 0.0 113 0.0 19.0

03/11/95 0.0 131.3 0.0 - 18.8

04/11/95 0.0 13.3 0.0 19.1

05/11/95 0.0 13.3 0.0 19.1

06/11/95 0.0 113 0.0 19.2

07/11/95 0.0 13.3 0.0 19.6

08/11/95 0.0 131.3 0.0 19.0

09/11/95 0.0 1313 0.0 19,2

10/11/95 0.0 13.3 0.0 18.8

11/11/95 0.0 11.3 0.0 18.9

12/11/95 0.0 13.3 0.0 19.0

13/11/95 0.0 133 0.0 19.0
Average: 19.0 0.0
Count: 2 21l 21 1 0

Maximum: 0.0 133 0.0 19.6

Minimum: 0.0 13.3 0.0 18.5
‘Standard Deviation: 0.2 0.0

APPENDIX 5




PERIOD 3.3.6
SUMMARY DATA 1

HIGE PRRRIC TQ R1 ARROBIC, 1

Average:

Count:

Maximum:

Ninimum:

Standard Deviation:

APPENDIX 5

DATE
14/11/95
15/11/95
16/11/95
17/11/95
18/11/95
19/11/95
20/11/95
21/11/95
22/11/95
23/11/95
24/11/95
25/11/95
26/11/95
27/11/95
28/11/95
29/11/95
30/11/95
01/12/95
02/12/95
03/12/95

R

oy U oy U

o e

oy U

el s s s s Lo o

Oy =3 =3 =3 Oy O ON
. . . . - . . . . . . . . M . . . . . .
€ O O P PO PR PO O - 00N 00 R U OO WO O

453
223
427
423
536

23
29
29
23
2

Shsai R1L/d R2 L/d RL OUR R2 OUR COD IN COD Bl (OD B2

25
27
24
20
20

TEN IN TEN Bl

1.0
21.7

26.5

------

5.02
2.00

2.00

2.00

—mmew ss===22 =a33=2 ==323z ====== sS=s=== =sIsS=s

TKN B2

4,13
2.00

3.08

2.00

j.n



PERIOD 3.3.6
SUMMARY DATA 2
BNHANCED CULTURE DEVELOPMENT

INFLOBNT R1 EFPL. R2 EFFL. TP REM. TP REM. RIMLTP R2MLTP
DATR TP ngP/L TP umgP/L ~ TP mgP/L  R1umgP/L  R2mgP/L  wgP/qVSS  mgd/gVss
14/11/95 49.11 15.89 23,43 1.2 25.68 246.07 210.52
15/11/95 44.30 12.36 18.46 11.94 25.84 239.54 213.91
16/11/95 431.98 B VX! 18.46 32.75 25.52 255.70 231.78
17/11/95 '
18/11/95 )
19/11/95 49.59 10.59 15.25 19.00 34.34 239.01 202.22
20/11/95 49.11 9.79 13.32 19.32 15.79 232,19 207.40
21/11/95 47.67 13.64 16.05 314.03 31.62 240.02 220.67
22/11/95 46.86 13.64 19.74 13.22 27.12 252.84 232.07
23/11/95 46.87 17.01 22.15 29.86 4.7 249.217 225.50
24/11/95 )
25/11/95 ‘
26/11/95 46.55 19.26 25.52 271.29 21.03 258,91 261.42
27/11/95 44.46 18.30 25.84 26.16  18.62 256.62 226.59
28/11/95 45.58 19.42 26.96 - 26.16 18.62 241,62 219.23
29/11/95 46.39 _ 259.92 239.54
30/11/95 45.26 . o 254.28 228.90
01/12/95 : -
02/12/95 : '
- 03/12/95 3§.52 18.78 26.96 19.74 11.56 229.45 204.10
Average: - 46.02 14.99 21.01 311.06 25.04 246,83 224.56
Count : 14 12 12 12 12 14 14
Maximum: 49.59 19.42 26.96 19.32 35.79 259.92 261.42
Hinimum: 38.52 9.79 13.32 19.74 11.56 229.45 202.22
Standard Deviation: 2.1 3.4 4.59 5.36 §.65 9.59 15.74

APPENDIX 5



PERIOD 3.3.6
SUMMARY DATA 3
HIGH FERRIC TO R1 ABROBIC, 10d Rs

R1 R2 -
“DATE  .mgP/gNLSS mgP/gWLSS MLSS(1)  VSS(1) NLSS(2) VSS(2) %vSS(1) ¥vsS(2) ml/g ml/g
14/11/95  117.49  118.15 3060 1461 2418 1357 477 561 69 43
15/11/95  113.66  115.81 33189 1608 453 1328 47.4 541 62 82
16/11/95  117.29  119.82 3462 1588 2478 1281 459  S1.T 64 g1
17/11/95

18/11/95 |

19/11/95  118.68  117.75 3462 1719 2576 1500  49.7 8.2 44 82
20/11/95  113.25  118.86 3472 1692 2633 1509  48.7 7.3 63 80

21/11/95 116.19 118.48 3481 1685 2628 . 1411 48.4 3.7 60 80
22/11/95 119.99 128.75 1424 1625 2518 1397 41.5 55.5 64 83
23/11/95 113.36 119.15 3483 1584 2748 1452 45.5 52.8 63 80
24/11/95 ‘

25/11/95

26/11/95 - 120.44 132.84 3145 1463 2132 1185 46.5 50.8 67 87
27/11/95 119.96 - 126.46 2997 1401 - 2212 1268  46.7 55.8 67 88
28/11/95 108.98 - 124.92 3093 1395 2300 1201 45.1 52.2 65 87
29/11/95 120.65 128.38 2807 1303 213 1186 - 46.4 5.6 T 86
30/11/95 115.74 120,72 2843 1294 . 247 1185 45.5 §2.1 65 85

01/12/95

02/12/95

03/12/95 - 109.98 122.84 2758 1322 2012 1211 41.9 §0.2 1 94
Average: 116.12  122.35 3205 1510 416 1319 47.1 54.6 66 84
Count: _ 14 14 14 14 4 U 14 14 14 14
Maximua: 120.65 132.84 3483 119 2748 1509 49.7 §0.2 k! 94
Minimum: 108.98 115.81 2758 1294 2012 1185 45.1 50.8 .60 80
Standard Deviation: 3.68 4.92 268 146 192 115 1.3 2.6 3 4

APPENDIX 5



PERIOD 3.3.6

SUMMARY DATA 4

BIGHE FBRRIC TO R1 ABROBIC, 10d Rs ' i

pH pH pl plt plt plt ACID ACID §2C03*  H2C03t

Rl R2 3 R2 Rl R2  DOSB Rl  DOSE R2 Alk Alk
DATE AN AN ARl AR AR2 AR2 mmol/d mmol/d £l E2
14/11/95  7.02  6.92 7.28  T.40  1.54  7.59 10 10
15/11/95 7.03  6.81 7.30 7.50 7.51  7.64 10 10 199.9  241.5
16/11/95 6.93  6.90 7.26 T.46  7.51  T.64 10 10
17/11/95 10 10
18/11/95 10 10
19/11/95 7.02  6.97 1.38  T.63 .67  1.86 10 10
20/11/95  6.80  6.95 7.29  T.47 .61 T.M4 . 10 10 41.2 M.l
2/11/95  6.96 6.88  T.34  T.42 155 T.64 10 10
22/11/95  7.05  7.00  7.33 .42 T.80  T.64 10 10
23/11/95  7.04  6.98 7.29  T.46  7.57  7.64 10 10 181.5  258.2
24/11/95 10 10
25/11/95 10 10
26/11/95  6.8¢ 7.05 7.26 7.43  7.51  T.61 10 10
27/11/95  1.16 6.99  7.30 1.3 1.53 1.60 10 10 213.8  247.2
28/11/95 10 10
29/11/95  7.30 .21 7.8 .33 142 7.48 10 100 219.2 228.8
30/11/95  7.05  6.92 .20 .23 1.3 7.44 10 10
01/12/95 _ 10 10
02/12/95 : 10 10
03/12/95 7.14  6.96 7.43 731 T.64  1.54 10 10
Average: 7.03 6.9 7.30  1.42  1.5¢ 1.82 10 10 212.3  249.8
Count: 13 13 13 13 13 13 20 20 5 5
Maximum: 730 .21 7.43  1.63  T.6T  1.86 10 10 247.2 2.1
Minimum: 6.80  6.81 7,20 7.23 1.39 1.44 10 10 181.5  228.8
Standard Deviation: 0.13 0.0 0.06 0.09 0.08 0.10 0 0 1.8 15.0

APPENDIX 5



PRRIOD 3.3.6

SUMMARY DATA §

HIGH PERRIC TO R1 AEROBIC, 10d Rs

NE3 NE3 NO3  NO3 $RP SRP
DATE £81 fR2 fR1 £82 £R1 £82

14/11/95 1.05 1.17 5.37 §.39 16.02 23.86
15/11/95 1.40 1.05 4.98 7.28 11.59 23.75
16/11/95 0.93 1.17 5.94 §.43 11.34 18.49

17/11/95
18/11/95
19/11/95 1.05 1.40 3.96 5.43 9.61 16.02
20/11/95 1.1 1.23 4.09 5.78 9.72 13.43
21/11/35 1.40 1.23 3.58 5.94 13.70 16.45
22/11/95 0.29 0.18 3.68 5.26 14.03 18.33
23/11/95 0.18 0.30 5.00 6.05 16.90 21.30
24/11/95
25/11/95

26/11/95 0.18 0.12 4.73 5.2
21/11/95 0.18 0.12 413 5.7 )
28/11/95 0.18 0.2 4.99 §.04 17.84 25.27
29/11/95 0.30 0.24 5.26 6.5

30/11/95 0.18 0.18 5.52 1.3

01/12/95

02/12/95
03/12/95 0.51 0.34 3.89 4.62 19.33 26.73
Average: 0.64 0.64 4.69 6.16 16.25 21.76
Count: 14 14 14 14 14 14
Maximum: 1.40 1.40 §5.94 8.43 28.94 28.61
Minimum: 0.18 0.12 3.58 4.62 9.61 11.43
§.47 0.50 0.1 0.9 5.19 4,34

Standard Deviation:

APPENDIX 5



PERIOD 3.3.6
SUMMARY DATA 6

HIGE FRRRIC TO R1 ABROBIC, 10d Rs

Average:
Count:

Maximum:
Minimun:

Standard Deviation:

APPENDIX §

DATE
14/11/95
15/11/95
16/11/95
17/11/95
18/11/95
19/11/95

~ 20/11/95

21/11/95
22/11/95
23/11/95
24/11/95
25/11/95
26/11/95
21/11/95
28/11/95
29/11/95
30/11/45
01/12/95
02/12/95
03/12/95

--------
........

03
Rl fAN

0.03

0.13

0.05

§03
Rl £AX

0.15

0.0

1.30

------
------

K03
R1 fAB1

.......

4.98

§.64

zzzssas

03
Rl fAR2

4.22

4.47

5.62

03
R2 £AN

0.06

0.03

0.05

......
......

N03
R2 £AX

......

3.65

3.76

4.67

K03
R2 £AB1

.......

5.37

5.30

3.83

EEEEEEHS

03
R2 fAR2

-------

5.11

5.24

5.62



PERICD 3.3.6
SOMMARY DATA 7

HIGH FERRIC TO R1 ABROBIC, 10d Rs

Average:

Count:

Maximum:

Hinimum:

Standard Deviation:

APPENDIX 5

DATE
14/11/95
15/11/95
16/11/95
17/11/95
18/11/95
19/11/95
20/11/95
21/11/95
22/11/95
23/11/95
24/11/95
25/11/95
26/11/95
27/11/95
28/11/95
29/11/95
30/11/95
01/12/95
02/12/95
03/12/95

T
RL £AN

TP
Rl fAX

52.96

53.71

TP
Rl fABlL

10.43

24.07

TP
R1 £AR2

3.7

13.64

TP
R2 £AN

116.36

96.30

......
------

T
R2 fAX

15.79

36.43

T
R2 fABL

23.75

26.80

TP
R2 £AR2

15.09

19.90



PERIOD 3.3.6
SUMMARY DATA 8
HIGH FERRIC TO R1 ABROBIC, 10d Rs

ALTM PERRIC FERROUS

Rl Rl Rl Tl T2
DATE mmolAl/d mmolPe/d mmolPe/d o oC

14/11/95 0.0 13.3 0.0 18.9

15/11/95 0.0 133 0.0 18.7

16/11/95 0.0 13.3 0.0 18.9

17/11/95 0.0 11.3 0.0 19.1

18/11/95 0.0 13.3 0.0 18.4

19/11/95 0.0 11.3 0.0 19.1

20/11/95 0.0 13.3 0.0 19.0

21/11/95 0.0 113 0.0 19.9

22/11/95 0.0 13.3 0.0 19.6

23/11/95 0.0 13.3 0.0 20.2

24/11/95 0.0 133 0.0 20.2

25/11/95 0.0 133 0.0 19.17

26/11/95 0.0 13.3 0.0 20.0

27/11/95 0.0 13.13 0.0 20.2

28/11/95 0.0 133 0.0 19.3

29/11/95 0.0 133 0.0 19.4

30/11/95 0.0 133 0.0 - 19.4

01/12/95 0.0 133 0.0 19.6

02/12/95 0.0 13.3 0.0 19.8

03/12/95 0.0 11.3 0.0 19.7
Average: 19.5 0.0
Count: 20 20 20 20 0

Maximum: 0.0 13.3 0.0 20.2

Minimum: 0.0 13.3 0.0 18.4
Standard Deviation: 0.5 0.0

.-

APPBNDIX 5




PERIOD 3.4.1
SUMMARY DATA 1
BIGH FERROUS-FERRI

Average:
Count:

Maximum:
¥inimum:

Standard Deviation:

APPENDIX 5

ARRQBI

DATE

13/12/95
14/12/95
15/12/95
16/12/95
17/12/95
18/12/95
19/12/95
20/12/95
21/12/95
22/12/95
23/12/95
24/12/95
25/12/95
26/12/95
27/12/95
28/12/95
29/12/95
30/12/95
31/12/95
01/01/96
02/01/96

03/01/96

04/01/96
05/01/96
06/01/96
07/01/96
08/01/96
03/01/96
10/01/96
11/01/96
12/01/96
13/01/96

Shsai

Rl L/d R2 L/d R1 OUR

......

e ss==== ==z===

N b b W U OV ON O )~ ) ) ) -]
- . - - - . . . . - . . . . .

WO O U ~] b O WU AD U AOD O DO~ U e
WU OO U oo WU ) ) O ) O

R2 QUR COD IN COD B1 COD B2 TKN IN TEN Bl TEN B2

—

o
.

[¥S)
o

S ~3 U U O OO GO D
. . . . . N . -
S ~3 O O 3 M O o
w OO O B O I O

117
269
262
181
206

148
202
237

156
U
253
268

20
12
32
18

14

18

26

1L

14.2

15.0

22.2

20.8

3.12
3.4
2.00

2.00

2.00

2.00

2.00

3.22

2.00

2.00

2.00

2.00

2.00

2.00



PERIOD 3.4.1
SUMMARY DATA 2

BNEANCBD CULTURE DEVELOBMENT

Average:
Count:

Maximum:
Minimum:

Standard Deviatioa:

APPENDIX 5

DATE

13/12/95

. 14/12/95

15/12/95
16/12/95
17/12/95
18/12/95
19/12/95
20/12/55
21/12/95
22/12/95
23/12/95
24/12/95
25/12/95
26/12/95
27/12/95
28/12/95
29/12/95
30/12/95
31/12/95
01/01/96
02/01/96
03/01/96
04/01/96
05/01/96
06/01/96
07/01/96
08/01/96
09/01/96
10/01/96
11/01/96
12/01/96
13/01/96

INPLUBNT
TP ng?/L

45.69
46.48
40.85

R1 BFFL.
TP ngP/L

R2 BEPL.
TP ugB/L

27.05
22.03
21.07

TP REN.
R1 mgk/L

........

21.22
21.02
23.64

TP REM.
R2 ngP/L

18
2

13
14

.64
A5
19,

18

A3

.08
RV
16.

35

R1 ML TP
ngB/qvss
222.24
228.55

351.96
520.80
51.33
18.67
256.89

< 259.01
339.93

©o202.01

R2 ML TP
ngP/qvss




ERIOD 3.4.1
UMMARY DATA 3 .
IGH FBRROUS-FERRIC TO R1 ABROBIC ‘

n R2 RL R2
DATE  ngP/qMLSS ugP/QNLSS MLSS{1) VSS(1) MLSS(2) USS(2) $VSS(1) %vsS(2) al/g ul/g
13/12/95  101.92  123.11 3042 1395 2118 1083 45.9  S1.1 56 82
14/12/95  105.84  182.32 3440 1593 1465 . 797 463 S4.4 41 119
15/12/95

16/12/95 -

17/12/95  161.38  162.65 2000 917 1300 €69  45.9 515 70 138
18/12/95  156.24  223.47 2890 867 2234 152 30.0 331 45 g5
19/12/95 2,72 . 1020 4937 2185 3242 1754 443 541 25 60
20/12/95 21.73 55.85 4937 1740 3632 2163 35.2  59.6 26 3
21/12/95  118.0¢  136.30 3591 1650 2045 1227 - 45.9 0.0 33 48
22/12/95 ‘

23/12/95

24/12/95

25/12/95 S

26/12/95 10452 183.51 3219 1299 2121 1189 40.4 . 56.1 31 g0
271/12/95  133.93  103.3¢ 3122 . 1230 2163 - 1248 - 39.4 . 5117 31 M

28/12/95 76.31 116.2¢4 . 31N2 1425 2255 1208 - 37.8 ... 53.6 2 71
29/12/95 v
30/12/95
31/12/95 '
01/01/96 27.10 65.32 4154 1441 2388 1210 - 34.7 - 50.7 18 59
02/01/96 §7.13 50.88 3118 1391 2509 1318 6.8 52.5 I3 §7
03/01/96 §3.93 63.05 4561 1811 2321 1242 9.7 53.5 24 56
04/01/96 17.52 106.41 3655 1387 2092 un - 37.9 51.2 22 12
05/01/96
06/01/96

- 07/01/96 64.92 18.22 3333 1242 2229 1112 3.3 49.9 45 39

08/01/96 113.21 162.90 3149 1281 1787 975 40.7 54.6 25 8
09/01/96 162.05 163.19 2536 928 1450 128 36.6 50.2 kY 94
10/01/96 117.68 127.81 2854 990 1622 801 347 49.4 28 80
11/01/96 184.86 189.57 3060 1088 2204 1026 35.6 46.6 25 54

12/01/96

13/01/96
.verage: 98.30 124.44 3475 1361 2167 1135 39.2 52.1 33 76
ount: 19 19 19 19 19 19 19 19 19 19
axioum: 184.86  223.47 4937 2185 3632 2163 46.3 60.0 70 138
=inimum: 22.12 50.88 2000 867 1300 669 30.0 13.7 18 39
jtandard Deviation: 41.39 50.67 747 329 549 149 4.5 5.5 1 23

RPPENDIX 5



PERIOD 3.4.1
SUMMARY DATA ¢
HIGH FBRROUS-PERRIC TO R1 ABROBIC

pH pH pH pH pH pH ACID ACID §2003*  H2003¢
Rl R2 Rl R2 R1 R2  DOSB Rl  DOSE R2 Alk Alk
DATR AY AY  ABl ARl AR2 AR2 mmol/d  mmol/d Bl g2

13/12/95 7.15 1.00  7.37  7.41  1.57  1.62 10 10

14/12/95  7.15 .14 1.5 146 1.12 0 1.6) 10 10 257.2 2714

15/12/95 10 10

16/12/95 10 10

17/12/95 7.05 6.93 7.38  1.38  1.60  1.76 10 10

18/12/95 7.24  1.00 7.38  1.43  7.62 1.7 10 10

19/12/95 7.25 1.08  7.42 1.4l T.61  7.66 10 10 2512 305.2

20/12/95  7.21 1.06° 1.3 134 1.55 7.66 10 10 236.6  288.0

21/12/95  7.200 1.02  7.35  1.45 1.8 1M 10 10 ©269.8  284.2

22/12/95 ‘ 10 10

23/12/95 ‘ 10 10

24/12/95 ? 10 10

25/12/95 | 10 10

26/12/95 1.4 1.0 1.34 T.46 7.56  7.68 10 10

27/12/95 7.1 7.07  1.27 1.3 1.45  7.65 10 10 2901  232.4

28/12/95  1.30 7.21 - 7.5 0 .31 .52 1.67 10 10 '

29/12/95 ' 10 10

30/12/95 ' ' 10 10

31/12/95 10 10

01/01/96 7.05 7.02 . 71.25 1.31  1.42  1.57 10 10 256.6  262.9

02/01/96  7.14  6.98 J 7.24  1.51  1.55 10 10

03/01/96 1.16 6.95 71.31  1.29 1.5 71.60 10 10 230.3  255.5

04/01/96 7.10 6.97 71.28 71.25 1.50 7.5 10 10

05/01/96 10 10

06/01/96 ' 10 10

07/01/9¢ 7.04 6.9 7.30 .23 1.8 .97 10 10 268.0  314.8

08/01/96 7.16 6.96 7.28 7.2 7.48 1.62 10 10

09/01/96 7.18 6.98 7.65 7.20 1.9  7.52 10 10

10/01/96  7.12  6.97 7.21 .22 7.40 7.5 10 10

11/01/96  6.93  6.93 7.1l .15 133 T.46 10 10 263.6  284.5

12/01/96 10 10

13/01/%6 10 10
Average: 7.15  7.02  1.35  1.33 0 1.5 1.82 10 10 258.2 M.
Count: 19 19 19 19 19 19 32 32 9 9
Maximum: 7.30 7.21 1.65 .46 1.99  1.78 10 10 290.1  314.8
Minimum: §.93 6.9 111 115 1.33 1.46 10 10 230.3 232.4
Standard Deviation: 0.09- 0.07 0.1 9.09 0.13  0.08 0 0 16.9 23.9

APPENDIX 5




PERIOD 3.4.1
SUMMARY DATA §
HIGH PERROUS-FERRIC TO R1 ABROBIC
NE3 NE3 N03 §03 SRP SRP
DATE £81 £82 £81 £82 £81 £82
13/12/95 0.00 0.00 1.95 2.43 19.98 20.91
14/12/95 0.00 0.00 1.70 2.19 14.87 23.10

15/12/95
16/12/95
17/12/95 0.00 0.00 2.68 . 3.41 16.73 9.29
18/12/95  0.17 0.00 4.38 2.92 9.29 18.59
19/12/95 0 0.86 2.92 1.94 9.29 16.13

20/12/95 5.30 1.40 2.78 1.52 16.57 26.62
21/12/95  1.40 1.40 2,28 1.7 16.68 32.59
22/12/95
23/12/95
24/12/95
25/12/95
26/12/95 1.40 0.19 3.19 3,54 17.56 19.22
27/12/95 1.40 1.40 4.05 31.03 18.28 22.23
28/12/95 2.40 1.40 405 219 16.57 21.32

29/12/95
30/12/95
31/12/95
01/01/96 3.70 3.70 2.20 1.9 18.23 30.27
02/01/96 3.08 2.60 3.86 3.56 19.83 27.38
03/01/96 3.08 3.08 4,75 3.86 20.30 25.49
04/01/96 3.08 2.86 4.16 3.86 18.41 24.08
05/01/96 :
06/01/96
07/01/96 1.00 0.47 3.11 1.5 16.93 24.22
08/01/96 0.47 0.47 3.24 2.06 13.59 21.01
09/01/96 0.47 0.47 3.37 3.27 4.3 2.2
10/01/96 0.47 0.47 4.08 3.15 19.55 21.19
11/01/96 0.47 0.47 1.1 3.90 17.89 26.29
12/01/96
113/01/96 ,
Average: 1.51 1.12 1.32 2,18 16.57 23.12
Count: 19 19 19 19 13 19
Maximum: 5.30 3.10 4.15 3.90 20.30 32.59
Minimum: 0.00 0.00 1.70 1.52 9.29 9.29
Standard Deviation: 1.47 1.13 0.86 0.79 3.08 5.07

APPRNDIX 5



“PERIOD 3.4.1
SUMMARY DATA 6

HIGH FERRQUS-PERRIC TO R1 ABROBIC

Average:
Couant:

Mazimuam:
Minimum:

Standard Deviation:

APPENDIX §

DATE

13/12/95
14/12/95
15/12/95
16/12/95
17/12/95
18/12/95
19/12/95
20/12/95
21/12/95
22/12/95
23/12/95
24/12/95
25/12/95
26/12/95
27/12/95
28/12/95
29/12/95
30/12/95
31/12/95
01/01/96
02/01/96
03/01/96
04/01/96
05/01/96
06/01/96
07/01/96
08/01/96
09/01/96
10/01/96
11/01/96
12/01/96
13/01/96

. [13]
R1 £AN

0.06

0.05

0.05

0.14

0.17

0.05

0.06

------
------

03
Rl fAX

1.94

1.55

2.70

2.49

1.1

2.79

N3
RL £ABL

4.09

.70

4.06

1.9

2.10

4.49

-------
-------

NO3
Rl fAR2

.......

3.57

2.98

4.08

1.76

2,00

5.24

2.30

sI=8==3

NO3
R2 fAN

0.06

0.06

0.08
0.06
0.09
0.06

0.07

2az===

NO3
R2 £AX

1.15

0.82

1.29

1.25

0.20

.59

NO3
R2 fARL

4.35

1.88

2.35

2.66

1.13

4.36

1.40

N03
R2 fAR2

3.3

1.88

2.82

2.82

1.29

4.80

1.1

23z==222



PERIOD 3.4.1
SUMMARY DATA 7
HIGH PERROUS-FERRIC TO R1 ABROBIC

TP TP TP TP TP TP TP TP
DATE Rl faN Rl fAX Rl fARl R1 fAR2 R2 fAN R2 fAX R2 fARlL R2 fAR2

13/12/95 83.47 44.99 31.16 23.21 94.60 18.63 32.99 27.98

14/12/95

15/12/95

16/12/95

17/12/95 90.62 42.93 24.01 15.74 109.70 58.35 37.52 26.39

18/12/95 '

19/12/95 69.27 33.65 20.95 14.02 83.29 49.15 35.46 25.73

20/12/95

21/12/95 76.69 42.22 28.70 22.27 92.36 55.91 44,04 35.46

22/12/95 .

23/12/95

24/12/95

25/12/95

26/12/95 6§0.20 31.34 - 22.93 16.99 §9.27 36.12 25.23 16.33

27/12/95

28/12/95 64.33 31.52 23.16 18.17. 71.56 39.72 27.82 27.66

29/12/95 ’

30/12/95

31/12/95 : : .

01/01/96 53.87 24.44 17.85 16.89 71.56 60.63 ~ 313.M 31.04

02/01/%6 ‘ .

03/01/9%6

04/01/96 74.72 36.43 26.46 19.46 84.06 48.57 37.21 29.42

05/01/96

06/01/96 C

07/01/96 77.06 36.27 21.66 15.72 86.40 43.43 31.76 23.97

08/01/96 _ .

09/01/96 56.04 28.18 21.48 16.35 64.60 35.65 30.51 24.91

10/01/96 '

11/01/96 61.07 31.18 24.75 19.28 39.10 11.93 33.10 26.19

12/01/96

13/01/96
Average: 69.76 34.83 24.10 18.01 78.77 45,83 33.55 26.83
Count: 11 11 11 11 11 11 11 11
Maximum: 90.62 44.99 31.16 23.21 109.70 60.63 44,04 35.46
Minioum: 53.87 24,44 17.85 14.02 319.10 35.65 25.23 16.33
Standard Deviation: 11.23 6.17 3.81 .10 17.15 8.80 4.85 4,52

APPENDIX 5



DRRIOD 3.4.1 |
SUMMARY DATA 8 |
HIGH FERROUS-FERRIC TO R1 ABROBIC ‘

ALDY - FBRRIC PERRQUS
|31 |3 Rl T T
DATR mmolAl/d mmolFe/d nmolFe/d ¢ e
13/12/95 0.0 0.0 12.4 19.8 20.3
14/12/95 0.0 0.0 12.4 19.6 19.9
15/12/95 0.0 0.0 12.4 19.8 20.1
16/12/95 0.0 0.0 12.4 20.2 20.2
17/12/95 0.0 0.0 12.4 20.8 209
18/12/95 0.0 0.9 12.4 20.2
19/12/95 0.0 0.0 12.4 20.0 20.5
20/12/95 0.0 0.0 12.4 19.4 19.9
21/12/95 0.0 0.0 12.4 19.9
22/12/95 0.0 0.0 12.4 20.6 0.1
23/12/95 0.0 0.0 12.4 20.6 20.8
24/12/95 0.0 0.0 12.4 20.6 20.8
25/12/95 0.0 0.0 12.4 19.9
26/12/95 0.0 0.0 12.4 19.8 20.2
27/12/95 0.0 0.0 12.4 20.0 20.5
28/12/95 0.0 0.0 12.4 17.9 20.3
29/12/95 6.0 0.0 12.4 19.7 20.2
30/12/95 0.0 0.0 12.4 - 19.6 20.1
31/12/95 0.0 0.0 124 19.5 20.0
01/01/96 0.0 0.0 12.4 19.0 20.0
02/01/%6 0.0 0.0 12,4 20.0 20.6
03/01/96 0.9 0.0 C12.4 20.1
04/01/96 0.0 0.0 12.4 20.5 1.1
05/01/96 0.0 0.0 12.4 19.4
06/01/96 0.0 0.0 12.4 19.5 20.2
07/01/96 0.0 0.0 12.4 19.4 19.9
T 08/01/96 8.0 0.0 12.4 19.7 20.6
09/01/96 8.0 0.0 12.4 19.5 20.0
10/01/96 0.0 0.0 12.4 19.6 20,1
11/01/96 0.0 0.0 12.4 9.7 20.0
12/01/96 0.0 0.0 12.4 19.4 20.1
13/01/96 0.0 0.0 12.4 19.6 2.1
Average: 19.8 20.3
Count: 12 12 2 S 1] 29
Naximum: 0.0 0.0 12.4 20.8 1.1
Minimum: 0.0 0.0 12.4 17.9 19.9
Standard Deviation: 0.5 0.3

APPENDIX §
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PERIOD 3.4.2
SUMMARY DATA 1

LOW FRRRQUS-FERRIC TQ R1 ARROBI

Average:
Count:

Maximum:
Minimum:

Standard Deviation:

APPENDIX §

DATE
15/01/96
16/01/96
17/01/96
18/01/96
19/01/96
20/01/96
21/01/96
22/01/96
23/01/96
24/01/96
25/01/96
26/01/96
27/01/96
28/01/96
29/01/96
30/01/96
31/01/96

- 01/02/96

02/02/96
03/02/96
04/02/96
05/02/96
06/02/96
07/02/96
08/02/96
09/02/96
10/02/96
11/02/96
12/02/96
13/02/96
14/02/96
15/02/96
16/02/96
17/02/96

Sbsai R1 L/d R2 L/d RL1 OUR R2 OUR COD IN COD Bl COD B2 TEN IN TN El

313
245
N
248
232

251
263
208
303
257

1Y)
233
264
413
297

350
395
349

18
13
21

13
13
18
12
15

16
10
18

15
12
13
10
14

13
12
13
11
15

18.3

20.0

18.9
13.0

12.5

14.4
12.7

13.4

16.8
22.6

2.00
2.00

2.00

2.00

2.00

2.00
2.00
2.00

2.00

2.00
2.00
2.00

2.00
2.00

2.00
2.00

2.00



PERIOD 3.4.2
SUMMARY DATA 2

ENHANCED CULTURB DEVRLOPMENT

Average:
Count:

Haxinum:
Minimua:

Standard Deviation:

APPENDIX 5

DATR

15/01/96
16/01/96
17/01/96
18/01/96
19/01/96
20/01/96
21/01/96
22/01/96
23/01/96
24/01/96
25/01/96
26/01/96
21/01/96
28/01/96
29/01/96
30/01/96
31/01/96
01/02/96
02/02/96
03/02/96
04/02/96
05/02/96
06/02/96
07/02/96
08/02/96
09/02/96
10/02/96
11/02/96
12/02/96
13/02/96
14/02/96
15/02/96
16/02/96
17/02/96

INFLOBNT
TP ug?/L

Rl EPPL.
TP ngP/L

........

=3z

R2 BPPL.
TP ngP/L

TP REN.
RL agp/L

........

TP REM.
22 ngp/L

ss33===:2

R1 ML TP
ngP/qVss

R2 ML TP
mgP/qVss

s3sszs3s3

VY



'ERIOD 3.4.2
{UMMARY DATA 3

0% PERROUS-FERRIC TO R1 ABROBIC, LOW P

.verage:

‘ount:

aximum:

inimua:

‘tandard Deviation:

7/02/97 16:38 Page 1

DATR
15/01/96
16/01/96
17/01/96
18/01/96
19/01/96
20/01/96
21/01/96
22/01/96
23/01/96
24/01/96
25/01/96

26/01/96

27/01/96
28/01/96
29/01/96
30/01/96
31/01/96
01/02/96
02/02/96
03/02/96
04/02/96
05/02/96
06/02/96
07/02/96
08/02/96
09/02/96
10/02/96
11/02/96
12/02/96
13/02/96
14/02/96
15/02/96
16/02/96
17/02/96

........
--------

Rl
ugP/qMLSS

R2

ngP/gHLSS MLSS(1)

Vss(1)

1291

1023
1012
un

834
812

821-

887
885

1029
1030
995
979

1110-

980
1090
821

945

s=s3333s333  3333TT =sssssd

MLSS(2)

V8§ (2)

825
947
984
860
887

922
924
948

$Vss(1)

.......

$VSS(2)

50.
51.
51.
52.
48.

"
o
« s+ e e e
-3 W w U w:

« e
WU~ e D D

0D D O O

39
45
46
45
28

52
57
50
54
53

46
83

53
50

15
83
74
67
67

10
1
64
75
13

16
75
69
81
97

106
12
106



PERIOD 3.4.2
SUMMARY DATA 4
LOW PERROUS-PERRIC TO R1 ABROBIC

pH o pl pH o 0 ACID ACID  H2003+  H2C03*
Rl R2 Rl R2 Rl R2 DOSE R1 DOSE R2 Alk Alk
DATR AN AN AR1 ARl AR2 AR2 mmol/d mmol /4 gl ¥
15/01/96  7.27 1.26 7.42  1.40 1.6  1.69 10 10 3159.8 285.1
16/01/96  7.33 7.2 7.4 7.46  7.62 119 10 10
17/01/96 7.18  T.11 7.40  7.34 1.52  1.61 10 10 114.3
18/01/96 7.20 7.14 7.4%  7.48 1.8 7.78 10 10
19/01/96 10 10
20/01/96 10 10
21/01/96  7.13 .16 748 .34 1.1 1M 10 10 286.9  307.6
22/01/96 7.16  7.09 7.45 7.45 .71 1.82 10 10
23/01/96 712 7.13 0 7.3 1.3 1.6 1.59 10 10
24/01/96 6.9 7.15  7.36  T.42  1.57 1.4 10 10 2713 294.4
5/01/96 7,03 7.0 7.39 .31 1.6 1.67 10 10
26/01/96 10 10
27/01/9¢ 10 10
28/01/96 7.0  6.85 7.30 .26 1.57  1.60 10 10 274,17 293.4
29/01/96 7.05 T.14 7.28  7.33 7.50 7.54 10 10
30/01/96¢ 6.91 7.02 7.36  7.28 7.5 71.58 w10
31/01/96  6.86 6.92 1.27 7.25 .55 1.60 10 10 272.8  286.8
01/02/96 7.00 7.09 7.30  7.30  7T.51  7.65 10 10
02/02/96 ’ 10 10
03/02/96 10 10
04/02/96 6,91 7.08 7.25 7.27 1.51  1.60 10 10 2.1 2814
05/02/96 6.90 7.01 7.36 7.38  7.54 7.58 10 10
06/02/96  7.03  T.03 1.30  7.25 7.48 10 10
07/02/9¢ 7.16 7.20 1.3 130 7.5 7.50 10 10 245.0  288.4
08/02/9¢ 7.37  7.30  7.51 .37 .71 1.52 10 10
09/02/96 10 10
10/02/96 10 10
11/02/96 7.09 7.02 7.36 130 7.6l 1.87 10 10 272.2 147.8
12/02/9¢  7.02  6.95 7.1} 7.2 T.200  7.69 10 10
13/02/96  7.09 7.12 .41 139 .54 7.6l 10 10 262.3 2742
14/02/96 7.19  7.01  7.65 1.25 T.80  1.83 10 10
15/02/96¢ 7.18 7.09  7.42 .13 T.62  8.09 10 10
16/02/96 ! 10 10
17/02/96 10 10 271,22 280.9
Average: 7.0 7.09 T71.38 7.36 7.5  7.65 10 10 2744 286.8
Count: 24 U 24 24 23 U 14 3 10 11
Maximum: 7.37 7300 7.8 .73 7.80  8.09 10 10 315.8 3143
Minimum: 6.86 6.85 7,13 7.25  7.20  7.48 10 10 245.0  247.8
Standard Deviation: 0,13 0,11  0.10 0.10 0.11 0.13 0 0 17.1 16.6
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PERIOD 3.4.2

SUMMARY DATA §

LON FERROUS-FERRIC TO R1 ABROBIC

NE3 NE3 §03 §03 SRP SRR
DATE 391 £82 £81 £82 £R1 £R2

15/01/96 2.45 16.17 4.10 2.40 15.36 22.42

16/01/96 1.96 1.96 3.60 3.10 16.29 21.88

17/01/96 1.1 3.30 19.33
18/01/96 1.47 1.22 4.53 3.80 26.53 26.07
19/01/96
20/01/96

21/01/96 1.47 1.47 4.06 3.10 18.16 21.43
22/01/96 0.50 0.30 1.90 - 1.00 9.27 13.28
23/01/96 0.40 0.30 1.50 1.10 19.44 20.10
24/01/96 .30 0.30 1.60 1.30 20.88 21.43
25/01/96 0.40 0.30 1.60 1.30 19.00 19.22
26/01/96

27/01/96

28/01/96 0.30 0.3

29/01/96 0.78 0.3 . . .
30/01/96 0.30 0.27 4.87 4.25 28.00 22.90
31/01/96 0.27 0.3

01/02/96 0.30 0.4

02/02/96

03/02/96

04/02/96 0.48 0.48 5.37 4.87 22.54 26.10
05/02/96 0.50 0.50 5.50 5.00 18.54 23.58
06/02/96 0.50 0.50 5.50 6.00 23.92 31.26
07/02/96 0.50 0.50 §.00 1.50 24.26 30.53
08/02/96 0.50 0.50 §.00 7.50 24.26 30.80
09/02/96 '

10/02/96

11/02/96 0.50 0.50 8.00 6.00 29.38 38.11
12/02/96 1.36 0.54 8.00 6.30 27.50 33.01
13/02/96 0.68 0.68 5.70 §.05 22.98 29.05

14/02/96

15/02/96 0.81 0.68 8.10 6.30 23.86 32.78

16/02/96

17/02/96 0.54 0.54 1.18 1.25 24.63 31.70
Average: 0.75 1.29 4.66 3.96 22.69 25.61
Count: 23 24 2] 24 23 24
Maximum: 2.45 16.17 8.10 7.50 29.38 38.11
Minimua: 0.27 0.27 1.50 1.00 9.27 13.28
Standard Deviation: 0.57 1.14 2.19 1.98 4.92 5.61
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PERIOD 3.4.2
SUMMARY DATA 6

LOW FBRROUS-FERRIC TO R1 AEROBIC

Average:
Count:

Maximum:
Minimum:

Standard Deviation:

APPENDIX 5

DATR

15/01/96
16/01/96
17/01/96
18/01/96
19/01/96
20/01/96
21/01/96
22/01/96
23/01/96
24/01/96

25/01/96

26/01/96
27/01/96
28/01/96
29/01/96
30/01/96
31/01/96
01/02/96
02/02/96
03/02/96
04/02/96
05/02/96
06/02/96
07/02/96
08/02/96
09/02/96
10/02/96
11/02/96
12/02/96
13/02/96
14/02/96
15/02/96
16/02/96
17/02/96

O3
R1 £AN

0.00

0.06

0.05
0.00

0.00

0.00
0.03
0.30

C0.05

0.08

I=zz=2s==

N03

1.7

2.40

2.69 .

0.93

249

4.53

03
R1 fARL

4.30

3.78

4.04
.1

- 3.00

4,00

W

2.48

4.38

1.13

03
R1 fAR2

4.61

3.8%

4.16
2.34

3.10

£.20
5.37

2.49

5.34

7.98

§03

0.03
0.00
0.00

0.00
0.03
0.03

0.03

0.04

03
R2 fAX

1.22

1.20

2.00

2.85

0.81

4.08 -

N03

3.3
2.84

2.70

3.50
.97

.12

4.15

5.64

N03
R2 faAR2

3.51

3.9

3.43
.32

2.50

3.50
3.95

2.06

4.80

1.19



PERIOD 1.4.2
SUMMARY DATA 7

LOW FERROUS-FERRIC TO R1 AEROBIC

Average:
Count:

Maximum:
Minimum:

Standard Deviation:

APPENDIX 5

DATE
15/01/96
16/01/96
17/01/96
18/01/96
19/01/96
20/01/96
21/01/96
22/01/96
23/01/96
24/01/96
25/01/96
26/01/96
27/01/96

28/01/96

29/01/96
30/01/96
31/01/96
01/02/96
02/02/96
03/02/96
04/02/96
05/02/96
06/02/96
07/02/96
08/02/96
09/02/96
10/02/96
11/02/96
12/02/96
13/02/96
14/02/96
15/02/96
16/02/96
17/02/96

™
Rl fAN

80.35

84.77

68.13
73,68

70.23

19.01
70.23

83.78

96.79

89.47

T8
Rl fAX

319.85

47.22

35.81

16.28

34.80

44.69
16.87

40.67

48.48

48.48

TP
R1 £AB1

30.05

35.18

25.83
24.72

25.22

34.64
30.65
27.98

31.07

34.00

P
R1 fAR2

22.66

27.09

17.21
18.22

18.04

27.61
25.54

19.85

21.47

25.18

P
R2 fAN

92.40

101.41

19.22
83.19

68.64

83.00
12.63

84.59

101.68

95.17

T
R2 fAX

47.09

46.27

40.72

37.08

37.99

P
R2 fABl

35.19

36.28

28.136

25,51

26.50

33.52

28.25

21.82

SSSSSs=s

P
R2 £aR2

26.52

21.57

23.13
18.22

18.68

26.18
-23.62

18.87

27.00

2.1



PERIOD 3.4.2
SUMMARY DATA 8
LOW PERROUS-PRRRIC TO R1 AEROBIC

ALUM PERRIC PBRROUS

R1 Rl Rl T1 T2

DATE mmolAl/d nnolfe/d amolPe/d °C °oC
15/01/96 0.0 0.0 6.2 19.5 20.1

16/01/96 0.0 0.0 6.2 19.9 20.2
17/01/96 0.0 0.0 6.2 20.9 21.1
18/01/96 0.0 0.0 6.2 19.8 20.1
19/01/96 0.0 0.0 6.2 20.1 20.4

20/01/96 0.0 0.0 6.2 20.0 20.3
21/01/96 0.0 0.0 6.2 19.7 20.2
22/01/96 0.0 0.9 6.2 _20.0 20.9
23/01/96 0.0 0.0 6.2 19.5 20.0
24/01/96 0.0 0.0 6.2 19.5 19.9
25/01/9%6 0.0 0.0 6.2 19.5 19.8
26/01/96 0.0 0.0 6.2 20.3 21.1
27/01/96 0.0 0.0 6.2 19.9 20.0
1 28/01/96 0.0 0.0 6.2 20.0 20.2
29/01/96 0.0 0.0 © 6.2 20.0 20.4
30/01/96 0.0 0.0 6.2 19.8 20.3
31/01/96 0.0 0.0 6.2 19.8 20.5
01/02/96 0.0 0.0 6.2 19.6 20.0
02/02/96 0.0 0.0 6.2 20.0 20.8
03/02/96 0.0 0.0 6.2 19.5 19.9
04/02/96 0.0 0.0 6.2 19.7 20.1
05/02/96 0.0 0.0 6.2 19.9 20.4
06/02/96 0.0 0.0 6.2 19.6 20.0
07/02/96 0.0 0.0 6.2 19.6 20.1
08/02/96 0.0 0.0 6.2 19.7 20.2
09/02/96 0.0 0.0 6.2 19.6 20.2
- 10/02/96 0.0 0.0 §.2 19.9 20.4
' 11/02/9¢6 0.0 0.0 6.2 20.1 20.3

12/02/96 0.0 0.0 6.2 19.6 20.0
13/02/96 0.0 0.0 6.2 19.6 20.2
14/02/96 0.0 0.0 §.2 19.9 19.7
15/02/96 0.0 0.0 6.2 20.0 19.7

16/02/96 0.0 0.0 6.2 20.1 20.5

17/02/96 0.0 0.0 6.2 19.6 20.0

Average: 19.8 20.2
Count: 34 34 34 34 3
Maximum: ‘ 0.0 0.0 6.2 20.9 1.1
Migimum: 0.0 0.0 6.2 * 19.5 19.7
Standard Deviation: : 0.3 0.3
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PERIOD 3.4.3

SUMMARY DATA 1

LOW PRRROUS-FERRIC TO R1 ANAEROB

DATE  Shsai R1 L/d R2 L/d R1 ODR R2 OUR COD IN COD Bl COD E2 TEN IN TRN Bl TEN B2

18/02/96 150 36.5 35.3 8.00  9.50
19/02/96 150 367 36.0 8.00 9.70 155 11 21
20/02/96 150  37. 36.5 7.70  10.50 I 12 12 13.0 3.5
21/02/96 150  36. 35.3  8.00  9.60 345 16 14
22/02/96 150  36. 6.2 9.60 12.50 345 18 16 101 2.00  4.84
23/02/96 150 36.
24/02/96 150  3§.
25/02/96 150  36.
26/02/96 150 36.
27/02/96 150 6.
28/02/96 150 37,
29/02/96 150 6.
01/03/96 150 37,
02/03/96 150 37, . .
03/03/96 150 37, 35.0  10.70  9.00 235 18 18 149 2.00  2.00

4

7

7

5

5

7 40

5336 9.90 11.60 338 18 19

5

7

1

4

9

0
04/03/9 150 374 367  8.50 5 12 16

4

2

B

0

5

2

7

0

0

7

B

2

33.6  9.40 10.10 302 17 - 18 11.4  5.00 2.00
19.4 . 8.00 In 18
35.5  8.60 10.20 324 17 21203 2.00  2.00

05/03/96 150 37, 6.0 8.30  9.30 222 18 18 17.2  2.00 2.00
06/03/96 150 37, 37.2 9.00 10.60 215 15 0

07/03/96 150 35, 5.8 9.40 10.30 163 14 - 20 185 2.00 2.00
08/03/96 150 36.
09/03/96 150 136,
10/03/96 150 37,
11/03/96 150 6.
12/03/96 150 37,
13/03/96 150 6.
14/03/96 150 36.
15/03/96 150 34,
16/03/96 - 150  37. . .
17/03/96 150  35.8 367 7T.20 10.90 242 15 0 15 217 785 1.43

36.7  8.80 11.60 145 20 19 165 2.00  2.00
36.7  9.00 11.20 229 19 16
3174 9.60 251 17 18 12.6 2.00 2.00
6.0 7.90 11.00 203 17 16
317.0 8.24 11.40 285 18 15 15.4 2,00 2.00

18/03/96 150  35.8  35.8 284 15 14
Average: 150  36.7 35.6  9.02 10.65 264 16 17 156 2.95 2.83
Count: 030 29 27 26 20 20 19 1 11 10
Naximum: 150 379 41.8 11.10 12.60 379 20 a7 185 1.43
Minimem: 150 348 134 .20 8.00 145 11 12 10,1 2,00  2.00
Standard Deviation: 0 0.6 340 100 1.05 69 2 2 3.5 1.80 1.5
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PRRIOD 3.4.3
SUMMARY DATA 2

ENEANCED COULTURB DEVELOPMENT

Average:

Count:

Maxinum:

Minimum:

Standard Deviation:

APPENDIX 5

DATR
18/02/96
19/02/96
20/02/96
21/02/96
22/02/96
23/02/96
24/02/96
25/02/96
26/02/96
27/02/96
28/02/96
29/02/96
01/03/96
02/03/96
03/03/96
04/03/96
05/03/96
06/03/96
07/03/96
08/03/96
09/03/96
10/03/96
11/03/96
12/03/96
13/03/96
14/03/96
15/03/96
16/03/96
17/03/96
18/03/96

INFLUBNT
TP mgP/L

42.19
35.74
41.37
44.69

R1 BFPL.
TP ngB/L

24.99
26.81
26.14
22.42

R2 BFPL.
TP ng?/L

1.1l
32.43
34.25
30.48

TP REM.
R1 ogB/L

17.20
§.93
15.23
-22.21

TP REN.
R2 ngP/L

11.08
3.1
1.12

14.21

Rl ML TP
agP/qVss

392.33
300.01
311.58
365.99

R2 ML TP
ngP/qvss

281.84
231.19
241.35
278.19




PERIOD 3.4.3
SUMMARY DATA 3
LOW FERROUS-FERRIC TQ R1 ANAEROBIC

DSVI  DSVI

R1 R2 Rl R2

DATE  mgP/gNLSS mgP/gHLSS MLSS{1) VSS(1) MLSS(2) VSS(2] %VsS(1) %Vss(2) wml/g nl/g
18182496

18/62/96 182.16 146.605 1860 9t 1465 128 £%.0 £%.7 5% 123

20/02/96 148.58 13t.62 1783 888 1364 T 4%.5 56.5 6t 125

21/02/96 149.51 144,04 1638 786 1436 857 48.0 59.7 67 122

22/02/9¢ 188.77 157.44 1648 850 1334 195 51.6 56.6 47 135
23/02/96
24/02/9%6
25/02/96

26/02/9¢ . 12.13 148.81 1789 877 | 1475 817 49.0 5.4 81 125
27/02/96 - 138.80 126.97 1900 903 1480 827 47.5 55.9 53 115

28/02/%6 167 .64 1884 910 49.4 ki
29/02/96 - 157.57 133.76 1681 920 1347 751  54.7  55.8 145
11/03/96

02/03/96

13/03/96 177.81 131,50 1940 9315 1370 765  48.2  55.8 4% 150
04/03/96 160.81 341.96 1944 999 1369 767 514 56.0 46 146
05/03/96 175.08 14792 1935 42 1141 785 480 86.2 47 1¢4
06/03/96 188.87 146.50 1916 925 135 779 48.3  57.4 50 155
07/03/96 164.78 123.40 1850 $5 1314 803 505 §0.2 54 146
08/03/96 :
09/03/96

10/03/96 169.45 114.95 1961 943 1379 791  48.1  57.4 51 160
11/03/96 132.78 127.74 1963 925 1420 844 471 59.4 51 141
12/03/96 131.75 122.54 2013 942 1418  f49  46.8  59.9 47 134
13/03/96 134.95 126.15 2013 926 1398 789  45.6  56.4 47 136
14/03/96 157.30 121.36 1906 870 1344 717 45.6  57.8 50 130
15/03/96

16/03/96

17/03/96 170.03 13606 1748 820 1178 106 47.0 £0.0 Y 132
18/03/96 156.17 137.49 1701 186 1096 104 46.2 64.2 53 141

wssmema= smmmmmman cveamc e s ewmamwe PR eemmmm=w ====2z mmsmz=s s====== =sz== =====2

kverager - 161.75 145.25 1855 90t 1363 181 48.6 5T.¢ 55 138
Count: 20 19 20 20 19 9 20 19 19 19
Maximum: 192.16 4196 231 998 1480 857 84.1 4.2 T 164
Minimum: 131.75 114.95 1638 186 1096 104 45.6 - 49.7 46 115
Standard Deviation: 18.00 47.60 17 54 81 4 2.2 2.8 g 13
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PERIOD 3.4.3
SUMMARY DATA 5
LOW PERROUS-PERRIC TO R1 ANAEROBIC

W N No3 O3 SRP SRP
DATE o f f1 fR2 fRL £R2
18/02/96 ;
lo/02/36  0.5¢ 081 545 a7 ez 30 89
20/02/9 038 051 49 | 346 2106 3 89
ajo/e 051 5L 237 L1 2868 348
njaes 051 05l e e s 308
23/02/96
24/02/96
25/02/96

26/02/96 0.48 0.36 §.11  5.04 20.117 29.32
27/02/96 0.36 0.36 6§10 5.44 20.41 21.92

28/02/96  0.36 §.10 | 24.16
29/02/96 0.3 036 5.5 530 2073 32.37
01/03/96

02/03/96

03/03/96 0.49 0.36 5.57 4.11 18.30 24.40
04/03/96 0.72 - 0.48 5.54 4.65 20.56 29.95
05/03/96 0.48 0.60 5.54 430  23.96 30.91
06/03/96 0.60 0.36 5.66 . 4.28 . 21.79 4.4
07/03/96 0.48 0.48 4.66 3.40 21.08 31.15
08/03/96

09/03/96

10/03/96 0.48 0.48 4.66 2.89 18.69 28.51
11/03/96 0.58 0.70 .49 3.04 13.83 23.27
12/03/96 0.70 0.70 5.08 3.9 - 18.10 27.41
13/03/96 0.53 0.64 5.02 3.70 17.07 21.67
14/03/96 0.53 0.70 5.68 4.36 19.19 25.60

15/03/96

16/03/96 :

17/03/96 0.70 0.58 L6200 3.70 18.49 28.18

18/03/9 0.64 0.94 482 3.30 20.43 30.25
Average: 0.52 0.55 5.09 1.87 21.25 29.55
Count: 20 19 20 19 20 19
Maximum: 0.72 0.94 6.11 5.44 27.19 14.74
Minimun: 0.36 0.36 2.37 1.19 13.83 1.2
Standard Deviationm: 0.11 0.16 0.85 1.00 31.45 3.07

APPENDIX §




PBRIOD 3.4.3
SUMMARY DATA 6

LOW FBRROUS-PBRRIC TO R1 ANARROBIC

Average:

Count:

Maximum:

Minimum:

Standard Deviation:

APPENDIX 5

DATR

18/02/96
19/02/96
20/02/96
21/02/96
22/02/96
23/02/96
24/02/96
25/02/96
26/02/96
21/02/96
28/02/96
29/02/96
01/03/96
02/03/96
03/03/96
04/03/96
05/03/96
06/03/96
07/03/96
08/03/96
09/03/96
10/03/96
11/03/96
12/03/96
13/03/9¢
14/03/96
15/03/96
16/03/96
17/03/96
18/03/96

........
--------

N03
R1 fAN

0.11

0.05
0.07

0.10

0.05
0.05

N03
Rl fAX

1.62

.74

3.56

2.89

1.42

2.87

2.79
3.04

3.42

N03
R1 fAB1

N03

4.41

5.03
5.22
6.08

N03

0.07
0.13

0.09

0.12

0.04

0.05

......

N03
R2 fAX

1.30

1.60

3.2

2.8

276

4.48

1.54
.17

2.12

§O3 -
R2 ARl

5.01

3.58

4.11

3.84

2.64
3.4

4.09

=====2=2

NO3
R2 fAR2

4.24

4.24

M
1.1

4.76



~ PERIOD 3.4.3
SUMMARY DATA 7

LOW PERROUS-FRRRIC T0 R1 ANAEROBIC

Average:

Count:

Maximum:

Ninimum:

Standard Deviation:

APPENDIX 5

DATB
18/02/96
19/02/96
20/02/96
21/02/96
22/02/96
23/02/96
24/02/96
25/02/96
26/02/96
27/02/96
28/02/96
29/02/96
01/03/96
02/03/96
03/03/96
04/03/96
05/03/96
06/03/96
07/03/96
08/03/96
09/03/96
10/03/96
11/03/96
12/03/96
13/03/96
14/03/96
15/03/96
16/03/96

17/03/96

18/03/96

as3sz===2

TP
R1 fAN

92.66

94.75

86.85

§3.16

63.91
80.08
63.26

84.60
§1.55

13.79

45.16
43.58

34.19
42.35

30.64

43.29
43.29

40.70

TP
R1fARL

318.55
31.90
30.48
29.26

25.41
34.49

2047

28.50

28.81

27.34

TP
R1 fAR2

30.94

22.58

22.90°

20.33

19.25
29.41

17.53

22.25
20.88

20.20

s=zT=3=S

TP
R2 fAN

98.45

90.01

89.22

83.16

63.14
§3.93

67.07

52.11

54.98

- 36.34

18,35

41.61

TP
R2 fARL

45.01

39.64

39.64
44.66

30.95
4.27

35.06

TP
R2 fAR2

37.89

30.16

30.48

34.80

25.41
36.03

24.24

s3=2333<



KRIOD 3.4.3
-JMMARY DATA §
W FERROUS-FERRIC TO R1 ANAEROBIC

ALOM FERRIC FERROTS
Rl Rl Rl T1 T2
DATE mmolAl/d mmolPe/d mmolFe/d o¢ o
18/02/96 0.0 0.0 6.2 20.5 1.4
19/02/96 0.0 0.0 6.2 19.7 20.2
20/02/96 0.0 0.0 6.2 1.2 22.7
21/02/96 0.0 0.0 6.2 20.0 20.8
22/02/96 0.0 0.0 6.2 20.4 21.1
23/02/96 0.0 0.0 6.2 19.7 20.3
24/02/96 0.0 0.0 6.2
25/02/96 0.0 0.0 6.2 19.6 19.9
26/02/96 0.0 0.0 6.2 19.6 20.4
21/02/96 0.0 0.0 6.2 20.1 20.4
28/02/96 0.0 0.0 6.2 20.4
29/02/96 0.0 0.0 6.2 20.1 20.7
01/03/96 0.0 0.0 6.2 20.1 20.3
02/03/96 0.0 0.0 6.2 19.9 20.3
03/03/96 0.0 0.0 6.2 19.5 19.6
04/03/96 0.0 0.0 6.2 18.6
05/03/96 0.0 0.0 6.2 19.3 19.5
06/03/96 0.0 0.0 6.2 20.0 20.5
07/03/96 0.0 0.0 6.2 19.7 20.2
08/03/96 0.0 0.0 6.2 19.9 20,17
09/03/96 0.0 0.0 6.2 19.6 - 20.0
10/03/96 0.0 0.0 6.2 19.6 20.1
11/03/96 0.0 0.0 6.2 20.0 20.5
12/03/96 0.0 0.0 6.2 20.2
13/03/96 0.0 0.0 6.2 19.4 19.4
14/03/96 0.0 0.0 6.2 20.0 20.5
15/03/96 0.0 0.0 6.2 19.8 20.1
16/03/96 0.0 0.0 6.2 20.2 20.7
17/03/96 0.0 0.0 6.2 20.1 20.3
18/03/96 0.0 0.0 6.2
verage: _ 19.9 20.4
ount: 30 30 30 27 26
aximum: 0.0 0.0 6.2 21.2 22.1
inimum: 0.0 0.0 6.2 18.6 19.4
tandard Deviation: 0.5 0.6

PRENDIX §



PERIOD 3.4.4
SUMMARY DATA 1
W .
DATE Sbsai Rl L/d R2 L/d -R1QUR R2 OUR COD IN COD Bl COD B2 TEN IN TEN Bl TRN R2
01/04/96 150 36.0 37.4 1130 18.30 406 17 14
02/04/96 150  36.2 343 1130 16.00 326 18 12337 2.00  2.00
03/04/96 150 3.7 367 11.20 17.10 in 24 U
04/04/96 150 3.5 36.2 11.50 8.M 163 18 18 216 2,00 2.00
05/04/96 150 3.4 3.0
06/04/96 150  36.7 12.50  9.30 229 18 a1 . 3.3 2,00
07/04/96 150 37.0  37.0 13.30 10.10
08/04/96 150 37.0 36.0 13.10  8.20 193 19 19
09/04/96 150 36.7

10/04/96 150 3.5 35.0 11:50  8.50 304 22 3

11/04/96 150 37.2  36.5 11.10 8.59 181 15 § 20,5 2.00 2.00
12/04/96 150 367 355 10.00 7.70

13/04/96 150 36.0 367 8.80 7.30 :

14/04/96 150 37,7 3.7 8.0 6.60 198 16 11 18.4 2,00  2.00
15/04/96 150 35,8 37,0 10.10 7.90 291 17 17

16/04/96 150 35.0  36.0 9.40 8.40 219 2 20 19.0  2.00 2.00
17/04/96 150 35.8 -37.9 11.00 11.50 266 18 19

18/04/96 150 35.8 36,7 10.70  8.80 147 20 12 219 2,00 2.00

19/04/96 150  36.0 367 12.50 11.10

20/04/96 150 35.8 35.8  6.60 11.10

21/04/96 150 10.20  9.70 43 28 5 32,0 485 1M

22/04/96 150 35.8 338 1250 10.30 299 2 13

23/04/96 150 35.8  36.5 12,00 9.40 254 19 4 2.1 3.8 2.00

24/04/96 150 35.5 36.2 11.70 10.50 282 25 2

25/04/96 150 35.8 36.5 11.60 12.30 70 2 15 242 2.00 2.00

26/04/96 150 35.0  39.1 11.90 12.80

27/04/96 150 35.5  37.4 13,90 13.60

28/04/96 150  45.1 45.1 13.20 12.80 375 3 3 22,9 2,00 2.00

29/04/96 150 30.5  37.9 393 21 26

30/04/96 150 35.0 36.5 12.80 13.40 337 29 25

02/05/96 150  35.0 350 15.80 10.80

03/05/96 150 36.2  37.0 13.30 13.50

04/05/96 . 150  36.2 37.2 13.20 12.70

05/05/96 150 12,00 12.40

06/05/96 150 358 B4 .

07/05/96 150 353 35,3 11,70 21.10 384 21 28207 2,00 2.00

08/05/96 150 353 338 13.20 11.90 330 23 2l

09/05/96 150  36.0 34.6 13.50 11.60 383 Iy i 3129 200 3.00
- 10/05/96 150 35.0 34.1 13.50 11.50

11/05/96 150 37,7 31,0 15.10 13.00

12/05/96 150 35.8 346 13.00 425 25 20 28.1 2,00 2.00
13/05/96 150  36.7 35,5 17.30 13.10 479 20 19
14/05/96 150 37.2 365 351 23 20 28,2 2,00 .04

15/05/96 150 36,2 35.5 13.30 12.00 356 2] 19

16/05/96 150 36.7  36.0 12.40 12.90 336 20 18 4.9 200  2.00
17/05/96 150 36.7 35.3 13.10 11.00

18/05/96 150 37,7 37.2 15.60 13.20

19/05/96 150 36.2 36,7 13.60 13.60 326 226 15 18.2  2.00  2.00
20/05/96 150 36.2 382 14.40 275 U 20

21/05/96 150 35.8  36.2 13.70 12.10 281 20 19 27,7 2,00 2.00
22/05/96 150 - 37.0  36.2 12.50  9.50 382 20 18

23/05/96 150 3.5 36.2 11.20 9.70 320 17 17 20.8 2,00 2.00
24/05/96 150 35.8 365 11.10 10.40 319 20 20 274 2,00 2.00
25/05/96 150 35.8 348 13.50 12.20

26/05/96 150 36.5 35.8 1471 9.86

27/05/96 150 36.2 367 1427 10.79

28/05/96 150 36.2 36,2 14.81 10.81 347 17 17 216 2.00  2.00
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PRRIOD 3.4.4
STMMARY DATA 1
LOH_FERROUS-FRRRIC T0 R1 ARRQBIC, LOW P .
DATE  Sbsai R1L/d R2 L/d RL OUR R2 OUR COD IN COD BL COD B2 TEN IN TEN Bl TEN 2
29/05/96 150 36.0  36.7 18.22 12.75 438 a1 20
30/05/96 150 35.5  35.5 18.00 13.14 339 18 18 35.0  2.00 2.0
31/05/96 150 37.2  37.0 13.21 12.94 :
01/06/9 150  36.2  36.2 15.93 10.66
02/06/96 150 37.0 37.4 15.93 11.92 38 20 16 347 2.00  2.00
03/06/96 150  36.5  36.5 319 Y
04/06/96 150 367  36.0 15.80 12.20 417 24 26 3.9 330 3.2
05/06/9 150 35.3 35.3 20.80 13.30 342 2. u
06/06/96 150  36.7  36.5
07/06/96 150  34.8  35.3  14.03  10.67
08/06/96 ~ 150  35.5  36.0 17.15 12.47
09/06/96 150  36.0  36.0 18.14 1297 392 27 25 3.0 2.00  3.93
10/06/96 150  36.7 355 17.58 14.33
11/06/96 200 35.8 358 19.45 14.66 312 22 23 29.1  2.00  2.00

Average: 148 16.2 36,3 13.35 11.64 18 26 19 26.6 2.28 2.27
Count: 71 69 67 64 62 44 44 44 26 26 26
Maximum: : 150 45.1 45.1 20.80 21.10 479 226 8 370 4.85 31.93
Minimum: 20 30.5 33.4 6.60 6.60 163 . 1§ 8 18.2 2.00 2.00
Standard Deviation: 15 1.4 1.5 2.6  2.56 71 1 4 59  0.11  0.97
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PERIOD 3.4.4 |
SUMMARY DATA 2 , |
LOW FBRROUS-PERRIC TO R1 ABROBIC, LOW P
INPLOURNT  R1 BFPL.  R2 BFPL. TP REM. TP REM. RLNL TP  R2 ML TP l
DATE TP ngP/L TP mgB/L . TP ugP/L Rl mgP/L  R2 mgP/L  wgP/qVSS  mgP/qVss
01/04/96 15.81 0.01 1.90 15.80 13.91 244,64 126,78
02/04/96 ~  14.07 0.01 1.58 14.06 12.49 200.05 152.85
03/04/96 ‘ : 204.01 175.38
04/04/96 15.65 0.01 0.15 15.64 15.50 204.77 143.82
05/04/96
06/04/96 15.65 1.70 2.01 13.95 13.64 194,57 169.28
07/04/96
08/04/96 15.80 2.32 §.04 13.48 9.76 182.83 160.45
09/04/96 ,
10/04/96 14.87 0.46 1.24 14.41 13.63 194.79 156.78
11/04/96 15.91 0.07 0.60 15.84 15.31 224 .44 182.73
12/04/96
- 13/04/96
14/04/96 14.24 0.58 4.02 13.66 10.22 213.48 192.79
15/04/96 15.00 0.76 3.0 14.24 11.78 276.69 218.86
16/04/96 12.57 0.68 2.44 11.89 10.13 195.94 169.18
17/04/96 16.06 0.78 3.49 15.28 12,57 221.19 188.24
18/04/96 13.25 0.67 1.5 12.58 12.00 - 213.78 178.05
19/04/96
20/04/96 ,
21/04/96 15.64 1.39 2.02 14.25 13.62  163.94 150.36
22/04/96 14.85 0.40 0.54 14.45 14.31 188.82 164.81
23/04/96 15.17 0.82 1.28 14.35 13.89 171.59 172.68
24/04/96 4.2 0.36 0.38 13.85 13.83 184.28 186.15
25/04/96 17.76 2.03 3.49 15.73 14.27 141.22 137.82
26/04/96 |
27/04/96 ,
28/04/96 15.33 0.82 1.50 14.51 13.83 135.93 150.86
29/04/96 18.36 1.43 0.95 16.93 17.41 199.59 158.22
30/04/96 16.85 0.87 . 0.91 15.98 15.94 241.02 159.33
02/05/96
03/05/96
04/05/96
05/05/96
06/05/96
07/05/96 15.20 0.58 0.77 14.62 14.43 121.92 124.59
08/05/96 15.04 0.74 0.76 14.30 14.28 149,25 143.82
09/05/96 1.8 0.76 - 0.84 17.11 17.03 156.91 157.02
10/05/96
11/05/96
12/05/96 17.86 2.45 1.96 15.41 13.90 160.30 139.93
13/05/96 10.27 0.94 1.44 9.33 8.83 143.67 175.17
14/05/96 16.91 0.712 1.18 16.19 15.73 142.34 143.96
15/05/96 16.91 0.89° 1.24 16.02 15.67 148.27 162.00
16/05/96 26.18 0.91 2.36 25.21 23.82 161.78 156.41
17/05/96
18/05/96 ,
19/05/96 - 23.86 1.5 3.69 22.35 20.17 222.39 202.38
20/05/96 24.19 1.64 5.78 22.55 18.41 202.81 183.55
21/05/96 23.03 1.2 4.7 2.4 18.32 169.26 211.87
22/05/96 17.30 3.15 6.55 14.15 10.75 169.53 153.58
23/05/96 16.25 1.85 5.23 14.40 11.02 147.21 153.49
24/05/96 13.84 1.08 2.59 12.76 11.25 148.87 149.11
25/05/96
26/05/96
27/05/96
28/05/96 14.89 0.51 0.93 14.38 13.96 171.711 186.59
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PERIOD 3.4.4
SUMMARY DATA 2 :
LOW PERROUS-FERRIC TO R1 ABROBIC, LOW P

[NFLURNT R1 BFPL. R2 BFFL. TP REM. TP REM. RLML TP R2 ML TP
DATE TP ugP/L TP ngP/L TP ngP/L Rl mgP/L  R2 mgP/L  mgP/qVSS  mgP/qVss
29/05/96 15.20 0.53 1.00 14.67 14.20 182.41 176.91
30/05/96 14.14 0.31 0.56 13.83 13.58 161.89 168.57
31/05/96
01/06/96
02/06/96 16.62 0.39 0.7 - 16.23 15.85 159.73 169.38
03/06/96 15.46 0.38 0.76 15.08 14.70 151.22 156.01
04/06/96 18.11 1.40 .64 16.711 15.47 153.38 165.21
05/06/96 17.12 0.93 1.01 16.19 16.11 175.39 157.16
06/06/96
07/06/96
08/06/96 _ |
09/06/96 18.17 0.55 0.59 18.22 18.18 145.30 135.46
10/06/96
11/06/96 o118 0.46 0.67 171.37 17.16 134.93 132.66
Average: 16.51 0.93 2.07 15.58 14.44 179.32 163.66
Count: : 4] 43 43 4} 4} 44 44
Maximum: 26.18 1.15 §.55 25.27 21.82  276.89 218.86
Minimuam: 10.27 0.0 0.15 9.33 8.43 121.92 124.59
Standard Deviation: 3.00 ©0.68 1.66 2.85 2.96 33.20 20.90
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PERIOD 3.4.4
SUMMARY DATA 3

LOW FERROUS-PERRIC TO R1 ABROBIC, LOW P

DATE.
01/04/96
02/04/96
03/04/96
04/04/96
05/04/96
06/04/96
07/04/96
08/04/96
09/04/96
10/04/96
11/04/96
12/04/96
13/04/96
14/04/96
15/04/96
16/04/96

“17/04/96
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18/04/96
19/04/96
20/04/96
21/04/96
22/04/96
23/04/96
24/04/96
25/04/96
26/04/96
27/04/96
28/04/96
29/04/96
30/04/96
02/05/96
03/05/96
04/05/96
05/05/96
06/05/96
07/05/96
08/05/96
09/05/96
10/05/96
11/05/96
12/05/96
13/05/96
14/05/96
15/05/96
16/05/96
17/05/96
18/05/96
19/05/96
20/05/96
21/05/96
22/05/96
23/05/96
24/05/96
25/05/96
26/05/96

.......

1518
1604
1718
1645
1806
1756

1794

1847

1650
1568
1572
1545
1555

1594
1549
1495
1481

1102

1498
1286

1280

11
1396 ¢

1388

1411
1476
1461
1495
1541

1684
1783
1873
1805
1848

m R
ugP/qMLSS mgP/gMLSS MLSS(1)

121.84 89.61
110.37 100.37
115.42 116.78
108.92 95.02
112.37 114,71
100.58 100.89
111.40 100.33
124.68 115.13
113.85 123,14
- 138,17 122.97
107.94 105.02
123.55 118.76
109.85 105.31
99.15 93.84
102.03 100.65
95.04  105.56
95.94 109.36
9.1 103.45
80.03 96.98
113.30 96.79
139.91 97.38
77.61 79.12
89.81 88.60
.46  91.15
95.20 91.63
84.59 109.98
84.37 95.88
86.68 101.42
93.54 95.31
128.89 124.57
115.2] 113.01
96.42 125.34
93.36 89.74
81.41 92.88
85.24 92.70

1818

vSs(1)

1026
1026

880
783
866
863
199

964
837
828
m
120

882
130
743

813
840
809

838
869
866
874
891

976
1013
1067

994
1022
1041

MLSS(2)

1644
1698
1613

1466
1595
1467
1527
1582

1636
1642
1692
1643
1717
1623

VSS(2) $USS{1) $VSS{(2)

919
912

833
713
197
829

789

860
833
832
189
903

1006
- 988

962

1044
1046
998

960
998
911
956
964

1007
1011
1001

960
1039
1009

DSVI
Rl
nl/q

69
74

1
68

76
17
76
18

I

64
85
§7
61
n

61
4
4

138
136
&Y

142
149
151
147
149

107
112
101
102

45

DSVl
R2

138
130

118
114

115
118
117
110 -
105

105
103
103
101
115

88
84
89

97
91
817

99
94
109
108
1017

107
116
106
107

55



P>

'BRIOD 3.4.4
FUMMARY DATA 3
0% FBRROUS-FERRIC TO R1 ABROBIC, LOW P

DSVI  DSVI
R1 R2 R1 R2
DATR  mgP/qHLSS mgP/QMLSS MLSS(1) VSS(1) MLSS(2) VSS(2) %vsS(1) %vss(2) wml/g al/g

27/05/96

28/05/96 98.52 111.54 1802 999 1713 1024 55.4 59.8 89 123

29/05/96 111.74 119.75 1643 1031 1470 995 61.3 §7.7 92 150

30/05/96 94.54 108.17 1846 1078 1669 1071 58.4 §4.2

31/05/96

01/06/96 '

02/06/96 3.2 103.02 1854 1082 1710 1040 58.4 §0.8 94 143

03/06/96 88.27 96.09 1845 1077 1643 1012 58.4 §1.6 85 158

04/06/96 90.90 102.60 1883 1116 1636 1016 59.3 62.1 85 165

05/06/96 108.36 100.49 1871 1156 1786 1142 61.8 - 63.9 80 134

06/06/96 -

07/06/96

08/06/96

09/06/96 89.45 87.60 2063 1270 1803 1166 61.6 . 64.7 87 133

10/06/96 .

11/06/96 84.36 84.97 2169 1356 1822 . 1167 62.5  64.1 92 132
Wverage: : 101.81 102.82 1642 939 1503 945 57.2 63.0 91 116
lount: ' 44 S 1 44 44 44 44 44 44 42 42
Maxioun: . 139.81 125.34 2169 1356 1822 1167 65.3 15.1 151 165
®inimum: 77.61 19.12 1102 120 1129 m 49.8 56.2 45 55
tandard Deviation: 15.25 11.28 24 139 184 108 3.2 3.3 29 24

)4/01/97 13:10 Page 2



PERIOD 3.4.4
SUMMARY DATA 4
LOW PERROUS-PERRIC TO R1 ABROBIC, LO

APPENDIX 5

01/04/96
02/04/96
03/04/96
04/04/96
05/04/96
06/04/96
07/04/96
08/04/96
09/04/96
10/04/96
11/04/96
12/04/96
13/04/96
14/04/96
15/04/96
16/04/96
17/04/96
18/04/96
19/04/96
20/04/96
21/04/96
22/04/96
23/04/96
24/04/96
25/04/96
26/04/96
27/04/96
28/04/96
29/04/96
30/04/96
02/05/96
03/05/96
04/05/96
05/05/96
06/05/96
07/05/96
08/05/96
09/05/96
10/05/96
11/05/96
12/05/96
13/05/96
14/05/%6
15/05/96
16/05/96
17/05/96
18/05/96
19/05/96
20/05/96
21/05/96
22/05/96
23/05/96
24/05/96
25/05/96
26/05/96

ol
Rl
AN

1.2

1.35

7.28

L

ol
R2
AN

7.30

1.37

1.1

ol
RL
AR
1.53
1.52
1.39

pH

R2
ARl
1.44
7.48
7.36

-~ =2 =2 =2

pl

Rl
AR2
1.78
7.68

S 1.8

.18
.55

.65
.63

—~—y =3 =3 ~3 =
o
[vey

-3

.69

.16
.64
74
.83
10

EC I BN e s )

.18
.12
13
.83

pH

R2
AR2
1.13
7.66
1.54

.86
.19
.66

—F 3 =3 =3 ~3

.66

.1
1.80
1.84

13

ACID
DOSE R1
amel/d

CH D € 3 € € € € € € €3 € €O O € € O O O O O O O O O O O O O O O O O O O O O O O O OO O OO O O OO O
L= =) N

ACID

§2C03¢
Alk

- 26L.1

252.0

208.3

220

1.1

227.8
238.7

225.4
220.0

238.4

210.0

209.2

218.1

N\

B2C03¢
Alx

2813

270.2

232.0

251.8

249.6

2359
250.%

246.9
257.0

250.5

236.4

235.3

44.1



PERIOD 3.4.4
SUMMARY DATA ¢4

LO¥ PRRROUS-FRRRIC TO R1 ARROBIC, LOW P

Average:

Count:

Maximum:

¥inimum:

Standard Deviation:

APPENDIX §

DATE
27/05/96
28/05/96
29/05/96
30/05/96
31/05/96
01/06/96
02/06/96
03/06/96
04/06/96
05/06/96
06/06/96
07/06/96
08/06/96
09/06/96
10/06/96
11/06/96

pll

Rl -

AN
1.23
1.21
1.31
7.28

pE
R2
AN
7.20
7.24
7.28
1.32

.22
.22
.21
.15
.38

- =3 ~3 -2 -2

-3
(98]
(")

o o ~a -~ 0
[ R A N Y Sl ]
— b Lo e O )

pE
Rl

" ABl

7.54
1.51
1.56
7.54

O ~3 -3 -~ n
— o = e
— U0 =S o

pl

R2
Afl
7.64
7.64
1.57
1.56

43
49
.52
.52
.64

— =3 3 =2 =3

o -3 - - "
i i N O]
Lo~ ~3 o

pE
R1
AR2
1.74
1.6
1.69
1.79

7.56
1.62

pH

R2
AR2
1.90
7.86
1.80
1.15

7.68
.13

ACID
DOSE R1
mmol/d

ACID
DOSR R2
mmol/d

casms==

H2C03+
Alk
Bl

226.5

224.5
215.17

232.9

B2C03*
Alk
B2

112.1

239.4

229.3

245.8



PERIOD 3.4.4
SOMMARY DATA 5
LOW PERROUS-FERRIC TO R1 ABROBIC, LOW P |
A3 a3 NO3 & NO3 SRP SRR
DATE fR1 fR2 fBL £R2 fB1 fR2
01/04/96 0.09 0.09 5.15 .75 0.45 .46
02/04/96 0.14 0.14 5.07 3.14 0.39 .19
03/04/96 0.11 0.05 §.07 4.19 0.17 0.97
04/04/96 0.00 0.00 §.15 5.56 0.11 0.35
05/04/96
06/04/96 0.11 0.11 3.53 , 4.06 0.58 0.98
07/04/96
08/04/96 0.20 0.16 3.02 3.56 0.43 0.68
09/04/96
10/04/96 0.15 0.22 4.27 4.68 0.35 0.58
11/04/96 0.16 0.15 5.52 6.43 0.26 0.63
12/04/96 :
13/04/96

14/04/96 0.19 0.15 §.56 7.14 0.63 4.15
15/04/96 0.20 0.15 .06 7.65 2.94 1.52
16/04/96 0.19 0.15 §.83 7 6.93 0.95 2.44
17/04/96 0.25 0.24 7.32 1.32 1.39 §.52
18/04/96 0.14 0.23 8.28 8.02 0.70 - 0.88 -
19/04/96

20/04/96

21/04/96 2.76 0.11 7.51 8.80 1N 3.34
22/04/96 0.09 0.02 8.54 §.67 .17 0.61
23/04/96 0.32 0.46 9.59 8.54 0.45 1.30
24/04/96 0.14 0.09 9.19 1.31 1.16 0.75
25/04/96 0.69 0.62 7.49 ° 8.68 6.10 4.29
26/04/96

27/04/96

28/04/96 0.75 0.50 4.90 5.63 1.47 0.35
29/04/96  0.56 0.50 5.35 6.30 2.05 0.35
30/04/96 0.75 0.50 5.88 §.72 1.88 0.29
02/05/96
03/05/96
04/05/9%
05/05/96
06/05/96
07/05/96 - 3.83 1.58 7.58 8.71 1.24 1.48
08/05/96 0.30 14 1.10 1.89 0.63 0.54
09/05/96 0.22 0.12 8.10 8.61 1.01 1.04

(=]

10/05/96

11/05/96

12/05/96  0.25  0.16  5.60 ~ 7.26  2.45  4.68
13/05/96  0.25  0.14  7.39 i 8.07  0.64  1.30
14/05/96  0.19  0.13  7.84  1.3%  0.57 0.9
15/05/96  0.13  0.14 9.5 ~ 9.77  0.42  1.03
16/05/96  0.14  0.14 8.3t 8.01  0.86 85
17/05/96

18/05/96 A
19/05/96  0.17  0.13  6.93 6.5 1.5  4.60
20/05/96  0.13  0.12 7.5  1.5¢ 113 6.32
21/05/96  0.15  0.13 7.9 - T.45  1.40 49
22/05/96  0.15  0.13  5.82 @ 5.48  2.95 .
23/05/96 ) 0.15 413 38 1.4 4.8
24/05/96  0.19  0.15  5.23 512  0.61  1.59
25/05/96

26/05/96

27/05/96

APPRNDIX 5




PERIOD 3.4.4
SUMMARY DATA §
LOW FERROUS-FERRIC TO R1 ABROBIC, LOW P
NE3 NE3 §03 §03 SRP SRP
DATE £R1 £B2 £81 £82 £81 £B2
28/05/96 0.16 0.11 4.59 4.35 0.34 0.87
29/05/96 0.30 0.10 7.11 §.58 0.70 0.84
30/05/96 0.15 0.11  8.45 8.19 0.24 0.48

31/05/96

01/06/96

02/06/96 0.17 0.09 8.05 8.39 0.34 0.75

03/06/96 0.15 0.09 6.10 6.64 0.30 0.69

04/06/96 0.30 0.15 4.87 5.48 1.20 2.11

05/06/96 0.17 0.17 §.41 4.87 0.69 0.69

06/06/96

07/06/96

08/06/96

09/06/96 0.22 0.20 4,24 4,78 0.29 0.95

10/06/96 ‘

11/06/96 0.19 0.12 4.14 4,94 0.42 0.49
Average: 0.36 0.21 6.46 6.55 1.12 2.07
Count: - 44 44 44 44 44 §4
Maximum: 31.83 1.58 9.59 9.77 6.10 7.52
Minimum: 0.00 0.00 3.02 2.75 0.11 0.29
Standard Deviation: 0.67 0.25 1.66 1.75 1.11 2.03

APPENDIX §



PERIOD 3.4.4
SUMMARY DATA 6

LOW PERROUS-FERRIC TO R1 ABROBIC, LOW P !
- NO3 03 NO3 NO3 §03 NO3 §03 N03

DATE R1 fAN Rl £AX R1 fAEL R1 fAB2  R2 fAN  R2 fAX  R2 fARl  R2 fAR2

01/04/96 :

02/04/96 0.08 2.15 5.31 5.07 0.07 1.65 2.2 1.59
03/04/96 , :

04/04/96 0.08 3.0 5.53 5.87 0.08 3.70 6.05 6.05
05/04/96 |
06/04/96 0.17 1.49 1 3.65 3.51 0.10 1.83 1.93 3.83
07/04/96

08/04/96

09/04/96

10/04/96 0.06 2.19 4.09 4.20 0.05 2.1 4,80 - 4.86
11/04/96 . 0.07 3.40 . 5.62 6.05 0.06 4.16 §.69 6.43
12/04/96 '

13/04/96 - ; ‘

14/04/96 0.09 4.06 | 6.46 §.82 0.08 4.59 6.85 1.09
15/04/96 |

16/04/96 0.08 3.92 S 6.4 §.57 0.06 4.09 6.67 §.47
17/04/96 : .

18/04/96 0.09 452 8.58 8.13 0.07 4.94 §.13 §.00
19/04/96

20/04/96

21/04/96 ' :

22/04/96 0.08 .49 . 8.54 §.41 0.08 4.96 8.10 §.41
23/04/96 0.07 5.10 P 8.7 9.15 0.09 5.34 §.81 9.22
24/04/96

25/04/96

26/04/96

27/04/96

28/04/96 0.08 1.48 5.19 5.2 0.07 3.07 6.03 5.97
29/04/96
30/04/96
02/05/96
03/05/96
04/05/96
05/05/96
06/05/96
07/05/96 0.08 2.87 6.44 6.82 0.10 4.67 1.83 1.1
08/05/96

09/05/96 0.08 3.84 8.1 §.17 0.06 5.21 §.61 §.20
10/05/96 _

11/05/96 !

12/05/96 1

13/05/96 !

14/05/96 0.08 3.86 1.13 8.64 0.07  5.23 1.93 §.47
15/05/96

16/05/96 0.07 3.4 7.04 6.93 0.06 3.9 6.70 6.70
17/05/96 :

18/05/96 '

19/05/96 0.07 1.8 1.16 1.2 0.06 1.82 §.93 6.82
20/05/96 ;

21/05/96 0.09 £3¢ | 1.9 §.02 0.07 4.50 7.65 1.62
22/05/96

23/05/96

24/05/96 0.09 2,17 497 4.94 0.09 2.1 5.37 5.28
25/05/96

26/05/96

27/05/96

APPBNDIX §




PRRIOD 3.4.4
SUMMARY DATA 6

LOW PERROUS-PERRIC T0 Rl ABROBIC, LOW P

Average:
Count:

Maximum:
Minimum:

Standard Deviation:

APPENDIX 5

DATB
28/05/96
29/05/96
30/05/96
31/05/96
01/06/96
02/06/96
03/06/96
04/06/96
05/06/96
06/06/96
07/06/96
08/06/96
09/06/96
10/06/96
11/06/96

03
R1 fAN

NO3
R1 fAX

4.39

3.22

3.24

03
RL fABl

5.90

3.59

N03
Rl fAR2

§.24

5.42

N03

R2 £AN

0.06

0.06

03

03
R2 fARL

6.61

5.712

NO3
R2 £AR2

6.58

5.12



PERIOD 3.4.4
SUMMARY DATA 7

LOW PRRROUS-FERRIC TO R1 AEROBIC, LOW P

04/01/97 13:06 Page 1

DATE
01/04/96
02/04/96
03/04/96
04/04/96
05/04/96
06/04/96
07/04/96
08/04/96
09/04/96
10/04/96
11/04/96
12/04/96
13/04/96
14/04/96
15/04/96
16/04/96
17/04/96
18/04/96
19/04/96
20/04/96
21/04/96
22/04/96
23/04/96
24/04/96
25/04/96
26/04/96
27/04/96
28/04/96
29/04/96
30/04/96
02/05/96
03/05/96
04/05/96
05/05/96
06/05/96
07/05/96
08/05/96
09/05/96
10/05/96
11/05/96
12/05/96
13/05/96
14/05/96
15/05/96
16/05/96
17/05/96
18/05/96
19/05/96
20/05/96
21/05/96
22/05/96
23/05/96
24/05/96
25/05/96
26/05/96
27/05/96

TP
Rl £AR

41.10
27.89

49.57

18.13
51.51

49.24
55.30
34.32

36.12
38.31

36.42

59.55
78.36

43.78

60.48

57.99

48.05

51.15

TP
Rl AL

17.97

13.63
14.85

12.27
15.60

12.45

13.57
15.48

16.85

11.75

15.83

18.02

22.53

21.37

18.06

18.51

T

Rl fARl:

1.4

0.31

1.0

§.94
5.09

L4

6.37

2.66

4.5¢

4.27

§.95

8.45

7.46

4.51

TR

0.56

0.65

1.4

0.711

0.25

0.47

0.49

1.46

1.58

1.38

0.75

TP
R2 AR

49.00
30.21

64.29

41.83
55.30

54.54

. 84.08

39.91

43.10
47.89

56.15

121.45

135.56

65.58

16.22

68.76

56.33

§7.92

TP
R2 fAX

18.02
10.69

21.84

15.03
16.67

16.51
21.82

13.89

13.89
17.40

18.97

19.75

21.94

2.4

27.11

26.18

23.20

231.92

TP
R2 fARL

.......

§.22
1.08

7.13

14.39
w1545

4.79

4.40

4.39

7.84

9.48

12.59

13.75

13.59

7.67

TP
R2 fAR2

1.32

0.00

.4

12.57
18.18

1.76

0.30

0.16

1.88

2.84

5.47

§.63
6.96

1.65



BRIOD 3.4.4

<JMMARY DATA 7

JW PERROUS-PERRIC TO R1 ABROBIC, LOW P :

TP TP TP - T s TP - TP TP

DATB R1 fAN R1 fAX R1 fABl R1 fAR2 R2 fAN R2 fAXY"  R2 fAB1 R2 £AR2

28/05/96 §1.15 ~ 18.05 3.1 0.40 §7.92 20.46 6.32 2.56

29/05/96

10/05/96 45.89 14.89 2.1 0.23 54.16 18.9¢6 12.19  ° 10.23

31/05/96 '

01/06/96

02/06/96 50.69 17.95 4.99 0.56 54.84 22.44 8.31 1.66

03/06/96

04/06/96 54.84 21.93 11.97 2,19 61.49 26.92 14.13 6.65

05/06/96

06/06/96

07/06/96

08/06/96

09/06/96 62.55 21.42 3.75 0.37 70.37 25.02 7.04 2.03

10/06/96 v

11/06/96 62.55 20.96 3.28 0.25 70.37 25.02 6.72 1.56
Jerage: 49.67 16.68 . 4.9 0.77  63.22  20.34 8.40 4.17
Junt: 24 Y 24 24 24 24 24 24
mximum: 78.36 23.93 11.97 2.63 135.56 27.17 15.45 18.18
rpimun: . 27.89 9.91 0.31 0.00 30.21 10.69 1.08 0.00
.andard Deviation: 10.99 ~ 3.56 2.83 0.65 23.05 4.36 1.87 4,32

/01/97 13:06 Page 2



PERIOD 3.4.4 |
SUMMARY DATA §
LOW PRRROUS-FERRIC TO R ARROBIC, LOW P

ALTM FERRIC PRRROTS
Rl Rl Rl T1 o)
DATE mmolAl/d mmolPe/d . wmolfe/d °C |C
01/04/96 0.0 0.0 6.2 20.0 20.3
02/04/96 0.0 0.0 §.2 19.9 20.0
03/04/96 0.0 0.0 6.2 20.0 20.2
04/04/96 0.0 0.0 6.2 19.7 19.9
05/04/96 0.0 0.0 6.2
06/04/96 0.0 0.0 6.2 19.7 19.8
07/04/96 0.0 0.0 6.2 19.9 20
08/04/96 0.0 0.0 §.2 19.3 19.3
09/04/96 0.0 0.0 §.2
10/04/96 0.0 0.0 §.2 19.4 19.8
11/04/96 0.0 0.0 6.2 19.5 19.6
12/04/96 0.0 0.0 §.2 19.6 19.9
13/04/96 0.0 0.0 6.2 19.8 20.0
14/04/96 0.0 0.0 §.2 19.5 19.8
15/04/96 0.0 0.0 §.2 19.9 20.6
16/04/96 0.0 0.0 §.2 19.7 19.9
17/04/96 0.0 0.0 6.2 19.6 19.7
18/04/96 0.0 0.0 §.2 19.6 19.9
19/04/96 0.0 0.0 6.2 20.3 21.0
20/04/96 0.0 0.0 6.2 18.6 18.8
21/04/96 0.0 0.0 6.2 18.7 19.0
22/04/96 0.0 0.0 §.2 19.9 19.9
23/04/96 0.0 0.0 §.2 20.1 20.6
24/04/96 0.0 0.0 §.2 20.0 20.4
25/04/96 0.0 0.0 6.2 21.2 21.9
26/04/96 0.0 0.0 §.2 19.7 20.1
- 27/04/96 0.0 0.0 6.2 19.8 19.7
28/04/96 0.0 0.0 §.2 18.9 20.1
29/04/96 0.0 0.0 6.2
30/04/96 0.0 0.0 6.2 20.1 20.6
02/05/96 0.0 0.0 6.2 20.0 20.6
03/05/96 0.0 0.0 6.2 2.3 20.2
04/05/96 0.0 0.0 6.2 19.6 19.7
05/05/96 0.0 0.0 §.2 19.7 19.7
06/05/96 0.0 0.0 §.2
07/05/96 0.0 0.0 §.2 20.1 20.7
08/05/96 0.0 0.0 §.2 20.0 20.3
09/05/96 0.0 0.0 §.2 19.9 20.2
10/05/96 0.0 0.0 §.2 2.7 21.0
11/05/96 0.0 0.0 6.2 20.4 21.5
12/05/96 0.0 0.0 §.2 20.4
13/05/96 0.0 0.0 6.2 20.2 20.5
14/05/96 0.0 0.0 §.2
15/05/96 0.0 0.0 6.2 19.0 19.4
16/05/96 0.0 0.0 6.2 19.4  20.0
17/05/96 0.0 0.0 §.2 19.0 19.6
18/05/96 0.0 0.0 §.2 19.1 19.2
19/05/96 0.0 0.0 6.2 19.0 19.0
20/05/96 0.0 0.0 §.2 18.8
121/05/96 0.0 0.0 §.2 19.0 19.7
22/05/96 0.0 0.0 6.2 19.0 19.0
23/05/96 0.0 0.0 §.2 18.8 18.9
24/05/96 0.0 0.0 §.2 20.8 20.0
25/05/96 0.0 0.0 6.2 20.9 20.2
26/05/96 0.0° 0.0 6.2 19.6 19.3

APPENDIX 5



=RIOD 3.4.4
JKMARY DATA 8
J¥ PERROUS-PERRIC TO R1 AEROBIC, LOW P

ALOM PERRIC PERROTS
Rl R1 Rl T1 T2
DATE mmolAl/d mmolPe/d mmolPe/d oC ¢
27/05/96 0.0 0.0 6.2 19.3 19.1
28/05/96 0.0 0.0 6.2 19.3 19.1
29/05/96 0.0 0.0 6.2 19.3 20.1
30/05/96 0.0 0.0 6.2 19.3 19.3
31/05/96 0.0 0.0 6.2 19.6 19.6
01/06/96 0.0 0.0 6.2 18.9 18.6
02/06/96 0.0 0.0 6.2 18.9 18.7
03/06/96 0.0 0.0 6.2
04/06/96 0.0 0.0 6.2 17.1 17.6
05/06/96 0.0 0.0 6.2 20.6 19.4
06/06/96 - 0.0 0.0 6.2
07/06/96 0.0 0.0 6.2 15.4 19.2
08/06/96 0.0 0.0 6.2 19.6 19.3
09/06/96 0.0 0.0 6.2 19.8 19.3
10/06/96 0.0 0.0 6.2 1%.9 15.6
11/06/96 0.0 0.0 6.2 19.8 19.8
verage: 19.7 19.8
ount: It 7 71 64 62
-aximum: 0.0 0.0 6.2 213 21.9
inimum: 0.0 0.0 6.2 17.1 17.6
tandard Deviation: 0.7 0.7

1PPENDIX 5



PERIOD 3.5.1
SUMMARY DATA 1
. LOwW -

Average:
Count:

Haxipum:
Minimum:

Standard Deviation:

APPENDIX 5

DATE
12/06/96
13/06/96
14/06/96
15/06/96
16/06/96
17/06/96
18/06/96
19/06/96
20/06/96
21/06/96
22/06/96
23/06/96
24/06/96
25/06/96
26/06/96
21/06/96
28/06/96
29/06/96
30/06/96
01/07/96
02/07/96
03/07/96
04/07/96
05/07/96
06/07/96

- 07/07/96

08/07/96
03/07/96
10/07/96
11/07/96
12/07/96
13/07/96
14/07/96
15/07/96
16/07/96
17/07/96

18/07/96

19/07/96
20/07/96
21/07/96
22/07/96
23/07/96
24/07/96
25/07/96
26/07/96

L

Sbsai R1 L/d R2 L/d R1 OOR

......

=3z333

=333

R2 ODR COD IN COD E1 (COD B2

240
125
259
157
267

268
281
223
184
320

396
117
42
294
7
291

225
225
223

285
2417
209
157

------

0
18
18
14
13

19
21
2
0
29

Pyl
iy
22
Pyl
22
20

18
19
18

17
16
14
16

23
18
19
18
15

18

2.

2
21
22

21
12
2
22
25
24

20
22
19

16
17
iy
20

TEN IN

......

1.3

13.5

0.1

317.6
29.6

25.8

41.8

34.8

TEN B1

2.00
2.00

2.00

3.06

2.00

2,00

2.00

2.00

2.00

------

2.00

2.00

2.00

1.1
2.00
2.00

2.00

2,00

1.22




PRRIOD 3.5.1
SUMMARY DATA 2

LOW FRRROUS-FERRIC TO R1 ABROBIC, LOW P, LOW ACETATE

Average:
Count:

Maximum:
Minimum:

Standard Deviation:

APPENDIZ 5

12/06/96
13/06/96
14/06/96
15/06/96
16/06/96
17/06/96
18/06/96
19/06/96
20/06/96
21/06/96
22/06/96
23/06/96
24/06/96
25/06/96
26/06/96
21/06/96
28/06/96
29/06/96
30/06/96
01/07/96

102/07/96

03/07/96
04/07/96

05/07/96

06/07/96
07/07/96

08/07/96

09/07/96
10/07/96
11/07/96
12/07/96
13/07/96
14/07/96
15/07/96
16/07/96
17/07/%¢
18/07/96
19/07/96
20/07/96
21/07/96
22/07/96
23/07/96
24/07/96
25/07/96
26/07/96

EEEEEEET

INPLUENT

TP ngP/L

12.64

11.59
10.08
10.68
14.14
12.46

RL BPFL.
TP ag?/L

R2 RPFL.
TP ngP/L

8.43

9.63
.33
10.08
10.83
8.05

TP REM.
R1 mgP/L

TP RBN.
R2 mgP/L

Rl ML TP
ngP/qvss

105.92

97.86
81.14
82.62
80.30
69.59

67.03
68.84
11.79
80.93
70.43
82.28

73.23

17.07
13.07

........

105.92
60.19
10.88

R2 ML TP
ngP/qvs

110.87

81.74
70.68
68.54
15.15
16.21

§5.61
68.80 .
66.54
12.60
12.20
66.44

62.13
84.52
§6.24



PERIOD 3.5.1
SUMMARY DATA 3

LOW FERRQUS-FERRIC TO R1 ABROBIC, LOW P, LOW ACBTATR

DATR

12/06/96

13/06/96
14/06/96
15/06/96
16/06/96
17/06/96
18/06/96
19/06/96
20/06/96
21/06/96
22/06/96
23/06/96
24/06/96

. 25/06/96

Average:

Count:

Maximum:

Minimum:

Standard Deviation:

04/01/97 15:37 Page 1

26/06/96
27/06/96
28/06/96
29/06/96
30/06/96
01/07/96
02/07/96
03/07/96
04/07/96
05/07/96
06/07/96
07/07/96
08/07/96
09/07/96
10/07/96
11/07/96
12/07/96
13/07/96
14/07/96
15/07/96
16/07/96
17/07/96
18/07/96
19/07/96
20/07/96
21/07/96
22/07/96
23/07/96
24/07/96
25/07/96
26/07/96

Rl

R2

ugP/gMLSS mgP/gMLSS

.........

69.65

67.08

56.72
56.64
54.44
47.88

46.11
46.47
53.81
55.14
48.26
50.35

50.01
51.62
47.91

81.78

63.53
55.87
53.52
58.98
§9.95

44.30
49.59
50.59
54.40
54.717
48.69

46.43
49.67
43.76

MLSS (1)

1844
1757
1707
1580
1577

1615
1512
1514
1534
1542

1984
1874
1894
1808
1935
1817

1760
1632
1690

vSS(1)

.......

1212
1139
1110
1014
1037

1107
1057
1038
1040
1061

1365
1265
1310
1232
1326
11

1202
1093
1108

1013
944
984
928

MLSS(2)

ss(2)

.......

994
958
944
941
741

1129

963
1062
1043
1075
1059

1041
1017

866
925
837
897

tVSS(1)

V8§ (2)

O U O

87
91
91
91

86

87
90
92
91
91

14
91
84
96
88
94

91

92

88
84
84
87

- 155
152
155

. 164
155

1
182
185
192
234

155
165
143
148
141
141

144
151
160

176
162
1n
169



PRRIOD 3.5.1
SUMMARY DATA 4

LOW PERROUS-FERRIC TO R1 ABROBIC, LOW P, LOW ACETATE

Average:
Count:

Maximum:
Minimum:

Standard Deviation:

APPENDIX 5

DATE
12/06/96
13/06/96
14/06/96
15/06/96
16/06/96
17/06/96
18/06/96
19/06/96
20/06/96
21/06/96
22/06/96
23/06/96

. 24/06/96

25/06/96
26/06/96
27/06/96
28/06/96
29/06/96
30/06/96
01/07/96
02/07/96
03/07/96
04/07/96

. 05/07/96

06/07/96
07/07/96
08/07/96
09/07/96
10/07/96
11/07/96
12/07/96
13/07/96
14/07/96
15/07/96
16/07/96
17/07/96
18/07/96
19/07/96
20/07/96
21/07/96
22/07/%6
23/07/96
24/07/96
25/07/96
26/07/36

pH
Rl
AN

1.47

pH
R2
AN

7.45

pl
Rl
ARl

pH
R2
ARl

1.39

pl
R1
AR2

7.50

P
R2
AR2

ACID
DOSE R1
mmol/d

ACID

DOSE R2

meol/d

H2C03¢
Alk
81

111.0

103.7

95.0

101.6

148.3

134.3

98.2

111.5

113.6

107.9

§2€03¢
Alk
B2

121.7

103.6

115.9

112.0

153.4
144.9

114.7



PERIOD 3.5.1
SUMMARY DATA §
LOW PERROUS-FERRIC TO R1 ABROBIC, LOW P, LOW ACRTATE

NH3 L{:K] NO3 NO3 SRP SRP

DATE fB1 fR2 fB1 fB2 £81 fR2
12/06/96

13/06/96 0.17 0.55 9.01 1.24 0.40 1.15
14/06/96
15/06/96

16/06/96 0.24 0.19 11.12 10.75 §.85 §.52
17/06/96 0.19 0.20 10.33 10.78 6.60 8.96
18/06/96 0.22 0.24 ‘10.66 11.00 6.21 §.58
19/06/36 0.21 1.53 10.63 10.03 5.20 8.08
20/06/96 0.25 0.28 12.08 12.54 5.38 6.61

21/06/96

22/06/96 :

23/06/96 0.18 0.18 12.20 10.36 $.13 7.24
24/06/96 0.18 0.07 12.08 11.22 5.10 1.90
25/06/96 0.10 0.10 12.42 ¢+ 11.29 5.32 §.28
26/06/96 0.20 0.16 11.90 10.71 6.33 9.00
27/06/%6  0.31 0.20 8.49  1.13 0 4.9 7.37
28/06/96

29/06/96

30/06/96

01/07/96

02/07/96 0.22 0.24 3.4 5.60 2.31 5.51
03/07/96  0.16  0.14 4.46 5.40 147 3.9
04/07/96 0.05 0.31 5.08 5.13 1.27 3.70
05/07/96 0.26 0.14 5.05 5.46 1.41 .
06/07/96 0.13 0.13 §.20 5.94 0.91 3.54
07/07/96 0.13 0.12 §.80 §.10 1.09 3.49
08/07/96 : ’

09/07/96 0.62 0.43 13.00 11.45 2.46 4.92
10/07/96 0.53 0.48 13.30 © 12.20 3.20 5.60
11/07/96 0.43 0.48 13.70 12.60 1.14 5.92
12/07/96
13/07/96
14/07/96
15/07/96 0.55 0.50 §.65 §.13 0.37 1.11
16/07/96 0.45 0.40 §.43 5.62 . 0.69 1.11
17/07/96 0.00 0.00 .85  5.51 0.24 0.42
18/07/96 0.00 0.00 10.86  9.42  0.79 1.53
19/07/96 '

20/07/96 .

21/07/96 0.05 0.06 14.93 13.70 3.07 §.17
22/07/96 0.08 0.12 15.79 15.05 1.33 §.19
23/07/96 0.08 0.12 16.64 15.66 1.07 5.87
24/07/96 0.10 0.09 17.25 15.12 3.05 5.66
25/07/96 0.09 0.08 17.5¢ . 16.33 2.83 5.54

26/07/9%6
Average: : 0.21 0.26 10.51 9.89 31.16 5.31
Count: . 29 29 29 29 29 29
Maximum: ‘ 0.62 1.53 17.54 16.33 6.85 9.00
Minimum: 0.00 0.00 3.44 5.13 0.24 0.42
Standard Deviation: 0.16 0.28 1.9 3.49 2.07 2.60

APPENDIX 5



PERIOD 3.5.1
SUMMARY DATA ¢

LOW PERROUS-FERRIC TO R1 ABROBIC, LOW P, LOW ACETATE

Average:
Count:

¥aximum:
Minimum:

Standard Deviation:

ADBRNDIX 5

DATE
12/06/96
13/06/96
14/06/96
15/06/96
16/06/96
17/06/96
18/06/96
19/06/96
20/06/96
21/06/96
22/06/96
23/06/96
24/06/96
25/06/96
26/06/96
27/06/96

28/06/96°

29/06/96
30/06/96
01/07/96

02/07/96

03/07/96
04/07/96
05/07/96
06/07/96
07/07/96
08/07/96
09/07/96
10/07/96
11/07/96

- 12/07/96

13/07/96
14/07/96
15/07/96
16/07/96
17/07/96
18/07/96
19/07/96
20/07/96
21/07/96
22/07/96
23/07/96
24/07/96
25/07/96
26/07/96

03

R1 £AN

0.10

0.05

0.04

0.93
0.83

0.10

¥03

R1 £AX

1.52
2.59

3.30

9.66

10.59

303
RL £ARL

10.12
10.12

11.62

11.62
11.75

1.92

3.81

5.34

11.38

12.84

¥03
R1 fAR2

— oo
wun o

11.33

10.51
11.93

8.30

3.68

5.31

12.84

13.63

¥03

0.06
0.04

0.04

0.66

1.02

0.17

- 0.08

¥03
R2 £AX

3.04

3.35

8.86

9.26

§03
R2 faR1

11.33
9.49

10.97

11,60

11.05

0 1.38

5,55
5.56

6.13

10.98

12.31

§03
R2 £AR2

11.27
10.00

10.51

11.84
11.02

1.22

511

5.82

11.51

12.97



PERIOD 3.5.1
SUMMARY DATA 7

LOW PERROUS-FBRRIC TO R1 ABROBIC, LOW P, LOW ACBTATR

Average:

Count:

Maximum:

Minimua:

Standard Deviation:

04/01/97 15:49 DPage 1

12/06/96
13/06/9%
14/06/96
15/06/96
16/06/96
17/06/96
18/06/96
19/06/96
20/06/96
21/06/96
22/06/96
23/06/96
24/06/96
25/06/96
26/06/96
27/06/96
28/06/96
29/06/96
30/06/96
01/07/96
02/07/96
03/07/96
04/07/96
05/07/96
06/07/96
07/07/96
08/07/96

09/07/96
10/07/96

11/07/96
12/07/96
13/07/96
14/07/96
15/07/96
16/07/96
17/07/96
18/07/96
19/07/96
20/07/96
21/07/96
22/07/96
23/07/96
24/07/96
25/07/96
26/07/96

TP
R1 AN

8.23
18.81

40.63

29.34
10.138

11.04

21.30

19.72

16.56
10.25

1.57

11.24

6.33

¥4
Rl £AX

5.14

3.40

P
R1 £AR1

.......

3.05

2.32

4.02

2.25

1.85

—
—
"~
o

42.13

31.60
11.14

10.73

25.24
20.82

18.30
11.67

§.52

6.75

13.65

1.1

P
R2 £AX

9.78

.78
10.23

§.52

13.12
10.73

10.25
8.05

- 1.89
§.59

6.91

4.48

P
R2 £ARL

§.43

4.66
3.86

P
R2 £AR2

3.05
3.08

)



PERIOD 3.5.1
SUMMARY DATA 8
LOW PBRROUS-FERRIC TO R1 ABROBIC, LOW P, LOW ACETATR

ALUM PRRRIC FERROUS
R1 R1 Rl T1 T2
DATR mmolAl/d mmolFe/d mmolPe/d oC °C
12/06/96 20.5 20.1
13/06/96 0.0 19.8 9.5
14/06/96 19.6 19.2
15/06/96 19.5 9.1
16/06/96 _ 20.2 20.6
17/06/96 0.0 19.5
18/06/96 0.0 19.9 20.5
19/06/96 0.0 19.5 19.3
20/06/96 0.0 20.5 20.0
21/06/96 : 20.4 19.8
22/06/96 20.0 19.9
23/06/96 0.0 20.3 19.9
24/06/96 0.0 19.2 19.6
25/06/96 0.0 20.2 19.7
26/06/96 0.0 20.3 19.7
27/06/96 0.0 20.1 19.6
28/06/96 . 20.1 19.2
29/06/96 20.2 19.8
30/06/96
01/07/96 0.0 18.6 19.5
02/07/96 0.0 20.3 20.0
03/07/96 0.0 20.0 19.5
04/07/96 0.0 _ 20.2 19.7
05/07/96 20.0 19.7
06/07/96 0.0 19.8 19.0
07/07/96 0.0 0.0 19.9 19.8
08/07/96 0.0 0.0 20.0
09/07/96 0.0 19.9 19.2
10/07/96 0.0 20.2 19.7
11/07/96 0.0 19.9 19.6
12/07/96 19.1 19.5
13/07/96 19.3 18.9
14/07/96
15/07/96 0.0 19.8 19.5
16/07/96 0.0 19.6 18.5
17/07/96 0.0 20.3 19.2
18/07/96 0.0 . 20.5 19.4
19/07/96 20.4 19.8
20/07/96 20.6 20.0
21/07/96 0.0 20.2 19.8
22/07/96 - 0.0 20.8 20.8
23/07/96 0.0 20.4 20.0
24/07/96 0.0 20.5 1.7
25/07/96 0.0 20.7 20.1
26/07/96 20.4 20.1
Average: 20.0 19.7
Count: 29 2 0 4] i1
Maximum: 0.0 0.0 20.8 20.8
Minimum: 0.0 0.0 18.6 18.5
Standard Deviation: 0.5 0.4

APPRNDIX 5



PERIOD 3.5.2
SUMMARY DATA 1
LOW PR -

Average:
Count:

Naximum:
Minimem:

Standard Deviation:

APPENDIX §

DATE
27/07/96
28/07/96
29/07/96
30/07/96
31/07/96
01/08/96
02/08/96
03/08/96
04/08/96
05/08/96
06/08/96
07/08/96
08/08/96
09/08/96
10/08/96
11/08/96
12/08/96
13/08/96
14/08/96
15/08/96
16/08/96
17/08/96
18/08/96
19/08/96
20/08/96
21/08/96
22/08/96
23/08/96
24/08/96
25/08/96
26/08/96
27/08/96

Shsai

.....

i

R2 L/d R1OOR R2 OOR COD IN COD Bl COD R2

......

374
385
323
340

338
347
281
274
274

320
283
291
318
91

418
198
300
400
434

2
23
20
22

24
22
2
20
18

19

A

20
14
21

22
23
21
20
20

2]
25
28
2

22
2l
22
23
25

21
21
20
20
20

22
22
27
24
2t

......

TEN IN

30.8

30.9

1.8

46.2

37.6

- 403

37.4
35.5

371.9

TRN Bl

4.00
6.73
2.00

3.26
4.56

5.82

2.00

2.00

4.65

2.00
6.72

2.00

3.62
4.82

4.13



PERIOD 3.5.2
SUMMARY DATA 2

LOW PERROUS-PERRIC TO R1 ANABROBIC, LOW P, LOW ACRTATE

Average:
Count:

Maximum:
Minimum:

Standard Deviation:

APPENDIX §

DATR

21/07/9
28/07/96
29/07/96

30/07/96

31/07/96
01/08/96
02/08/96
03/08/96
04/08/96
05/08/96
06/08/96
07/08/96
08/08/96
09/08/96
10/08/96
11/08/96
12/08/96
13/08/96

- 14/08/96

15/08/96
16/08/96
17/08/96
18/08/96
13/08/96
20/08/96
21/08/96
22/08/96
23/08/96
24/08/96
25/08/96
26/08/96
27/08/96

INFLUENT
TP agP/L

........

10.81
11.89
11.74
12.17

R1 BFPL.
TP agB/L

R2 EBEPL.
TP mgP/L

TP REM.
R1 mgP/L

TP REM.
R2 ngP/L

R1 ML TP
mgP/gvss

R2 ML TP
mgP/qvss

........



PERICD 3.5.2
SUMMARY DATA 3

LOW PERRROUS-FERRIC TO R1 ANABROBIC, LOW P, LOW ACETATE

Average:

Count:

Maximum:

Minimum:

Standard Deviationm:

04/01/97 15:55 Page 1

DATE
27/07/96
28/07/96
29/07/96
30/07/96
31/07/96
01/08/96
02/08/96
03/08/96
04/08/96
05/08/96
06/08/96
07/08/96
08/08/96
09/08/96
10/08/96
11/08/96
12/08/96
13/08/96
14/08/96
15/08/96
16/08/96
17/08/96
18/08/96
19/08/96
20/08/96
21/08/96
22/08/96
23/08/96
24/08/96
25/08/96
26/08/96
27/08/96

Rl
ngP/gNLSS

40.22
41.25
41.20
43.05

43.85
41.76
40.26
31.15
43.21

R2

ngP/gHLSS MLSS(1)

---------
---------

V8§ (1)

szz3322:2

MLSS{2)

USS(2) $VSS(1) $VSS(2)

954
999
975
967

883
934
902
933
1010

924
947
896
921
907

1068

1030
1088

1054

DSVI
3!
nl/g

19
RH
19
82

78
81
79
11
7

73
76
15
15
80

n
1
73
12
1

119
132
14
137
1

135
126
136
131
13¢

109
119
110
105
103



PRRIOD 3.5.2
SUMMARY DATA 4

LOW PERROUS-PERRIC TO R1 ANABROBIC, LOW P, LOW ACETATE

Average:
Count:

Maximum:
Ninimum:

Standard Deviation:

APPENDIX §

DATE
27/07/96
28/07/96
29/07/96
30/07/96
31/07/96
01/08/96
02/08/36
03/08/96
04/08/96
05/08/96
06/08/96
07/08/96
08/08/96
09/08/96
10/08/96
11/08/96
12/08/96
13/08/96
14/08/96
15/08/96
16/08/96
17/08/96
18/08/96
19/08/96
20/08/96
21/08/96
22/08/96
23/08/96
24/08/96
25/08/96
26/08/96
27/08/96

pl
Rl
AN

~ 3 =2
PO -

~3
€O = W PO o H OO N
e T I N — ST~ S I

o ~a -2

pE
R2
AN

1.38
1.4
7.40
1.41
1.47

-~ -3 —3 ~3

pi
Rl
ARl

7.20
1.33
7.38
7.38
1.32

.20
.28
.18
.18

- ~3 ~3 2

1.1
1.16
71.19
1.1
7.19

1.21
1.22
1.22
1.33

= PO U o
- A0 PO e e oL

o -3 -2

pl
R2
ARl

1.31
7.39
1.37
1.38
1.32

.28
27
20
.16

- 3 =2 =2

~ =3 =2 ~3 -3
. e = e
~o
(-3

pH
Rl
AR2

7.40
7.50
1.53
7.54
7.48

34
A1
.29
23

-3 ~J3 —3 -2

.27
.30
27

-~ =2 ~3 ~3 -2

RE

1.33
7.38
7.34
7.43

-3 - 3 —-3
[— 3 SRV, R R N N VN i

O L b O CO I U O PO

o a2 -

28

D —-3 -3

pH
R2
AR2

1.53
7.45
1.48
7.48
7.48

-3 i

O PO LN PO e
0o Oy OO = WUy 1l

ACID
DOSE Rl
mmol/d

ACID
DOSE R2
mmol /d

H2C03*
Alk
£l

127.4

132.2

107.1

95.8

112.1

110.8

126.8

129.1

......

H2003*
Alk
B2

148.6

155.0

132.9

121.3

128.2

138.5

138.0

151.1



PRRIOD 3.5.2
SUMMARY DATA 5

LOW PERROUS-PERRIC TO R1 ANABROBIC, LOW P, LOW ACRTATR

Average:
Count:

Maximum:
Migimum:

Standard Deviation:

APPENDII §

DATE
27/07/96
28/07/96
29/07/96
30/07/96
31/07/96
01/08/96
02/08/96
03/08/96
04/08/96
05/08/96
06/08/96
07/08/96
08/08/96
09/08/96
10/08/96
11/08/96
12/08/96
13/08/96
14/08/96

15/08/96

16/08/96
17/08/96
18/08/96
19/08/96
20/08/96
21/08/96
22/08/96
23/08/96
24/08/96
25/08/96
26/08/96
27/08/96

--------
--------

NH3
£B1

cmaa

L= o SR N N )

LN T — Y — B —
GO L2 B2 PO WD I © —)

0o o

NH3
£82

§03
£81

.....

§.72
1.12
8.90
13.50
15.40

13.20
11.40

12.10
1.3
12.51

9.11
10.10
5.88
5.48
5.61

-----

1.39
7.38
8.77
12.20
15.10

11.30
11.70

11.80

12.45

12.20

§RP
fR1

acaa

-0 o oo
. . . .
— A OO &I D U D

O GO PO OO O

—_—0

ro "
.

N O Oy
. - .
C L L O L i
OO O W



PERIOD 3.5.2
SUMMARY DATA 6

LOW PERROUS-FERRIC TO R1 ANAEROBIC, LOW P, LOW ACETATR

Average:
Count:

Maximum:
Minimum:

Standard Deviation:

APPENDIX §

DATR
21/07/96
28/07/96
29/07/96

30/07/96

31/07/96
01/08/96
02/08/96
03/08/36

1 04/08/96

05/08/96
06/08/96
07/08/96
08/08/96
09/08/96
10/08/96
11/08/96
12/08/96
13/08/96
14/08/96
15/08/96
16/08/96
17/08/%6
18/08/96
19/08/96
20/08/96
21/08/96
22/08/96
23/08/96
24/08/96
25/08/96
26/08/96
27/08/96

03
R1 fAN

0.07

0.08

0.05

0.09

0.11

0.05

0.05

0.10

03
Rl fAX

§.38

§.61

5.10

4.50

2,35

z33333

N03
R1 £ARL

14.22

10.82

11.97

9.713

4.18

.......

03
R1 fAR2

7.13

§.32

14.88

12.20
12.70

11.51

§.71

5.19

-------
.......

NO3

0.03

0.09
0.08
0.07

0.10

0.0%

03

3

1.84

§.11

§.60

5.87

5.10

2.50

03
R2 £AR1

7.80
6.05
13.50
10.44

10.97

11.59

§.46

4,11

N03
R2 fAR2

6.72

14.08

11.70

12.95

11.51

9.46 -

4,11



PERIOD 3.5.2
SUMMARY DATA 7

LOW FERROUS-FBRRIC TO R1 ANARR

DATE
27/07/96
28/07/96
29/07/96
30/07/96
31/07/96
01/08/96
02/08/96
03/08/96
04/08/96
05/08/96
06/08/96
07/08/96
08/08/96
09/08/96

©10/08/96

Average:

Count:

Naximum:

Minimum:

Standard Deviation:

04/01/97 15:57 Page 1

11/08/96
12/08/96
13/08/96
14/08/96
15/08/96
16/08/96
17/08/96
18/08/96
19/08/96
20/08/96
21/08/96
22/08/96
23/08/96
24/08/96
25/08/96
26/08/96
27/08/96

TP

Rl fAN

10.50
11.43
13.1
10.11

4.74
12.64

11.53
14.00

12.45

0BIC, LOW P, LOW ACBTATE

P
Rl fAX

6.95
§.80

§.95

1.58

- 6.79

1.27

1.62

5.60

4.82

......
......

- TP
Rl £ABL

2.37

0.47

3.58

1.711

z=zg=22

TP
Rl fAR2

.32

1.90

0.47

.63

5.69

4.20

2.18

0.93

19.43
17.06

20.23

18.05

9.64

§.32

3.32

10.59
11.22

11.36

8.09

.19

1.42

7.90
9.32

8.7

4.36

.1

s333332

2.53

0.79



PERIOD 3.5.2
SUMMARY DATA 8

LOW FRRROUS-PRRRIC TO R1 ANABROBIC, LOW P, LOW ACETATR

~verage:
Sount:

Maximuam:

Minimua:

=tandard Deviation:

1PPENDIX §

DATE
27/07/96
28/07/96
29/07/96
10/07/96
31/07/96
01/08/96
02/08/96
03/08/96
04/08/96
05/08/96
06/08/96
07/08/96
08/08/96
09/08/96
10/08/96
11/08/96
12/08/96
13/08/96
14/08/96
15/08/96

_16/08/96

17/08/96
18/08/96
19/08/96
20/08/96
21/08/96
22/08/96
23/08/96
24/08/96
25/08/96
26/08/96
27/08/96

P— I — W — W W — W — W W W — Y — I — -~ I — W — W — B — i — R —— Y — B — Y — i — B — R — I — I — N — P — = - A A
. . . . . . . . . - . . . - . - . . - . . N . . . - . . . - . .
O CED O OEDC DO OO OO OO OO DO O OO0 o oo
P— I — Y — W — W — I — W — Y B — N — R — W — I — Y — B i — R — WY — Y — Y — Y = I — = N — P = P~ N A — O — B — )
. . . . . . . - - . . . . . . . . - . . - . - . . . . . . . . -
€O O O O O O O € O O C O OO O C O O O OO O O o O oo
O G OGN O OYGOY ONYOY O ONYOYN@ OYOYOYOYGOY G OVOYOY OYONY OV OY OO OV ONY O O ONY
. . . . . . . . . . o . . - . . . - . . . . . . . . . . . . . .



UCT UNITS AT DARVILL

SUMMARY DATA 1

PBRIOD i R WP WITH B -

DATE Sbsai R1 L/d R2 L/d RL OUR R2 OUR COD IN COD Bl (COD B2 TRN IN TEN B1 TRN B2

21/08/97 100 35.8  36.2 13.84 15.64 475 49 51 26,70 5.39  2.00
22/08/97 100 36.2  36.2 14.45 16.05 468 45 47 19.50 3.49 2,00
23/08/97 100 35.8 35.8 14.80 14.%0
24/08/97 100 3.5 36.0 14.90 15.50
25/08/97 100 35.5  35.0 16.47 14.89 401 23 48 22.40  2.00  2.00
26/08/97 100 35,5 36.5 16.80 15.31 N 37 24 26,40 2.00  2.00
27/08/97 100 36.7 353 : i 3¢ 3T 2810 2,00 2.00
28/08/97 100 37.2 367 13.3¢ 13.35 3% 28 49 34.40  2.00  2.00
29/08/97 100 367 35.8 13.41 14.87 192 64 64 22.20 5.53  2.00
30/08/97 100 35,5 36.5 13.10 15.20 .
31/08/97 100 36.2 :
01/09/97 100  36.2 365 13.56 14.12 389 25 8 28.40 2,00 2.00
02/09/97 100 36.2  34.6 13.28 13.85 393 52 28.70 . 2.00
03/09/97 100 36.0 36,5 13.51 13.55 288 i 28 2180 2,00 2.00
04/09/97 100  37.0  36.2 14.81 15.41 517 82 63 37.80 3.11  3.13
05/09/97 100 36.0 - 36.0 13.60 15.66 145 3¢ 101 4330 3.69  3.67
06/09/97 100 35.8 35.8 15.00 16.90 34 46 39.40  3.90  4.67
07/09/97 100 36.0 36.2 14.69 15.89
08/09/97 100 35.0  36.5 12.68 14.86
09/09/97 100 37.4  35.8 12.46 14.85 182 17 36 38.80  2.00  2.00

10/09/97 100 35.8 36.5 12.70 14.99 192 40 33.50 2,00 2.00
11/09/97 100 353 35.8 12.00 14.63 341 25 40 36,30 2.00  2.00
12/09/97 100 36.0  36.5 12.40 12.82 93 86 35.40 2,00  2.00

13/09/97 100 36.0 35.0 11.20 12.70
14/09/97 100 3.2 355 10.65 12.57
15/09/97 100 355 348 1.4 13.17 319 99 86 26.60  2.00  2.00
16/09/97 100 36,5 36.7 10.62 11.54 280 83 §5 23.60  2.00 2.00
17/04/97 100 6.0 © 36.5  9.66 11.45 345 18 41 29.00 2,00 2.0
18/09/97 100 36.0  36.5 12.22 409 62 18.10  2.00  2.00
19/09/97 100 36.2 362 13.56 n 89 88 34.60 2.00 2.00
20/09/97 100 317 36.2 12.06 14.08
21/09/97 100 32,9 - 34.3 - 11.80 13.90
22/09/97 100 346 36,0 1l.76 14.32 422 §5 33.50 2.00  2.00
23/09/97 100 341 =336 11300 12.30 360 68 712 32.90 2,00 2.00
24/09/97 100 35,0 343 11,13 04 3N 89 76 33.00 2,00 2.00
25/09/97 100 353 34,6 11.46 13.44 X 68 75 30.80  2.00  2.00
26/09/97 100 365 365 12.39 1.4 531 48 56 36.70  2.00 2.0
27/09/97 100 36.2 355 12.20 13.30
28/09/97 100 36.5 36.0 14.40 15.M7
29/09/97 100 36.5 37.0 14.66 14.89 537 48 30 38.%0 2.00 2.00

30/09/97 100 35.0 355 13.76 13.98 483 47 3130 2.00
01/10/97 100 35.5 348 13.54 450 38 41 36.20  2.00 2.00
02/10/97 100 35.8 36,2 14.01 106 §5 37 3300 2,00 3.25

03/10/97 100 35.8 34.8 15.60 16.40 617 85 65 33.70  2.00 2.00
04/10/97 100 36.5  35.5

........................................................................
ss=33=33=2 ITT=3  2IS=TST OSSISIS O IT2RTT TIIII2 JITIIIT ORI2IAZT OIIIIIZT I3 IISSsSz maes=ss

- Average: ' 100 35.8  35.8 13.13 14.2) 403 52 58 31.09 2.4 2.2
Count: 45 45 4 40 40 1 26 kY, 12 30 12
Naximum: 100 37.4 37.0 16.80 16.90 706 99 101 43.30  5.53  4.67
¥inimum: - 100 1.7 336 9.66 11.45 145 17 24 18,10 2,00 2.00

Standard Deviation: 0 1.0 0.8 1.6t 1.33 105 3 20 6.19 0.97 0.60
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UCT ONITS AT DARVILL
SUMMARY DATA 2

DERIOD 3.6.1
INFLUBNT R1 BFFL. R2 BFFL. TP REM. TP REM.  mgP/qVSS  mgB/gVss$
DATR TP ngP/L TP ngP/L TP ngB/L R1 mgP/L  R2 mgP/L Rl R2
21/08/97 0.7 0.25 0.57 10.52 10.20 88.137 91.81
22/08/97 10.90 0.26 0.58 10.64 10.32 89.18 95.93
23/08/97
24/08/97 -
25/08/97 10.97 0.25 0.25 - 10.72 10.72 74.76 81.78
26/08/97 10.11 0.25 0.25 10.46 10.46 84.61 88.19
27/08/97 10.38 0.25 0.25 10.13 10.13 82.99 97.44
28/08/97 8.09 0.25 0.25 7.84 7.84 81.36 89.41
29/08/97 11.17 0.25 0.25 10.92 10.92 14.22 81.11
30/08/97
31/08/97 :
01/09/97 11.47 1.62 9.85 74.77 83.67
02/09/97 10.63 0.25 10.38 - 101,58
03/09/97 10.57 0.70 0.25 9.87 10.32 78.52 100.97
04/09/97 8.52 0.2~ 0.25 8.27 8.7 84.56 96.17
05/09/97 7.58 0.25 0.25 1.33 1.33 76.24 85.98
06/09/97 1.30 0.25 0.25 7.05 1.05 17.31 86.90
07/09/97 : ' :
08/09/97 o - :
09/09/97 7.68 0.25 0.25 1.43 7.43 76.89 87.07
10/09/97 100 0.25 0.25 6.75 §.75 73.31 85.72
11/09/97 1.90 0.25 0.25 1.65 7.65 - 81.88 90.42 .
12/09/97 11.719 0.25 11.54 81.88 92.32
13/09/97 v
14/09/97
15/09/97 11.02 0.60 0.25 10.42 10.77 17.67 91.42
16/09/97 10.70 0.75 0.25 9.95 10.45 85.28 102.49
17/09/97 11.12 1.08 0.55 10.04 10.57 93.21 98.80
18/09/97 9.20 0.61 8.59 86.48 95.51
19/09/97 10.24 0.59 0.25 9.65 9.99 80.78 95.20
20/09/97 :
21/09/97 _ '
22/09/97 9.99 0.25 0.25 9.74 9.74 §0.02 ~ 89.75
23/09/97 9.56 0.25 0.25 9.31 9.31 19.17 88.34
24/09/97 9.55 0.25 0.25 9.30 9.30 79.16 89.55
25/09/97 9.40 0.56 0.52 8.84 8.88 85.15 97.29
26/09/97 8.87 0.53 0.73 8.34 8.14 19.65 89.62
27/09/97
28/09/97 ' 2
29/09/97 13.41 0.25 0.25 13.16 13.16 - 74.94 84.24
30/09/97 12.96 0.53 12.43 7.19 83.45
01/10/97 12.79 0.53 0.25 12.26 12.54 75.06 82.86
02/10/97 16.25 2.00 2.35 14.25 13.90 72.64 86.19
03/10/97 15.1 0.55 0.25 15.22 15.52 79.79 95.23
04/10/97
Average: 10.45 0.45 0.43 9.85 10.01 80.10 91.14
Count: 12 27 LY 27 12 1 12
Maximum: 16.25 2,00 2.35 15.22 15.52 93.21 102.49
Ninimua: 7.00 0.25 0.25 §.75 §.75 71.19 81.78

Standard Deviation: : 2.18 0.37 0.43 2.05 2.00 5.24 5.68
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UCT UNITS AT DARVILL
SUMMARY DATA 3
PERIOD 3.6.1

DATE
21/08/97
22/08/97
23/08/97
24/08/97
25/08/97
26/08/97
27/08/97
28/08/97
29/08/97
30/08/97
31/08/97
01/09/97
02/09/97
03/09/97
04/09/97
05/09/97
06/09/97
07/09/97
08/09/97
09/09/97
10/08/97
11/09/97
12/09/97
13/09/97
14/09/97
15/08/97
16/09/97
17/09/97
18/09/97
19/09/97
20/09/97
21/09/97
22/08/97
23/09/97
24/09/97
25/09/97
26/09/97

-27/09/97

Average:

Count:

Maximua:

Ninimum:

Standard Deviation:
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28/09/97
29/09/97
30/09/97
01/10/97
02/10/91
03/10/97
04/10/97

LSS (1)

........

.......
-------

vss{1)

.......

LSS (2)

V8§ (2)

$vss(1)

$Vss(2)

67
66
68

68
66
64

62
69
68

62
62
64
§7

......

68
15
10

14
1

87

%0
106

111
109
109
110

104
103
103
119



T UNITS AT DARVILL
=]MMARY DATA 4

RI0D 3.6.1 - _
p{ pf pi pE pd  pf ACID ACID  H2003t  H2003¢
L R2 Rl R Rl R2 DOSRRL DOSER2  Alk ALk
DATE - AN AN ARl ARl AB2  AR?  mmol/d  wmmol/d  BL R2

21/08/97  1.41 136 1.60  7.68 1.8 7.86 0.5 0.0

22/08/97 0.5 0.0

23/08/97 0.5 0.0

24/08/97 0.5 0.0

25/08/97 135 133 150 1.1 1.61  1.78 0.5 0.0 1927 2327

26/08/97 136 1.9 148 1.5 .6 113 0.5 0.0

27/08/97 7.3 1.3 141 159 .63 19 0.5 0.0 2039 242.8

28/08/97  7.43 7.3 1.60  7.61  1.75  71.80 0.5 00 .

29/08/97 . 0.5 0.0

30/08/97 0.5 0.0 .

31/08/97  7.52 T.36 1.5 169 TTL 1.80 0.5 0.0 ..

01/09/97  7.02 698 .12 1.5 .26 1.32 0.5 0.0 . 208.3 2521

02/09/97 7.6 1.2 1.62 1.0 1.4 1.82 05000 |

03/09/97  7.53 7.45 7.62 1.6 197 1T . 0.5 < 0.0 208.4  249.8

04/09/97  7.51  1.36 1.5 - 1.68 ° T.68  1.79 0.5 00

05/09/97 . - o C0s 00

06/09/97 0.5 0.0 .. 159.0  209.6

07/09/97 .12 T.02  1.06 7.8 120 131 0.5 0.0

08/09/91  1.15 1.2 112 .15 0 1.4 1.30 0.5 0.0

09/09/97  7.02 .02 1.02 . 7.3 .13 71.20 0.5 0.0

10/09/97 7.2 7.2 101 1.09 .16 7. 08 0.0 . 1621 218.6

1/09/97 745 131 161 1.56 170 1,78 0.5 0.0 .

12/09/97 0.5 0.0

13/09/97 0.5 0.0

14/09/97 7.2 7.0 1.02 1.4 115 1.43 0.5 0.0

15/09/97  1.02 7.2 1.02 1.8 117 1.51 0.5 0.0 2003 2414

16/09/97  1.02  7.03 .10 .24 122 145 0.5 0.0

17/09/97 7.3 703 1.05 1.5 .22 .45 0.5 0.0 1969  230.2

18/09/97  1.45 1.9 149 149 160 1.69 0.5 0.0

19/09/97 | 05 0.0

20/09/97 | 0.5 0.0

21/09/97  7.50 1.3 181 163 16T 1.80 0.5 0.0 |

22/09/97 0.5 0.0 263.0 1516

23/09/97  1.52  1.32 1.60 1.5 165 1.70 0.5 0.0

24/09/97 748 7.36 .48 1.50 159 7, 0.5 0.0 205.1 2253

25/09/97 .44 1.5 1.5 1.8 L0 1.5 0.5 0.0

26/09/97 0.5 0.0

21/09/91 0.5 0.0

28/09/97  1.02 1.2 .15 1.36 129 7.5 0.5 0.0

29/09/97 7.3 7.0 .16 138 131 187 0.5 0.0 206.8  238.4

0/09/97 7.2 .02 T3 135 1.5 1,52 0.5 0.0 ,

01/10/97  1.12  T.00 1.5 .56 7.39 7.8 0.5 0.0 2018 210.4

02/10/97 7.0 T.01 7.5 130 139 1.45 0.5 0.0

03/10/97 7.4 7.2 133 133 142 1.53 0.5 0.0

04/10/97 0.5 0.0
Average: 7.6 T8 134 1.4 147 1.6l 0.5 0.0 2007 225.2
Count: 0030 W 0 0 30 45 45 12 12
Maximun: 7.6 1.5 .67 110 178 1,87 0.5 0.0 263.0 2521
Minimum: 7.2 6.98  7.00  1.09 1.3 1.20 0.5 0.0 159.0 151
Standard Deviation: .21 017 023 0.9 023 0.20 0.0 0.0 4.8 259
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UCT UNITS AT DARVILL
SUMMARY DATA 5
PERIOD 3.6.2a

DATR
21/08/97
22/08/97
23/08/97
24/08/97
25/08/97
26/08/97
27/08/97
28/08/97
29/08/97
30/08/97
31/08/97
01/09/97
02/09/97
03/09/97
04/09/97
05/09/97
06/09/97
07/09/97
08/08/97
09/09/97
10/09/97

“11/09/97

Average:

Count:

Maximum:

Winimum:

Standard Deviation:

02/01/98 21:37 Page 1

12/09/97
13/09/97
14/09/97
15/09/97
16/09/97

- 17/09/97

18/09/97
19/09/97
20/09/97
21/09/97
22/09/97
23/09/97
24/09/97
25/09/97
26/09/97
27/09/97
28/09/97
29/09/97
30/09/97
01/10/97
02/10/97
03/10/97
04/10/97

NO3

1|

0.25
0.25

8.33

8.54
9.00
11.40
11.60

11.80
11.10
10.40

8.51

NO3

§.46
6.74
1.35
7.90
10.50
11.40

11.60
10.90
10.20

8.31

N4
IN

.....

NE4
Bl
0.25
1.19

KE4
B2
0.6%
0.25

 gRP

SR

Bl

0.15

0.23

o o o <
— O oy PO PO
UYL LU oo e

SRP
g2
0.56
0.39



UCT ONITS AT DARVILL
SUMMARY DATA 6
PERIOD 3.6.1

Average:

Count:

Maximum:

Minimum:

Standard Deviation:
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DATR

21/08/97

22/08/97
23/08/97
24/08/97
25/08/97
26/08/97
27/08/97
28/08/97
29/08/97
30/08/97
31/08/97
01/09/97
02/09/97
03/09/97
04/09/91
05/09/97
06/09/97
07/09/97
08/09/97
09/09/97
10/09/97
11/09/97
12/09/97
13/09/97
14/09/97
15/09/97
16/09/97
17/09/97
18/09/97
19/09/97
20/09/97
21/09/97
22/09/97
23/09/97
24/09/97
25/09/97
26/09/97
27/09/97
28/09/97
29/09/97
30/09/97
01/10/97
02/10/97
03/10/97
04/10/97

£AN
N03
R1

0.25

[— = — ) o N
S Moo
O WYLy g w1

£AX
N03
Rl

.87

9.24
1.75

-~ 11.60

10.90

10.50

10.20

8.49
11.80
11.70

10.60

[— 3 — I )

fAN
KO3
R2

0.25

[ S ]

o u

2 PO B POy
O LWy oo LU

£AX
o3
R2

.22

§.33

6.54

5.55

5.21

7.58

10.70

10.50

9.17

§.33

11.70

11.50

10.40



UCT UNITS AT DARVILL
SUMMARY DATA 6.1
PERIOD 3.6.1

Average:

Count:

Maximum:

Hinimum:

Standard Deviation:
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DATB

21/08/97
22/08/97
23/08/97
24/08/97
25/08/97
26/08/97
27/08/97
28/08/97
29/08/97
30/08/97
31/08/97
01/09/97
02/09/97
03/09/97
04/09/97
05/09/97
06/09/97
07/09/97
08/09/97
09/08/97
10/09/97
11/09/97
12/09/97
13/08/97
14/09/97
15/09/97
16/09/97
17/09/97
18/09/97
19/09/97
20/09/97
21/09/97
22/09/97
23/09/97
24/09/97
25/09/97
26/09/97
27/09/97
28/09/97
29/09/97
30/09/97
01/10/97
02/10/97
03/10/97
04/10/97

EAN
Ni¢
Rl

§.95

12.70 .

13.60
13.30
9.93
9.42

13.20

14.60
8.15

.....
-----

— o O

£AX
NH4
Rl

eeaw

2.85

o=

— 00 O e )
oo U O oo oo 1

fag1
NH4
Rl

ceme

2,05

[— = % ] o n
(SN N et i — 1]
O WL oo W

£AR) £AN

NE4 NE4
1 R2
0.68 9.00

i
0.25 9.90
0.25 9.84
0L25 6.84
1.20
1,18 10.90
1.04
0.25  10.30
0.25  12.30
0.25  10.50
0.25 5.46
0.25 6.63
0.25 1.30
0.25 6.55
0.25 1.45
0.25 1.75
2.54 9.10
0.25 8.0
0.25 6.30
0.50 8.45
1 18
54 12.30
25 5.46
57 1.84

fAX
NH4
R2

4.83

-0 O = n
€S ~3 O
— OO0 O O P U

fARL
N4
R

1.62

1.65

[ = T =y N ) o u
U O WL O it
- U 3 O i

fAR2
NE4
R2

0.25

0.25

0.25

0.25

< n

o o
[VER SR = N i e ]
D T T ~F o



T UNITS AT DARVILL
JMMARY DATA 7
MRIOD 3.6.1

Average:

Count:

Maximum:

Hinimum: .
Standard Deviation:
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DATR
21/08/97
22/08/97
23/08/97
24/08/97
25/08/97
26/08/97
27/08/97
28/08/97
29/08/97
30/08/97
31/08/97
01/09/97
02/09/97

03/09/97

04/09/97
05/09/97
06/09/97
07/09/97
08/09/97
09/09/97
10/09/97
11/09/97
12/09/97
13/09/97
14/09/97
15/09/97
16/09/97
17/09/97
18/09/97
19/09/97
20/09/97
21/09/97
22/09/97
23/09/97
24/09/97
25/09/97
26/09/97
27/09/97
28/09/97
29/08/97
30/09/97
01/10/97
02/10/97
03/10/97
04/10/97

EAN
T -
R1

24.06
18.90
23.64
18.43

15.24

23.98
26.60

30,14

25.26

23.44
18.92

fAX
1P

11.08

- 10.68

£ABl
1Y
Rl

2.53

EAB2
1P
Rl

1.15

L =T}
[t RS N e i i L}
—~ N~ = N

37.46
16.45

35.62

13.26

29.76

26.28

18.16
41.84

43.00

H -+

17.311
17.66

18.83

11.03

9.59

13.46
3.1

15.41

16.78

15.31
11.37

3.80

2.48

10.20

0.77

1.13

£AR2
P
R2

0.80

0.95

o 0

L= T - T -
[ S R e A 1]
Lo Wy~ ~3 i



0CT UNITS AT DARVILL
SUMMARY DATA 7.1
PERIOD 3.6.1

Average:

Count:

Maximum:

Minimua:

Standard Deviation:
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DATE

21/08/97
22/08/97
23/08/97
24/08/97
25/08/97
26/08/97
27/08/97
28/08/97
29/08/97
30/08/97
31/08/97
01/09/97
02/09/97
03/09/97
04/09/97
05/09/97
06/09/97
07/08/97
08/09/97
09/09/97
10/09/97
11/09/97
12/098/97
13/09/97
14/09/97
15/09/97
16/09/97
17/09/97
18/09/97
19/09/97
20/09/97
21/09/97
22/09/97
23/09/97
24/09/97
25/09/97
26/09/97
27/08/97
28/09/97
29/09/97
30/09/97
01/10/97
02/10/97
03/10/97
04/10/97

ZI=SsSa==z

£AN
SRP
R1

22.05
17.14
21.66
17.46

14.34

18.99
22.74

24.20

22.00

21.65
16.90

fAX
SRP
R1

5.08

— 2 w\O -3 "
o W oo S i
CO O b= ~3 o= b

fABL
SRD
Rl

2.13

o O M — "
[ R PR — I
€ L ~3 0

£AR2
SRP
11

1.15
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T ONITS DARVILL
mMMARY DATA 8

mRI0D 3.6.1
MAMAIS ALUM FERRIC FERROUS
SOLUBLE Rl Rl Rl T1 T2
DATR Cop IN mmolAl/d mmolPe/d mmolPe/d o¢ o
21/08/97 214 6.65 1.5 19.4
22/08/97 2 6.65 20.2 20.3
23/08/97 6.65 19.6 19.6
24/08/97 6.65 18.8 19.9
25/08/97 208 6.65 20.7 21.2
26/08/97 195 6.65 20.2 20.4
27/08/97 193 6.65
28/08/97 176 6.65 20.6 20.9
29/08/97 BVEX] 6.65 19.8 20.9
30/08/97 6.65 19.5 19.5
31/08/97 6.65 :
01/09/97 159 6.65 18.9 18.6
02/08/97 183 6.65 19.8 19.9
03/09/97 165 6.65 19.9 20.0
04/08/97 232 6.65 19.5 19.7
05/09/97 194 6.65 19.8 20.0
06/09/97 - 6.65 19.8 20.0
07/09/97 6.65 18.3 19.1
08/09/97 6.65 19.7 19.1
09/09/97 191 6.65 19.5 19.2
10/09/97 188 .65 19.7 19.6
11/09/97 176 6.65 19.9 20.0
12/09/97 84 6.65 19.3 19.5
13/09/97 6.65 19.4 19.7
14/09/97 6.65 19.6 19.9
15/09/97 90 6.65 ~20.0 20.3
16/09/97 187 6.65 1§.2 19.4
17/09/97 161 6.65 18.6 18.5
18/09/97 213 6.65 18.4 18.2
19/09/97 201 6.65 18.3
20/09/97 6.65 19.3 19.6
21/09/97 6.65 18,9 19.0
22/09/97 162 6.65 19.6 20.0
23/09/97 214 6.65 19.4 19.7
24/09/97 450 6.65 19.2 19.6
25/09/97 407 6.65 20.3 20.9
26/09/97 367 6.65 1.6 1.5
27/08/97 6.65 20.6 20.9
28/09/97 6.65 1.4 21.9
29/09/97 353 6.65 20.0 20.4
30/09/97 325 6.65 18.9 19.2
01/10/97 290 6.65 19.5
02/10/97 284 6.65 20.3
03/10/97 412 6.65 - 21.6 22.0
04/10/97 6.65
Average: 230 19.8 19.4
Count: i 0 45 0 41 40
Maximum: . 450 6.65 1.6 2.0
Hinimum: ' 84 6.65 18.4 1.5
Standard Deviatiom: 88 0.7 3.0



UCT ONITS AT DARVILL
SUMMARY DATA 1
ERIOD K PR i ,

DATE Sbsai R1 L/d R2 L/d RLOUR R2 OUR COD IN COD B1 COD B2 TEN IN TEN B1 TEN 82
05/10/97 10¢ 355 358 14.23
06/10/97 100 36,7 36.0 15.06 17.55 592 1 793390 2.00  2.00
07/10/97 100 360 35.8 11.73 13.23 457 54 43 32,10 2,00 2.00
08/10/91 100 36.5 367 11.55 13.18 470 54 47 3380 2.00 2.00
09/10/97 100 35.8 36.2 11.08 18.60 421 51 3T 3230 2,00 2.00
10/10/97 100 355 36.2 11.20 14.67 548 60 63 31.90  2.00  2.00
11/10/97 100 365 36.0 10.73 13.82
12/10/97 100 37.0  37.4 10.59 13.49
13/10/97 100 365 367 4T 455 83 80 - 29.40  2.00  2.00
14/10/97 100 3.0 36.5 10.98 13.84 415 80 60 37.00  2.00 2.00
15/10/91 100 353 34.8  9.50 11.80 349 60 56 35.50  2.00  2.00
16/10/97 100 355  36.0  9.90 12.50 423 37 3735.00 2,00 2.00
17/10/97 100 35.0  35.0 10.20 12.70 299 40 73290 2.00  2.00
18/10/91 100 36.0  36.0 11.10 13.40.
19/10/97 100 34.8 353 11.05 13.06
20/10/97 100 36.0  36.5 12,10 14.40 410 38 47 35.40  2.00  2.00
21/10/97 100 35.5  36.0 11.80 14.30 384 LX) 40 33.80  2.00 2.00
22/10/97 100 37.2 36.5 11.45 13.24 127 30 435,90 2.00  2.00
23/10/97 100 3.0 35.3 10.20 10.97 406 EL 39 39.10  2.00  2.00
24/10/97 100 365 35.8 10.17 11.65 402 40 49 32.60 2.00 2,00
25/10/97 100 35.8  35.8  9.42 10.54 '
26/10/97 100 35.0  35.0 10.60 11.30 :
27/10/97 100 358 35,0 8.30  9.20 512 165 315 37.60 2,00  2.00
28/10/97 100 362  35.5 10.90 12.50 486 41 44 36.80 2,00 2.00
29/10/97 100 353 34.6 13.20 15.00 533 50 53 33.60 2,00 2.00
30/10/97 100 36.0  36.5 13.02 14.25 356 28 35 33.00 2,00 2.00
31/10/97 100 346 35.0 12,00 13.30
01/11/97 100 35.5 35,5 11.60 13.30
02/11/97 100 348 343 12,49 15.45 465 26 23 30.80 2,00 2.00
03/11/%7 100 35.8 362 11.30 13.20 506 41 41 32,80 2,00  2.00
04/11/97 100 35.0 367 13.20 13.90 646 41 39 32200 2,00  2.00
05/11/97 100 365 37.0 11.40 15.90 505 39 42 32.40 2.00  2.00
06/11/97 100 35.0 35.3 11.50 14.01 508 45 55 35.20 2.00  2.00
07/11/97 100 365 365 1237 12.95 484 45 49 35.80  2.00 2.00
08/11/97 100 362 35.8 13.80 14.12

09/11/97 100 36.5  36.0 12.70

10/11/97 100 10.30  10.83 306 30 37 30.30 2,00 2.00
11/11/97 100 11.92  11.94 406 3 36 28.90  2.00  2.00
12/11/97 100 10.60  11.30 174 50 40 29.00 2,00  2.00
13/11/97 100 34.8  36.2 12.50 14.00 465 16 4 36.00  2.00 3
14/11/97 100 36.2 35.0 10.80 15.10

15/11/97 100 403 353 12,70 13.70

16/11/97 100 38.6  33.8 12.50 14.20

17/11/97 100 46.1 341 13.50 11.30 356 35 333430 2,00  2.00
18/11/97 100 36.5 33.8 14.40 13.30 369 56 313031300 3.7 3
19/11/97 100 367 35.3 422 26 333150 3.4 .17
20/11/97 100 36.0 355 ‘

21/11/97 100 35.5 36.0 15.60 15.50 442 36 43 25.50  2.00  2.00
22/11/91 100 35.3 353 11,10 12.80

23/11/97 100 35.5  36.2 12.70 21.40

24/11/97 100 33.8 326 12.00 I 37 34 26,90 2.00  2.00
25/11/97 100 33.4 319 10.90 10.60 420 26 24 29.10  2.00  2.00
26/11/97 100 32.2 314 10.50 10.90 404 2 43 3130 2.00 .
27/11/97 . 100 334 32.2 10.30  11.00 369 30 1 32.80 2,00  2.00
28/11/97 100 33.1  28.6 10.90  9.20 40 - 20 30 29.10 2,00  2.00
29/11/97 100 32.9  26.6 10.00  8.80

30/11/97 100 35.0  39.6 9.30 10.80
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UCT ONITS AT DARVILL

SUMMARY DATA 2

PERIOD 3.6.22 .
' INPLUBNT R1 RPPL. R2 BEFL. TP REM. TP REM.  mgP/gVSS  mgP/qVSs

DATB TP mgP/L TP mgP/L TP ngP/L Rl mgP/L  R2 mgP/L Rl R2

05/10/97

06/10/97 18.40 1.10 0.56 17.30 17.84 83.78 91.37
07/10/97 17.51 0.79 0.25 16.72 17.26 82.56 99.61
08/10/97 16.49 0.79 0.25 15.70 16.24 91.87 98.67
09/10/97 16.72 0.70 0.25 16.02 16.47 93.38 106.80
10/10/97 11.32 0.57 0.25 10.75 11.07 100.34 100.43
11/10/97

12/10/97

13/10/97 10.01 0.25 0.25 9.76 9.76 97.06 104.23
14/10/97 §.58 0.25 0.25 8.33 8.33 89.92 101.79
15/10/97 1.64 0.25 0.25 7.39 1.39 97.90 101.38
16/10/97 11.24 0.25 0.25 10.99 10.99 93.97 103.22
17/10/97 10.55 0.25 0.25 10.30 10.30 91.86 102.98
18/10/97

19/10/97

20/10/97 10.95 0.25 0.25 10.70 10.70 88.93 98.80
21/10/97 10.27 0.25 0.25 10.02 10.02 89.69 98.53
.22/10/97 8.76 0.25 0.25 8.51 8.51 :

23/10/97 8.50 0.25 0.25 . 8.25 §.25

24/10/97 8.26 0.25 0.25 §.01 8.01 88.44 97.87
25/10/97 : :
26/10/97

27/10/97 12.72 0.25 0.25 12.47 12.47 89.72 96.94
28/10/97 11.40 0.25 0.25 11.15 11.15 88.86 9§.42
29/10/97 11.40 0.25 0.25 11.15 11.15 91.87 98.44.
30/10/97 1.3 0.25 0.25 11.08 11.08 87.98 103.27
31/10797

01/11/97 '

02/11/97 12.69 0.25 - 0.25 12.44 12.44 89.57 110.48
03/11/97 12,74 0.54 0.25 12.20 12.49 85.61 99.12
04/11/97 12.1 0.58 0.25 12.15 12.48 91.52 101.82
05/11/97 13.01 0.60 -~ 0.25 12.41 12.76 92.55 - 105.61
06/11/97 12.93 0.68 0.25 12.25 12.68 91.87 99.00
07/11/97 10.91 0.65 0.25 10.26 10.66 90.97 106.53
08/11/97

09/11/97

10/11/97 9.11 0.61 0.25 9.10 9.46 83.39 97.15
11/11/97 9.69 0.25 0.25 9.44 9.44 87.47 99.37
12/11/97 9.36 0.65 0.25 §.71 9.11 93.43 104.19
13/11/97 10.50 0.53 0.25 9.97 10.25 94.78 110.64
14/11/97

15/11/97

16/11/97 _ :

17/11/91 10.44 1.62 2.64 8.82 7.80 89.73 107.61
18/11/97 11.47 2.85 0.73 8.62 10.74 92.68 105.20
19/11/97 9.57 0.56 4.08 9.01 5.49 94.57 105.64
20/11/97

21/11/97 10.01 0.62 4.72 9.39 5.29 87.71 94,24
22/11/91

23/11/97 _ : Lo

24/11/97 9.54 0.76 1.24 §.78 8.30 150.77 94.76
25/11/97 9.61 0.66 1.34 §.95 8.2 81.19 80.35
26/11/97 9.94 0.51 1.01 9.43 8.93 81.98 85.89
27/11/91 §.85 0.25 0.78 §.60 §.07 85.05 88.72
28/11/91 §.92 0.25 0.25 §.67 §.67 §5.27 85.58
29/11/97

30/11/97
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UCT UNITS AT DARVILL
SUMMARY DATA 1
PRRIOD 2 W_FERRIC, AR1, LOW B, NO BICARB
DATE Sbsai Rl L/d R2L/d R1 QUR R2QUR COD IN COD Bl COD B2 TEN IN TEN Bl TKN B2
01/12/97 100 331 348 12.30 11.80 340 39 36 31.00 2,00  2.00
02/12/97 100  36.0 39.8 12.40 14.40 584 40 40 32,40 2.00 2,00
03/12/97 100 37.4 367 8.30  9.00 368 42 43 21,10 2,00 2.00
04/12/97 100 34.8  36.5 ‘ 33 42 32 17.40  2.00
05/12/%7 100 37.9 365 8.88 9.3
06/12/97 100 36.0 36,0 8.78 8.7
9.2

07/12/97 100 36.7  36.7  9.58 .23
Average: 100 35.9  35.4 11.36 12.87 427 44 41 -iij;; --ijig --ijég
Count: 64 61 61 59 59 43 4 43 43 43 43
Naximum: 100 46.1  39.8 15.60 21.40 646 165 19 39.10 3.1 3.4
¥inimum: 100 32.2  26.6 8.30  8.80 270 20 23 17.40 2,00 2.00

Standard Deviation: 0 1.9 2,0 1.7 2.15 82 22 11 4.5  0.26 0.32
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—CT ONITS AT DARVILL
UMMARY DATA 2

BRIOD 3.6.2a
INPLUENT  R1 BFPL.  R2 BFPL. TP REM. TP REH.  mgP/qVSS  mgP/qVss
DATR T ugf/L TP mgP/L TP mgP/L Rl mgP/L  R2 mgd/L Rl R2
01/12/97 §.39 0.58 0.65 5.81 5.74 16.15 §3.99
02/12/91 1.32 0.25 0.25 1.07 1.07 15.87 79.90
03/12/97 5.22 0.25 0.25 4.97 4.97 76.27 17.46
04/12/97 5.13 0.56 0.70 4.57 4.43 15.99 13.16
05/12/97 4.96 0.25 0.25 4.1 4.1 13.16 14.22
06/12/%7
07/12/91
verage: 10.46 0.53 0.62 9.93 9.84 §9.65 96.91
‘ount: 4] 43 43 43 43 41 41
‘aximum: 18.40 2.85 4.712 17.30 17.84 150.77 - 110.64
‘1nimum: 4.96 0.25 - 0.25 4.57 4.43 13.16 13.16

~tandard Deviation: 3.02 0.45 0.94 2.92 1.25 11.5] 9.61
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UCT UNITS AT DARVILL
SUMMARY DATA 3
PERIOD 3.6.2a

02/01/98 21:20 Page 1

DATR
05/10/97
06/10/97
07/10/97
08/10/97
09/10/97
10/10/97
11/10/97
12/10/97
13/10/97
14/10/97
15/10/97
16/10/97
17/10/97
18/10/97
19/10/97
20/10/97
21/10/97
22/10/97
23/10/97
24/10/97
25/10/97
26/10/97
21/10/97
28/10/97
29/10/97
30/10/97
311/10/97
01/11/97
02/11/97
03/11/97
04/11/97
05/11/97
06/11/97
07/11/97
08/11/97
09/11/97
10/11/97
11/11/97
12/11/97
13/11/97
14/11/97
15/11/97
16/11/97
17/11/97
18/11/97
19/11/97
20/11/97
21/11/97
22/11/91
23/11/97
24/11/97
25/11/97
26/11/97
27/11/97
28/11/97

LSS (1)

.......

2082
2057
2084
27
1962

1952
1988
1878
1849
1845

1844
1839

1809

1822
1758
1897
1924

1951
2094
2093
2106
2060
2085

2076
1961
1919
1835

1375
1964
1992

1569

1083
1741
1839
17171
1792

vSS(1)

1370
1466
1371
1363
1298

1230
1313
1216
1218
1228

1165
1199

‘1190

1193
1un
1241
12m2

1304
1413
1418
1429
1382
1388

1408
1346
1232
1211

894
1282
1299

1060

650
1174
1220
1176
1nm

MLSS (2)

1810
1883
1950
1922
1879

1765
1781
1710
1660
1625

1723
1696

1598

1650
1628
1620
1700

1738
1876
1869
1828
1873
1881

1796
1726
1654
1552

1566
1514
1435

1381

1420
1536
1476
1422
1324

v88{2)

1303
1347
1350
1355
1382

1240
1260
1223
1198
1188

1205
1215

1167

1194
1162
1183
1212

1256
1345
1344

1309

1368
1344

1300
1218
1168
1085

1076
1056
1004

1072

1020
1178
1102
1082
1004

tvss(1)

.......

$V85(2)

-------

DSVI
Rl
nl/g

------

62
63
62
83

67
65
89
10
10

10
85

89

1
T4
63
65

10
87
87
66
68
64

85
66
68
n

13
1
10

80

120
15
16
19
18

DSVI
R2
nl/q

144
143
144
135

136
124
129
133
135

128
118

125

121
123
123
124

127
117
118
120
117
114

122
127
127
129

128
132
139

152

148
130
136
141
136



UCT UNITS AT DARVILL
SUMMARY DATA 3
PERIOD 3.6.2a

DSVI DSvI
Rl R2
DATR HLSS{1) vSS(1) MLSS(2) v551{2) §VSS (1) §V8S(2) al/g ol/g
29/11/97
30/11/97
01/12/97 1671 1124 1324 995 67.0 15.2 83 151
02/12/97 1621 1044 1321 1004 64.4 76.0 80 136
03/12/97 1514 999 1475 1105 66.0 4.9 86 108
04/12/97 1528 1007 1297 991 65.9 76.4 82 123
05/12/97 1511 991 1291 1013 65.6 78.5 86 124
06/12/97 )
07/12/97
Average: 1849 1223 1638 1186 66.0 72.6 72 130
Count: ) - 41 41 41 41 41 41 40 40
Maximum: 2106 1466 1950 1382 .3 78.5 120 152
Minimoa: 1083 650 1291 991 60.0 68.7 62 108

Standard Deviation: 220 160 192 - 121 . 1.7 2.4 10 10
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UCT UNITS AT DARVILL
SUMMARY DATA 4
PRRIOD 3.6.2a
pi pi pi pi pi pf ACID ACID  H2003*  H2C03¢

Rl R Rl R2 Rl R2  DOSE Rl  DOSR R2 Alk Alk
DATR A AN ABl ARl AR AB2  mmol/d  mmol/d 31 B2
05/10/97 722 7.09  7.32 1.43 1.5 1.6l 0.5 0.0
06/10/97 7.15 .06 7.18 1.6 .31 T4 0.5 0.0 142.4 198.8
07/10/97 7.1 7.03 .10 .29 1.8 .43 0.5 0.0
08/10/97 712 7.02 .14 1.3 .26 1.38 0.5 0.0 130.8 150.6
09/10/97 7.1 .04 1.4 .22 135 1.43 0.5 0.0
10/10/97 703 6.90 7.00 7.09 7.20 7.29 0.5 0.0
11/10/97 0.5 0.0
12/10/97 7.1 7.02  7.05 .14 T.18  7.36 0.5 0.0
13/10/97 7.05  7.00 7.12 .12 .4 1.28 0.5 0.0 28.4 3.4
14/10/97 7.02 7.05 7.04  7.06 7.18  7.19 0.5 0.0
15/10/97 7.03  7.02 7.06 7.08 .18 .22 0.5 0.0 85.9 115.0
16/10/97 7.2 7.02 7.04 7.1 .15 1.27 0.5 - 0.0
17/10/97 : 0.5 0.0
18/10/97 0.5 0.0
19/10/97 731 7.1 .21 1.3 131 155 0.5 0.0
20/10/97 7.0 7.02 7.4 .22 1.2 1.3 0.5 0.0 86.5  126.9
21/10/97 7.0 7.00 7.01 7.5 7.15  7.38 0.5 0.0
22/10/97 ' 0.5 0.0 104.7  130.6
23/10/97 7.11  6.95 6.95 7.08 .15 1.27 0.5 0.0
24/10/97 0.5 0.0
25/10/97 0.5 0.0
26/10/97  -7.19 698 7.01 7.1} 1.1} .33 0.5 0.0
27/10/97  6.62  6.50 6.59  6.67 6.78  6.90 0.5 0.0 94.3 126.1
28/10/97 7.14 692 7.200 1.17 135 1.40 0.5 0.0
29/10/97  7.08 691 .16 1.22 1.1 1.46 0.5 0.0 119.2 132.1
30/10/97 7.0 693 1.02 .18 .21 .42 0.5 0.0
31/10/97 0.5 0.0
01/11/97 0.5 0.0
C02/11/97 .10 691 7.13 0 1.2 131 7.4l 0.5 0.0
03/11/97 7.13  6.97  7.09  1.220 .21 1.40 0.5 0.0 108.7 159.0
04/11/97 7.09  6.94 7.35  1.25  7.48  1.45 0.5 0.0
05/11/97 7.26 7.1 1.21 1.38 40 1.55 0.5 0.0 119.4 153.0
06/11/97 7.2 7.07  7.200 126 131 1.43 0.5 0.0
07/11/91 0.5 0.0
08/11/97 | 0.5 0.0
09/11/97 7.26 7,09 7.08 1.5 .21 1.45 0.5 0.0
10/11/97 §.710 6.5 6.64 6.69 6.80 6.86 0.5 0.0 §5.1 126.2
11/11/97 7.07  6.92 6.85 7.05 7.09 7.28 0.5 0.0
12/11/97 721 6.95  7.02 .14 1.200 1.3 0.5 0.0 95.4 1313
13/11/97 7.0 6.95 7.01  7.19  1.22 1.45 0.5 0.0
14/11/97 , 0.5 0.0
15/11/97 ! 0.5 0.0
16/11/97 0.5 0.0
17/11/97 7.02  7.03 1.02 7.09 7.18 7.3 0.5 0.0 89.2 137.5
18/11/97 7.00 7.00 7.00 7.13 1300 .40 0.5 0.0
19/11/97 7.00 7.01  7.01 7.01 7.01  7.01 0.5 0.0 82.1 121.9
20/11/97 7.00  7.01 1.01  7.01  7.17 1.4 0.5 0.0
21/11/97 : 0.5 0.0
22/11/97 ‘ 0.5 0.0
23/11/97 7.00 7.01  7.01  7.01  T.00  7.00 0.5 0.0
24/11/97 714 6.97  6.98 7.02 .15 1.3t 0.5 0.0 105.2 138.1
25/11/97 7.02 6.9 6.83  7.03 .21 1.34 0.5 0.0
26/11/97 7.05 6.9 6.90 6.99 7.0 1.27 0.5 0.0 106.2 134.2
27/11/97 7.06  7.00 6.8% 6.99 1.12 1.2 0.5 0.0
28/11/97 ! 0.5 0.0
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JCT UNITS AT DARVILL
SUMMARY DATA 4
PERIOD 3.6.2a

DATE
29/11/97
30/11/97
01/12/97
02/12/97
03/12/97
04/12/97
05/12/97
06/12/%7
07/12/97

--------
........

Average:

Count:

Maxinum:

‘Hinimum:

Standard Deviation:
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UCT UNITS AT DARVILL
SUMMARY DATA §
PERIOD 3.6.2a
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DATR

05/10/97
06/10/97

07/10/97

08/10/97
09/10/97
10/10/97
11/10/97
12/10/97
13/10/91
14/10/97
15/10/97
16/10/97

17/10/97

18/10/97
18/10/97
20/10/97
21/10/97
22/10/97
23/10/97
24/10/97
25/10/97
26/10/97
27/10/97
28/10/97
29/10/97
30/10/97
31/10/97
01/11/97
02/11/97
03/11/91
04/11/91
05/11/97
06/11/97
07/11/97
08/11/97
09/11/97
10/11/97
11/11/97
12/11/97
13/11/97
14/11/97
15/11/97
16/11/97
17/11/97
18/11/97
19/11/97
20/11/97
21/11/97
22/11/97
23/11/97
24/11/97
25/11/97
26/11/97
27/11/97
28/11/97
29/11/97

N3
IN

moaa

NO3

N4
IN

21.80
20.90
23.80
20.50
21.00

20.20
20.60
24.00
4.70
22.20

21.10
19.00
22.00
231.10
24,30

20.40
20.80
19.90
20.00

20.80
18.20
18.30
19.00
18.10
18.70

23.60
18.40
18.60
25.90

23.60
20.80
19.80

18.10

17.20
18.70
17.40
21.40
20.90

N4
Bl

SRP
IN

12.60
12.30
14.26
13.00

1.32

9.52
10.64
9.20
10.00
11.16
§.84

SRP
Bl



gCT UNITS AT DARVILL
SUMMARY DATA 5
iPERIOD 3.6.2a

NO3 NO3 N03 N4 NB4 NB4 SRP SRP SRP
DATR IN El R2 IN Bl B2 IN Rl R2
10/11/97
01/12/97 0.25 5.01 5.20 22.90 1.00 0.25 4.87 0.17 0.41
02/12/97 0.25 5.11 5.10 20.20 1.75 .13 0.20 0.28
03/12/97 0.25 1.9 1.93 11.60 1.1 2 1.0 0.16 0.2}
04/12/97 0.25 2.64 2.5 11.50 1.17 0.25 2.87 0.56 0.69
05/12/97 0.25 2,18 2.7% 11.70 0.25 1.56 1.15 0.40 0.34
06/12/97
07/12/97 ‘
Average: 0.27 5.1 4,74 20.15 1.13 0.59 7.84 0.35 0.44
Count: 4] 41 4] 41 4] 4] 4] 43 43
Maximun: 1.2 §.32 $.32 25.90 4.09 2.01 14.28 2.15 4.15
Winimum: : 0.25 2,38 2.06 - 11.50 0.25 0.25 2.87 0.11 0.05
Standard Deviation: 0.15 1.39 1.42 1.4 0.84 0.52 2.54 0.34 0.85
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UCT ONITS AT DARVILL
SUMMARY DATA 6
PERIOD 3.6.2a
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DATE
05/10/97
06/10/97
07/10/97
08/10/97
09/10/97
10/10/97
11/10/97
12/10/97
13/10/97
14/10/97
15/10/97
16/10/97
17/10/97
18/10/97
19/10/97
20/10/97
21/10/97
22/10/97
23/10/97
24/10/97
25/10/97
26/10/97
21/10/97
28/10/97
29/10/97
30/10/97
31/10/97
01/11/97
02/11/97
03/11/97
04/11/97
05/11/97
06/11/97
07/11/97
08/11/97
09/11/97
10/11/97
11/11/97
12/11/97
13/11/97
14/11/97
15/11/97
16/11/97
17/11/97
18/11/97
19/11/97
20/11/97
21/11/91
22/11/97
23/11/97
24/11/97
25/11/97
26/11/97
21/11/91
28/11/97

AN
NO3
R1

0.25
0.25

0.25

fAX
N03
Rl

1.92
1.40

2.46

fAR1
N03
R1

P

fAR2
03
Rl

AN
NO3
R2

fAX
§03
R2

fABL

03
R2

£AR2
NO3
R2



UCT UNITS AT DARVILL
SUMMARY DATA 6
PBRIOD 3.6.2a
AN fAx £ABL fAR2 £AN £ax fABL fAB2
03 03 03 N03 N03 N03 N03 N03
DATE Rl Rl i1 Rl R2 R2 R - R
29/11/97
30/11/97 .
01/12/97 0.25 3.00 5.22 5.27 0.25 LISV 5.13 5.30
02/12/91 0.25 2.93 4.84 4.98 0.25 2.82 0.25 5.06

03/12/97

04/12/97 0.25 2.13 2.66 2.75 0.25 1.68 2.56 2.57

05/12/97

06/12/97

07/12/97
Average: 0.25 .43 5.34 5.4 0.25 2.11 4.44 4,70
Count: 26 26 26 26 26 26 26 26
Kaximum: 0.25 4.66 8.82 8.99 0.25 1.86 1.97 8.18
Minimum: 0.25 1.40 2.54 .1 0.25 0.25 0.25 2.11
‘Standard Deviation: 0.00 0.711 1.36 1.38 0.00 0.7 1.62 1.24
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UCT ONITS AT DARVILL
SUMMARY DATA 6.1
PERIOD 3.6.22
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DATR

05/10/97
06/10/97
07/10/97
08/10/97
09/10/97
10/10/97
11/10/97
12/10/97
13/10/97
14/10/97
15/10/97
16/10/97
17/10/97
18/10/97
19/10/97
20/10/97
21/10/97
22/10/97
23/10/97
24/10/97
25/10/97
26/10/97
27/10/97
28/10/97
29/10/97
30/10/97
31/10/97
01/11/97
02/11/97
03/11/97
04/11/97
05/11/97
06/11/97
07/11/97
08/11/97
09/11/97
10/11/97
11/11/97
12/11/91
13/11/97
14/11/97
15/11/97
16/11/91
17/11/97
18/11/97
19/11/97
20/11/97
21/11/97
22/11/97
/1197
24/11/97
25/11/97
26/11/97
27/11/97
28/11/97

EAN
Ni4
Rl

7.00
13.90

11.20

7.05
10.80

12.80

14.00
12.00

9.05

1.85
14.60

9.35

8.40
13.40

12.10

13.90
10.70

12.40
13.90

9.93

£AX
NH4
Rl

1.98
6.88

5.62

fARL
NH4
Rl

ceaa

£ag2
NE4

mo

AN
NH4
R2

§.55
13.20

14.10

13.20
6.95

8.00

10.80
10.10

11.00

10.80
9.90

§.70

12.00
14.80

10.40

§.65
12.00

11.80

15.40
10.20

11.40
13.40

1.23

£AX
NH4
R2

4.32
5.95

5.54

£AB1
NH4
R2

fAR2
NH4
R2

weaa



OCT UNITS AT DARVILL
SUMMARY DATA 6.1
PERIOD 3.6.2a

Average:

Count:

Maximum:

Minimum:

Standard Deviation:
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29/11/97
30/11/97
01/12/97
02/12/97
03/12/97
04/12/97
05/12/97
06/12/97
07/12/97
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e L
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OCT UNITS AT DARVILL
SUMMARY DATA 7
PRRIOD 3.6.2a
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DATE
05/10/97
06/10/97
07/10/97
08/10/97
09/10/97
10/10/97
11/10/97
12/10/97
13/10/97
14/10/97
15/10/97
16/10/97
17/10/97
18/10/97
19/10/97
20/10/97
21/10/97
22/10/97
23/10/97

24/10/97

25/10/97
26/10/97
27/10/97
28/10/97
29/10/97
30/10/97
31/10/97
01/11/97
02/11/91
03/11/97
04/11/97
05/11/97
06/11/97
07/11/97
08/11/97
09/11/91
10/11/97
11/11/97
12/11/97
13/11/97
14/11/97
15/11/97
16/11/917
17/11/97
18/11/97
19/11/97
20/11/97
21/11/91
22/11/97
23/11/97
4/11/97
25/11/97
26/11/97
21/11/97
28/11/97

EAN
TP
Rl

38.98
34.06

4.4

25.32
25.58

30.94

30.42
22.56

25.42

20.54
30.62

30.94

31.98

30.64

28.90

23.64
21.62

25.712

21.36
20.66

21.56
23.18

20.54

fAX
TP
R1

14.09
12.31

11.50

5.07
11.01

11.22

11.48
11.01

10.35

£ABL

40.50
18.78

45.56

45.62
319.04

40.40

311.98
46.14

48.70

50.50
46.30

4.1

37.00
44.30

50.24

42.08
37.10

316.16
39.10

3.4

13.40
131,27

16.84

16.63
12.12

13.51

9.49
18.14

18.21

18.11
17.33

16.85

12.68
15.71

16.07

18.08
14.02

14.22

14.00

11.76

£AB1

£AB2



UCT ONITS AT DARVILL
SUMMARY DATA 7
PERIOD 3.6.2a

Average:

Cousnt:

Maximum:

Minimum:

Standard Deviation:
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30/11/97
01/12/91
02/12/97
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05/12/97
06/12/97
07/12/97
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UCT UNITS AT DARVILL
SUMMARY DATA 7.1
PERIOD 3.6.2a

DATE
05/10/97
06/10/97
07/10/91
08/10/97
09/10/97

10/10/97

11/10/97
12/10/97
13/10/97
14/10/97
15/10/97
16/10/97
17/10/97
18/10/97
19/10/97
20/10/97
21/10/97
22/10/97
23/10/97
24/10/97
25/10/97
26/10/97
21/10/97
28/10/97
29/10/97
30/10/97
31/10/97
01/11/97
02/11/97
03/11/97
04/11/97
05/11/97
06/11/97
07/11/91
08/11/97
09/11/97
10/11/97
11/11/97
12/11/97
13/11/97
14/11/97
15/11/97
16/11/97
17/11/9
18/11/97
19/11/97
20/11/97
21/11/97
22/11/97
23/11/97

24/11/91
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25/11/97
26/11/97
27/11/97
28/11/97

EAN
SRP
Rl

34,30
23.45

29.00

22.80
20.30

29.30

26.75
21.00

25.25

17.95
22.00

30.40

30.90
26.40

24.85

21.50
27.60

25.20

20.45
18.00

19.25
22.75

17.43

fAX
SRP

11.34
9.52

7.80

fAR1
SRP
Rl

£AR2
SRP
Rl

acee

0.44
0.29

AN
SRP
R2

.....

48.50
42.75

49.05

40.20
34.75

43.40

43.80
35.90

39.85

. 29.85

42.82

45.35

46.85
44.75

43.40

35.70
43.85

45.50

42.00
30.10

32.70
39.10

30.78

fAX
SRP
R2

17.34
14.76

15.78

12.46
11.96

16.32

15.28
11.86

12.94

1.40
16.40

17.14

16.80
15.02

13.56

12.00
15.02

14.92

16.66 -

11.36

11.36
12.78

10.71

fARL
SRP
R2

fAR2
SRP
R2

1.40

0.69



UCT ONITS AT DARVILL
SUMMARY DATA 7.1
PERIOD 3.6.22

AN fAx £AB1 £AB2 £AN fAX £AB1 £AR2
SRP SRP SRP §RP §RP SRP SRP SRP
DATR Rl R1 R1 R1 R2 R2 R2 R2
29/11/91
30/11/97

01/12/97 16.48 .21 0.43 0.20 33.75 10.79 2.60 057
02/12/97 12.36 2.96 0.39 0.16 30.60 §.80 2.76 0.47

03/12/97

04/12/97 11.36 2.55 0.37 0.21 21.45 6.60 1.50 0.46

05/12/97 :

06/12/97

07/12/91
Average: 23.19 7.53 1.29 0.32 19.11 13.35 2.44 0.52
Count: ' 26 26 26 26 26 26 26 26
Maxioum: 34.30 11.34 2.90 1.09 49.05 17.34 8.27 3.02
Minimum: 11.36 2.55 0.37 0.12 21.45 6.60 0.59 0.05
Standard Deviation: -~ 5.685 2.4 0.67 0.24 6.82 2.86 1.95 0.75
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UCT UNITS DARVILL
SUMMARY DATA 8
PBRIOD 3.6.2a

MAMAIS ALUM FERRIC FBRROUS
SOLUBLR Rl Rl R Tl T2
DATR con 1IN mmolAl/d mmolFe/d mmolRe/d ¢ ¢

05/10/97 6.65 20.9

06/10/97 160 6.65 22.6 22.8
07/10/97 269 6.65 19.0 18.9
08/10/97 2585 6.65 18.3 17.9
09/10/97 262 6.65 131.2 18.9
10/10/97 261 .65 20.1 20.5
11/10/97 6.65 19.3 19.5
12/10/97 6.65 15.0 18.9
13/10/97 306 6.65 18.7

14/10/97 201 6.65 20.1 20.3
15/10/97 201 6.65 18.8 18.5
16/10/97 257 6.65 18.7 18.4
17/10/97 6.65 19.7 19.6
18/10/97 16.65 20.0 20.0
19/10/97 6.65 20.4 20.4
20/10/97 192 6.65 21.8 21.9
21/10/917 167 6.65 3.1 23.4
22/10/97 192 ,6.65 20.7 21.0
23/10/97 179 6.65 18.7 18.8
24/10/97 198 6.65 19.0 18.8
25/10/97 6.65 18.6 18.6
26/10/917 16.65 1.7 21.9
27/10/97 211 6.65 18.7 18.6
28/10/917 242 6.65 18.7 18.6
29/10/97 216 6.65 1.6 21.4
30/10/97 226 6.65 2.0 22.2
31/10/97 ‘ 6.65 1.8 2.1
01/11/97 6.65 21.4 .7
02/11/97 191 6.65 22.3 23.0
03/11/97 251 ‘ 6.65 18.9 19.0
04/11/97 257 6.65 19.9 20.0
05/11/97 258 6.65 1.2 22.2
06/11/97 2N 6.65 20.6 20.9
07/11/917 309 ; 6.65 18.7 18.7
08/11/97 6.65 22.0 22.1
09/11/97 6.65 20.9
10/11/97 209 6.65 17.1 17.1
11/11/97 234 6,65 18.9 18.7
12/11/97 169 ' 6.65 19.1 18.7
13/11/97 247 6.65 20.7 20.8
14/11/97 6.65 22.3 22.5
15/11/97 6.65 1.9 22.2
16/11/97 v 6.65 22.8 2].1
17/11/97 219 6.65 1.3 19.4
18/11/97 228 6.65 19.9 18.8
19/11/97 in 6.65

20/11/97 | 6.65

21/11/97 189 6.65 21.3 1.3
22/11/97 6.65 19.9 19.9
23/11/97 6.65 13.8 21.6
24/11/97 160 I 6.65 21.6
25/11/97 182 6.65 19.1 18.7
26/11/97 1 6.65 19.0 18.6
27/11/917 170 .65 19.0 18.5
28/11/91 121 6.65 19.1 18.7



UCT UNITS DARVILL
SUMMARY DATA 8
PBRIOD 3.6.2a

MAMAIS ALTM FERRIC FERROUS
SOLUBLB 31 R1 Rl Tl iV
DATE CoD IN mmolAl/d amolFe/d mmolFe/d o oC
29/11/97 6.65 19.0 18.5
30/11/97 6.65 19.2 18.8
01/12/97 165 6.65 21.8 21.8
02/12/91 145 6.65 23,5 2]
03/12/97 154 6.65 19.0 19.0
04/12/97 115 6.65
05/12/97 154 6.65 20.7 20.9
06/12/97 6.65 21.5 1.1
07/12/97 6.65 19.2 19.2
Average: 219 19.9 20.2
Count: 42 0 .64 , 0 5 59
Haximum: 169 6.65 23.5 2.7
¥inimum: : 121 6.65 13.2 17.1

Standard Deviation: 55 , 1.9 1.6



UCT UNITS AT DARVILL

SUMMARY DATA 1

PRRIOD 2 H_FER AB1, ADDRD P, NQ BICARB

DATR Sbsai R1 L/d R2 L/d R1 QUR R2 QUR COD IN COD B1 COD B2 TEN IN TEN Bl TEN B2

07/12/91 100 367 36,7 9.5 9.23
08/12/97 100 365 360 9.94 9.6l 291 34 41 23.20 2.00  2.00
09/12/97 100 36.5  36.2 13.1¢ 398 {3 40 28.50  2.00  2.00
10/12/97 100 37.2  36.5 11.50 11.20 396 39 63 27.90  2.00 .
11/12/97 . 100 36.0 355 10.57 10.98 328 46 38 29.80  2.00  2.00
12/12/91 100 36.0 350 11.45 1L.76 365 43 41 25.50  2.00  2.00
13/12/97 100 36.2  37.0 13.29 14.50
14/12/97 100 36.7 36,2 10,12 11.41
15/12/91 100 36.7 367 11.87 12.63 333 3 326,30 2,00  2.00
16/12/91 100 36.5 36,0 14.40 14.70 281 29 <31 24,50 2,00 2.00
17/12/97 100 37.2 36.7 10.42  9.66 338 10 10 22.30  2.00  2.00

18/12/97 100 36.0 37.0 290 2] 315 19.60 2.00 2.00

19/12/97 100 36.5 36.5 012,84 222 10 10 31.60 2.00 2.00
Average: 100 36.5 36,3 11.31  11.86 U i1 34 25.92 2.00 2.00
Count: 1] 13 13 10 12 10 10 10 10 10 10
Maximum: 100 371.2 37.0  14.40 14.70 398 46 6  31.60 2.00 2.00
Minimum: 100 36.0 35.0 .58 9.23 222 10 10 19.60 2.00 2.00
Standard Deviatiod: : 0 0.4 0.6 1.47 1.719 52 12 15 347 0.00  0.00
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UCT UNITS AT DARVILL
SUMMARY DATA 2
PERIOD 3.6.2b

INPLUENT R1 BFFL. R2 BFFL. TP REM. TP REM. ugP/qvsS  mgP/qvss
DATE TP mgP/L TP agP/L TP agP/L Rl mgP/L  R2 mgP/L Rl R2
07/12/97
08/12/97 6.28 0.25 0.25 6.0] 6.0] 73.52 76.34
09/12/97 29.712 2.1 0.95 26.95 8.1 §5.12 108.00
10/12/97 29.4) §.51 1.33 20.92 22,10 108.54 117.91
11/12/97 29.81 11.717 11.66 18.04 18.15 115.15 125.40
12/12/97 27.11 14.56 13.95 12.61 13.22 125.13 138.30
13/12/97
14/12/97
15/12/97 29.49 11.81 13.33 17.68 16.16 140.75 141.68
16/12/97 29.34 11.95 13.11 17.39 16.23 144.99 153.10
17/12/97 25.47 17.13 20.62 1.74 4.85 143.74 147.33
18/12/91 . 23.59 12.78 16.43 10.81 1.16 150.19 148.93
19/12/97 28.24 12.09 13.90 16.15 14.34 142.47 151.94
Average: 25.85 10.42 11,15 15.43 . 14.70 123.98 130.89
Count: ’ 10 10 10 10 10 10 10
=Maximum: 29.81 17.1 20.62 26.95 28.77 150.19 153.10
Hinimum: 6.28 0.25 0.25 6.03 4.85 73.52 76.34
Standard Deviation: 6.82. 5.01. 6.16 5.97 1.07 .16 23.24
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UCT UNITS AT DARVILL
SUMMARY DATA 3
PERIOD 3.6.2b

DSVI DSVI
Rl R2
DATR MLSS (1) y8s(1) MLSS(2) V8S{2) §VSs (1) §V8S(2) ol/g al/g
07/12/97
08/12/97 1488 977 1207 932 65.7 17.2 81 124
09/12/97 1510 981 1274 923 65.0 72.4 19 118
10/12/97 1636 1039 1375 965 61.5 70.2 76 116
11/12/97 . 1669 1061 1185 993 63.6 n.a 78 116
12/12/97 1652 1023 1404 978 61.9 69.7 79 123
13/12/91 |
14/12/97
15/12/97 1666 1035 1365 1005 62.1 73.6 83 122
16/12/97 1§56 1032 1325 958 62.3 72.3 82 113
17/12/97 1674 1041 1292 962 62.2 74.5 41 116
18/12/97 1642 1016 1154 934 61.9 9.0 79 111
19/12/%1 1741 1101 1295 961 63.2 74.2 S 18 124
Average: ' 1633 1031 1328 961 63.1 72.5 19 118
Count: 10 10 10 10 10 10 10 10
Maximum; 1741 1101 1404 1005 ©85.7 17.2 83 124
Minimum: ' 1488 977 1207 923 61.9 69.0 16 111
Standard Deviation: n 3 5§ 25 1.3 2.4 2 4
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ICT UNITS AT DARVILL
;UMMARY DATA ¢
'BRIOD 3.6.2b

DATE
07/12/97
08/12/91
09/12/97
10/12/91
11/12/97
12/12/97
13/12/97
14/12/97
15/12/97
16/12/97
17/12/97
18/12/97
19/12/97

--------
--------

miverage:

count:

Maxigua:

mfinimum:

=Standard Deviation:
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UCT UNITS AT DARVILL
SUMMARY DATA 5
PERIOD 3.6.2b

03 NO3 03 NE4 NH4 NE4 SRP SRP §RP
DATE IN 8l £2 IN Bl £2 IN Bl B2
07/12/97 :
08/12/97 0.25 4.14 4.14 17.90 0.25 0.25 4.63 0.40- 0.38
09/12/91 0.25 3.81 .64 17.00 1.19 0.25 28.30 .M 0.95
10/12/97 0.25 3.26 3.57 15.90 1.65 0.25 21.70 §.48 1.14
11/12/91 0.25 3.05 3.36 18.60 1.42 1.09 27.55 10.46 10.46
12/12/91 0.25 4.45 4.80 17.40 0.52 0.25 25.80 11.64 11.30
13/12/97
14/12/91 ‘ _
15/12/97 0.25 3.45 3.78 17.60 0.25 0.25 21,75 9.59 9.77
16/12/97 0.25 3.4 4.27 16.40 0.53 1.52 21.30 9,07 9.39
17/12/97 0.25 4.87 5.50 16.80  0.25 0.25 22.65 13.28 16.12
18/12/97 0.25 5.06 5.33 15,20 0.25 0.25 22.05 11.10 14.60
19/12/97 0.25 4.40 4.46 19.40 0.25 0.25 23,45 1114 12.22
Average: 0.25 4.00 4.29 17.22 0.66 0.46 22.52 §.719 . 9.1
Count: 10 10 10 10 10 10 10 10 10
Maximum: 0.25 5.06 5.50 19.40 1.65 1.52 28.30 13.28 16.12
Minimum: 0.25 3.05 3.36 15.20 0.25 0.25 4.63 0.40 0.38
Standard Deviation: 0.00 0.66 0.70 1.18 0.52 0.43 6.48 3.86 4.93
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UCT ONITS AT DARVILL'
SUMMARY DATA 6
PERIOD 3.6.2b

DATE
07/12/97
08/12/97
09/12/97
10/12/97
11/12/97
12/12/97
13/12/97
14/12/97
15/12/97
16/12/97
17/12/97
18/12/97
19/12/97

Average:

Count:

Maximum:

Minimua:

Standard Deviation:
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UCT UNITS AT DARVILL g
SUMMARY DATA 6.1 _ i
PERIOD 3.6.2b

AN £AX fARL £AR2 EAN fAX fARL £AB2
NE4  NEH4 NH4 NH4 NH4 NH4 NH4 NH4
DATE Rl Rl Rl Rl R2 R2 R2 R2

........ cewa PR cmme o= cemma ceoa cmas easa

07/12/97

08/12/97  8.6¢ 5.4 078 025 5.91 272 025 0.25
09/12/97 6.8  3.63 0.5  0.25 1270 316  0.25  0.25
10/12/97 |

11/12/97 842 336 0.25 104 1.8 299 0.5  0.82
12/12/97 | |

13/12/97

14/12/97

15/12/97 9.3 341 0.25 025 8.47 345 0.25  0.25
16/12/97 170 1.9 0.5 075 875 308 0.25  0.68

17/12/97

18/12/97 9.6 2.0 0.5 0.25 740 242 0.25 0.5

19/12/97 |
Average: 835 328 03¢ 041 Sl 297 025 0.42
Count: 6 6 6 6 6 6 6 6
Haxinua: 933 5.4 078 104 1270 345 0.25  0.62
Mizinun: 6.86 1.9 025 025 591 242 025  0.25
Standard Deviation: 0.85 105 020 032  2.08 0.3  0.00 0.2
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*ICT UNITS AT DARVILL
UMMARY DATA 7
'BRIOD 3.6.2b

DATE
07/12/97
08/12/97
09/12/91
10/12/97
11/12/97
12/12/97
13/12/97
14/12/97
15/12/97
16/12/97
17/12/97
18/12/97
19/12/97

........
........

miverage:

=Count:

Maxizum:

s¥inimum:

=Standard Deviation:
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UCT UNITS AT DARVILL
SUMMARY DATA 7.1
PERIOD 3.6.2b

Average:

Count:

Mazimum:

Minimum:

Standard Deviation:
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UCT UNITS DARVILL
SUMMARY DATA 8
PERIOD 3.6.2b

MAMAIS ALUM FERRIC FERROUS

SOLUBLE R1 R1 R1 Tl T2
DATE CoD IN mmolAl/d mmolFe/d mmolFe/d o¢ o
-07/12/97 6.65 - 9 19.2
08/12/97 128 6.65 21.2 21.3
09/12/97 198 6.65 25.3
10/12/97 184 6.65 20.2 20.5
11/12/97 204 6.65 19.2 19.2
12/12/97 170 6.65 19.4 19.4
13/12/97 6.65 23.3 231
14/12/97 6.65 19.5 19.5
15/12/97 162 6.65 21.6 21.7
16/12/97 150 6.65 26.2 26.4
17/12/97 157 6.65 19.0 19.1

18/12/97 122 6.65
19/12/97 268 6.65 20.8
Average: 174 20.9 21.3
Count: 10 0 13 0 10 12
Maximum: 268 6.65 26.2 26.4
Minimum: 122 . 6.65 19.0 19.1

Standard Deviation: 40 : o 2.2 2.4



The use of simultaneous chemical precipitation in modified
activated sludge systems exhibiting
enhanced biological phosphate removal. -

Appendix 6

Photographic record of Nocardia scum and
foam problems at Darvill WWW

during ferrous-ferric chloride plant trial

DW de Haas
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APPENDIX 8
DEFINITION OF SY! 30LS

Symbol Definition

% ile Percentile

A Delta, meaning “difference in” or “change in” (e.g. AM,Pe, - See also below)

AE1 or2 Aerobic zone or reactor

ALlLP Aluminium to phosphate ratio (usually molar ratio of mol Al/f mol P)

Al~P~O Aluminium phosphate/ oxide precipitate (! ‘oretical) after ashing of aluminium
hydroxy phosphate

Al~P~OH Aluminium hydroxy phosphate

Alk. Alkalinity (unless otherwise stated: bicarb ate alkalinity)

AM Atomic mass of some specified element

AN Anaerobic zone or reactor

AX Anoxic zone or reactor

Bicarb. Bicarbonate (or sodium bicarbonate)

Cre Concentration of Fe (Ill) ions in solution

Cre™ Max | tration Fe (lll) ions in  lution at equilibrium via

precipitation/ redissolution/ complexation processes in the presence of both ferric
(hydroxy) phosphate and ferric hydroxide -ecipitates (Luedecke et al., 1989)

CLAR Clarifier (settling tank)

CcOoD Chemical oxygen demand

(o2 Concentration of dissolved orthophosphate

™ Maximum residual orthophosphate concentration in solution at equilibrium via

precipitation/ redissolution/ complexation processes in the presence of both ferric
(hydroxy) phosphate and ferric hydroxide precipitates (Luedecke et al., 1989)

Cp ads Concentration of orthophosphate adsorbed to precipitate

Cpeq Concentration of dissolved orthophosphate in equilibrium via adsorption processes
(= Cp.aas + Cp res) (Luedecke et al., 1989)

Cp,in Influent concentration of orthophosphate

Cp res Residual orthophosphate concentration1 mally determined analytically
(i.e. Cpeq - Cpags) (Luedecke et al., 1989)

ds. - Dry solids

Dsvi Dilute sludge volume index

Eqgn Equation

f Italics: denotes filtered (e.g. fP; implies 1 red total phosphate)

fac Fraction of readily biodegradable COD ' ich is acetate

fus Fraction of biodegradable COD which is adily biodegradable

Fe:P Iron to phosphate ratio (usually molarre  of moi Fe: mol P)

Fe~P Ferric phosphate precipitate (of uncerta ‘ormula)

Fe~P~O Ferric phosphate/ oxide (theoretical) aft ashing of iron hydroxy phosphate

Fe~P~OH Ferric hydroxy phosphate (iron hydroxy osphate)

FeOOH Amorphous ferric hydroxide

fra Fraction of (influent) TKN which is ammonia

frob.p Fraction of organic biodegradable nitro¢ 1 which is particulate

frou,s Fraction of organic biodegradable nitrogen which is solubie

fPCA Filtered PCA extract (in chemical fractionation studies) - see Chapter 2

Py Filtered total phosphate

fPra Filtered total phosphate, anaerobic zone or reactor

Pt b1 orb2 Filtered total phosphate, first or second :robic zone or reactor, respectively

fPrad Filtered total phosphate, second anoxic zone or reactor

fSUP Filtered supematant (in chemical fractionation studies) - see Chapter 2



fuo Fraction of unbiodegradable particulate C' )

fus Fraction of unbiodegradable soluble COD

g grams

h hours

inBM N content of biomass (i.e. N content of Xy, Xpao, Xaut)

iNsF N content of soluble (biodegradabie) fermentable COD

ins N content of soluble inert (unbiodegradab COD

inx N content of particulate inert (unbiodegrac bie) COD

iNxs N content of particulate (biodegradable) substrate COD

ISS Inorganic suspended solids

Jhb or JHB Johannesburg (e.g. Johannesburg process configuration of activated sludge piants)

K'sp Apparent solubility product

ka Adsorption coefficient

K Equilibrium constant for iron phosphate complex (ion pair): FeH,PO,** (Luedecke et
al., 1989)

Knen Solubility product for metal hydroxide (Briggs, 1995)

Kumepr Solubility product for metal (hydroxy) phc hate (Briggs, 1995)

Kmrp Equilibrium constant for metal phosphate >mplex (ion pair): MeH,PO**

kere Kinetic (rate) constant for precipitation (i# /Q, 1995)

krep Kinetic (rate) constant for redissolution (IAWQ, 1995)

Ksn Solubility product

¢ lit 53)

M moiar

M,Prem Mass of phosphate removed (mgP/d)

m/m mass for mass (in chemistry for expression of concentration)

m/iv mass for volume (in chemistry for expression of concentration)

Max. Maximum

Me Metal (trivalent metal ion in the context ¢ his study: Fe" or AI*")

MeOH Metal hydroxide (nominally Fe(OH); or A{OH)5)

MeP Metal (hydroxy) phosphate (Me,PO4(OH)s..3, or FePO4 or AIPOy)

meq milli-equivalents

Me; Total metal ion concentration

mg milligrams

Min. Minimum

min. minutes

MLSS Mixed liquor suspended solids

mM millimolar

mmol millimoles

mol moles

Mw molecular weight

n Flux theory constant (volume per unit siudge mass)

Nae Concentration of ammonia in the effluent

Nai Concentration of ammonia in the influent

NaOH Sodium hydroxide (fractionation studies)

nm nanometres

Nos or No3 Concentration of nitrate

No3 Concentration of nitrate in the anaerobic zone/ reactor

NO3 b1 or b2 Concentration of nitrate in the first and: :ond zone/ reactor, respectively

No3 4 Concentration of nitrate in the anoxic zone/ reactor

NO3 e Concentration of nitrate in the effluent

Nob,p Concentration of organic, biodegradable, particulate nitrogen

Nobi influent concentration of organic, biodegradable nitrogen (particulate + soluble)

Nou,p Concentration of organic, unbiodegradable, particulate nitrogen

Nou,s Concentration of organic, unbiodegradable, solubte nitrogen

Noupi Influent concentration of organic, unbic gradable, particulate nitrogen

Nousi Influent concentration of organic, unbic gradable, soluble nitrogen



Nee Effluent TKN concentration

N influent TKN concentration

ortho P orthophosphate

O Oxygen uptake rate (in mg/[¢.h])

PAO or Polyphosphate accumulating organisms (or poly P organisms)
PAOs

PCA Perchioric acid (fractionation studies)

pK -log K (where K is a given equilibrium co! :ant)

pPK'sp -log K'sp (see K'sp above)

pK' -log K' (where K' is a given apparent equ rium constant)
pKe -log Ky (see Ky, above)

PKsp -log K, (see Kg, above)

poly P polyphosphate

Pp res Maximum residual orthophosphate concentration in solution at equilibrium via

precipitation/ redissolution/ complexation reactions in the presence of both metal
(hydroxy) phosphate and metal hydroxide precipitates (Briggs, 1995)

Pe* Residual orthophosphate concentration in solution (Briggs, 1995)

Pyi Influent ortho P concentration (Briggs, 1¢ 5)

Pop Concentration of poly P

prec Precipitate

Pref Concentration of P released (biologically)

Prem _onc  tration of P wved

PSTs Primary settling tanks (or primary sedimentation tanks)

Py influent total P concentration

Pirem Total P concentration removed

Py Phosphate component of influent unbiodegradable (inert) soluble organic material

Pupt Concentration of P taken up (biological 1 ake)

Py Phosphate component of influent unbioc jradable (inert) particulate organic
material

Q Influent flow rate

Q, RAS (or s) recycle flow rate

r RAS (or s) recycle ratio, relative to influ t flow (Q)

r as in Me, Stoichiometric ratio of Me:P (where Me  a trivalent metal ion and P is ortho P)

R? Correlation coefficient squared (statistical parameter)

RAS Return activated sludge

rem Removal/ removed

RES Residue (in fractionation studies)

res Residual (e.g. ortho P) concentration

Rs Sludge age (or solids retention time)

Sepi Influent particulate biodegradable subst e (COD) concentration

Sps Readily biodegradable (soluble) substrate (COD) concentration

Sbs,ai Influent readily biodegradable (soluble) bstrate (COD) concentration which is
acetate

Sbs ci Influent readily biodegradable (soluble) bstrate (COD) concentration which is can
be converted to acetate by fermentation

Sbsi Influent readily biodegradable (soluble) substrate (COD) concentration

Spos Soluble orthophosphate concentration ( NQ, 1995)

Ste Effluent (total) COD concentration

Sy influent (total) COD concentration

sSuUP Supernatant (in fractionation studies)

Supi Influent unbiodegradable (inert) particul 2 COD concentration

Sus Unbiodegradable (inert) soluble COD ¢ centration

Susi influent unbiodegradable (inert) soluble OD concentration

TKN Total Kjeldahl Nitrogen

TSS Total suspended solids

viv volume for volume (in chemistry for expression of concentration)



Vo
VSS

Xaut
Xsc

Xi
XMeH
XMeoH
XMeP

Xparo

Flux theory constant (settling velocity of s 1ge at infinite dilution)
Volatile suspended solids

Concentration of active mass (biomass)

Concentration of active mass of autotrophs (IAWQ, 1995)
Concentration of active mass of (heterotr. hic) poly P accumulating organisms
(PAOs)

Concentration of active mass of heterotrophs (IAWQ, 1995)
Influent unbiodegradable (inert) particulat ZOD (Briggs, 1995)
Concentration of metal hydroxide (Briggs, 1995)

Concentration of metal hydroxide (IAWQ. 1995)

Concentration of metal (hydroxy) phosph. : (IAWQ, 1995)
Reactor MLSS concentration

Concentration of PAOs (IAWQ, 1995)

Concentration of solids (TSS) in the RAS stream





