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SYNOPSIS

Objectives

In this research, the two dimensional (2D) hydrodynamic model SettlerCAD (Zhou

et al. 1998) was applied to full-scale circular secondary settling tanks (SSTs) with the

principle aim to:

1) establish whether or not it *automatically” reproduces a flux rating < 1.0 with

respect to the steady state 1D idealized flux theory (1DFT) and;
2) determine what factors influence this flux rating.

To do this, SST solids loading rate (SLR) stress tests reported in the literature were

simulated. These are:

1) the 4 tests done by de Haas ef al. (1998) on 4 similar 35 m diameter SSTs
(2new and 2old) of the Darvill wastewater treatment plant (WWTP),

Pietermaritzburg, South Africa;

2) the 15 tests done by Watts ef al. (1996) on a single 3.66 m side water depth
(SWD), 28.96 m, diameter circular SST with centre feed, peripheral and
radial effluent overflow and rotating multiple suction pipe sludge collection

system at the Kanapaha WWTP (Florida, USA), and;

3) 12 of the 47 tests done by STOWa (1981) (Stopkoper and Trentelman, 1982)
on two of the 25 different SSTs with 30 to 46 m diameter, 1.5 to 2.5 m SWD

and 1:12 sloping bottoms with scraped sludge collection.
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Finding the maximum SLR and SOR of SettlerCAD

From the measured V,, n, feed concentration (XF) and recycle flow (Qg) of a particular
SLR stress test, the maximum surface overflow rate (SOR) and sludge loading rate

(SLR) was calculated from the 1DFT

The data listed in the literature for the particular SST and SLR stress test to be
simulated, was given as input to SettlerCAD. Keeping the recycle flow (Qg) and feed
concentration (X¢) constant at the test values, the influent flow (Q)), calculated as a %
of the 1DFT limit value, was increased for successive simulation runs from a low
value to a high value, first in 2 % of 1DFT limit increments, and then in 0.25 % of
1DFT limit increments between consecutive safe and fail runs. SST failure was
accepted to be an average effluent suspended solid (ESS) > 50 mg/ ¢ over the final 2
actual hydraulic retention times (R,,) of the run. In this way the steady state influent
flow rate (Q) for ESS > 50 mg/l was determined for SettlerCAD at an accuracy of
0.25 % of the 1DFT limit and the first run with ESS > 50 mg/¢ was accepted as the
SettlerCAD predicted maximum influent flow rate limit. The SettlerCAD SLR limit
was ca!cAulated from the predicted influent flow limit and the test Qg and X; values.
The predicted ESS and RAS concentrations over the complete run were imported
into a spreadsheet program, in which were calculated (i) the average ESS and return
activated sludge (RAS) concentrations over the final 2 actual hydraulic retention
times (2 xR,,) and (ii) the % solids mass balance as the run proceeded. The
outcome (fail or safe) of each simulation run was recorded by checking sludge
blanket height in SettlerCAD at the end of each simulation and whether the average

ESS concentration over the final 2 x R, was greater (fail), or less (safe) than

50 mg/¢.

Because an ESS value of > 50 mg/¢ was chosen as a failure value for the SST, the
concern was raised that a "failed” simulation could be the resuit of poor hydraulics in a
SST and not the result of a propagating sludge blanket. To address this concern, the
K, value in the double exponential equation of Takacs (which is used in SettlerCAD to
define the sludge settling velocity) was made very high, more than a 1 000 times larger

then realistic values.
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This then reduces the double exponential to the usual single exponential of Vs = Vo
exp(-nXt) where SettlerCAD’s K, = n. With the single exponential, the settling velocity
of low concentrations (< 100 mg/¢) are very high and close to and up to Vo. This
means that the settling velocities of the low concentrations are much higher than the
overflow rates on the SSTs. So the low concentrations always settle much faster than
the overflow rate (> 10x) and hence low concentrations would not be able to be
dragged out with the effluent even with serious hydraulic disturbances at the effluent
launders. High ESS > 50 mg/¢ therefore could only be obtained with a high sludge
blanket near the effluent launders. A view of the ESS versus simulation time show that
the ESS was 1 mg/¢ right up to the time the sludge blanket approached the effluent

weirs which is what one etxpects from the single exponential equation.

The SettlerCAD model does not allow the modeling of an activated sludge (AS)
reactor prior to the SST. This however do not affect the % of the 1DFT predicted
SLR or SOR that SettlerCAD predicts because the recycle flow (Qg), feed
concentration (X)) and influent flow (Q,) were kept constant for each simulation. In

doing so the effect of the AS reactor was eliminated.

The % mass balance was calculated as the sum of the masses of sludge in the

return and effluent flows as a % of the mass of sludge entering the SST with the

influent and recycle flows.
Validation of SettlerCAD prediction accuracy

From the 15 Watts SLR tests, SettlerCAD correctly predicted the results of 12 tests,
i.e. Tests 1, 2 and 4 to 10 (safe) and 11 to 13 (fail) but incorrectly predicted the
results for 3 tests, i.e. Tests 3 (actual test safe, SettlerCAD fail) and 14 and 15
(actual test fail, SettlerCAD safe). Of these 3 tests, only Tests 3 and 15 plot far from
the SettlerCAD predicted limit and therefore are definitely incorrectly predicted.
However, Tests 4, 14, 13, 7, 9 and 12 all plot very close to the SettlerCAD predicted

limits and are correctly predicted.
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This narrow range, indicates that apart from Tests 3 and 15, SettlerCAD accurately
identifies the SOR and SLR capacity of the Watts SST. The SettlerCAD results of
the Watts tests gives a good indication that the SettlerCAD predictions are valid for

the simulation of full scale stress tests,
Determination of solids mass balance

In setting up the simuiation runs, a simulation time was selected which was more
than 25 times the actual hydraulic retention time (25 x R,,) for all the.runs. These run
times were sufficiently long to establish a final steady state condition, which was
checked with a solids mass balance at the end of each run. In the solids mass
balance, the mass of solids exiting the SST via the underflow and overflow is

calculated as a % of the inflow mass of sludge.

The final ESS (Xg) and RAS (Xg) concentrations for each run were the averages of
the predicted values over the last 2 x R,,. Provided the run ended safe (ESS
<50 mg/¢), the final concentrations yielded a solids mass balance ranging from
99.5 % to 100.5 %. In contrast, runs that ended in failure (ESS > 50 mg/¢) yielded a
lower than 98.5 % solids mass balance and the greater the SST overload (i.e. higher
the ESS concentration) the lower the solids mass balance below 99.5 %, even as
low as 86 % of the 1DFT limit influent flow. Halving the simulation time steps and/or
doubling the number of iterations per time step yielded identical simulation resuits‘

and no improvement in % mass balance at the end of the run.

As the simulations proceeded it was seen that (i) the simulation runs were long
enough to reach a steady state because the mass balance remained constant, and
(ii) for the runs which ended in fail the mass balance remained below 99 %. It is
suspected that a 100 % mass balance for the failed runs is not achieved due to a
simple logical error in SettlerCAD. |t seems that the RAS concentration is “corrected”
by subtracting from it the ESS concentration, because the higher the ESS
concentration (or overload) the lower the RAS concentration. This is not consistent
with the flux theory. Theoretically for increasing Q, and constant Qi and gg the RAS
concentration should remain constant (at X, = j/qr) once the SLR capacity (failure)

has been reached.
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Because the difference between the flux rating increased from Test 2 through Test 1,
Test 3 to Test 4, which is the order of increasing HLR, it was noticed that the
Stamford baffle set-up a large vertical circular current extending the full clear water

depth and radius of the SST, which is absent when the baffles are removed.

However, it must be remembered that the difference in flux rating is very small.
Because the difference varies consistently with HLR, it seems that this difference is

real and not artificial, due to variation in predicted results of the simulation model.

In Case 3, where the new and old SSTs had interchanged SWD i.e the new SST
2.1 m and the old SST 4.1 m, the SSTs performance also reversed in that now the
old SSTs had higher flux ratings for all the tests than the new SSTs. This is due to
the SSTs volume difference in that now the old SSTs have a greater volume than the
new SSTs. These Case 3 runs clearly demonstrate the significant influence of the
SSTs depth on the flux rating — the deeper the tank the closer the flux rating to the

theoretical maximum of 1.0.

The old shailow SSTs had a much greater sensitivity to the HLR compared with the
deeper new SST. As the HLR increases the difference between the percentage (%)
of the 1DFT limits of the new and old tanks increase, with the deeper new tank
always performing better (higher flux rating). This indicates that for the shallow old
SSTs, the lower the HLR, i.e. for poor settling sludges and/or high X, the greater the
SST capacity as a percentage (%) of the 1DFT limit. The higher the HLR, i.e. good
settting sludges and/or low X, the lower the capacity of the SST as a percentage (%)

of the 1DFT limit. The new deep SSTs do not show this sensitivity to HLR.

Simulating the Watts SST

For the Kanapaha SST tested by Watts et al. (1996), three different cases were
simulated with SettlerCAD and for each case the maximum influent flow as a

percentage (%) of the 1DFT maximum influent flow (Q,), was determined. The three

cases were as follows:

Case 1: Simulation of the 15 stress tests on the SST as built, i.e. without Stamford

baffle and actual side water depth of 3.66 m.
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Case 2: Simulation of Tests, 4, 7, 9, 12, 13 and 14 on the SST including a
Stamford baffle extending 1.2 m from the side-wall at a height of 3.16 m

above the bottom of the side wall, and actual SWD.

Case 3": Simulation of Tests 4, 7, 9, 12, 13 and 14 on the SST without Stamférd
baffle and with a SWD of 6.0 m.

~ The average flux rating (SLR) for Case 1 — no Stamford baffle (Tests 4, 7, 9, 12, 13
and 14) is 79.2 %. For Case 2 — with Stamford baffles the average flux rating is
81.7 % and for Case 3 — 86 m SWD the average flux rating is 83.6 %. This shows
that SettlerCAD predicts a 2 % increase in SST capacity with Stamford baffles. This
is contrary to the results of the Darvill SST simulations where the SSTs without

Stamford baffles performed about 2 % better than with Stamford baffles.

Comparing the solids flow pattern, a conclhsion was made that the Stamford baffles
can improve the effluent concentration, but is unlikely to have a strong effect on the
sludge blanket level in the SST. Because the objective was reaching a final steady
state for fixed loading conditions, which caused the sludge blanket for the failed
cases to rise to the effluent launder, it seemed reasonable to conclude that the
Stamford baffle does not increase the capacity (or flux rating) of the SST much;
however for the safe loading conditions, the Stamford baffle helped to keep the ESS

concentration low.

Considering that with respect to external SST geometry, the Watts SST (3.66 m
SWD and 1:15.4 sloping bottom) is closer in likeness to the new Darvill SST (4.1 m
SWD and 1:10 sloping bottom) than to the old Darvill SST (2.5 m SWD and flat
bottom), the expectation was that the Watts results should fall closer to the new

Darvill SST results than those of the old SST, but this did not happen.

Y Case 3 is an additional simulation that was done after the main objectives have been achieved and is
only discussed in the Synopsis and Conclusion

(viii)
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However, a relatively consistent pattern seemed to be emerging because at least the
Watts SST results fell between the Darvill new and old SST results and showed a

similar decreasing trend in flux rating or capacity as the flux load factor increased.
Simulating the STOWa Rijen and Oss SSTs

For the Rijen and Oss SSTs only one set of simulations, resembling the as-built
configuration, was conducted. In each instance 6 tests were selected for simulation

i.e. the 6 data sets that spanned over the widest range of the flux load factor.

The SettlerCAD predicted flux rating (SLR) of the Rijen SST ranged between 70.7 %
(Test 3) to 76.0 % (Test 8). For the Oss SST the flux rating (SLR) ranged between

68.1 % (Test 4) to 83.2 % (Test 8).

Placing the Rijen and Oss SettlerCAD simulations in context of the Darvill and Watts
simulations, the following emerged. Considering that with respect to external SST
geometry, the Rijen SST (2.25m SWD and 1:12 sloping bottom), and Oss SST
(2.0 m SWD and 1:12 sloping bottom) are closer in likeness to the old Darvill SST
(2.5 m SWD and flat bottom), the expectation was that the average flux rating (SLR)
of the Rijen results (74.08 %) and Oss results (75.15 %) should fall below the
average flux rating of the Darvill old SST resuit (80.2 %), and this did indeed happen.

Conclusions

The simulations of the full-scale SST SLR stress tests with the 2D hydrodynamic
model SettlerCAD indicate, as would be expected, that the SST hydraulic non-
idealities are intrinsically part of the model and that appropriate flux rating for the full
scale SSTs is reproduced “automatically” in the model. Moreover, the simulations
provide further evidence that the 1D idealized flux theory (1DFT) cannot be applied

to the design of full-scale SSTs without an appropriate flux rating.
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The SettlerCAD simulations of the Darvill SSTs indicated that the capacity, or flux
rating, of the old flat bottom shallow (2.5 m SWD) SST decreased as the hydraulic
loading increased due to an improvement in sludge settleability and/or decrease in
feed concentration. The new sloping bottom, deep (4.1 m SWD) SST did not show

this sensitivity of capacity (flux rating) to hydraulic loading rate.

The magnitude of the flux rating therefore is not a constant value, and is shown to be
dependent on SST depth and hydraulic loading; the deeper the SST and the lower
the hydraulic loading the closer the flux rating is to 1.0. Simulations of the sloping
bottom shallow (1.5 to 2.5 m SWD) Dutch SSTs tested by STOWa (1981) and the
Darvill new and old SSTs with inter-changed depths, confirmed this sensitivity of the
flux rating to depth and hydraulic loading. It would appear from the simulations so far
that the flux rating of 0.80 of the 1DFT maximum SLR recommendation by Ekama
and Marais (1986) remains a reasonable value to apply in the design of full scale
SSTs — for deep SSTs (4 m SWD) the flux rating could be increased to 0.85 and for
shallow SSTs (2.5 m SWD) decreased to 0.75.

From the simulations, some answers for the two crucial questions raised by Ekama
ef al. (1997), viz. (i) are the SST failures observed in this and other studies specific
for the particular SSTs investigated and (ii) can the 1DFT be applied to full scale
SSTs without correction, are emerging. While the failures observed on the Darvill
and other SSTs mentioned may be specific for the particular SSTs, a consistent
pattern is appearing i.e. that the 1DFT can be used for design but its predicted
maximum SLR needs to be reduced by an appropriate flux rating, the magnitude of
which depends on SST depth and hydraulic loading. It is accepted that the
magnitude of the flux rating depends also on the design of the internal features built
into the external shell of the SST such as (i) inlet arrangement, (i) tank
configuration; (iii) effluent launder position; (iv) control of hydraulic flow patterns,
short circuiting and turbulence with baffling; (v) flocculation chambers and
(vi) sufficient sludge transport and collection capacity, but such detail cannot be
modelled with SettlerCAD, which offers quick and easy data input, no grid-mesh

specification and fast run times at the cost of greater tank geometry specification

flexibility.

()
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While further SLR stress tests will make an important contribution to the full-scale
SST performance data base, evaluation of the results with 1D flux models will not
provide answers to these questions. These questions will find answers with further

2D hydrodynamic modelling studies on SSTs because these models allow the
internal features of the SST to be simulated.
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CHAPTER 1

INTRODUCTION

In the past, design of secondary settling tanks (SSTs) has progressed along two
parallel but distinct paths. One path mostly used in practice, has focussed on
empirical design procedures. Empirical design rules such as the surface overflow
rate (SOR) <1 m/h at peak wet weather flow (PWWF) are being used (e.g. IWPC,
1973). Also, the design of the internal features has been very subjective and their
effectiveness depends largely on the design engineer’s experience. The other path
has focussed on developing mathematical theories and incorporating these into
models. Most of these models centred around the flux theory. Until recently, not
much integration between the two paths has taken place, with the result that
theoretical developments in SST modelling have not been well integrated into design
and operation procedures. The idealized 1D flux theory presumes that the solids
sedimentation processes through the SST dominate the behaviour and hence
performance of the SST and that these processes alone give an adequate
description of the behaviour of the SST. Other processes, such as hydraulic effects,
turbulence and density currents, mixing, flocculation, and influences of inlet and
outlet configurations and baffling, are not taken into consideration by the flux
approach. In principle the 1D flux theory is simple, but it loses its attraction because
it requires the solids zone settling velocity (Vg) to be known. This Vg varies with
suspended solids concentration (X,), so a relationship linking Vg to X, needs to be
established. The form of this relationship has been a point of debate over the years
(Smollen and Ekama 1984), but nowadays the semi-log form seems to be the
generally accepted and the superior form because it gives (i) a theoretically
consistent description of the observed gravity flux curve with defined turning and
inflection points; (ii) more internally consistent SST model with a continuous transfer
between the two criteria that govern the loading conditions on the SST and; (iii) a

better correlation coefficient for several extensive date sets accumulated over a

number of years from full-scale plants.
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With regard to the measurement of the V¢-X, settlement data, this requires multiple
batch zone settling tests over a concentration range which extends at least over the
concentration range expected during SST operation. This is a time consuming and
tedious undertaking, so much so that the V¢-X, measurement has never been
accepted in practice and therefore has been restricted mainly to research circles.
This is the underlying cause for the flux theory per se not having been widely

accepted for design and operation of SSTs.

Nevertheless, Ekama and Marais (1986) undertock to validate the steady state 1D
flux theory (1DFT) with the aid of the data generated from the solid loading rate
(SLR) stress tests from full-scale SSTs performance evaluations conducted by
STOWa (1981), to assess the appli_cability of the 1D idealized flux theory to the
design of full-scale SSTs. They found that the actual SLR to cause solid overlcad
was about 80 % of that predicted by the 1D flux theory. Hence the permissible SLR
predicted by the flux theory must be reduced by 25 % (1/0,80) in order to
satisfactorily distinguish between the observed over and underloaded cases of the
STOWa (1981) SLR data set, which comprised 47 SLR stress tests on 22 different
circular SSTs from 30 to 48 m diameter, 1,5 to 3,5 m side water depths, 1:12 sloping
bottoms with scraped sludge collection to the centre, and peripheral effluent
overflow. They speculated that the 25 % reduction might be a consequence of
hydraulic effects not taken into account in the idealised flux theory such as
turbulence, density currents, inlet and outlet arrangements and baffling. If this is
correct, then it is quite possible that the 25 % reduction is specific to the type of tank
tested. Differently shaped and configured tanks may have produced a different
percentage (%) reduction. Checking of the 1D flux theory against these particular
SST performance data sets therefore may reflect local conventions embodied in the

settling tank design and constitute a calibration to the specific SST rather than a

validation of the flux theory.
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Accepting that the internal features of the SST such as baffling, placement and type
of effluent launder, inlet arrangement and type of sludge collection system affect tank
performance, it would be valuable to determine with the aid of 2D hydrodynamic
models how the arrangement of some of these features influences the SLR of the

SST in relation to the maximum SLR calculated from the one dimensional flux theory

1DFT.

By this means, a flux rating could be established which is a measure of how well the
design of the internal features have been optimised. In this respect the flux rating of
the Dutch SSTs tested by STOWa would be 0.80 or 80 % of the 1DFT predicted
SLR. With deeper tanks and with carefully designed and placed baffles determined
from studies with the newly developed hydrodynamic models, the flux rating could
possibly be increased to perhaps 80 % or 95 %, but the theoretical limit is 100 %,
because this is the idealized SST. In this way the 2D models could become the
means for optimising the internal features designed into the shell of the SST
obtained from the 1DFT design procedure. This approach is similar to the
suggestion of Wahlberg et al. (1998) who state that idealised 1DFT design “should
be considered a theoretical limit, and hydrodynamic models give us the tools to

develop better secondary clarifier designs that can operate closer to this limit.”

In this research the 2D computational fluid dynamic (CFD) hydrodynamic computer
programme SettlerCAD (Zhou et al., 1998) was applied to full-scale circular SSTs
with the principle aim to establish whether or not the 2D model automatically
reproduces a flux rating < 1.0 with respect to the 1DFT and to determine what factors
influence the flux rating. To do this the SLR stress tests reported by de Haas et al.

(1998), Watts ef al. (1996) and STOWa (1981) are simulated with the SettlerCAD

programme.

CHAPTER ONE



CHAPTER 2

LITERATURE REVIEW
2.1 : GENERAL

Models are tools that are used to represent the physical, chemical and biological
processes of natural and engineered systems. Engineers are usually concerned with
mathematical or physical models. The simplest models consist of mathematical
functions that are statistically fitted to known inputs and outputs; such models are
sometimes referred to as a 'black box' or empirical model because they give very
little insight into the controlling processes of the system. The application of such a

model is limited to the calibration conditions used in setting the model in the first

place.

Models can also be classified by their spatial resolution. There are very simple two
cell models and complex multi-cell, three dimensional models. In addition, the
models may simulate steady state or unsteady conditions. In their most comp[ex
form, models attempt to represent all of the important actions by sélving the
differential equations of continuity, momentum, energy and mass transport subject to
realistic boundary conditions; these models may be called deterministic or 'glass
box' models since they reveal the role of natural laws in determining the system’s
performance. These models can be applied outside of the range of calibration, albeit

with caution.

Physical-scale models fill a similar role to 'glass box' models in that they attempt to
represent the physical processes; however, true similarity is never achieved since all

small-scale physical models are subject to some scale up effects.

Until a few years ago, SST models based on the idealized 1D approach were the
only ones available for simulation of cyclic flow and load conditions on SSTs. In
these models, the suspended solids (SS) and the water are assumed to move in the
vertical direction only, which is clearly an idealisation of the flow regime in real SSTs

with large diameter/depth ratios in which vertical and horizontal flows of solids and

water take place.
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Dynamic 1D idealized models for SSTs have been done before. The earlier models
(pre 1980) were shown to be deficient and gave invalid predictions because they
used a sequential approach to solve the continuity equations. Anderson and
Edwards (1981) showed that the solution algorithm that correctly predicts the SS
concentration with depth profiles and the movement of the sludge blanket must solve
the continuity equations simultaneously. The dynamic 1D model developed by
Ozinsky et al. (1994) is based on that of Anderson and Edwards (1981) because this
was the best and most refined application at the time. Since then a number of other
1D models have been developed (i.e. Hartel and Popel, 1992; Ot’térpohl and Freund,
1992; Hamilton et al, 1992, and more recently Grijspeerdt ef al.,, 1995 and Watts ef
al, 1996). These models vary principally in the way they deal with the boundary
conditions, but a common feature in all of them is that they include a turbulent
diffusion or dispersion coefficient in the partial differential equation that represents
the movement of the solids. The effect of this coefficient is to introduce mixing
between the elemental layers that make up the depth of the SST. Values for this
coefficient must be determined by calibration against full-scale SST performance
data. Calibration is a complex and tedious process because the value of the
coefficient has been found to vary with depth, influent and recycle flow rate,
geometry, baffling and other internal features of the SST (Ozinsky ef al., 1994, Watts
et al, 1996). These coefficients therefore incorporate the effect of the internal
features of the SST and hydrodynamics in a single lumped parameter. The values
found are specific for the particular SST simulated and have the effect of reducing
the maximum SLR from that calculated by the steady state 1DFT, i.e. the coefficients
are calibrated to conform the model predictions to the observed flux rating of the

particular SST.
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SettlerCAD is a computer program that models the 2D behaviour of a circular SST.
Accordingly unlike in the non-steady state 1D flux SST simulation models, in
SettlerCAD there are no model “constants” that influence tank hydrodynamics that
can be adjusted to improve the correlation between experimental and simulated
results”. Therefore, the outcome of a stress simulation (fail - raised sludge blanket
and high ESS, or safe — stable sludge blanket and low ESS) can be compared with
observed full-scale SST performance without needing to do a major calibration
exercise first. In this research project the maximum SLR predicted by the
SettlerCAD is compared with that predicted by the 1D idealized flux theory using the
de Haas ef al. (1998), Watts et al. (1996) and STOWa (1981) SLR stress tests on the

different SSTs as a basis.

All the SST models mentioned above, i.e. the idealized steady state 1DFT, the
dynamic non-steady state 1D models and the 2D hydrodynamic model SettlerCAD,
have in common the specification of the sludge settleability. In all of them, this is the
conventional way of relating the solids vertical settling velocity, with respect to the
water due to gravity, (V,, m/h) to the local solids concentration (X, kg/m?3) with the

’ empirical exponential equation

V, =V, e™ m/h (1.1)

s

This, in fact, forms the unified basis between the different models and allows them to
be compared. It is only the modelling of the hydraulic field in which solids settle that
is modelled differently in the different models from the very simple to the very
complex. In the steady state idealized 1DFT this is in the vertical direction only, in
the dynamic non-steady state 1D models, this is also in the vertical direction only, but
turbulent diffusion creates mixing in the SST to represent the non-idealities, and in
the 2D hydrodynamic models such as SettlerCAD, this is modelled hydrodynamically

in the more realistic vertical and horizontal directions.

Y There are, of course, many model “constants” in 2D hydrodynamic models for S8Ts which would
significantly change the simulation results if changed. (see Ekama ef al, 1997 for a review of 2D
models). However, in SettlerCAD, except for those mentioned below, all the constants are in fact

constant and cannot be changed by the user.
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An understanding of the steady state 1D flux theory (1DFT) is therefore the
foundation to all SST models. This theory is therefore briefly reviewed below to
demonstrate how the 1DFT is used to determine the critical surface overflow rate

(SOR, m/h), SLR and hydraulic loading rate (HLR, m/h).
2.2 : STEADY STATE ONE DIMENSIONAL FLUX THEORY (1DFT)

The sludge flocculation, settling and thickening characteristics can vary considerably
not only from plant to plant but also at different times at the same plant. For reliable
functioning of the settling tank, these variations need to be taken into account both in
design and operation. In so far as continued functioning of the activated sludge -
settling tank system is concerned, the settling and thickening characteristics are
more important than clarification because the system relies on an adequate supply of
return of activated sludge to the bio-reactor; the small amount of solids that may
escape with the effluent if the flocculation characteristics are not good are
inconsequential to the successful operation of the system. However, the flocculation
characteristics of the sludge are very important for the performance of the system
because the escaping effluent suspended solids (ESS) of solids which directly
affects the effluent quality in terms of BOD;, COD, Total N (TN) and Total P (TP)

concentrations.

Currently, the desigh of secondary settling tanks (SSTs) is usually done in two
stages; in the first, zone settling and thickening considerations are applied which
lead to the specification of a surface area and depth. With the proper incorporation
of design features for clarification, zone settling and thickening criteria will govern the
specification of the area of the SST. Specification of depth will accommodate a

provision for both sludge accumulation and thickening as well as for maximising

clarification efficiency.

After specifying surface area and depth, the clarification efficiency of the tank is

optimised by considering detail design of the internal features of the tank such as -
() inlet arrangement;

(i) tank configuration;
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(ili) control of hydraulic flow patterns, short circuiting and turbulence with baffling;
(iv) flocculation chambers; and

(v) sufficient sludge transport and coliection capacity. These features make the
difference between achieving a low or high ESS concentration for the overflow

rate and depth.

In the English speaking countries, such as the USA, UK, Australia and South Africa,
the surface area of the SST is calculated with the aid of the 1DFT, which is briefly

reviewed below.

2.2.1 : The stirred zone settling velocity (SZSV) test and the flux procedure

Since originally conceived by Coe and Clevenger (1916), the flux theory has
received considerable research attention particularly since 1970. Contributions
towards its development have been by Kynch (1952), Yoshioka ef al. (1957), Dick
and Ewing (1967), Vesilind (1968a), Dick (1970, 1972), Dick and Young (1972),
Alkema (1971), Tracy and Keinath (1974), Keinath et al. (1877), Keinath and
Laquidara (1982), Wilson and Lee (1982), Pitman (1980, 1984), Riddell ef al. (1983),
Ekama ef al. (1984), Daigger and Roper (1985), Ekama and Marais (1986),
Wabhlberg and Keinath (1988), Keinath (1990), Daigger (1995) and Ekama ef al.
(1997). To facilitate analytical solutions (as opposed to the graphical solutions
developed by Yoshioka ef al. (1957), Vesilind (1968b) and Dick and Young (1972)
~ proposed mathematical expressions linking the SZ8V (V,5, m/h) and the solids
concentration (X, kg/m?®); the former proposed a semi-log one, i.e. V,5 =V, exp(-nX),
the latter a log-log one, i.e. V,.=V (X)". From a survey of the literature (Smollen
and Ekama, 1984; Ozinsky and Ekama, 1995b) the semi-log expression appears to

be more generally accepted today.
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Although the value and usefulness of the flux theory are well attested in the quoted
references, it has not been widely adopted for design and operation, principally for

three reasons:

0 the labour intensive effort required to obtain SZSV-X data, with the result
that,

(ii) measurement of SZSV-X data is uncommon in routine practice so that no

data base relating this measure to full-scale SST performance has been

developed; and

i) a lack of confidence in the predictive power of the flux theory because its
~ applicability to full-scale design and operation has not been definitively

demonstrated.

These problems with the flux theory, in particular the tedious SZSV-X
measurement, were the stimuli for the development of not only the simpler
settleability measures, SSVI,, and DSVI/, but also of the alternative design

procedures based on them.
2.2.2 : Theoretical principles of the steady state idealized flux theory

In essence the flux theory, as it is generally known, is a 1D model which states that
solids entering the SST are carried to the bottom via gravity settling flux (j) which
results from the sludge settling downwards through the water, and bulk flux {jz) which
results from the water moving downwards in the SST due to the underflow sludge
recycle pump. The total flux (j;), i.e. the movement of solids with respect to the wall,
is the sum of the settling and bulk fluxes, and expressing the former in terms of the

- semi-log model, yields -
ir =Jsts

=XV, e™ + X gz [kg/(m?h)] (2.1)
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where

X = suspended solids concentration (kgTSS/m®)
Gr = underflow rate (m/h)
= Qp/Agr
Qr = volumetric recycle flow rate (before waste sludge abstraction) (m®/h)

Ag; = SST surface area (m?)

In the ideal SST (which the Ideaiized 1D flux theory assumes) movement of sludge
and water is in the vertical direction only (i.e. 1D) and the mixed liquor flow entering
the SST separates at the point of entry into the recycle flow (Qg) moving downwards

and the overflow (Q) moving upwards at underflow and overflow rates of gz and g,

(m/h), respectively.

With the proviso that no solids are lost in the effluent so that a sludge mass balance
is conserved, the recycle flow concentration (X;) is related to the feed concentration

(Xe) via the recycle ratio (R), viz.:

Solids withdrawn = solids applied

XpQr =X (Q+ Qg) (kgSS/h) (2.2a)
XeQr = Xe(Ga+ Gr) [kgSS/(m*h)] (2.2b)
RX, =X:(1*R) (kgSS/m?) (2.2¢)
R =Q/Q

The equation above for R is generally accepted as the definition for R.
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For some selected underflow rate less than the critical (gz < gg.+ See below), a
particular value of X'in Eq 2.1 less than X, makes j; a minimum; this X concentration
and its associated flux are called the limiting concentration (X,) and flux (),
respectively. This limiting flux is the limiting rate at which solids can reach the
bottom of the SST, and therefore the applied solids loading rate or flux (joc) must not

exceed this limiting flux for safe operation of the SST. This is called the solids
capacity Criterion |, viz.:

Jor <J

Ga < MXe (1+R)] or j /(R Xg) (m/h) (2.3)

The shape of the gravity flux curve (j5 in Eq 2.1) in terms of the semi-log model is
such that once the underflow rate reaches a critical value (gr., ) then a limiting
concentration (X;) and flux () cannot any longer be found. When this happens

Eq 2.3 no longer provides a valid solution.

However, White (1975) and Merkel (1971a,b) independently concluded that under

these conditions the limiting flux on the SST is the flux of the feed concentration (X;).
This is called the solids capacity Criterion 1l (see also Wilson and Lee, 1982), viz.:

Ji = (Vo ™+ gg) Xe < jor = Xe (Gr * G4
which reduces to

ga<V,e™ (m/h) (2.4)

i.e. the overflow rate must not exceed the SZSV of the solids at the feed
~ concentration. From Eqs 2.3 and 2.4, Ekama et al. (1984) and Daigger and Roper
(1985) developed two kinds of design and operation (D&QO) charts, which are both
explained in Ekama et al. (1997). Because the Ekama D&O chart, is used in this

research, this is discussed briefly below.
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2.2.3 : The Ekama D&O chart - Fig. 2.1

The hyperbola in the D&O chart of Ekama et al. (1984) (see Fig. 2.1) represents the
critical underflow rate gx ., (€qual to V,/e?) and distinguishes between the domains in
which both the solids capacity criteria have to be met (area between axes and
hyperbola) and in which the solids capacity Criterion Il only has to be met (area
above hyperbola). Criterion | is given by Eqg 2.3 which, for different X values, is a
family of curves from the origin to the hyperbola for increasing recycle ratio (R).
These curves show that as the overflow rate (g,) increases, R must increase also to
satisfy Criterion |. Criterion li, given by Eq 2.4, is independent of R, and is a family of
horizontal lines for different feed concentrations (X:). In the region below the

hyperbola, both criteria have to be met simultaneously.

In some instances in this region, the allowable overflow rate is higher for Criterion |
than for Criterion Il so that the latter is the governing one even though the tank is
operating at a point below the hyperbola. Consequently for a specified feed
concentration X: failure of the SST is represented by the overflow rate
(q.)-underflow recycle ratio (R) value pairs falling above the Criterion | and I lines for

the specified reactor operating or feed concentration.

It is in the integration of Criterion | and Criterion !l that the semi-log Vs — X equation
is superior to the log-log equation. With the semi-log model, the overflow rate for

Criterion Il is already equal to or slightly over the maximum overflow rate for

Criterion 1.
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2.5
.«— Boundary between solids

capacity Criteria I and 1T domains
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/ A -C

Safe conditions region

i |

underflow recycle ratio (R)

Fig. 2.1 : Design and operating chart of Ekama et al. (1984) for SSTs based on the flux
procedure and the semi-log expression linking the SZSV and solids concentration.

The solids capacity Criterial and Il boundaries are shown for selected feed
concentrations (X = 2.5, 3.5 and 4.5 g/¢ ). For a feed concentration of 3.5 g/¢, if
the overflow rate (horizontal) and recycle ratio (vertical) lines intersect inside, on or
outside the Criterion | and |l bounded area, the operating conditions are safe, critical
or overloaded respectively. The underflow rate g5 is the product of the recycle ratio
(R) and overflow rate (q,) operative at any particular point in the chart; constant g, is‘

represented by hyperbola in the chart of which g, = V,/€® is one.

The D&O chart in Fig. 2.1 is valid also for daily cyclic conditions if it is accepted that
no solids storage takes place in the tank or, alternatively, the peak flow is of long
duration (> 3h) so that the storage capacity is fully utilised and the reactor
concentration is not significantly reduced. Accepting zero storage capacity, for
successful operation of the SST, the conditions prescribed by the D&O chart should

be met at all times of the day.
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Fig. 2.2 : Settling flux curves with settling tank operating state point diagrams for the
points A, B, C and D in the four operating regions A, B, C and D respectively of the flux
design and operating chart. Regions A and D (fop) overloaded; regions B and C (bottom)
underioaded. Flux V, = 5.93 m/h; n = 0.43 mP/kg; feed concentration = 3.5 kgTSS/m?.

2.3 : TWO DIMENSIONAL HYDRODYNAMIC MODELS

Hydrodynamic models for SSTs allow design and optimization of the SSTs internal
features such as geometry, side wall depth, baffling, inlet and sludge collection
arrangements. A few such models of various complexity and sophistication have
been developed for simulating circular and rectangular SSTs (see Krebs, 1995 or
Chapter 5 in Ekama ef al., 1997 for a review of these models). Although application
is limited at this stage, these models are being used successfully in research

programmes and design for 2D and 3D simulation of full-scale SSTs.
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While the description of the hydrodynamics of the SSTs has progressed dramatically
with the advent of 2D and 3D hydrodynamic models, description of the sludge
settling behaviour in these models has not progressed very much beyond that of the
Y,s-X as in the 1D flux theory models and remains the major weakness in these

models, especially with respect to flocculation and breakup.

In this research the 2D hydrodynamic computer programme SettlerCAD, developed
by Zhou et al. (1998) will be used. A more detailed description of this programme is

given in Chapter 3.
2.4 : PROSPECTS FOR 3D MODELLING

As discussed earlier, the flow pattern in full-scale settling tanks is very complex.
Although some success has been achieved through 2D models, several field
conditions cannot be adequately represented by 2D models. Generally, circular
tanks exhibit approximately axisymmetric flow and therefore can be adequately
modelled by 2D models with the exception of the local field around the sludge
collection and removal system. Rectangular and square tanks are prone to more
complex flow and may require 3D models. Some examples of such tanks are: centre
feed square tanks, peripheral feed square tanks, rectangular tanks with non-uniform

lateral feed and any settling tank subject to strong wind effects.

Recent advances in numerical techniques and computational power make it possible
to apply 3D modelling to SSTs. With 3D models it is hoped to simulate the effect of
the sludge collection system i.e. scraper or hydraulic suction, and its associated

structure on the hydraulic flows and the transport of solids.
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CHAPTER 3
THE 2D HYDRODYNAMIC MODEL SettlerCAD

3.1 : INTRODUCTION

SettlerCAD is a 2D dynamic mathematical model in the form of a computer
programme for the simulation of SSTs in wastewater treatment plants. SettlerCAD is
structured around the steps that the user would be taking in order to perform

simulations and analyse results. SettlerCAD is designed to only model circular

SST's.

The simulations are usually conducted in four major steps as follows:

e Preparing the SettlerCAD programme input: During this step all the conditions

and parameters for the simulation are defined,

e Execution of the SSTs programme: The computer programme performs

calculations and generates results;

o Display and review of results: Simulation results are examined through several

graphic views, such as concentration and velocity plots;

e Saving and retrieving model parameters and simulation results for archiving and

inclusion in reports and studies.
3.2 : INPUT INFORMATION REQUIRED
The SettlerCAD complete programme requires 4 types of input:

1. The SST loading comprises the feed concentration (X;), recycle flow (Qg) and the

influent flow (Q,) into the SST excluding the recycle flow. The recycle flow can be

withdrawn uniformly over the tank bottom, thus simulating a flat or sloping bottom
hydraulic suction sludge collection SST. Or it can be scraped to and withdrawn
from the centre, simulating a sloping bottom scraper sludge collection SST. In

SettlerCAD this is simulated as uniform sludge collection from the tank floor.
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2. The SST gecmetry requires specification of the side wall radius, side water depth

and bottom slope. For the inlet arrangement, the inlet feed well radius and depth
and the feed well skirt radius and depth are required. The model makes provision
for two types of baffles; As defined by SettlerCAD a Crosby baffle, which is a
small circular vertical wall on the bottom of the tank, and a Stamford baffle, a
horizontal wall extending inwards, immediately below the effluent launder. The
definition of a Crosby baffle in SettlerCAD differs from that in Ekama ef al., 1997,

where the Crosby baffle slopes inwards from the sidewall.

3. The sludge settleability which can be defined either in terms of the Stirred

Specific Volume Index (SSV/) which is then converted internally to a V, and n
value with the equations of Wahlberg and Keinath (1988) (see Ozinsky et al.,
1995 or Ekama et al.,, 1997) or the V, and n values can be individually defined.
The V¢ -X relationship for SettlerCAD includes an additional exponential term
with an exponent K, propcsed by Takacs ef al (1991). This term takes into
account the slow settling particles at low concentration (< 100 mg/¢). In this
research the value of K, was set very high (10). This eliminated the effect of the
slow settling particles on the identification of the failure from a raised sludge

blanket ESS concentration prediction.

4. The simulation parameters of which those relevant in this research were the

length of time step (At,,,,), total time steps (N;g) and total simulation time (T,,). To
ensure a final steady state, was reached at the end of the simulation run, the Ty,
had to be at least 15times the hydraulic retention time (R,,). Generally
simulation times were 30 times R,,, ensuring steady state, which was 10 times

longer than the actual SLR stress test duration Zhou ef al., (1998).

3.3 : SettlerCAD DIALOG BOXES

Outlined below is a short layout of the steps required for the set up of a simulation
SettlerCAD. For a detailed functionality of the program the tutorial guide

accompanying the model can be consulted Zhou ef al., (1998).
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K, (n): The first constant in the Takacs double exponential equation defining
sludge settling velocity. This value must be greater than 0 and is usually between
0.00036 (SSVI of 40) and 0.000844 (SSVI of 130). Changes to this value will
affect SSVI.

K,: The second constant in the Takacs double exponential equation defining
sludge settling velocity. This value must be greater than 0 and is usually between

0.005 and 0.3.

Because an ESS value of » 50 mg/¢ was chosen as a failure value for the SST,
the concern was raised that a “failed” simulation could be the result of poor
hydraulics in a SST and not the result of a propagating sludge blanket. To address
this concern, the K, value in the double exponential equation of Takacs (which is
used in SettlerCAD to define the sludge settling velocity) was made very high, more

than a 1 000 times larger then realistic values.

This then reduces the double exponential to the usual single exponential of Vs =
Vo exp(-nXt) where SettlerCAD’s K, =n. With the single exponential, the settling
velocity of low concentrations (< 100 mg/¢) are very high and close to and up to
Vo. This means that the settling velocities of the low concentrations are much
higher than the overflow rates on the SSTs. So the low concentrations always settle
much faster than the overflow rate (> 10x) and hence low concentrations would not
be able to be dragged out with the effluent even with serious hydraulic disturbances
at the effluent launders. High ESS > 50 mg/ ¢ therefore could only be obtained with
a high sludge blanket near the effluent launders. A view of the ESS versus
simulation time show that the ESS was 1 mg/¢ right up to the time the sludge

blanket approached the effluent weirs which is what one expects from the single

exponential equation.

The SettlerCAD model does not allow the modeling of an activated sludge (AS)
reactor prior to the SST. This however do not affect the % of the 1DFT predicted
SLR or SOR that SettlerCAD predicts because the recycle flow (Qg), feed
concentration (X)) and influent flow (Q;) were kept constant for each simulation.
In doing so the effect of the AS reactor was eliminated.

3-6
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First the minimum recycle ratio (R,,,) for the maximum overflow rate (g, = Q/Agr,
m/h) is determined (Point A in Fig. 3.1} by setting the equations for SHC | and I
equal and solving for R which is R,;,. This R, is used as a reference recycle ratio to
check whether SHC | or SHC Il govern the maximum_capacity of the SST for the
particular underflow rate (gg = Qpr/Asy, m/h) of the SST test. For TestY in Fig. 3.1,
the locus of the SST operating point at the constant underflow rate (qg, m/h) and
increasing overflow rate ((q,, m/h) cuts the SHC | line at an R value (R,) <R, (at
Point Y). This means that the SC | fixes the maximum SOR and SLR of the SST for
the fixed gz and X; of the particular test and the maximum SOR and SLR capacities
in terms of the 1DFT are defined by PointY, viz. SOR =d,;m/h HRL, .= day
(1+Ry) m/h and SLR = (Gay + Qry)Xe OF Qay (1 + RX: kg/(m2.h). For Test Z in
Fig. 3.1, the locus of the SST operating points at constant gz and increasing q, cuts
the SHC Iline at an R value (R,) >R, (at Point B). This means that the SCC H fixes
the maximum SOR and SLR of the SST for the fixed gz and X; of the particular test
and the maximum SOR and SLR capacities in terms of the 1DFT are defined by
Point Z, viz. SOR = q,,m/h, HLR, = d.z(1 + R, m/h and SLR_,, = (4,; + dgz) OF
Qaz{1 + Ry)X- kg/(m2.h).

Once the 1DFT SOR is determined, the stress test is simulated on SettlerCAD. For
each test, 16 SettlerCAD runs are set-up in which the recycle flow (Qg) and feed
concentration (X;) are kept constant. The influent flow (Q)) is varied as a percentage
(%) of the 1DFT SOR limit value, as calculated above. First, in 2 % increments until
SettlerCAD predicts failure and then in 0.25 % increments fo refine the failure point
between consecutive safe and fail runs. SST failure was accepted to be an average
ESS > 50 mg/¢ over the final 2 actual retention times (R,,) of the run. In this manner
the failure influent flow for SettlerCAD was defermined with an accuracy of 0.25 % of
the 1DFT limit. The SettlerCAD predicted maximum SOR and SLR are then
converted to percentage (%) of the 1DFT maximum, where the percentages (%) are
then the flux ratings of the SST simulated at the Test Qg and X;. As an example the
operating points of the different simulations conducted for Test 3 on the old Darvill

SST are indicated on the D&O chart of Fig. 3.2.
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CHAPTER 4

SIMULATION OF THE DARVILL SSTs WITH SettlerCAD

4.1 : THE DARVILL SLR STRESS TESTS

The Darvill WWTP has five 35 m diameter circular SSTs, 3 old and 2 new. Details of
these SSTs are given in Table4.1. The design capacity of the SSTs is
7.5 kgSS/(m?.h) at a DSVI of around 80 me/g, MLSS concentration of 3.8¢g/¢, a
PWWF  of 162 Mv¢/d  and a recycle ratio of 0406 @ viz.
(162 000/24)x(1+0.406)x3.8/(5 x 962) = 7.5 kgSS/(m*h). Four solids loading rate
(SLR) stress tests were conducted on these SSTs. The first three (Tests 1 to 3) with
four SSTs in operation (2 old and 2 new) and the fourth (Test 4) with two SSTs (1 old
and 1 new) in operation. The tests were conducted by setting the sludge recycle
(RAS) and influent flows at rates that would cause critical loading conditions on the
SSTs, i.e. at around 80 % of the maximum SLR estimated from the 1DFT, calculated
from the Vg and n values measured just prior to the stress test. However, during the
stress tests, the reactor concentration declined significantly below the normal
operating value due to sludge storage in the SSTs. This reduced the applied SLR
during the tests and so also the applied SLR ratio below the target 80 % of the 1DFT

maximuim.

During the tests, which each lasted about 5 to 10 h, the reactor and underflow
concentration, the influent and RAS flow rates, the sludge blanket height and the
ESS concentration were measured at about 1 h intervals. The summary of the four

tests is given in Table 4.2.

From the measured V, and n values and the feed concentration (X;), the 1DFT
predicted maximum SOR and SLR were calculated as set-out in Chapter 3,

Section 3.4 and are listed in Table 4.2 (1DFT predicted limits).
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4.2 : RESULTS OF FULL-SCALE ACTUAL STRESS TESTS

From Table 4.2 the 1DFT maximum and test applied SLRs are plotted against each
other in Fig. 4.1a. Figure 4.1b shows the ratio of the test applied/1DFT predicted
SLR for all four tests. From Fig. 4.1b the test applied/1DFT predicted SLR ratio, as a
percentage (%), for the four tests are 87, 96, 77 and 91 % respectively. Of the four
tests, only Test 4 on both the old and new SSTs ended in failure. From this it would
appear that the flux ratings are somewhere between 77 % safe (Test 3) and 91 % fail
(Test 4).

Darvill S5T Stress Tests Darvill SST Stress Test
Actual SLR Stress Test1to 4 Actual SLE Stress Tests 110 4

0,81 rs

p .
0
@ N .
@
Applied / 1DFT Predicted SLR Ratlo

1DFT Predicied Flux - kg/{lm2.h}

o § s 8 New? Old1 New2 Old2 New2 Old3 HNewa Oida

Test Apllied Flux - kgl{m2.h) Stress Test No

Figures 4.1a and 4.1b: Calculated 1DFT maximum SLR versus test applied SLR (Fig.
4.1a, left) and test applied to 1DFT calculated maximum SLR ratios (Fig. 4.1b, right) for the
four Darvill SLR stress tests on the new and old SSTs.

4.3 : FINDING THE SettlerCAD MAXIMUM SOR AND SLR FOR THE DARVILL SSTs

4.3.1 : SettlerCAD predicted failure

To predict the SSTs failures by means of the 2D model SettlerCAD, the data from
Table 4.2 and 4.3 were given as input to SettlerCAD. For each test, 16 SettlerCAD
runs were set-up. For the new SST, runs 1 to 7 were at Q, from 74 to 86 % of the
predicted 1DFT SOR in 2 % increments and run 8 at 100 %. For the old SST the
7 runs ranged from 60 to 72 % of the predicted 1DFT SOR, also at 2 % increments
with the 8" run at 100 %. Runs 9 to 15 were set-up between consecutive safe and

fail runs at 0.25 % increments, and the 16" run was at the actual test influent flow.
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1DFT Predicted Flux - ka/(m2.h}

The first run with ESS > 50 mg/¢ was accepted as the SettlerCAD predicted influent
flow rate limit. With this SettlerCAD failure flow Q, (or SOR) the SettlerCAD SLR limit

could be calculated with the test Qg and X: values.

For the Darvill SST three different cases were simulated with SettlerCAD, and for

each case the percentage (%) of the 1DFT maximum influent flow (Q,) was

determined. The three cases were as follows:

Case 1: The Darvill new and old SSTs as is, i.e. with Stamford baffles extending

from the side-wall and the actual side water depths, i.e. oild SST 2.5 m

and new SST 4.1 m.

Case 2: The Darvill new and old S8Ts without Stamford baffles, and the actual

SWDs.

Case 3: The Darvill new and old SSTs with Stamford baffles, but with interchanged
SWDs i.e. old SST with 4.1 m SWD and new SST with 2.5 m SWD.

A summary of the SettlerCAD results for the three different cases are given in

Appendix A : Darvill Results. A graphical depiction of the results for cases 1 to 3 are

given below in Fig. 4.2 to Fig. 4.4 respectively.

Darvill SST Stress Tests
SettlerCAD SLR Stress Test 1 to 4 - Case 1 {Normal)

El ig 15
SettierCAD Predicted Flux - kg/im2.h}

Darville SST Stress Test

SettlerCAD SLR Stress Tests 1 to 4 - Case 1 (Normal)
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Fig. 4.2a and 4.2b: Case 1 : SSTs as-built — Calculated 1DFT maximum SLR versus
SettlerCAD predicted SLR including the 80 % of 1DFT maximum SLR line (Fig. 4.2a, left)
and SettlerCAD predicted to 1DFT calculated maximum SLR ratios (Fig. 4.2b, right) for the

four Darvill old and new SS8Ts.
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Fig. 4.3a and 4.3b: Case 2 : Without Stamford baffles — Calculated 1DFT maximum SLR
versus SeftlerCAD predicted SLR (Fig. 4.3a, left) and SettlerCAD predicted to 1DFT
calculated maximum SLR ratios (Fig. 4.3b, right} for the four Darvill old and new SSTs.
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Fig. 4.4a and 4.4b: Case 3 : New and old SSTs with interchanged depths — Calculated
1DFT maximum SLR versus SettlerCAD predicted SLR (Fig. 4.4a, left) and SettlerCAD
predicted to 1DFT calculated maximum SLR ratios (Fig. 4.4b, right) for the four Darvill old
and new SSTs.
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Table 4.3 : Summary of the SettlerCAD predicted to 1DFT calculated maximum SLR ratios
(i.e. flux ratings) for Cases 1, 2 and 3.

Test 1 Test 2 Test 3 \ Test 4
New Old New Old New  Old = New Old
Case 1. Normal 86.1 82.6 ‘ 86.6 86.1 89.7 81.4 87.7 70.9
Case 2 : No baffles 87.8 84.4 86.5 87.5 91.6 84.0 91.3 72.3
Case 3 : Reverse depth 77.3 86.7 82.9 90.9 76.1 88.6 83 85.1

From Table 4.3 for Case 1, SettlerCAD predicts consistently that the new SSTs fail at
a higher percentage (%) of the 1DFT maximum SLR than that of the old SSTs. At
the lower HLRs i.e. Tests 1, 2 and 3, the flux rating of new and old tanks are similar
but at high HLR i.e. Test 4, the new tank has a much higher flux rating than the old
tank. The better performance of the new tanks compared with the old tanks is most

probably due to the greater depth of the new tank.

The new tank has a much higher sludge storage capacity than the old tank due to its
higher side wall depth and sloping bottom. The difference in flux rating between the

new and old tanks is greater when the HLR is higher.

For the Darvill S§Ts, both the new and the old tanks perform better without a
Stamford baffle for all the tests, with the exception of Test 2 (which has the lowest
HLR) on the new SST. For the new SSTs, the flux ratings without baffles are 1.7 to
2.6 % higher than with baffles and for the old SSTs, 1.4 to 1.8 % higher than with
baffles. Because the difference between the flux rating increases from Test 2
through Test 1, 3 to Test 4, which is the order of increasing HLR, it was noted from
the SettlerCAD output (defining velocity vectors) that the Stamford baffles set-up a
large vertical circular current extending the full clear water depth and radius of the
SST, which is absent when the baffles are removed. However, it must be
remembered that the difference in flux rating is actually very small, however,
because the difference varies consistently with HLR, it seems that this difference is

real, and not an artefact of some simulation model variation in predicted results.
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In Case 3, where the new and old SSTs had interchanged SWD i.e. the new
SST 2.1 m and the old SST 4.1 m, the SST performance also reversed in that now
the old SSTs had a higher flux rating for all the tests than the new SS8Ts. This is due
to the SST volume difference in that now the old SSTs have a greater volume than
the new SSTs. These Case 3 runs clearly demonstrate the significant influence of
the SST depth on the flux rating — the deeper the tank, the closer the flux rating to

the theoretical maximum of 1.0,
4.3.2 : SettlerCAD simulation of the full-scale actual stress test

The data given in Table 4.2 for the actual test loading condition was used to set up
the 16™ simulation run in SettlerCAD. The results of these simulations are

summarised in Table 4.4,

Table 4.4: Summary of the SettlerCAD simulations results for the actual tests 1 to 4 on the
new and old Darvill SSTs.

Parameter Test 1 Test 2 Test 3 Test 4
New Old New Old New Old New Old
Flux load factor Vg/(nXp)-m/h | 4.30 4.30 3.85 3.55 5.17 517 9.08 9.08
Influent flow (m3/h) for 1 SST 833 833 688 688 948 948 2 386 2388
% of 1DFT maximum Q 78.5 785 92.1 92.1 65.6 685.6 89.1 69.1
Overflow rate (m/h) 0.87 0.87 0.71 0.71 0.99 0.99 249 2.49
Recycle flow (m3!h) 667 667 667 667 750 750 708 708
Underflow rate {(m/h) 0.693 0.893 0.693 0.693 0.779 0.779 0.738 0.736
Recycle ratio 0.80 0.80 0.97 0.97 0.79 0.79 0.296 0.296
Applied flux (kgSS)/m2.h) 7.17 717 6.05 6.08 6.35 6.35 11.13 11.13
% of 1DFT maximum SLR 86.8 86.8 95.9 95.9 77.3 77.3 91.3 91.3
Actual retention time (h) 3.0 1.6 33 1.8 2.7 1.4 1.5 0.8
BDuration of run {min) 6 000 3600 6 000 3600 &6 000 3600 3600 1800
Duration of run (# of Rpg)) 333 374 30.0 33.8 37.7 42.3 413 38.7
Sim time step (min) 2.5 2.5 25 2.5 2.5 2.5 1.25 1.25
Sim time step (% Rpa) 1.39 2.60 1.25 2.35 1.57 2.94 1.44 269
Effluent SS (mg/ £)* 495 227 933 348 2.1 13.5 647 541
Recycle Conc (mg/ £)" g 558 9 666 7517 7745 8 148 8 119 12863 ! 11751
Mass balance {(%)* 98.3 96.1 97.1 92.8 100.0 99.8 99.6 89.8
SettlerCAD Test result (ESS Fail Fail Fail Fail Safe Safe Fall Fail
>50mg/f)
Observed result Safe Safe Safe Safe Safe Safe Fail Fail

*  Mean over the last 2 R, values.
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Table 4.4 shows that only Test 4 of the actual tests ended in failure. For the
SettlerCAD simulations Test 1, Test 2 and Test 4 ended in failure. The reason why
Test 3 did not fail, for the actual tests and the simulations, is that it was considerably

under loaded. It was loaded to a value of only 65.6 % of the predicted 1DFT SLR.

Comparing the 1DFT SLR of the SettlerCAD simulation of the actual test (Table 4.4)
with that of the SettlerCAD predicted 1DFT maximum SLR (Table 4.3 — Case 1) the

following can be seen:

Test 1's actual applied SLR is 86.8 %, which did not end in failure, and SettlerCAD
predicted failure is at a SLR of 86.1 % and 82.6 %, respectively, for the new and old
tank. Although the actual test did not end in failure and SettlerCAD simulation run
failed at a lower 1DFT SLR maximum, the flux ratings from the simulation and actual
test are very close. It is possible that had Test 1 been run for longer, it may have
shown a failed result. Similarly Test 2’s was run at a 95.9 % 1DFT SLR, and did not
end in failure. SettlerCAD predicted failure at flux ratings of 86.6 % and 86.1 % for
the new and old tanks, respectively. With such a high loading, in comparison with
the SettlerCAD flux rating, it seems strange this test did not end in failure. Looking
back into the literature of the work conducted by De Haas ef al. (1998), it was noticed
that Test 2 had to be abandoned due to a shortage in influent flow (Q). It is thus
possible that had Test 2 run over a longer period of time it could have ended in

failure.

Test 3 was run at such a low percentage (%) of the 1DFT maximum SLR (65.6 %)
that it is not meaningful to compare it with the SettlerCAD prediction; both the actual
test and the SettlerCAD simulation ended safe. In contrast, Test 4 was conducted at
a very high percentage (%) 1DFT SLR (91.3 %), and at such a high percentage (%),
it is expected that the test ended in failure, which it did. SettlerCAD also predicted a
failure for test 4. The SettlerCAD predicted to 1DFT maximum SLR ratios for the
new and old SSTs are 87.7 % and 70.9 % respectively.
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The position and result (safe O, fail X) of the SettlerCAD simulation runs for each of

the 4 tests on the new and old

S58Ts are shown in the 1DFT D&O chart in

Figures 4.5a to 4.5h. The actual test position and results are also indicated. In the

D&O charts, the SettlerCAD predicted HLR limit is given at the transition from the

safe to the fail positions. If the actual test position is within the safe (O) runs, then

the SettlerCAD would have predicted a safe result for the actual test and if the actual

test position is within the fail (X) runs then SettlerCAD would have predicted a fall

result for the actual test.

From this it can be seen that SettlerCAD predicted that

Tests 1, 2 and 4 for both the new and old ended in fail and Test 3 for both new and

old SS8Ts ended safe. Because the observed test results were safe for Tests 1, 2

and 3 and fail for Test 4, SettlerCAD predicted the result of Test 3 and 4 correctly i.e.

safe and fail respectively, but the result of Tests 1 and 2 incorrectly, i.e. fail for both

when the observed result was safe for both.
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Figures 4.5a and 4.5h: 1DFT D&O charts showing the SST operating positions and
result (safe O, fail X) of the SettlerCAD runs and actual tests for Tests 1 to 4 on the Darvill

new and old SS8Ts




4.4 : EVALUATING THE OUTPUT RESULTS OF SettlerCAD
4.4.1 : Determination of solids mass balance

In the simulation runs, the simulation times of 6 000 and 3 600 min were selected for
the new and old SSTs respectively, which is more than 25 times the actual hydraulic
retention time (25 x R,,) for all the runs. These run times were sufficiently long to
establish a final steady state condition, which was checked with a solids mass
balance at the end of each run. In the solids mass balance, the mass of solids
exiting the SST via the underflow and overflow was calculated as a percentage (%)

of the inflow mass of sludge.

The final ESS (X)) and RAS (Xy) concentrations used for the mass balance for each
run were the averages of the predicted values over the last 2 x R,,. Provided the
run ended safe (ESS <50 mg/¢), the final concentration yielded a solids mass
balance within 0.5 %. In contrast, runs that ended in failure (ESS > 50 mg/ ¢ ) yielded a
lower than 99.5 % solids mass balance and the more severe the SST failure (i.e.
higher the ESS concentration) the lower the solids mass balance below 99.5 %, even
as low as 86 % for Test 4 on the old SST at 100 % of the 1DFT limit influent flow. The
ESS, RAS and percentage (%) mass balance versus influent flow (as % of the 1DFT
limit Q) for Test 1 on the old SST are given in Figures 4.6a to 4.6¢c. Halving the
simulation time step and/or doubling the number of iterations per time step yielded
identical simulation results and no improvement in percentage (%) mass balance.
Figure 4.6d shows the percentage (%) mass balance for the 8 runs at 74 to 86 %
and 100 % of the 1DFT influent flow maximum, as the simulation proceeded. It can
be seen that (i) the simulation runs were long enough to reach a steady state
because from about the 2 500 min run time the mass balance remains constant, and
(i) for those runs which ended in fail the mass balance remains below 99 %. Itis
suspected that a 100 % mass balance for the failed runs is not achieved due to a

simple logical error in SettlerCAD.

It seems that the RAS concentration is "corrected” by subtracting from it the ESS
concentration, because the higher the ESS concentration (or overload), the lower the

RAS concentration. This is not consistent with the flux theory.
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Theoretically for increasing Q,and constant Q,, and Xg, the RAS concentration should

remain constant (at X, =j/qg) once the SLR capacity (failure) has been reached.

This error does not influence the safe runs (because ESS concentration is low) and

so does not influence the SettlerCAD predicted SOR and SLR fimits.
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Darvill SST.
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ESS Concentration (mg/l

4.4.2 : ESS concentration versus influent flow (for Case 1)

Figure 4.7a shows the ESS concentration vs influent flow (as % of 1DFT limit) for the
tests on the new tanks. The increase in ESS concentration from the point of failure

is a little more gradual for Tests 1 and 2 at around 75 % of the 1DFT SOR than for
Tests 3 and 4 at 83 % of the 1DFT SOR.

This is possibly due to the overflow velocity for Test 1 and 2 being below 1 m/h and
that of Tests 3 and 4 being over 1 m/h. The higher overflow velocity may cause
sludge to be dragged over the launder as soon as the sludge blanket reaches the
top. Another possible reason is that the seitling characteristics of the sludge for
Tests 3 and 4 are better than that of Tests 1 and 2. This means that the top of the
sludge blanket for Tests 3 and 4 is more concentrated and that failure occurs as
soon as the top of the sludge blanket reaches the overflow launder. However, in all
cases the relatively rapid increase in ESS concentration for increase influent flow
from the onset of failure, indicates that the % of 1DFT limit that indicates failure can
be accurately determined. Further, it also justifies the selection of ESS = 50 mg/¢ as

the criteria to determine failure
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Fig. 4.7a and 4.7b : SettlerCAD predicted ESS concentration versus influent flow (as a
percentage (%) of 1DFT limit) for Test 1 to 4 on the Darvill new (Fig. 4.7a, feft) and old
(Fig. 4.7b, right) SSTs.
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The ESS versus influent flow (as a % of the 1DFT SOR) for the old SST is given is
Fig. 4.7b and shows that Tests 1 and 2 have a much more gradual increase in ESS
concentration than Tests 1 and 2 for the new tanks, and that failure takes place at a
much lower influent flow rate i.e. at around 74% of the 1DFT SOR. For Test 4, which
has the high HLR, failure takes place at 62 % of the 1DFT SOR, which is the lowest
value found for the Darvill new and old SSTs. This shows that the shallow old SSTs
have a far greater sensitivity to HLR than the new SSTs. This is due to the fact that
the storage capacity in the old tanks are less then that of the new tanks and being
much smaller in volume, would be more sensitive to hydraulic flows throughout the
tank depth. For the old SSTs, the inflection in the ESS concentration line (indicating
a more rapid increase in ESS with increase in influent flow) occurs at

ESS < 50 mg/ ¢, again justifying selection of the value as an indication of failures.
4.4.3 : Flux load factor versus 1DFT limits

The SettlerCAD predicted maximum SOR and SLR, as a percentage (%) of the
1DFT limits, versus the flux load factor (F ;) or equivalently HLR (see Fig. 3.3) for the
new and old SSTs (as built) are plotted in Figures 4.8a and 4.8b. Also shown are the
four actual test points. Both these figures clearly show the greater sensitivity to the
HLR of the shallow old SST compared with the deeper new SST. As the HLR
increases the difference between the percentage (%) of the 1DFT limits of the new
and old tanks increased, with the deeper new tanks always performing better (higher
flux rating). This indicates that for the shallow old SSTs, the lower the HLR, i.e. for
poor settling sludges and/or high X, the greater the SST capacity as a percentage
(%) of the 1DFT limit. The higher the HLR, i.e. good settling sludges and/or low X,
the lower the capacity of the SST as a percentage (%) of the 1DFT limit. The new
deep SSTs do not show this sensitivity to HLR.
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In Figs. 4.8¢c and 4.8d, the flux rating versus flux load factor for the old and new
SSTs with and without Stamford baffles are shown. The same performance pattern
is observed with or without the Stamford baffles in the new and old tanks, but both
new and old SSTs perform marginally better (i.e. are 1.5 to 2 % higher flux rating)

without Stamford bafﬂeé.

In Figs. 4.8e and 4.8f shows the flux rating versus the flux load factor for the old and
new SSTs with interchanged depths. Now the old SST (with 4.1 in SWD and flat
bottom) show an insensitivity to HLR at around 80 % of the 1DFT SOR, which is
below that of the new SST as built (4.1 m SWD and 1:10 sloping bottom) at around
87 %. The shallow new SST (with 2.5 m SWD and 1:10 sloping bottom) now also
shows itself to be sensitive to HLR and performs significantly below the deep old
SS8Ts. This comparison clearly shows the significant impact of SST depth on the flux

rating.
4.5 : CONCLUSION FROM THE DARVILL SST SIMULATIONS

From evaluation of the SettierCAD simulations on the Darvill new and old SS8Ts with
diameter to average depth ratios (D/H,,.) of 7.47 and 14.0 respectively, the following

conclusions can be made:

e The SST hydraulic non-idealities are intrinsically part of the 2D hydrodynamic
model SettlerCAD and the SettlerCAD predicted maximum SOR and SLR were
significantly below (at 70 to 85 %) those calculated from the 1DFT.

e The accuracy of the SettlerCAD predicted flux rating could not be validated with
the actual Darvill SST tests because the results of only two of the four tests

(Tests 3 safe and 4 fail) on the new and the old SSTs were predicted correctly.

o The simulations showed that the flux rating of the old flat bottom shallow SSTs
decreased from 73 % to 62 % with increase in flux load factor from 3.5 to 9.0 m/h
(or equivalent increase in HLR from 1.4 to 3.2 m/h). The new sloping bottom
deep SSTs showed no sensitivity of the flux rating with the same increase in flux

load factor, or HLR which remained approximately constant at 88 %.
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This is an indication that the magnitude of the flux rating is not a constant value
and is dependent on SST depth and HLR, the deeper the SST and the lower the
HLR, the closer the flux rating is to 1.0.

Curiously, the Darvill new and old SSTs had higher flux ratings without Stamford
baffles than with Stamford baffles, but the difference is very small, only 1.4 to 2.1
of 1DFT SLR. It seemed that the Stamford baffle set-up a large circular current

over the entire radius and depth of the SST; without the baffles, the currents did

not reach as far as the side-wall.

The Darvill simulation of the full-scale SST SLR stress tests provide further
evidence that the 1D idealised flux theory cannot be applied to the design of full-
scale SSTs without an appropriate reduction factor. The magnitude of this
reduction factor is not a universal value; however, it would appear that the 0.80
value recommended by Eﬁkama and Marais (1986) appears a reasonable value

for SSTs of average depth (>3 m) and HLR (< 2.5 m/h).
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CHAPTER 5

SIMULATION OF THE WATTS SSTs WITH SettlerCAD

5.1 : THE WATTS STRESS TESTS

‘Watts et al. (1996) conducted 15 SLR stress tests on one of the 4 SSTs at the
Kanapaha Water Reclamation Facility (Florida, USA) over a 3 week period. The
SSTs were 28.96 m in diameter with a 3.66 m and 4.60 m side wall and centre
depths, respectively, giving a bottom slope of 1:15.4. The centre influent feed well
was bounded by an annular skirt baffle 2.44 m deep and occupying 28 % of the SST
surface area (i.e. 15.32 m diameter). Peripheral and radial effluent launders
collected the surface overflow. Settled sludge was collected continuously via a
rotating multiple pipe suction system with 4 draw offs at radial distances of 1.5, 5.2,
8.6 and 12.2 m from the centre. Waste sludge was pumped from the sludge return

flow.

In the SLR tests, the influent and recycle flows were kept constant and each test
lasted 8 to 10 hours (3 to 6xR,,). The feed (X;), effluent (Xc, ESS), underflow (Xg,
RAS) and waste (X, WAS) sludge concentrations were measured hourly. Sludge
blanket height (SBH) measurements were taken at about 15 min intervals and the
position and movement of the sludge blanket height (SBH) was used to determined
the test result. Where the SBH remained constant, the test was continued for at
least two hours longer into the steady state period and the test ended safe. Where
the SBH continued increasing, the test was stopped just prior to the SBH reaching

the effluent launders and the test failed.

During the three week testing period, the sludge settleability flux constants V, and n
were measured in 7 sets of 6 multiple batch settling tests at concentrations ranging
from 2 to 14 g/¢. After rejecting 2 sets, the remaining 5 were pooled and the average
V, and n determined for the 15 SLR tests, viz. V, = 7.62 m/h and n = 0.3055 m3/kg.
In the 15 tests, of which the first 10 ended safe and the last 5 ended failed, the
overflow and underflow rates ranged from 0.72 to 1.66 m/h and 0.36 and 1.14 m/h

respectively, and the feed concentration 3.44 to 4.13 kg/m3.
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Because the V, and n were accepted to be the same for all 15 tests, the flux load
factor Vo/(nX;) varied in a narrow range from 6.04 m/h for Test 4 to 7.24 m/h for Test

9 due to the small change in feed (X;) concentration. Details of the 15 tests are

listed in Table 5.1.
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5.2 : RESULTS OF THE FULL-SCALE ACTUAL STRESS TESTS

From the measured V,, n and X, the 1DFT predicted maximum SOR and SLR were

calculated and are listed in Table 5.1. The 1DFT predicted SLR versus test applied SLRs

and the test applied/1DFT predicted SLR ratios from Table 5.1 are plotted in Figures 5.1a

and 5.1b. From Fig. 5.1b, the test applied/1DFT predicted maximum SLR ratio for the
15 tests are between 0.56 (Test1) and 0.91 (Test 11) and tests 3, 4, 7 and 9, which
ended safe, have higher test applied/1DFT predicted SLR ratios than Test 15, which was

the test with the lowest SLR that failed. From Fig. 5.1a, the line that best separates the

safe (@) and fail ([J) tests is about 0.80.
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Figures 5.1a and 5.1b: Calculated 1DFT maximum SLR versus test applied SLR (Fig. 5.1a,
left) and test applied to 1DFT calculated maximum SLR ratios (Fig. 5.1b, right) for the 15 Watts

SLR stress test on the Kanapaha SSTs.

5.3 : FINDING THE SettlerCAD MAXIMUM SOR AND SLR FOR THE WATTS SS8Ts

5.3.1 : SettlerCAD predicted failure

For each of the 15 tests, 16 SettlerCAD runs were set-up and executed. Runs 1to 7 were

at Q,from 66 to 78 % of the 1DFT SOR in 2 % increments and an 8" run at 100 %. Runs

9 to 15 were set-up between consecutive safe and fail runs at 0.25 % increments. The

first run with ESS > 50 mg/¢ was accepted as the SettlerCAD predicted influent flow rate

limit. The 16" run was at the actual test influent flow.
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Fig. 5.3a and 5.3b: Case 2 — Calculated 1DFT maximum SLR versus SettlerCAD predicted SLR
(Fig. 5.3a, left) and SettlerCAD predicted to 1DFT calculated maximum SLR ratios (Fig 5.3b, right)
for 6 of the 15 Walls tests.

In Figures 5.2a and 5.2b, it can be seen that the SettlerCAD predicted flux rating of the
Watts SST ranges between 77.7 % (Test 9) and 83.0 % (Test 15). Fig. 5.2a shows the
SettlerCAD maximum predicted SLR (flux rating) of the 15 tests fall very close to the
0.80 flux rating line. The SettlerCAD predicted maximum SOR (as a %) of the 1DFT
maximum) ranged between 70.0 % (Test 8) and 75.3 % (Test 15).

Table 5.2 : Summary of the SeltlerCAD predicted to 1DFT calculated maximum SLR ratios for
Case 1 and Case 2. '

Test 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Case 1: 80.3 | 803 | 795 | 804 | 783 | 793 | 781 | 7BO | 777 | 794 | BOS | 777 | 793 | 818 | 830
{Normal)

Case 2 : (With - - - 823 80.8 - 80.2 - - 802 | 817 @ 851

baffles})

From Table 5.2, the average flux rating for Case 1 (no Stamford baffle) for Tests 4, 7, 9,
12,13 and 14 is 78.2 %. For Case 2 (with Stamford baffle) for Tests 4, 7, 8, 12, 13 and 14
the average flux rating is 81.7 %, showing that SettlerCAD predicts a 2 % increase in SST

capacity with Stamford baffles.

This is contrary to the results of the Darvill SST simulations where the SSTs without

Stamford baffles performed ~2 .0 % better than with Stamford baffles.
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In the Tutorial literature made available with the SettlerCAD programme by the developers
Zhou et al., (1998), the impact of the Stamford baffle is investigated in an example. A
comparison of the flow pattern in the different SSTs shows that the Stamford baffle does
not have a strong impact on the overall flow field within the SST, an observation also
made in this investigation. Comparing the solids flow pattern, a conclusion was made that
the Stamford baffles can improve the effluent concentration, but is unlikely to have a
strong effect on the sludge blanket level in the SST. Because a final steady state for fixed
loading conditions, which causes the sludge blanket for the failed cases to rise to the
effluent launders it seems reasonable to conclude that the Stamford baffle does not
increase the capacity (or flux rating) of the SST much; however, for the safe loading

conditions, the Stamford baffle helps to keep the ESS concentration low.
5.3.2 : SettlerCAD simulation of the full-scale actual stress test

The results of the simulations at the actual tests influent flow conditions for each test are
summarised below in Table 5.3. From this table, it can be seen that SettlerCAD correclty
predicted the observed test result for 12 of the 15 tests — only Tests 3, 14 and 15 were
incorrectly predicted, Test 3 was cobserved to end safe, but predicted to end fail, and
Tests 14 and 15 were observed to end fail, but predicted to end safe. These three tests
had the lowest (Test 3) and highest (Tests 14 and 15) recycle flows. This indicates that
the effect of the recycle flow in the flux theory (which is included in the SettlerCAD
programme to model the solids movement with respect to the water) is greater than

expected. The accuracy of the SettlerCAD prediction is discussed further below.
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Table 5.3: Summary of the SettlerCAD simulations results for the actual Test 1 to 15.

| ACTUAL TEST INFLUENT FLOW

|

Test1 | Test2 | Test3 | Test4

!

Test 12

Test 14 |

Test5 Test & Test 7 Test 8 Test 8 Test10 | Test 11 Test 13 Test 15
Influent flow (m3fh) for 1 88T 4751 622.8 788.9 781.5 784.2 785.3 933.8 782.6 1017.8 7335 1021.4 1085.2 1022.5 1022.8 1008.6
% of 1DFT maximum Q 41.2 52.5 877 69.5 5895 60.1 68.2 51.4 71.2 63.3 88.3 76.7 718 68.8 60.7
Overflow rate (m/h) 0.72 0.85 1.20 1.19 119 1.19 1.42 1.19 1.54 1.17 1.55 1.66 1.55 1.55 1.53
Recycle flow (mslh) 387.5 388.0 2358 396.9 3977 475.7 397.7 552.8 397.7 387.7 397.2 387.7 5556 714.2 783.7
Underflow rate (m/h) 0.60 0.60 0.36 0.60 0.60 0.72 0.60 0.84 0.60 0.60 0.60 0.60 0.84 1.08 1.14
Recycle ratio 0.837 0.638 0.304 0.508 | 0.507 0.606 0.428 0.708 0.391 0.514 0.398 0.363 0.543 0.698 0.746
Applied flux [(kQSS)/(mZ.h)] 5.37 §.15 5.94 7.39 6.57 7.65 7.20 7.68 7.40 6.81 8.71 7.80 9.55 10.50 9.68
% of 1DFT SLR 56.2 64.4 90.3 77.5 68.8 707 75.4 64.3 775 72.3 81.3 81.7 79.7 78.9 73.0
Actual retention time (h) 3.0 28 2.5 2.2 2.2 2.1 2.0 2.0 1.8 2.2 1.8 1.8 1.7 1.5 1.5
Duration of run {min) 6000 6000 6000 6000 6000 6000 6000 8000 6000 6000 65000 8000 6000 6000 6000
Duration of run (# of Rpg) 33.3 38.0 39.3 45.0 45.2 48.2 50.9 51.0 54.1 447 542 57.0 80.3 66.3 67.4
Sim time step (min) 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 25 2.5 2.5
Sim time step (% Rha) 1.39 1.62 164 1.88 1.88 2.01 2.12 2.13 2.25 1.86 2.26 2.38 2.51 2.76 2.81
Effluent SS (mg/ £ )* 3.9 50 4843 5.7 5.8 5.7 6.8 6.1 17.9 5.3 479.9 238.0 66.9 9.9 75
Recycle Conc {mgf ¢ )* 8891.¢ 10200.2 | 13268.3 | 12268.7 | 10879.7 | 105771 11900.8 9137.8 122053 | 114300 | 121505 | 11792.4 | 11078.1 9672.4 8452.7
Mass balance (%)* 100.0 100.2 91.2 99.9 100.0 100.0 100.0 100.0 100.0 100.0 92.7 96.3 88.9 100.0 100.0
Test result (ESS » 50 mgi £) Safe Safe Fail Safe Safg Safe Safe Safe Safe Safe Fail Fail Fail Safe Safe
Observed result Safe Safe Safe Safe Safe Safe Safe Safe Safe Safe Fail Fail Fail Faif Fail

* Mean over the least 2 R,, values.
Table 5.4: Comparison of SettlerCAD predicted result with the actual Tests 1 to 15 on the Watts SSTs

PARAMETER | Test1 | Test2 | Test3 | Testd | Test5 | Test6 | Test7 | Test8 | Test9 | Test10 | Test11 | Test12 | Test13 | Testi4 | Test15
Test Q, for 1 SST (m3/h) 475.1 6228 | 7889 | 7815 | 7842 | 7853 | 9338 | 7826 | 10178 | 7335 | 10214 | 10952 | 10225 | 10228 | 10096
% of 1DFT maximum Q, 41.2 52.5 87.7 69.5 59.5 60.1 68.2 51.4 71.2 63.3 88.3 76.7 71.8 68.8 60.7
1DFT predicted outcome Safe Safe Safe Safe Safe Safe Safe Safe Safe Safe Safe Safe Safe Safe Safe
SetltlerCAD predicted max. Q, (m3/h) 848.1 8751 665.9 8263 946.7 938.0 882.3 1066.6 10214 888.8 853.2 10214 10143 10855 12384
% of SettlerCAD predicted max Q, 56.0 71.2 118.5 894.6 82.8 83.7 8951 73.4 986 87.0 119.7 107.2 100.8 94.2 818
SettlerCAD predicted outcome Safe Safe Fail Safe Safe Safe Safe Safe Safe Safe Fail Fail Fail Safe Safe
Observed test result Safe Safe Safe Safe Safe Safe Safe Safe Safe Safe Fail Fail F ait F ait Fail




The position and result (safe O, fail X) of the SettlerCAD simulation runs for Tests 1, 3, 4,

9, 11, 13 and 15 are shown in the D&O charts in Figures 5.4a to 5.4g. The actual test

position and result (safe, fail) are also indicated. In the charts, the SettlerCAD predicted

SOR limit is given at the transition from the safe to the fail positions. For the tests ended

safe (i.e. 1 to 10), if the actual test position is within the safe runs, then SettlerCAD

correctly predicted a safe result for the actual test, and for the tests ended fail (i.e. 11 to

15), if the actual test position is within the failed runs, then SettlerCAD correctly predicted

a fail result for the actual test. The 7 tests in Fig. 5.4a to 5.4g were selected to

demonstrate the following:

Test1:

Test 3:

Test 4:

Test 9.

Test 11:

Test 13:

Lowest test applied/1DFT maximum SOR (0.412) and SLR (0.562) ratios with
SHC | governing capacity; Test ended safe and SettlerCAD predicted result

correctly.

Second highest test applied/1DFT maximum SOR (0.877) and SLR (0.803)
ratios with SHC | governing capacity; test with lowest recycle flow; test

ended safe but SettlerCAD predicted result incorrectly as fail.

Lowest flux load factor Vo/(nX;) = 6.04 m/h with SHC | governing capacity;

test ended safe and SettlerCAD predicted result correctly.

Highest flux load factor V/(nX;) = 7.24 m/h with SHC | governing capacity;

test ended safe and SettlerCAD predicted result correctly.

Highest test applied/1DFT maximum SOR (0.883) and SLR (0.913) ratios with
SHC | governing capacity;, test ended fail and SettlerCAD predicted result

correctly.

Test applied/1DFT maximum SOR (0.718) and SLR (0.797) ratios very close
to SettlerCAD predicted/1DFT maximum SOR (0.712) and SLR (0.793) ratios
with SHC Il governing capacity; test ended fail and SettlerCAD predicted

result correctly.
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Test 15:

SHC Il governing capacity;

incorrectly.

Low test applied/1DFT maximum SOR (0.607) and SLR (0.730) ratios with
test ended fail but SettierCAD predicted result

From all 15 D&O charts, SettlerCAD correctly predicted the result for 12 tests, i.e. Tests 1,

2 and 4 to 10 (safe) and 11 to 13 (fail), but incorrectly predicted the result for 3 tests, i.e.
Tests 3 (actual test safe, SettlerCAD fail) and 14 and 15 (actual test fail, SettlerCAD safe).

WATTS SST Test 1

1D Flux Theory (no correclion)

3.0
10 Flux limit Vo =7.62 m/
n = 0.3055 l/g
. Fail Xf = 4,053 g/l
£
13
- . Safe
Y 2.0
oo
a4
[*4
P-4
o /2%
L
10
g Fail
© Fail Safe ?
Safe Actual Test -Safe A
0.0
0.00 0.20 0.40 0.60 0.80 1.00
RECYCLE RATIO (R}
WATTS SST Test 4
10 1D Flux Theory {no correction)
Vo = 7.62 m/h
— n = 0.3055 lig
£ 1D Fiux limit Fail Xf = 4.053 g/l
E T
L
- ] Safe
% 2.0
s 4
z Safe
o]
]
™
&
> 1.0 1
O Fail
Actual Test -Safe
Fail
Safe C
0.0
0.00 0.20 0.60 0.80

0.40
RECYCLE RATIO (R)

WATTS SST Test 3

1D Flux Theory {no correction)

3.0
Vo =7.62 mh
o n = 0,3055 l/g
10 Flux limit Fail X{ = 4.053 g/l
=
£ 20 Safe
wi
-
<
o Fail
2 /
(@}
T 1.0 -
o ‘ Safe
Wi
>
© Eail Actual Test -Fail
ai
Safe B
0.0
0.00 0.20 0.40 0.60 0.80 1.00
RECYCLE RATIO (R)
WATTS SST Test 9
10 1D Flux Theory (no correction)
1D Flux fimit Vo =7.62 mth
) n = 0.3055 lig
- Fail Xf = 4.053 g/l
£
£ Kafe
o 2.0
-
<<
['4
2 Fail
o st
[T
1.0 1
W
8 Actual Test -Safe
Fail D
0.0 -
0.00 0.20 0.40 0.60 0.80 1.00
RECYCLE RATIO (R)
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5.4 : EVALUATING THE OUTPUT RESULTS OF SettlerCAD
5.4.1 - Determination of solids mass balance

In the simulation runs, a simulation time of 6 000 min was selected which was more than
35 times the actual hydraulié retention time (35xR,,) for all the runs. As for the Darvill SST
runs, these run times were sufficiently long to establish a final steady state condition and
the final ESS and RAS (Xg) concentrations accepted for each run were the averages of
the predicted values over the last 2xR,,. The solids mass balance was based on these
final average ESS and RAS concentrations (which are listed in Appendix B : Watts
Results). The same pattern regarding the mass balance was observed as in the Darvill
results — the safe runs (ESS <50 mg/¢), vielded a solids mass balance within 0.5 % of
100 % and runs that ended in failure (ESS > 50 mg/¢) yielded a lower than 99.5 % solids
mass balance; the greater the SST overload (i.e. the higher the ESS concentration), the
lower the solids mass balance below 99.5 %. The ESS, RAS and percentage (%) mass
balance versus influent flow (asr % of the 1DFT limit Q) for Test 11, which had the highest
test applied/1DFT maximum SOR ratio, are shown in Figures 5.5a to 5.5¢. In Fig. 5.5d,
the percentage (%) mass balance versus simulation time for simulation runs 1 to 8 (66 to
78 % and 100 %) of Test 11 are shown. It can be seen that for the failed runs, even

though a final steady state is achieved, this steady state does not yield a mass balance.
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ESS Concentration (mgf)

5.4.2 : ESS concentration versus influent flow

The ESS concentrations, versus Q, (as a % of the 1DFT limit) for all 15 tests are shown in
Figs. 5.6a and 5.6b. It can be seen that the ESS concentration increases gradually above
50 mg/¢ in the narrow range between 70 and 74 % of the 1DFT limit influent flow. The
precipitous increase in ESS concentration observed with the new (deep) Darvill SST is not
apparent. The increase in ESS of the Watts SST resembles more the gradual increase in
ESS of the old (shallow) Darvill SST. However, the Watts SST geometry resembles more
the new Darvill SST with a 3.66 m SWD and 1:15.4 sloping bottom.

Steady State ESS Concentration Steady State ESS Concentration
Watts SST - Test 1 to 15 Watts S8T - Test 1 to 15

1000

ESS Concentration {mgil)

influent Flow - % of 1DFT Limit Influent Flow - % of 1DFT Limit

Figures 5.6a and 5.6b: SeitlerCAD predicted steady state ESS concentration versus influent
flow (as percentage (%) of 1DFT limit) showing the whole field (Fig. 5.6a, left) and zoomed in
detail (Fig. 5.6b, right).
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5.4.3 : Fluxload factor versus 1DFT limits

The SettlerCAD predicted maximum SOR and SLR (1), as a % of the 1DFT limits, are
plotted versus the flux load factor V/(nX;) in Figures 5.7a and 5.7b. Also shown are the
15 actual test points (safe ® and fail A). In these figures, the actual tests that ended safe
and fail which plot below and above the SettlerCAD predicted SOR and SLR limits, are
tests the result of which SettlerCAD predicted correctly; the actual tests that ended safe
and fail which plot above and below the SettierCAD predicted SOR and SLR limits, are
tests the result of which SettlerCAD predicted incorrectly. Table 5.4 gives more detalil,
listing the actual test SOR as a percentage (%) of the SettlerCAD predicted maximum

SOR, and the SettierCAD predicted and observed result of the tests.

From this, the actual test results which SettlerCAD predicts incorrectly are Tests 3
(observed safe but SettlerCAD predicts fail) and 14 and 15 (observed fail but SettlerCAD
predicts safe). Of these 3 tests, only Tests 3 and 15 plot far from the SettlerCAD
predicted maximum SOR and SLR results and therefore are definitely incorrectly
predicted. However, Tests 4, 14, 13, 7, 9 and 12, three of which are safe (4, 7 and 9) and
three of which are fail (14, 13 and 12), all plot very close to the SettlerCAD predicted limits
and are all correctly predicted. This indicates that apart from Test 3 and 15, SettlerCAD
accurately identifies the SOR and SLR capacity of the Watts SST.

Watts 88Ts Test 1- 15 Watts 88Ts Test 1-15
SettlerCAD Predicted Capacity SettlerCAD Pradicted Capacity
100 100
' : & 11Fail e . R,
2 e T P S0 frawal 1Nt S :
o ? : : o & 12 Fail
o 80 WRall o 80 W i ;fﬁ uung -----
O B 03 412 Fail d w 4 13 Fait @7
:fm _______ S Ee——at Eood ... e ®10 o 15FAl
ok g ®7 =)
E 4 13 Fail = ® ® 5
a0l .- S1 S B oo ESET I 20 B e
80 g ) : 15 Fall ®
1 .
' 5, e
50 4----- 2 - S B 504 ----------- R _
1 ’ . : :
40 ] " v 40
6.0 6.5 7.0 7.5 6.0 6.5 7.0 7.5
Flux Load Factor - Vo/(nXf) - m/h Fiux Load Factor - Vo/(nXf} - mfh

Figures 5.7a and 5.7b: SetilerCAD predicted maximum SOR (Fig. 5.7a, left) and SLR
(Fig. 5.7b, right), as a percentage (%) of 1DFT limit values versus load flux factor V/(nXg). Also
shown are the 15 actual test points safe ( @), fail (A ) identified by number.
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5.5 : CONCLUSIONS FROM THE WATTS SST SIMULATIONS

From evaluation of the SettlerCAD simulation results on the Watts SST with a diameter to

average depth rates (D/H,,, ) of 7.29 the following conclusions can be made:

The SettlerCAD model correctly predicted the result of 12 of the 15 actual stress tests;
three tests (Tests 3, 14 and 15) were predicted incorrectly. Tests 4, 14, 13, 7, 9 and
12 all plot very close to the SettlerCAD predicted limits and are correctly predicted.
This narrow range, indicates that apart from Test 3 and 15, SettlerCAD accurately
identifies the SOR and SLR capacity of the Watts SST. The SettlerCAD results of the
Watts test gives a good indication that the SettlerCAD predictions are valid for the

simulation of full-scale stress tests.

The 3 tests not predicted correctly had the lowest (Test 3) and highest (Test 14 and
15) recycle flows — this seems to indicate that the effect of the recycle flow in the flux
theory (which models the movement of the solids with respect to the water) is greater

than in real SSTs. However, a quantitative assessment of this cannot be made.

The SST hydraulic non-idealities are implicitly included in the SettlerCAD model and

the maximum predicted SLR of the 15 tests fall very close to a 80 % flux rating.

The Watts simulation results of the full-scale SST SLR stress tests provide further
evidence that the steady state 1DFT cannot be applied to the design of full-scale SSTs

without an appropriate reduction factor.
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CHAPTER 6

SIMULATION THE DUTCH STOWa SSTs WITH SettierCAD
6.1 : THE RIJEN SST SLR STRESS TESTS

Stofkoper and Trentelmann (1982) conducted 47 SLR stress tests on 25 different
circular SSTs, 30 to 46 m in diameter, 1.5 to 2.5 m SWD and 1:12 sloping bottoms
with scraper sludge collection to a central hopper and peripheral overflow. Details of
these tests are reported by STOWa (1981a, b, ¢). The larger SSTs had double sided
inset (< 1xSWD from side-wall) effluent launders, but the outer edge was blocked off
so that effluent flowed only over the inner edge of the launder (see Ekama ef al,,
1997, page 173). The first 14 STOWa tests were done on the 45.5 m diameter,
2.25 m SWD Rijen SST (Rijen Tests 1 to 6a, 6b and 7 to 13), the second 10 STOWa
tests on the 41.8 m diameter, 2.0 m SWD Oss SST (Oss tests 1 to 10), and the final
23 tests on 23 different SSTs. In the tests, influent to the plant was shut-off and
allowed to accumulated in the sewer. At the same time, the sludge return flow was
set to the required rate to minimise the amount of sludge in the SST. The test was
commenced when the influent pumps were started and set at the required rate to
give a selected SOR. The influent and recycle flows were kept constant until a test
led to (i) sludge loss with the effluent, in which case the test ended in fail (F), (i) a
steady state, in which the sludge blanket height (SBH) remained constant, in which
case the test ended safe (S), or (iii) an inability to maintain the influent flow at the
required rate due to insufficient sewage, in which case the test result was inferred
from SBH measurements — if this was not possible with reasonable accuracy, the
test was deemed inconclusive (NE, no equilibrium). During each test the following
were measured at regular intervals (i) influent and recycle flows (ii) sludge
settleability with the SSVI and DSVI tests, (i) SBH, (v) feed, RAS and ESS
concentrations and (v) concentration — depth profiles at various radial distances from
the centre. Multiple batch zone settling velocity tests, from which the V5, and n
values could be determined. However, these results could not be used for defining

the sludge settleability because these tests were conducted over too narrow a

concentration range (1.0 to 6.0 g/ ¢).
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Hence for this investigation, the V, and n values for the different tests were calculated
from the measured SSVI or DSVI with the relationships reported by Ekama and
Marais (1986) (See Ozinsky and Ekama, 1995; Ekama ef af, 1997), i.e.

Vo/n = 67.9 exp (-0,016 SSVI) kg/(m2.h)
n = 0,88 — 4 393 log (Vo/n) m3/kgSS
Vo = n (Vo/n) m/h
S8V = 0.67 DSVI m¢/g

Details of the internal features such as the the feed-well skirt diameter (&) and
depth (hgg) and the inlet feed-well diameter () and depth (h;), required as input by
SettlerCAD, were not available for all the SSTs stress tested. The detailed reports of
the SST evaluation project (STOWa, 1981a, b, c) cite some details of the internal
features of 22 SSTs surveyed in Holland. However, only 7 of these 22 SSTs were
among the 27 SSTs stress tested. From the information of the 22 SSTs surveyed,
the feed-well skirt diameter (J.g), as a fraction of the SST diameter (Jg,) i.e. g /Ty
varied from 0.05 to 0.16 with a mean of 0.10 and the feed-well skirt depth (h.s), as a
fraction of the SST depth at the radius of the feed-well skirt (hgy), i.e. heg/hgr varied
from 0.27 to 0.55 with a mean of 0.42. So for the Rijen and Oss, the feed-well skirt
diameter (J.s) and depth (heg) were set at these mean values. No information was
given on the inlet feed-well diameter (J,;) and depth (h,) so these dimensions were
fixed at a diameter of 1.0 m diameter and a depth of 0.3 m less than the feed-well
skirt depth. To check the sensitivity of the simulations on the inlet dimensions,
16 SettlerCAD runs were set-up for the Rijen SST under Test 1 conditions. The first
8 runs had the same inlet arrangements as defined above, but had an increasing
influent flow-rate to determine the SettlerCAD SOR and SLR capacity. The last
8runs had a constant SOR and SLR of the first fail run, but different inlet
dimensions, i.e. feed-well skirt diameters (& ) and depths (hgg) (in m) of 2.8 and
1.1, 4.6 and 1.7, and 6.0 and 2.1 m in combination with inlet feed-well diameter (J)
and depths (h;) (inm) 1.0 and 1.0, 1.0 and 1.4, and 2.0 and 1.4. It was found that
the runs with the large and deep inlet feed-well, in combination with the
4.6 m diameter (& /g = 0.10) and 6.0 m diameter (& /Jg = 0.13) and 1.7 deep

(hes/hgr = 0.42) feed-well skirt ended safe whereas the other runs ended fail.
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1DFT Predicted Flux - kg/{mZ2.h)

Of the 5 safe tests, it is expected that the 4 tests 11 to 14 ended safe because they
have low (< 0.65) test applied/1DFT predicted maximum SLR ratios. The only
inconsistent test of the 14 is Test 10, which at a test applied/1DFT predicted
maximum SLR ratio of 1.00 ended safe; in Fig. 6.1a it plots near the 3 inconclusive
tests. In Fig. 6.1a, the 2 safe Tests 11 and 13 and the 4 fail Tests 1, 2, 5 and 9
define the measured capacity (flux rating) to be between 0.75 and 0.85 of the 1 DFT

SLR maximum.

STOWa (Rijen) SST Stress Tests STOWa (Rijen) SST Stress Test

Actual SLR Stress Test 1 to 14 Actual Stress Tests 1 to 14

AT OFail |

Applled / 1DFT Predicted SLR Ratlo

ANo
Equil

0 - " . t 2 3 4 5 6 7 8 9 10 11 12 13 14
Test Apllied Flux - kg/{m2.h} Stress Test No.

Figures 6.1a and 6.1b: 1DFT maximum SLR versus test applied SLR (Fig. 6.1a, left}) and
Test applied /1DFT predicted maximum SLR ratio (Fig. 6.1b, right) for the 14 stress tests
reported by STOWa (1981) on the Rijen SST.
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6.3 : FINDING THE SettlerCAD MAXIMUM SOR AND SLR FOR THE RIJEN SSTs

6.3.1 : SettlerCAD predicted failure

The data given in Table 6.2 were used as input to SettlerCAD. For 6 of the 14 tests,
16 SettlerCAD runs per test were set-up. The 6 tests selected were the 2 tests with
the highest flux load factor V /(nX;) (Tests 1 and 3), the 2 tests with the lowest flux
load factor (Tests 4 and 8) and the 2 tests nearest the average flux load factor
(Tests 2 and 11). SettlerCAD runs 1 to 7 for each of the 6 tests simulated were at Q,
from 60 to 72 % of the 1DFT SOR in 2 % increments and an 8" run at 100 %.
Runs 9 to 15 were set-up between consecutive safe and fail runs at 0.25 %
increments and the 16™ run was at the actual testQ, The first run with
ESS> 50 mg/¢ was accepted as the SettlerCAD predicted maximum influent rate limit.
The SettlerCAD SLR limit was calculated from the Q, limit and the test Qz and X
values. The SettlerCAD predicted results of the first failure runs are given in
Table 8.3 and are shown plotted in Figures 6.2a and 6.2b as 1DFT calculated
maximum SLR versus SettlerCAD predicted maximum SLR (Fig. 6.2a) and
SettlerCAD predicted/1DFT maximum SLR ratio (Fig. 6.2b).

1DFT Predicted Fiux - kg{m2.h)

STOWa Rijen SST Stress Tests STOWa Rijen SST Stress Test
SettlerCAD SLR Stress Test 1 to 14 SettierCAD SLR Stress Tests 1 to 14
8 1.2
2
s
o
° &
@
E
82
s
@ &
K
=]
3
: 3
B
o
oo 2 4 [ ] 1 2 3 4 5 6 7 8 9 10 11 12 13 14

SettlerCAD Predicted Flux - kg/{im2.h}

Strass Test No.

Figures 6.2a and 6.2b: 1DFT calculated maximum SLR versus SettlerCAD predicted SLR
(Fig. 6.2a, left) and SettlerCAD predicted to 1DFT calculated maximum SLR ratios
(Fig. 6.2b, right) for SLR Stress Tests 1, 2, 3, 4, 8 and 11 on the Rijen SST.
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Table 6.3 : Summary of the SettlerCAD simulation results for the SettlerCAD influent flow limit for the 14 SLR tests on STOWa Rijen SST.

SettlerCAD Q, LIMIT STOWa Test # Test 1 Test 2 Test3 Testd Tests Test6 Test7 Test 8 Test 8 Test 10 Test 11 Test 12 Test 13 Test 14
Rijen Test # Test 1 Test2 Test3 Testd | Test§ Test 6a Test 6b Test7 Test & Test9 Test 10 Test 11 Test 12 Test 12

Flux factor Vo/(nXg) ~ m/h 5.91 4.47 6.43 | 311 3.76 5.39 4.03 2.61 2.89 4.42 4.56 5.55 432 575
Influent flow (mSm) for 1 SST 1461.8 1396.9 | 9587 | 749.1 564.4 1180.7

% of 1DFT maximum Q, 68.75 83.00 65.00 | 63.00 62.00 65.00

Overflow rate (m/h) 0.90 0.86 0.59 0.48 0.35 0.73

Recycle flow (m3/h) 531.8 10083 | 1862 | 5301 530.1 533.4

Underflow rate (m/h) 0.327 0.621 | 0176 | 0.326 0.326 0.328

Recycle ratio 0.36 0.72 0.30 0.71 0.94 0.45

Applied flux [(kgSS)/(m2.h)] 3.33 5.05 192 | 252 257 2.70

% of 1DFT maximum flux 75.9 745 70.7 74.4 76.0 72.9

Actual retention time (h) 2.4 1.8 3.8 3.7 43 2.7

Duration of run (min) 4000 4000 4000 | 4000 4000 4000

Duration of run (# of R,,,) 284 342 17.7 18.2 15.8 24.4

Sim time step (min) 2.5 25 2.5 2.5 2.5 2.5

Sim time step (% Ry,) 1.77 2.14 1.11 1.14 0.97 1562

Effluent SS (mg/ ¢ )* 63.8 50.9 52.7 50.7 85.8 54.7

Recycle Conc (mg/ ¢ )* 9494 8037 9942 | 7551 7672 7689.7

Mass balance (%)* 94.8 99.8 93.0 98.7 98.4 88.6

Test result (ESS > 50 mg/ ¢) Fail Fail Fail Fail Fail Fail

Mean over the last 2 R, values




In Figures 6.2a and 6.2b and Table 6.3 it can be seen that the SettlerCAD predicted
flux rating of the Rijen SST ranges between 0.707 (Test3) and 0.760 (Test 8).
Fig. 6.2a shows the SettlerCAD maximum predicted SLR (flux rating) of the 6 tests
all fall above the 0.80 flux rating line indicating that the SettierCAD maximum SLR is
less than 0.80, i.e. around 0.73 of the 1DFT maximum. The SettlerCAD predicted
maximum SOR (as % of the 1DFT maximum) ranged between 0.620 % (Test 8) and

0.697 % (Test 1).

6.3.2 : SettierCAD simulation of the full-scale actual stress test

The results of the simulations of the 6 tests at the actual test influent flow rates are

summarised below in Table 6 4.

CHAPTER 6




Table 6.4 : Summary of the SettlerCAD simulations resuits for the Rijen full-scale SST actual test.

Actual test influent flow Test 1 Test 2 Test3 Test 4 Test & Test & Test?7 Test 8 Test 8 Test10 | Test 11 Test12 | Test13 Test 14
Test 1 Test 2 Test 3 Test 4 Test s Test6a | Test6b Test7 Test 8 Test 9 Test 10 | Test 11 Test12 | Test13

Influent flow (m3/h) for 1 SST | 17725 1772.5 1431.0 1431.0 1431.0 1203.4 1203.4 12034 1203.4 1024.5 1024.5 1024.5 845.6 845.6
% of 1DFT maximum Q, 84.6 79.9 96.9 1204 78.5 109.7 119.2 132.2 82.4 100.3 56.4 35.1 58.8 27.7
Overflow rate (m/h) 1.09 1.09 0.88 0.88 0.88 0.74 0.74 0.74 0.74 0.83 0.63 0.63 0.52 0.52
Recycle flow (m3/h) 12.8 24.2 6.9 12.7 24.4 6.9 6.9 12.7 24.3 6.9 12.8 24.4 12.8 24.4
Underflow rate (m/h) 0.327 0.621 0.176 0.326 0.625 0.178 0.178 0.326 0.622 0.178 0.328 0624 0.328 0624
Recycle ratio 0.300 0.570 0.200 0.370 0.710 0.241 0.241 0.441 0.841 0.279 0.521 0.9%0 0.531 1.200
Applied flux [(kgSS)!(mz.h)] 3.85 5.83 2.64 3.86 5.49 3.21 288 4.07 4.69 2.50 2.45 3.64 2.99 3.20
% of 1DET maximum flux 87.7 86.2 97.4 114.1 86.2 107.7 114.9 120.3 89.6 100.3 66.3 51.9 70.0 45.7
Actual retention time (h) 2.0 1.7 2.7 24 1.8 31 3.1 2.7 21 3.6 3.0 2.3 34 2.5
Duration of run (min) 4000 4000 4000 4000 4000 4000

Duration of run (# of R,,,) 32.8 39.6 24.4 27.9 24.7 2.2
Sim time step (min) 2.5 25 25 25 2.5 25
Sim time step (% R;.) 2.08 2.47 1.53 1.74 1.54 1.39
Effluent SS (mg/ ¢ )* 503.5 399.0 581.4 1271.3 1761.2 1761.2
Recycle Conc (mg/ £ )* 9258.9 83172 | 10591.5 | 7360.1 7500.5 7501.0
Mass balance (%)* 92.8 96.0 90.0 81.2 60.7 92.1
Test result (ESS > 50 mg/ ¢) Fail Fail Fail ~ Fail Fail Fail
OCbserved result Fail Fail Equmﬁum Fail Fail Equi'l‘:gnum Equﬁi&mm Fail Fail Safe Safe Safe Safe Safe

* Mean over the least 2 R, values.
6-9

CHAPTER €



The position and result (safe O, fail X) of the SettlerCAD simulation runs for the
simulated Tests 1, 2, 3, 4, 8 and 11 are shown in the D&O charts in Figures 6.3a to
6.3f. The actual test position and result are also indicated. In the D&O charts, the
SettlerCAD predicted SOR limit is given at the transition from the safe to fail
positions. If the actual test position of the safe tests (O) is within or below the safe
runs, the SettlerCAD correctly predicted a safe result for the actual test. Similarly, if
the actual test position of the fail (X) test is within or above the fail runs, then
SettlerCAD correctly predicted a fail result for the actual test. From the six D&O
charts, SettlerCAD correctly predicted the result for the 6 tests simulated if it is
assumed that Test 4, which ended No Equilibrium (NE, (&) in Fig. 6.1a), ended fail.
From Fig. 6.1b, this is a reasonable assumption because it had test applied/1DFT
predicted SLR ratio = 0.97. (This applies also to tests 6 and 7 which ended NE
because these had test applied/1DFT predicted SLR ratios of 1.08 and 1.15
respectively). In fact, had all 14 Rijen tests been simuiated, SettlerCAD would have
predicted the test result correctly of all the tests except Test 10. This can be seen in
Figures 6.6a and 6.6b in Section 6.4.3, which plot the SettlerCAD predicted

maximum SOR and SLR versus the flux load factor.

Rijen Test 1 - STOWa Test 1 Rijen Test 2 - STOWa Test 2
1D Fiux Theory (no correction) 10 Flux Theory {no correction)
30 20 Vo = 6.33 mih
o = 6,33 m
10 Flux limit Vo = 6.53 mih 10 Flux limit n=0.415 g
n =0.408 /g Fail  Xf=3.41gf
. , Xf=272 gl .
E Fail = Safe .
2.0 E Fail
u £
: p
< 1‘0 3
z P
Fait
:
o 1.0 i Safe o %
2 x ‘Safe
Q w
3
Fail Actual Test -Fail A B
Safe
0.0 0.0 .
0.00 0.20 0.40 0.80 0.80 1.00 0.0 0.20 0.40 0.60 0.80 1.00
RECYCLE RATIO (R) RECYCLE RATIO (R)
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Figures 6.3a and 6.3f. 1DFT D&O chart showing the SST operating positions and results
(safe O, fail x) of the SettlerCAD runs and actual tests (safe and fail) for Tests 1, 2, 3, 4, 8

and 11 of the Rijen SST.
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ESS Concentration {mgfi)

6.4 : EVALUATING THE QUTPUT RESULTS OF SettlerCAD
6.4.1 : Determination of solids mass balance

In the simulation runs, a simulation time of 4 000 min was selected which was 18 to
34 times the actual hydraulic retention time (R,,) with respect to the SettlerCAD
predicted SOR and SLR limits and 21 to 40 x R,, of the actual test influent flows. As
for Darvill and Watts SST runs, these run times were sufficiently long to establish a
final steady state condition and the final ESS and RAS (Xg) concentrations accepted
for each run were the averages of the predicted values over the last 2 x R,,. The
solid mass balance was based on these final average ESS and RAS concentrations,
which are listed in Table 6.4. The same pattern regarding the mass balance was
observed as previously — provided the run ended safe (ESS <50 mg/¢), the run
yielded a solids mass balance within 0.5 % of 100 % and runs that ended in failure
(ESS > 50 mg/¢) yielded a lower than 99.5 % solids mass balance, the greater the
SST overload (i.e. the higher the ESS concentration), the lower the solids mass

balance below 89.5 %.

The ESS, RAS and percentage (%) mass balance versus influent flow (as % of the
1DFT limit Q)) for the Rijen Test 2, which had the highest test applied SLR and SOR,
are shown in Figures 6.4a to 6.4c. In Fig. 6.4d, the percentage (%) mass balance
versus simulation time for runs 1 to 8 of Test 2 at 80 to 72 % and 100 % of the 1DFT
maximum influent flow are shown — it can be seen that for the failed runs, a final

steady state is achieved, but this steady state does not yield a mass balance.
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Figures 6.4a to 6.4d: Final ESS and RAS concentration (Fig. 6.4a, top left and Fig. 6.4b,
top right) and percentage (%)} mass balance (Fig. 6.4c, bottom left) versus influent flow as %

1DFT limit showing runs ended safe (¢) and fail (1) and percentage (%) mass balance
versus simulation time (Fig. 6.4d, bottom right) for the SetilerCAD runs on the Rijen SST

Test 2.

6.4.2 : ESS concentration versus influent flow
The final average ESS concentration versus Q, (as a % of the 1DFT limit) for the

6 Rijen tests simulated are shown in Fig.6.5. It can be seen that the ESS

concentration increases gradually above 50 mg/¢ in the range between 60 and 70 %

of the 1DFT limit influent flow.

The gradual increase in ESS concentration of the shallow (2.25 m SWD) Rijen SST
resembles the gradual increase in ESS of the old (2.5 m flat) Darvill SST.

6-13
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Figures 6.5a and 6.5b: Final steady state ESS concentration versus influent flow as a
percentage (%) of the 1DFT limit for the 6 Rijen SST tests simulated.

8.4.3 : Flux ioad factor versus 1DFT limits

The SettlerCAD predicted maximum SOR and SLR, as a percentage (%) of the
1DFT limits, are plotted versus the flux load factor V/(n.X;) in Figures 6.6a and 6.6b.
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Figures 6.6a and 6.6b: SettlerCAD predicted maximum SOR (1) (Fig. 6.6a, left) and
SLR (Fig. 6.6b, right), as a percentage (%) of the 1DFT limit values versus flux load factor
Vo/(nXs). Also shown are the 14 actual test points (safe @, fail o or No Equilibrium @)

identified by test number.
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Also shown in Figures 6.6a and 6.6b are the 14 actual test points. In these figures,
the actual tests that ended safe and fail which plot below and above the SettlerCAD
predicted SOR and SLR limits (line through [I), respectively, are the tests that
SettlerCAD predicted correctly. Similarly, the actual tests that ended safe and fail
which plot above and befow the SettlerCAD predicted SOR and SLR limits (line
through [), are tests which SettlerCAD predicted incorrectly. From this, the only test
which SettlerCAD predicted incorrectly is Test 10 (observed safe but SettlerCAD
predicted fail). In Figures 6.6a and 6.6b, Tests 9, 5, 2 and 1 (all fail) plot around
80 % and 88 % of the 1DFT SOR and SLR limits respectively, and Tests 13 and 11
plot around the 60 % and 65 % of the 1 DFT SOR and SLR limits. The gap between

the safe and fail tests therefore is quite large, about 20 %.

This means the SettlerCAD predicted SOR and SLR limits (flux rating) could plotin a
20 % range and still predict 13 out 14 test results correctly. Therefore unlike the
Watts tests, the Rijen tests on their own are not very useful for checking the

accuracy with which SettlerCAD predicts SST capacity.

Rijen S8Ts Test 1- 14 Rijen 887s Test 1- 14
SettlerCAD Predictled Capacity SettlerCAD Predicted Capacity

% 1DFT SOR
% 1DFT SLR

2.0 3.0 4.0 5.0 8.0 7.0 2.0 3.0 4.0 5.0 6.0 7.0
Flux Load Factor - VolinXf) - mih Flux Load Factor - Vo/{nXf) - mih

Figures 6.7a and 6.7b: SeltlerCAD predicted maximum SOR (Fig. 6.7a, left) and SLR
(Fig. 6.7b, right), as a percentage (%) of the 1DFT limit values versus flux load factor
Vo/(n.X;) for the six test simulated with SettlerCAD identified by test number.
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Figures 6.7a and 6.7b, which are the same as Figures 6.6a and 6.6b, shows a
vertical scale range of only 10 % of 1DFT limit SOR and SLR. These figures show a
small increasing and decreasing trend respectively in the SettlerCAD predicted SOR
and SLR, as the flux load factor increases for the 6 tests simulated. For the SOR
(Fig. 6.7a) from 62 % (Tést 8) to 67 % (between Tests 1 and 3) and for the SLR
(Fig. 6.7b) from 76 % (Test 8) to 74 % (between Tests 1 and 3). This indicates that
the Rijen SST has a low hydraulic capacity of around 64 % of the 1DFT SOR limit (or
74 % of the 1DFT SLR limit) and is relatively insensitive to hydraulic loading variation

arising from a wide range in flux load factors from 2.5 to 6.4 m/h.

To place the Rijen SettlerCAD simulation results in context of the Darvill and Watts
simulation results, the results are plotted together in Figures 6.8a and 8.8b. The
Rijen SettlerCAD predicted SOR and SLR limits (#) lie below the Darvill old (@) and
new () and Watts (&) SST “lines”, but closer to the old SST line. Considering that
with respect to external SST geometry, the Rijen SST (2.25 m SWD and 1:12 sloping
bottom) is closer in likeness to the old Darvill SST (2.5 m SWD and flat bottom), the
expectation is that the Rijen results should fall close to the old Darvill SST results,

and this to some extent, did indeed happen.
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Figures 6.8a and 6.8b: SettlerCAD predicted maximum SOR (Fig. 6.8a, left) and SLR
(Fig. 6.8b, right), as a percentage (%) of the 1DFT limit values, versus flux load factor
(Vo/nX:) for the 4 tests on the Darvill new (@) and old ( ®) SSTs, 15 tests on the Watts’ SST
(&) and 6 of the 14 tests on the Rijen SST {#).
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6.5 : RESULTS OF THE Oss FULL-SCALE SST ACTUAL STRESS TESTS

From the V,, n and X; the 1DFT predicted maximum SOR and SLR were calculated
for the 10 Oss SLR tests and are listed in Table 6.5. The 1DFT predicted and test
applied SLRs and the test applied/1DFT predicted SLR ratio from Table 6.5 are
plotted in Figures 6.9a and 6.9b. Of the 10 tests, 3 tests ended fail (F, [, ie.
Tests 15, 21 and 22), and 7 ended safe (S, @, i.e. Tests 16 to 20, 22 and 23). From

Fig. 6.9b, the test applied/1DFT predicted maximum SLR ratios for the 10 tests are
between 0.422 (Test 18) and 1.417 (Test 15). Tests 15, 21 and 22 all have test
applied/1DFT predicted SLR ratios > 1.10 which would be expected to fail and do.
Of the 7 safe tests, it was expected that the 3 tests 18, 23 and 24 end safe because
they have low (< 0.65) test applied/1DFT predicted maximum SLR ratios. The only
possible cdd test of the 10 is Test 20, which at a test/1DFT maximum SLR ratio of
0.83 ended safe, which is possibly close or slightly over the SettlerCAD predicted
maximum SLR. The fail test with the lowest test applied/1DFT predicted SLR ratio is
Test 21 at 1.13. This makes the range between the highest safe and lowest fail tests
very large (30 %), with the result that the Oss tests are not useful to check the
accuracy with which SettlerCAD predicts SST capacity. In hind sight, it would have
been better to simulate some of the 23 other SLR stress tests on the 23 different
SSTs in the STOWa (1981) data set, rather than the Oss SST tests because the Oss

tests are unlikely to add more to the cutcomes of this research.

At an average of about 8 h computation time per run (on a Pentium 500 MHz, PC)
and at least 16 runs per test (if failure is found in one of the first 8 runs) computation
time per test is 128 h, or 5 days. Because this amounts to 4 months computation for
the 33 tests, these tests unfortunately could not be included in this study. However,

they are being conducted and will be included in later reports on this work.
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Figures 6.9a and 6.9b: 1DFT maximum SLR versus test applied SLR (Fig. 6.9a, left) and
Test applied /1DFT predicted maximum SLR ratio (Fig. 6.9b, right) for the 10 Stress tests
reported by STOWa (1881} on the Oss SST.

6.6 : FINDING THE SettlerCAD MAXIMUM SOR AND SLR FOR THE Oss SSTs

6.6.1 : SettlerCAD predicted failure

The data given in Table 6.5 were used as input to SettlerCAD. Like for the Rijen
tests, for 6 of the 10 Oss tests, 16 SettlerCAD runs per test were set-up. The 6 tests
selected were the 2 tests with the highest flux load factor (Tests 18 and 17), the
2 tests with the lowest flux load factor (Tests 22 and 15) and the 2 tests nearest the
average flux load factor (Tests 16 and 19). SettlerCAD runs 1 to 7, for each of the
6 tests simulated, were at Q, from 60 to 72 % of the 1DFT SOR in 2 % increments
and an 8" run at 100 %. Runs 9 to 15 were set-up between consecutive safe and fail
runs at 0.25 % increments and the 16" run was at the actual test Q,, The first run
with ESS> 50 mg/¢ was accepted as the SettlerCAD predicted maximum influent rate
fimit. The SettlerCAD SLR limit was calculated from the Q, limit and the test Qi and X;

values.
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1DFT Predicted Flux - kg/{(m2.h)

The SettlerCAD predicted results of the first failure runs are given in Table 6.6 and
are shown plotted in Figures 6.10a and 6.10b. In Fig. 6.10a and 6.10b (or Table 6.6)
it can be seen that the SettlerCAD predicted flux rating of the Oss SSTs ranges

between 0.730 (Test 19) and 0.832 (Test 22).

STOWa Oss 88T Stress Tests STOWa Oss SST Stress Test

SettlerCAD SLR
r Stress Test 15t0 24 SettlerCAD SLR Stress Tests 15 to 24

1.0

Predicted / 1DFT Predicted SLR Ratio

2
4 8 g 15 16 17 18 19 20 21

SettlerCAD Predicted Flux - kg/{m2.h)
Stress Test No.

Figures 6.10a and 6.10b: 1DFT calculated maximum SLR versus SettlerCAD predicted
maximum SLR (Fig. 6.10a, left) and SettlerCAD predicted to 1DFT calculated maximum
SLR ratios (Fig. 6.10b, right) for STOWa SLR Stress Tests 15to 19 and 22 on the Oss SST.

Fig 6.10a shows the SettlerCAD maximum predicted SLR (flux rating) of 5 of the
6 tests (not Test 22) fall above the 0.80 flux rating line indicating that the SettlerCAD
maximum SLR is around 0.74 of the 1DFT maximum. The SettlerCAD predicted
maximum SOR (as % of the 1DFT maximum) ranged between 60.2 % (Test 15) and

63.5 % (Test 19).
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Table 6.6: Summary of the settlerCAD simulation results for the settlerCAD influent flow limit for the 10 SLR
tests on STOWa Oss SSTs.

SettlerCAD Q,LIMIT STOWa Test # Test15 | Test16 | Test17 Test 18 Test 19 Test 20 Test 21 Test 22 Test 23 Test 24
Oss Test # Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 Test 7 Test 8 Test 9 Test 10

Flux factor Vgi{(nX:) — m/ih 273 4.42 5.08 7.22 4.20 2.88 2.83 2.24 3.92 3.68
Influent flow (m3/h) for 1 88T 3827 12269 1204.8 218651 10273 410.8

% of 1DFT maximum Q, 60.25 63.00 66.00 60.50 63.75 61.75

Overflow rate (m/h) 0.28 0.89 0.88 1.58 0.75 0.30

Recycle flow (m3/h) 540.7 8441 549.0 853.7 550.4 852.3

Underflow rate (m/h} 0.395 0.615 0.400 0.622 0.401 0.621

Recycle ratio 1.41 0.69 0.46 0.39 0.54 2.07

Applied flux [(kgSS)/(m?2.h)] 3.97 4.68 3.45 4.18 303 4.79

% of 1DFT maximum flux 78.5 74.2 73.9 68.1 73.0 83.2

Actual retention time (h) 3.8 1.7 2.0 1.2 22 2.8

Duration of run (min) 4000 4000 4000 4000 4000 4000

Duration of run (#of R,,) 17.4 39.0 33.0 56.8 29.7 23.8

Sim time step {min) 2.5 25 25 2.5 2.5 25

Sim time step (% R,,,) 1.09 2.44 2.06 3.85 1.86 , 1.48

Effluent SS (mg/ £)* 64.8 54.9 63.8 50.1 50.9 52.1

Recycle Conc (mg/ 2 )* 5949 7510 & 350 6 585 7 456 7670

Mass balance (%)* 99.2 99.8 98 4 99.9 99.8 99.7

Test result (ESS > 50 mg/ #) Faif Fail Fall Fail Fail Fail

Mean over the last 2 R, values
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6.6.2 : SettlerCAD simulation of the full-scale actual stress test

The results of the simulation runs at the actual test influent flow are summarised
below in Table 6.7.
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Table 6.7 : Summary of the SettlerCAD simulations results for the Oss full-scale SST actual test.

Aaual test influent flow ] Test 1 Test 2 Test 3 Test 4 Test s Test 6 Test 7 Test8 Test 8 Test 10
Test 1 Test 2 Test 3 Test 4 Test 5 Test6a | Test6b Test7 Test 8 Test 9

Influent flow (m3}fh) for 1 SST 11254 11254 10158 10158 933.3 933.3 §78.4 878.4 700.0 631.3
9% of 1DFT maximum QI 177.2 57.8 55.6 284 57.9 71.1 1231 132.0 43.1 321
Overflow rate (m/h) 0.82 0.82 0.74 0.74 0.68 0.68 0.64 0.64 0.51 0.46
Recycle flow (m3/h) 13.0 20.3 13.2 20.5 132 20.4 13.1 20.5 20.2 206
Underflow rate (m/h) 0.394 0.615 0.400 0.622 0.401 0.819 0.397 0.621 0612 0.626
Recyc]e ratio 0.480 0.750 0.541 0.841 0.580 0.910 0.620 0.870 1.200 1.361
Applied flux {(kgss)}'(mzh)] 7.18 4.45 3.08 2.59 2.85 3.83 5.58 8.57 3.93 272
% of 1DFT maximum flux 141.7 70.6 85.9 42.2 68.6 §2.5 113.1 114.0 62.5 52.7
Actual retention time (h) 21 1.8 2.3 1.9 24 2.0 2.5 2.0 2.3 24
Duration of run (mm) 4 000 4 000 4000 4 000 4 000 4 000 4 000 4 000 4 000 4 000
Duration of run (# of Rua) 314 37.1 29.5 352 27.9 33.8 26.8 32.8 29.0 28.1
Sim time step (min) 25 2.5 25 2.5 25 2.5 2.5 2.5 2.5 2.5
Sim time step (% R,,) 1.96 2.32 1.84 2.20 1.75 2.10 167 2.04 1.81 1.75
Effluent 8§ (mg/g )* 2768.1 83 2.8 0.8 7.0 2036.3
Re(;yc[e Conc (mg/ ¢ )* 10 829.8 8.3 7691.0 41594 71058 7 926.0
Mass balance (%)* 91.8 100.0 100.0 100.0 100.0 94.8
Test result (ESS > 50 mg/f ) Fail Safe Safe Safe Safe ‘ Fail
Observed resuylt Fail Safe Safe Safe Safe Safe Fail Fail Safe Safe

Mean over the least 2 R,, values.



The position and result (Safe O, fail X) of the SettlerCAD simulation runs for the
simulated Tests 15 to 19 and 22 are shown in the D&O charts in Figures 6.11a to
6.11f. The actual test position and result (safe O, fail X) is also indicated. If the
actual test position of the safe tests is within or below the safe (O) runs, then
SettlerCAD correctly predicted a safe result for the actual test. Similarly, if the actual
test position of the fail tests is within or above the fail (X) runs, then SettlerCAD
correctly predicted a fail result for the actual test. From the six D&O charts,
SettlerCAD correctly predicted the result for all 6 tests simulated. In fact, had all 10
Oss tests been simulated, SettlerCAD would have predicted the test result correctly
for all the tests except possibly not Test 20. This is not so remarkable as it may
seem because the SLR (and SOR) range between the highest safe test (Test 20)
and lowest fail test (Test 21) is 30 % (see Fig. 6.9b). The flux rating range between
safe and failure is therefore between 83 % and 113 % and any predicted flux rating
in this range would vyield a correctly predicted result. This is too wide a range to be
meaningful. This is shown in Figures 6.14a and 6.14b, which plot the SettlerCAD

predicted maximum SOR and SLR versus the flux load factor.
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Figures 6.11a to 6.11f: 1DFT D&O charts showing the SST operating positions and
result (safe O, fail X) of the SettlerCAD runs and actual tests for STOWa Test 15 to

19 and 22 on the Oss SST.
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6.7 : EVALUATING THE OUTPUT RESULTS OF SettlerCAD
6.7.1 : Determination of solids mass balance

In the simulation runs, a simulation time of 4 000 min was selected which was 18 to
57 times the actual hydraulic retention time (R,,) with respect to the SettlerCAD
predicted SOR and SLR limits. As for the previous test runs, these run times were
sufficiently long to establish a final steady state condition and the final ESS and RAS
(Xg) concentrations accepted for each run were the averages of the predicted values
over the last 2 x R,,. The solid mass balance was based on these final average ESS
and RAS concentrations (which are listed in Table 6.7). The same pattern regarding
the mass balance was observed — provided the run ended safe (ESS < 50 mg/¢), the
run vielded a solids mass balance within 0.5 % of 100 % and runs that ended in failure
(ESS > 50 mg/¢) vielded a lower than 99.5 % solids mass balance; the greater the
SST overload (i.e. the higher the ESS concentration), the lower the solids mass

balance below 89.5 %.

The ESS, RAS and percentage (%) mass balance versus influent flow (as % of the

1DFT limit Q,) for Test 16, which is one of the safe tests, are shown in Figures 6.12a

to 6.12¢.

In Figure 6.12d, the % mass balance versus simulation time for runs 1 to 8 of Test 16
at 60 to 72 % and 100 % of the 1DFT maximum influent flow are shown. It can be
seen that for the failed runs, even though a final steady state is achieved, this steady

state does not yield a mass balance.
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Figures 6.12a to 6.12d: Final ESS and RAS concentrations (Fig. 6.12a, top left and
Fig. 6.12b, top right) and percentage (%) mass balance (Fig. 6.12c, bottomn left) versus
influent flow as % 1DFT limit showing runs ended safe (#) and fail (L1) and percentage (%)
mass balance versus simulation time (Fig. 6.12d, bottom right) for the SettlerCAD runs on

the STOWa Test 16 on the Oss SST.
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6.7.2 : ESS concentration versus influent flow

The final average ESS concentration versus Q, (as a % of the 1DFT limit) for the
6 Oss tests simulated are shown in Fig. 6.13. It can be seen that the ESS
concentration increases gradually above 50 mg/¢ in the range between 60 and 66 %
of the 1DFT limit influent flow. The gradual increase in ESS concentration of the
shallow (2.0 m SWD) Oss SST resembles that of the Darvill old and Rijen SSTs.

This appears consistent because the average depths (adding the volume of the bottom
cone as equivalent SWD) of these SSTs are 2.50 and 2.88 m respectively, while that
of the Oss SST is 2.58 m. The diameter to average depth (D/H,,) ratios for Darvill
old, Rijen and Oss SSTs are 14.0, 15.8 and 16.2 respectively, whereas those for the
Darvill new and Watts SSTs are 7.48 and 7.29 respectively. This indicates that the

higher D/H,,. value result in a gradual increase in ESS concentration with increased

influent flow.
Steady State ESS Concentration Steady State ESS Concentration
Oss 85T - 8TOWa Test 1510 24 0s% 85T - STOWa Tost 15 10 24
1200 400
150
o 1000 =
& & 300
E E
8 o0 .§ 250
= ~
£ so0 = 200
@
3 it
& 5 150
8 400 ©
w w100
1224
@ w
W 200 50
o g

60 52 64 68 68 70 72 74
influent Fiow - % of 1DFT Limit

60 85 20 75 80 88 90 a5 S 100
Influent Flow - % of 1DFT Limit

Figures 6.13a and 6.13b: Final steady state ESS concentration versus influent flow as a
percentage (%) of the 1DFT limit for the 6 Oss SST tests simulated.
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6.7.3 : Flux ioad factor versus 1DFT limits

The SettlerCAD predicted maximum SOR and SLR, as a % of the 1DFT limits, are
plotted versus the flux load factor Vy/(n.X;) in Figures 6.14a and 6.14b, respectively.
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Figures 6.14a and 6.14b: SettlerCAD predicted maximum SOR (1) (Fig. 6.14a, left) and
SLR (L) (Fig. 6.14b, right), as a percentage (%) of the 1DFT limit values versus flux load
factor Vo/(n.Xz). Also shown are the 10 actual test points safe ( @), fail (&) identified by test
number.

Also shown in Figures 6.14a and 6.14b are the 10 actual test points. In these
figures, the actual tests that ended safe and fail which plot below and above the
SettlerCAD predicted SOR and SLR limits (line through [I) respectively, are the tests
that SettlerCAD would predict correctly. Similarly, the actual tests that ended safe
and fail which plot above and below the SettlerCAD predicted SOR and SLR limits
(line through [), are tests which SettlerCAD predicted incorrectly. From this, the
only test which SettlerCAD predicted incorrectly is Test 20, which ended safe but
plots slightly above the SettlerCAD line. In Figures 6.14a and 6.14b, Tests 21 and
22 (both fail) plot at around 114 % and 125 % of the 1DFT SOR and SLR limits
above the “SettlerCAD lines” and Tests 20, 23, 19 16 and 17 (all safe) plot at around
60 % and 70 % of the 1DFT SOR and SLR limits below the “SettlerCAD lines”. The

gap between the safe and fail tests therefore is quite large, 40 %.
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% 1DFT SOR

This means the SettlerCAD lines can plot in a 40 % range and still predict 10 out 10
test results correctly. Therefore, the Rijen tests, and the Oss tests are not very

useful for checking the accuracy with which SettlerCAD predicts SST capacity.
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Figures 6.15a and 6.15b: SetflerCAD predicted maximum SOR (Fig. 6.15a, left)
and SLR (Fig. 6.15b, right), as a percentage (%) of the 1DFT limit values versus flux
load factor V/(n.X;) for the six Oss SST tests simulated with SettierCAD identified
by test number.

Figures 6.15a and 6.15b, which are the same as Figures 6.14a and 6.14b but with a
vertical scale range of only 10 % and 25 % of the 1DFT limit SOR and SLR,
respectively, show a small increasing and decreasing trend respectively in the
SettlerCAD predicted SOR and SLR as the flux factor increases for the 6 tests
simulated — for the SOR (Fig. 6.15a) from 60 % (Test 15) to 66 % (Test 17) and for
the SLR (Fig. 6.15b) from 82 % (between Tests 15 and 22) to 68 % (Test 18). This
indicates that the Oss SST has a low hydraulic capacity of around 64 % of the 1DFT
SOR limit (or 74 % of the 1DFT SLR limit), but appears to be relatively insensitive to
hydraulic loading variation arising from a wide range in flux load factor from 2.5 to 6.4

m/h.
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6.8 : CONCLUSION FROM THE RIJEN AND Oss SSTs SIMULATIONS

From the evaluation of the SettlerCAD simulation runs for the Rijen SST and Oss
SST, with a diameter to average depth ratio (D/H,,.) of 15.79 and 16.20 respectively,

the following conclusions can be made:

» The SettlerCAD predicted maximum SOR and SLR flux ratings for the Rijen and
Oss SSTs were significantly below those calculated from the 1DFT and ranged
between 62 and 67 % and 75to 72 % respectively as the flux load factor

increased from 2.5 to 6.5 m/h.

o The influence of depth on the flux rating is that the deeper the SST and the lower

the HLR, the closer the flux rating is to 1.0.

o The Rijen and Oss stress test results show once again that the 1DFT cannot be
applied to a full-scale SST without an appropriate reduction factor. The
magnitude of this reduction factor is not universal and is influenced by the

geometry of the SST.

To place the Sett!erCAD simulation results in context, the Darvill, Watts, Rijen and
Oss simulation results are plotted together in Figures 6.16a and 6.16b. The Rijen
and Oss SettlerCAD predicted SOR and SLR limit results (Rijen , Oss O) lie below
the Darvill old (@) SST line. Considering that with respect to external SST geometry,
the Rijen SST (2.25 m SWD and 1:12 bottom slope - 3.03 m average depth, H,,.)
and Oss SST (2.0 m SWD with 1:12 bottom slope - 2.58 m average depth, H,,.) are
closer in likeness to the old Darvill SST (2.5 m SWD and flat bottom) than the new
Darvill (4.1 m SWD with 1:10 bottom slope - 4.68 m average depth, H,,.) and Watts
(3.66 m SWD with 1:15 bottom slope - 3.97 m average depth, H,,.) SSTs, the resuits

appear to be reasonably consistent.
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Figures 6.16a and 6.16b: SettlerCAD predicted maximurm SOR (Fig. 7.8a, left) and SLR
(Fig. 7.8b, right), as a percentage (%) of the 1DFT limit values, versus flux factor Vo/nXg) for
the 4 tests on the Darvill new (&) and old ( ®) SSTs, the 15 tests on the Walts' SST (=) and
6 of the 14 tests on the Rijen SST (#) and 6 of the 10 tests on the Oss SST (O).
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CHAPTER 7
CONCLUSIONS

in this research, the two dimensional (2D) hydrodynamic model SettlerCAD (Zhou
et al., 1998) was applied to full scale circular secondary settling tank (SSTs) with the

principle aim to:

1) establish whether or not it “automatically” reproduces a flux rating < 1.0 with

respect to the steady state 1D idealized flux theory (1DFT) and;
2) determine what factors influence this flux rating.

To do this, SST solids loading rate (SLR) stress tests reported in the literature were

simulated. These are:

1) the 4 tests done by de Haas ef al. (1998) on 4 similar 35 m diameter SSTs
(2new and 2old) of the Darvill wastewater treatment plant (WWTP),

Pietermaritzburg, South Africa;

2) the 15 tests done by Watts ef al. (1996) on a single 3.66 m side water depth
(SWD), 28.96, diameter circular SST with centre feed, peripheral and radial
effluent overflow and rotating multiple suction pipe sludge collection system

at the Kanapaha WWTP (Florida, USA), and;

3) 12 of the 47 tests done by STOWa (1981) (Stopkoper and Trentelman, 1982)
on 25 different SSTs ranging from 30 to 46 m in diameter, 1.5 to 2.5 m
(SWD) and 1:12 sloping bottoms with scraped sludge collection.
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7.1

FINDING THE MAXIMUM SLR AND SOR OF SettlerCAD

From the measured V,, n and feed concentratibn (Xg) and recycle flow (Qg) of
a particular SLR stress test, the maximum surface overflow rate (SOR) and
minimum recycle ratio (R,,,) were calculated from the 1DFT. Details on how
th'is calculation is done are given by Ekama ef al. (1997) but the principles
are shown in the 1DFT design and operating (D&O) chart (Fig 3.1a -
Chapter 3). The solids handling criterion (SHC) | and Il lines and the
hyperbola (which marks the boundary where the SHC | does and does not

apply) are completely specified by the V,, n and X; values. First the

minimum recycle ratio (R, for the maximum SOR (g, = Q/Ag, m/h) is

determined by setting the equations for SHC | and 1l equal and solving for R
which is R,,. This R, is used as a reference recycle ratio to check whether
SHC | or SHC Il governs the maximum capacity of the SST for the particular
underflow rate (g, = Qg/Ag;, m/h) of the SLR test. If the R of the test is less
than R, the locus of the SST operating points at constant underflow rate
(ar, M/h) and increasing SOR (g,, m/h) cuts the SHC | line at an R value <
R.» - This means that the SHC | fixes the maximum SOR and SLR of the
SST for the fixed g and X of the particular test and the maximum SOR and
SLR capacities in terms of the 1DFT are given by the intersection point of the
SOR — R locus line at the SHCI line; viz. SOR,,, = . m/h and SLR,,
= (gat gr)Xe Or g, (1 + R)Xe kg/(m2.h); the maximum hydraulic loading rate
(HLR,,) associated with this intersection point is HLR,,, = (g.+ qgr) OF
SLR,./Xe m/h. If the R of the test is greater than R, the lécus of the SST
operating point at constant g and increasing SOR cuts the SHC | line with a
R value > R,,,. This means that the SHC Il fixes the maximum SOR and
SLR of the SST for the fixed gz and X; of the particular test and the
maximum SOR and SLR capacities in terms of the 1DFT are defined by the
intersection point of the SOR-R locus line and the SHC |l line; viz.
SOR .= s M/h, SLR, ., = (g4 + gr)Xe o qa (1 + R) X; kg/(m?h) and HLR .
= (ga+ gg Or SLR,, /X m/h.
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The design of SST surface area (Ag;) with the 1DFT hinges round identifying
the intersection point of the SHC | and |l lines for the specified X; and V& n,
and this point is the SST operating position for the Peak Wet Weather Flow
(PWWEF, Q,pwwe). It gives the maximum overflow rate (qa.,) for the minimum
recycle ratio (R,,,). From the design SST surface area, Ag; is given by Ag; =
Q, pe/damax @nd the recylce flow (Qz, PWWF) by Qg, PWWF = R X Gamex-
The maximum SLR and HLR associated with this design point are SLR,,, =

q}\maxm +Rmin)xF kgi(mzh) and HLRmax = quax (1+Rmin) or SLRmax!XF kg/(mzh)

The stress test data and details of the SSTs reported in the literature were
used as input to SettlerCAD. Keeping the recycle flow (Qg) and feed
concentration (X;) constant at the test values, the influent flow (Q),
calculated as a % of the 1DFT limit value, was increased for successive
simulation runs from a low value to a high value, first in 2 % of 1DFT limit
increments, and then in 0.25% of 1DFT limit increments between
consecutive safe and fail runs. SST failure was accepted to be an average
ESS > 50 mg/l over the final 2 actual hydraulic retention times (R,,) of the
run. In this way the steady state influent flow rate (Q)) for ESS > 50 mg/l was
determined for SettlerCAD at an accuracy of 0.25 % of the 1DFT limit and
the first run with ESS > 50 mg/¢ was accepted as the SettlerCAD predicted
maximum influent flow rate limit. The SettlerCAD SLR limit was calculated
from the predicted influent flow limit and the test Qg and X; values. The
predicted ESS and RAS concentrations over the complete run were imported
into a spreadsheet program, in which were calculated (i) the average ESS
and RAS concentrations over the final 2 actual hydraulic retention times
(2 xR,,) and (ii) the % solids mass balance as the run proceeded. The
outcome (fail or safe) of each simulation run was recorded by checking
sludge blanket height in SettlerCAD at the end of each simulation and
whether the average ESS concentration over the final 2 x R,, was greater

(fail), or less (safe) than 50 mg/¢.
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7.2

7.2.

% 1DFT SOR

1

100
80
80

70

50

40

The % mass balance was calculated as the sum of the masses of sludge in

the return and effluent flows as a % of the mass of sludge entering the SST

with the influent and recycle flows.

VALIDATION OF SettlerCAD PREDICTION ACCURACY

Watts SLR siress tests

The SettlerCAD predicted maximum SOR and SLR (o), as a % of the 1DFT

limits, are plotted versus the flux load factor Vo /(nX;) in Figures 7.1a and

7.1b. Also shown are the 15 actual test points (safe e and fail A). In these

figures, the actual tests that ended safe and fail which plot below and above

the SettlerCAD predicted SOR and SLR limits, are tests the result of which

SettlerCAD predicted correctly;

the actual tests that ended safe and fail

which plot above and below the SettlerCAD predicted SOR and SLR limits,

are tests the result of which SettlerCAD predicted incorrectly.
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Figures 7.1a and 7.1b: SettlerCAD predicted maximum SOR (o) (Fig 7.1a, leff)
and SLR (a)(Fig 7.1b, right) as a % of the 1DFT limit values versus flux load factor
(V/(nX:). Also shown are the 15 actual test points (safe e, fail &) identified by the

number
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7.2.2

From all 15 tests, SettlerCAD correctly predicted the results of 12 tests, i.e.
Tests 1, 2 and 4 to 10 (safe) and 11 to 13 (fail) but incorrectly predicted the
results for 3 tests, i.e. Tests 3 (actual test safe, SettlerCAD fail) and 14 and
15 (actual test fail, SettlerCAD safe). Of these 3 tests, only Tests 3 and 15
plot far from the SettlerCAD predicted limit (line through o) and therefore are

definitely incorrectly predicted.

However, Tests 4, 14, 13, 7, 9 and 12 all plot very close to the SettlerCAD
predicted limits and are correctly predicted. This narrow range, indicates that
apart from Test 3 and 15, SettlerCAD accurately identifies the SOR and SLR
capacity of the Watts SST. The SettlerCAD results of the Watts tests gives a
good indication that the SettlerCAD predictions are valid for the simulation of

full scale stress tests.
Determination of solids mass balance

in setting up the simulation runs, a simulation time were selected which is
more than 25 times the actual hydraulic retention time (25 x R,,) for all the
runs. These run times were sufficiently long to establish a final steady state
condition, which was confirmed by constant effluent solids concentration,
constant sludge blanket height and at the end of each run, a solids mass
balance was calculated. In the solids mass balance, the mass of solids
exiting the SST via the underflow and overflow is calculated as a % of the

inflow mass of sludge.

The final ESS (X)) and RAS (Xg) concentrations for each run were the
averages of the predicted values over the last 2 xR,,. Provided the run
ended safe (ESS < 50 mg/¢), the final concentrations yielded a solids mass
balance within 0.5 % of 100 %. In contrast runs that ended in failure
(ESS > 50 mg/¢) yielded a lower than 99.5 % solids mass balance and the
greater the SST overload (i.e. higher the ESS concentration) the lower the
solids mass balance below 99.5 %, even as low as 86 % at 100 % of the

1DFT limit influent flow.
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7.3

Halving the simulation time steps and/or doubling the number of iterations
per time step yielded identical simulation results and no improvement in

% mass balance at the end of the run.

As the simulations proceeded it was seen that (i) the simulation runs were
long enough to reach a steady state because the mass balance remained
constant, and (ii) for the runs which ended in fail the mass balance remained
below 99 %. It is suspected that a 100 % mass balance for the failed runs is

not achieved due to a simple logical error in SettlerCAD.

It seems that the RAS concentration is “corrected” by subtracting from it the
ESS concentration, because the higher the ESS concentration (or overload)
the lower the RAS concentration. This is not consistent with the flux theory.
Theoretically for increasing Q,and constant Qi and gg the RAS concentration
should remain constant (at X, = j/qgg) once the SLR capacity (failure) has

been reached. This error does not influence the SettlerCAD predicted SOR

and SLR limits.

The same low solids mass balance for the failed runs (ESS > 50 mg/¢) was

observed for all the SSTs simulated.

FINDING THE SettlerCAD MAXIMUM SOR AND SLR FOR THE DARVILL,
WATTS, RIJEN AND Oss SSTs

The data listed in the Tables in Chapter 4, 5 and 6 were used as input to
SeftlerCAD. For each test, 16 SettlerCAD runs were set-up. For the Darvill
new SST, runs 1 to 7 were at Q, from 74 % to 86 % of the 1DFT SOR in 2 %
increments and an 8" run at 100 %. For the Darvill old SST, the 7 runs
ranged from 60 to 72 %, with an 8™ at 100 %. The Watts SST ranged from
66 to 78 %, the Rijen SST ranged from 60 to 72 % and the Oss SST ranged
from 60 to 72 % of the 1DFT SOR, all with an 8" run at 100 %. Runs 9to 15
were set-up between consecutive safe and fail runs at 0,25 % increments

and the 16" run was at the actual test Q,.
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The first run with ESS > 50 mg/¢ was accepted as the SettlerCAD predicted
influent flow rate limit. The SettlerCAD flux rating (SLR) was then calculated

from the Q, limit and test Qg and X values.

7.4 SIMULATING THE DARVILL SSTs

For the Darvill SSTs three different cases were simulated with SettlerCAD,

and for each case the percentage ( %) of the 1DFT maximum influent flow

(Q,) was determined. The three cases were as follows:

Case 1: The Darvill new and old SSTs as built, i.e. with Stamford baffles
extending from the side wall and the actual side water depths i.e.
old SST 2.5 mand new SST 4.1 m.

Case 2: The Darvill new and old SSTs without Stamford baffles and the
actual SWDs.

Case 3: The Darvill new and old SS5Ts with Stamford baffles, but with
interchanged SWD’s i.e old SST with 4.1 m SWD and new SST
with 2.5 m SWD.

A summary of SettlerCAD results for the three different cases is given in

Table 7.1 below.

Table 7.1. Summary of the SellierCAD predicted to TDFT calculated maxirmum

SOR and SLR ratios (i.e flux ratings) for Cases 1, 2 and 3

% of 1DET SOR Test 1 i Test 2 | Test 3 Test 4
New Old New Old New Old New Old
Case 1: Normal 7725 | 7150 | 7450 | 7350 | 8375 | 71.75 84.0 63.25
Case 2 : No baffles 80.00 | 7450 | 7430 | 7625 | 87.30 | 7580 | 8800 | 6500
Case 3 : Reverse depth 6300 | 7825 | 67.50 | 8250 | 63.75 | 8275 | 78.50 | 8125
% of 1DFT SLR Test 1 | Test 2 . Test 3 i Test 4
New Old New Oid  New Old New | Old
Case 1 : Normal 86.00 | 8250 8650 = 8600 | 89.30 | 81.40 | 87.70 | 70.90
Case 2 : No baffles 87.70 | 8430 | 8640 | 8750 | 9160 | 8410 | 9130 | 7230
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From Table 7.1 for Case 1, SettlerCAD consistently predicts that the new
tank fails at a higher percentage ( %) of the 1DFT maximum SOR and SLR
(flux rating) than that of the old SSTs. At the lower HLRs i.e. Tests 1, 2 and
3, the flux rating of the new and old tanks are close to one another, but at
high HLR i.e. Test 4, the new tank has a much higher flux rating than the old
tank. The better performance of the new tanks compared with the old tank is
most probably due to the greater depth of the new tank. The new tank has a
much higher sludge storage capacity than the old tank due to its higher side
wall depth and sloping bottom. The difference in flux rating between the new

and old tanks is greater when the HLR is higher.

For the Darvill SSTs both the new and the old tanks perform marginally
better without a Stamford baffle for all the tests, with the exception of Test 2,
new tanks, which has the lowest HLR. For the new SSTs the flux ratings
without baffles are 1.7 to 2.6 % (SLR) higher than with baffles and for the old
SSTs the flux ratings without baffles are 1.4 to 1.8 % (SLR) higher than with
baffles. Because the difference between the flux rating increased from Test
2 through Test 1, Test 3 to Test 4, which is the order of increasing HLR, it
was noticed that the Stamford baffle set-up a large vertical circular current
extending the full clear water depth and radius of the SST, which is absent
when the baffles are removed. However, it must be remembered that the
difference in flux rating is very small. Because the difference varies
consistently with HLR, it seems that this difference is real and not artificial,

due to variation in predicted results of the simulation model.

In Case 3, where the new and old SSTs had interchanged SWD i.e the new
SST 2.1 m and the old SST 4.1 m, the SST performance also reversed in
that now the old SSTs had higher flux ratings for all the tests than the new
SSTs. This is due to the SST volume difference in that now the old SSTs
have a greater volume than the new SST. These Case 3 runs clearly
demonstrate the significant influence of the SSTs depth on the flux rating —
the deeper the tank the closer the flux rating to the theoretical maximum of

1.0.
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Figures 7.2a to 7.2f: SettlerCAD predicted capacity as % of the 1DFT maximum
HLR (Figures on left) and SLR (Figures on the right) limits versus the flux load
factor for the Darvill new and old SS8Ts. The actual test position and cutcome are
also shown. The first two figures is for Case 1, the middle two figures are for Case
1 and 2 super-imposed upon each other. The last two figures is for Case 3 —
reversed depth.

Figures 7.2a and 7.2b clearly show the greater sensitivity to the HLR of the
shallow old SST compared with the deeper new SST. As the HLR increases
the difference between the percentage ( %) of the 1DFT limits of the new
and old tanks increase, with the deeper new tank always performing better
(higher flux rating). This indicates that for the shallow old SSTs, the lower
the HLR, i.e. for poor settling sludges and/or high X;, the greater the SST
capacity as a percentage ( %) of the 1DFT limit. The higher the HLR, i.e.
good settling sludges and/or low X, the lower the capacity of the SST as a
percentage ( %) of the 1DFT limit. The new deep SSTs do not show this
sensitivity to HLR.

In Figure 7.2d, the flux rating versus flux load factor for the old and new
SS8Ts with and without Stamford baffles are shown. The same performance
pattern is observed with and without the Stamford baffles in the new and old
tanks, but both old and new SSTs perform marginally better (i.e. are 1.5 to

2 % higher fiux rating) without Stamford baffles.
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7.5

Figure 7.2f shows the flux rating versus the flux load factor for the old and
new SSTs with interchanged depths. Now the deep old SST (with 4.1 in
SWD and flat bottom) show an insensitivity to HLR at around 87 % of the
1DFT SOR, which is above that of the shallow new SST (2.5 m SWD and
1:10 sloping botiom) at around 75 %. The shallow new SST (with 2.5 m
SWD and 1:10 sloping bottom) now also shows itself to be sensitive to HLR.
This comparison clearly shows the significant impact of SST depth on the

flux rating.
SIMULATING THE WATTS SST

For the Kanapaha SST tested by Watts ef al. (1996), three different cases
were simulated with SettlerCAD and for each case the maximum influent flow
as a percentage (%) of the 1DFT maximum influent flow (Q)), was

determined. The three cases were as follows:

Case 1:  Simulation of the 15 stress tests on the SST as-built, i.e. without

Stamford baffle and actual SWD of 3.66 m.

Case 2: Simulation of Tests 4, 7, 9, 12, 13 and 14 on the SST including a
Stamford baffle extending 1.2 m from the side-wall at a height of

3.16 m above the bottom of the side wall, and actual SWD.

Case 3": Simulation of Tests 4, 7, 9, 12, 13 and 14 on the SST with a
SWD of 6.0 m.

Y Case 3 is an additional simulation that was done after the main objectives have been achieved and
are only discussed in the Synopsis and Conclusion

7-1

CHAPTER 7 (CONCLUSIONS)






7.5.1

From Table 7.2, the average flux rating (SLR) for Case 1 — no Stamford baffle (Tests 4,
7, 9,12, 13 and 14) is 79.2 %. For Case 2 — with Stamford baffles the average flux
rating is 81.7 % and for Case 3 — 6 m SWD the average flux rating is 83.6 %. Table
7.2 shows that SettlerCAD predicts a 2 % increase in SST capacity with Stamford
baffles. This is contrary to the results of the Darvill SST simulations where the SSTs

without Stamford baffles performed about 2 % better than with Stamford baffles.

In the Tutorial literature made available with the SettlerCAD program by the developers,
the impact of the Stamford baffle is investigated in an example. A comparison of the
flow pattern in the different SSTs shows that the Stamford baffle does not have a strong
impact on the overall flow field within the SST, an observation also made in this

investigation.

Comparing the solids flow pattern, a conclusion was made that the Stamford baffles
can improve the effluent concentration, but is unlikely to have a strong effect on the
sludge bianket level in the SST. Because of the objective of reaching a final steady
state for fixed loading conditions, which caused the sludge blanket for the failed cases
to rise to the effluent launder, it seemed reasonable to conclude that the Stamford
baffle does not increase the capacity (or flux rating) of the SST much; however for the

safe loading conditions, the Stamford baffle helped to keep the ESS concentration low.

The average increase in SettlerCAD predicted SLR for Case 3 — 6 m SWD is 4.4 %
higher than that of Case 1 — as-built (3.5 m SWD). The increased SWD increased the

performance of the tank but not as significantly as expected.
Flux load factor versus 1DFT limits SOR and SLR

The SettlerCAD predicted maximum SOR and SLR, as a percentage ( %) of the 1DFT

limits, versus the flux load factor of the three different cases simulated are plotted in

Figure 7.3a and 7.3b.
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7.6
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Figures 7.4a and 7.4b: SettlerCAD predicted SOR (Fig 7.4a, left) and SLR (Fig 7.4b, right),
as a percentage ( %) of 1DFT maximum limits versus flux load factor for the Walts (3.66 m
SWD), and Darvill new (4.1 m SWD) and old (2.5 m SWD) SS8Ts.

Considering that with respect to external SST geometry, the Watts SST (3.66 m SWD
and 1:15.4 sloping bottom) is closer in likeness to the new Darvill SST (4.1 m SWD and
1:10 sloping bottom) than to the old Darvill SST (2.5 m SWD and flat bottom), the
expectation was that the Watts results should fall closer to the new Darvill SST resulits
than those of the old SST, but this did not happen. However, a relatively consistent
pattern seemed to be emerging because at least the Watts SST results fell between the
Darvill new and old SST results and showed a similar decreasing trend in flux rating or

capacity as the flux load factor increased.
SIMULATING THE RIJEN AND Oss S$S8Ts

For the Rijen and Oss SSTs only one set of simulation, resembling the as-built
configuration were conducted. In each instance 6 tests were selected for simulation i.e.
the 6 data sets that spanned over the widest range of the calculated flux load factor.

The results of these simulations are summarised below.
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Table 7.3: Summary of the SettlerCAD predicted to 1DFT calculated maximum SOR and SLR (flux rating) ratios for the Rijen and Oss SSTs.

Parameter STOWa Test # Test 1 Test2 Test 3 Test 4 Test 5 Test & Test7 Test 8 Test 9 Test 10 Test 11 Test 12 Test 13 Test 14
Rijen Test # Test1 Test 2 Test 3 Test 4 Test 5 Test 8a Test 6b Test 7 Test 8 Test 9 Test 10 Test 11 Test 12 Test 13
Flux factor (vo//(n Xg)-mih 5.91 4.47 6.43 31 3.76 5.39 4.03 2.61 2.89 4.42 4.56 55 4.32 5.75
% of 1DFT SOR 69,75 63 65 63 62 85
% of 1DFT SLR 75.9 74.6 70.7 74.4 76.0 72.8
Parameter STOWa Test # Test 16 Test 16 Test 17 Test 18 Test 19 Test 20 Test 21 Test 22 Test 23 Test 24
Oss Test # Test 1 Test 2 Test 3 Test 4 Tests Test 6 Test 7 Test 8 Test 9 Test 10
Flux factor (vo//(n.Xg)-m/h 2.73 4.42 508 7.22 4.20 2.88 2.83 2.24 3.92 3.98
% of 1DFT SOR 60.25 63.00 66.00 60.50 63.75 61.75
% of 1DFT SLR 78.5 74.2 738 68.1 73.0 83.2




7.6.1

From Table 7.3 it can be seen that the SettlerCAD predicted flux rating (SLR) of the
Rijen SST ranged between 70.7 % (Test 3) to 76.0 % (Test 8). For the Oss SST the
flux rating (SLR) ranged between 68.1 % (Test 4) to 83.2 % (Test 8).

To place the Rijen and Oss SettlerCAD simulations in context of the Darvill and Watts
simulation results, the following emerged. Considering that with respect to external
SST geometry, the Rijen SST (2.25 m SWD and 1:12 sloping bottom), and Oss SST
(2.0 m SWD and 1:12 sloping bottom) is closer in likeness to the old Darvill SST (2.5 m
SWD and flat bottom), the expectation was that the average flux rating (SLR) of the
Rijen results (74.08 %) and Oss results (75.15 %) should fall below the average flux
rating of the Darvill old SST result (80.2 %) and this did indeed happened.

Flux load factor versus 1DFT limit SOR and SLR

The Rijen and Oss SettlerCAD predicted maximum SOR and SLR, as a percentage
( %) of the 1DFT limits, are plotted versus the flux load factor V/(n.X;) in Figures 7.5a

and 7.5b.

Darvill, Watts, Rijen and Oss $8Ts Darvill, Watts, Rijen and Oss $8Ts
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Figures 7.5a and 7.5b: SeltlerCAD predicted maximum SOR (Fig 7.5a, left) and SLR (Fig
7.5b, right) as a % of the 1DFT limit values versus flux load factor for Darvill new, Darvill old,

Watts, Rijen and Oss SSTs.
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7.7

To place the Rijen and Oss SettlerCAD simulation results in context of the Darvill and
Watts simulation results, the Darvill and Watts results are also plotted together in
Figures 7.5a and 7.5b. The Rijen and Oss SettlerCAD predicted SOR and SLR limits
lie below the Darvill old (e) and new (m) and Watts (A) SST “lines”, but closer to the old
SST line. Considering that with respect to external SST geometry, the Rijen SST (2.25
m SWD and 1:12 sloping bottom) and Oss SST (2.0 m SWD and 1:12 sloping bottom)
is closer in likeness to the old Darvill SST (2.5 m SWD and flat bottom), the expectation

is that the Rijen and Oss results should fall close to the old Darvill SST results, and this

to some extent, did indeed happen.

SUMMARY OF THE SettlerCAD MAXIMUM SOR AND SLR FOR THE DARVILL,
WATTS, RIJEN AND Oss SSTs

The results for the SettlerCAD predicted limits are summarised in Table 7.4. For each
SST the SettlerCAD predicted limit as a % of 1DFT maximum are listed for the lowest
and highest flux load factor of each data set. A high flux load factor represents high

hydraulics and good settleability and a low flux load factor represents low hydraulics

and poor settleability.
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Table 7.4: Summary of SettlerCAD predicted limits for each data set for lowest and highest flux factor

Parameters | Darvill = New | Darvill - Old  Watts | Rijen Oss
| Lowest Highest Lowest | Highest Lowest Highest | Lowest Highest Lowest Highest

Flux factor Vol(n Xe)-msh 355 9.08 3585 9.08 6.04 7.24 261 5.43 224 7.22
SOR 1DET fimit (m3/h) 748.0 2690.0 746.0 2690.0 1124.2 1428.6 910.3 1476.5 665.3 3578.7

SetilerCAD Predicted % 74.50 84.50 73.50 63.25 73.50 71.50 62.00 65.00 61.75 60.50
SLR 1DFT fimit (kg/(m2.h)] 8.31 12.19 8.31 12.19 9.54 9.55 3.38 2.71 5.76 6.14

SettierCAD Predicted % 86.50 87.70 86.00 70.80 80.40 77.70 76.00 70.70 83.20 68.10
HLR [(@A+aR) 1DFT limit (m/h) 1.75 3.53 1.75 3.53 2.31 2.77 0.89 1.08 1.11 3.01

SettlerCAD Predicted % 72.63 87.70 72.15 . 70.97 80.20 77.80 75.96 7083 83.27 73.16
Average SWD | Have (m) 4.68 4.68 25 2.5 3.97 397 3.03 3.03 2.58 2.58
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Table 7.4 shows that the flux rating at a high flux load factor is higher for the Darvill new
SST (87.7 %) than the Darvill old SST (70.9 %). For the low flux load factor, the Darvill
new SST fails at 86.5 % and the Darvill old SST fails at 86.0 %. The difference in the
new and old SST being the new SST has an average SWD of 4.68 m and the old SST
an average SWD of 2.5 m. This indicates that for the shallow old SST, the lower the
hydraulic loading on the SST, the greater the SST's flux rating and the higher the
hydraulic loading, the lower flux rating. The new deep SST does not show this
sensitivity to hydraulic loading rate. This shows that the magnitudes of the flux rating is
not a constant value, and seems to be dependent on SST depths and hydraulic loading

- the deeper the SST and the lower the HLR the closer the flux rating to 1.0.

Table 7.4 shows the Watts SST has a small decrease in flux rating as the flux ioad
factor increased — (from 80.4 % to 77.7 %). This seems to suggest that the Watts SST
is insensitive to hydraulic loading similar to the Darvill new SST. However, the flux load
factor range for the Watls tests is very narrow — only from 6.0 to 7.2 m/h, whereas for

the Darvill tests the flux load factor range was from 3.5 to 9.0 m/h.

Table 7.4 shows the Rijen SST has a decreasing trend in the flux rating as the flux load
factor increased — (76.0 % - 70.7 %) for a flux load factor from 2.61 to 6.43 m/h. This
indicates that the Rijen SST has a low hydraulic capacity and is relatively insensitive to
a hydraulic loading variation arising from a wide range in flux load factor from 2.61 to

6.43 m/h.

Table 7.4 shows the Oss SSTs has a decreasing trend in the flux rating as the flux load
factor increases — (83.2 % - 68.1 %) for a flux load factor from 2.24 to 7.22 m/h. This
indicates that the Oss SST flux rating is more sensitive to a hydraulic loading variation
arising from a wide range in flux rating from 83.2 % to 68.1 %. Of all five SSTs

simulated, the Rijen and Oss SSTs has the lowest flux rating.






7.9

Fig 7.6a to 7.6d, shows the results of the Darvill new and old, Watts, Rijen, Oss and
Watts (6 m SWD) SSTs. No apparent pattern seems to emerge from these graphs.
The HLR range is fairly narrow and the results are scattered across the HLR range.
The R,, ranges from 1.0 h to 4.5 h but once again the % of 1DFT SLR and SOR are
scattered across the R,, range. Comparing Figures 7.6 with that of Figures 7.5, it

appears that the flux load factor gives a better comparison between the results.

CONCLUSION

The simulations of the full-scale SST SLR stress tests with the 2D hydrodynamic model
SettlerCAD indicate, as would be expected, that the SST hydraulic non-idealities are
intrinsically part of the model and that an appropriate flux rating for the full-scale SST is
reproduced “automatically” in the model. Moreover, the simulations provide further
evidence that the 1D idealized flux theory (1DFT) cannot be applied to the design of

full-scale SSTs without an appropriate flux rating.

The SettlerCAD simulations of the Darvill SSTs indicated that the capacity, or flux
rating, of the old flat bottom shallow (2.5 m SWD) SST decreased as the hydraulic
loading increased due to an improvement in sludge settleability and/or decrease in feed
concentration. The new sloping bottom deep (4.1, SWD) SST did not show this
sensitivity of capacity (flux rating) to hydraulic loading rate. The magnitude of the flux
rating therefore is not a constant value, and is shown to be dependent on SST depth
and hydraulic loading; the deeper the SST and the lower the hydraulic loading the
closer the flux rating is to 1.0. Simulations of the sloping bottom shallow (1.5 to 2.5 m
SWD) Dutch SSTs tested by STOWa (1981) and the Darvill new and old SSTs with
interchanged depths, confirmed this sensitivity of the flux rating to depth and hydraulic

loading.

It would appear from the simulations so far that the flux rating of 0.80 of the 1DFT
maximum SLR recommendation by Ekama and Marais (1986) remains a reasonable
value to apply in the design of full scale SSTs — for deep SSTs (4m SWD) the flux
rating could be increased to 0.85 and for shallow SSTs (2.5 m SWD) decreased to

0.75.
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From the simulations, some answers to the two crucial questions raised by Ekama et al.
(1997), viz. (i) are the SST failures observed in this and other studies specific for the
particular SSTs investigated and (ii) can the 1DFT be applied to full scale SSTs without
correction, are emerging. While the failures observed on the Darvill and other SSTs
mentioned may be specific for the particular SSTs, a consistent pattern is appearing i.e.
that the 1DFT can be used for design but its predicted maximum SLR needs to be
reduced by an appropriate flux rating, the magnitude of which depends on SST depth
and hydraulic loading. It is accepted that the magnitude of the flux rating depends also
on the design of the internal features built into the external shell of the SST such as (i)
inlet arrangement; (ii) tank configuration; (iii) effluent launder position; (iv) control of
hydraulic flow patterns, short circuiting and turbulence with baffling; (v) flocculation
chambers and (vi) sufficient siudge transport and collection capacity, but such detail
cannot be modelled with SettlerCAD, which offers quick and easy data input, no grid-
mesh specification and fast run times at the cost of greater tank geometry specification
flexibility. While further SLR stress tests will make an important contribution to the full-
scale SST performance data base, evaluation of the reshlts with 1D flux models will not
provide answers to the two guestions above raised by Ekama ef el., (1997). These
questions will find answers with further 2D hydrodynamic modelling studies on SSTs

because these models allow the internal features of the SST to be simulated.
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SettlerCAD Predicted Failure Results - Case 1 (Normal)

PARAMETER Test 1 Test 2 Test 3 Test 4
New | Oid New Oid New Otid New Old
Flux Factor [Mo/{n.Xg) - mih 4,30 4.30 3.56 3.55 5.17 5.17 9.08 9.08
Influent Flow (m3/h) for 1 58T 820 759 556 548 1211 1038 2273 1701
% of 1DFT maximum Q 77.25 71.5 74.5 73.5 83.75 71.75 84.5 63.25
Overflow Rate (mih) 0.85 0.79 0.58 0.57 1.26 1.08 2.36 1.77
Recycle Flow (m3fh) 667 667 667 667 750 750 708 708
Underflow Rate (m/h} 0.693 0.693 0.693 0.693 0.779 0.779 0.736 0.736
Recycle Ratio 0.81 0.88 1.20 1.22 0.62 0.72 0.31 0.42
spplied Flux (kg SSIHm™N) 7.11 6.82 5.46 5.43 7.34 6.69 10.69 8.64
% of 1DFT maximum flux 86.0 825 86.5 86.0 89.3 81.4 87.7 70.8
Actual Retention Time (h) 3.0 1.7 3.7 2.0 2.3 1.3 1.5 1.0
Duration of Run {min}) 8000 3800 5000 3600 6000 3600 3600 1800
Duration of Run {# of Rha} 33.0 358 27.1 30.3 43.5 44.6 387 30.1
Sim time Step (min} 25 2.5 2.5 2.5 2.5 2.5 125 1.25
Sim time Step {(%Rha) 1.37 2.47 1.13 2.10 1.81 3.10 1.38 2.09
IESS (mgh) 279 51 80 84 338 88 452 56
Recycle Conc {mg/!)' 9792 9728 7618 7718 8487 8348 13056 11560
IMass Balance (%) 98.8 995 97.5 498 95.9 98.4 99.9 99.5
Test Result Fail Fail Fail Fail Fail Fail Fail Fail

" Maan over the last 2 R,, values

Summary of the SettlerCAD simulation results for the SettlerCAD influent flow limit
of Tests 1 to 4 on the new and old Darviile SSTs (With Stamford baffle extending
from side wall and a 4.1 m SWD for the new SST and 2.5 m SWD for the old SST)

SettlerCAD Predicted Failure Results - Case 2 (Without Stamford Baffle)

PARAMETER Test 1 Test 2 Test 3 Test 4
New Old New Oid New Oid New Old
Fiux Factor Vo/A{n.Xg) - m/ 4.30 4.30 3.55 3.55 517 517 9.08 S.08
Influent Flow (m3/h) for 1 SST 850 791 554 569 1262 1096 2394 1749
% of 1DFT maximum Q, 80 74.5 74.3 76.25 87.3 75.8 89 85
Overflow Rate (m/h} 0.88 0.82 0.58 0.59 1.31 1,14 2.49 1.82
Recycle Flow (m:‘{h) 667 867 667 667 750 750 708 708
Underflow Rate (m/h) 0.683 0.693 0.693 0.693 0.779 0.779 0.736 0.736
IRecycle Ratio 0.78 0.84 1.20 1.17 0.59 0.68 0.30 0.41
Applied Flux (kg SS)!{mz.h) 7.25 6.97 5.46 5.52 7.53 6.91 11.12 8.81
% of 10FT maximum flux 87.7 84.3 886.4 87.5 g91.6 84.1 91.3 72.3
Actual Retentiont Time (h) 3.0 1.7 3.7 1.8 2.2 1.3 1.5 1.0
Duration of Run (min} 6000 8000 6000 8000 6000 6000 6000 6000
Duration of Run {# of Rha) 338 60.8 271 51.4 447 78.7 68.8 102.1
Sirn time Step (min} 25 2.5 25 25 2.5 2.5 25 25
Sim time Step {%Rha) 1.40 2.53 1.13 2.14 1.86 3.20 2.87 4.26
ESS (mgll) 326 51 19.8 53 137 74 853 52
Recycle Conc {mg/y 10422 9507 7806 7844 8599 8586 12787 11813
Mass Balance (%) 95.8 99.1 99.4 99 314 $8.3 95.2 99.8
Test Result Fail Fail Fail Fail Fail Fail Fail Fail

" Mean over Wie last 2 R, values

Summary of the SettlerCAD simulation results for the SettlerCAD influent flow limit
of Tests 1 to 4 on the new and old Darville SSTs (Without Stamford baffle extending
from side wall and a 4.1 m SWD for the new SST and 2.5 m SWD for the old SST)

Darvill Summary{Finat}




SettlerCAD Predicted Failure Results - Case 3 (Reversed Depths)

PARAMETER . Test 1 Test 2 Test 3 Test 4

[ Mew Old New Old New Ol New Cld
Flux Factor [Vo/{n.Xe) - mih 4.30 4.30 3.55 3.55 5.17 517 8.08 9.08
influent Flow {m3/h) for 1 SST 669 831 504 615 922 1197 | 2112 | 2188
% of 10FT maximum Q, 63 78.25 87.5 825 63.75 82.75 78.5 81.25
Overflow Rate {m/h) 0.70 0.86 0.52 0.64 0.96 1.24 218 2.27
Recycle Flow {m*h) 667 6687 667 667 750 750 708 708
Underfiow Rate (m/h} 0.693 0.693 0.693 0.693 0.779 0.779 0.736 0.736
Recycle Ratio 1.00 0.80 1.32 1.08 0.81 3.63 0.34 0.32
Applied Flux (kg SSy{me.h) 6.39 7.18 523 5.73 6.25 7.28 10.11 10.38
% of 1DFT maxtimum flux 773 86.6 82.8 90.8 78.1 88.6 83.0 85.2
Actual Retention Time (h) 2.2 28 2.5 3.1 1.8 2.0 1.1 1.4
Duration of Run {min) 3600 8000 3600 5000 3600 6000 1800 | 3600
Duration of Run (# of Rha) 270 380 23.7 325 338 49.3 285 44.0
Sim time Step (min) 25 2.5 25 2.5 2.8 2.5 125 1.25
Sim time Step (%Rha) 1.88 1.58 1.64 1.35 2.35 2.06 1.98 1.53
ESS (mgll) ' 113 61 52 51 93 51 1030 85
Recycle Conc (mg{l) 8748 102086 7083 8168 7683 9221 10398 13761
Mass Balance (%) 96.7 89.5 88.3 983 g7.2 99.6 98.1 99.5
[Test Result Fail Fail Fail F ail Fail Fail

Fait | Fail

" Maan over the last 2 R, values

Summary of the SettlerCAD simulation results for the SettlerCAD influent ﬂcﬁw limit
of Tests 1 to 4 on the new and old Darville SSTs (With Stamford baffle extending
from side wall and a 2.5 m SWD for the new SST and 4.1 m SWD for the old SST)

SettlerCAD Prediction of Actual SLR Tests

PARAMETER Test 1 Tast 2 ! Test 3 Test 4
New Old New Old || New | Old New Old
Flux Factor [Vol{(n.Xg) - m/h 4.30 4.30 3.55 3.55 517 517 5.08 9.08
influent Flow (m3/h) for 1 88T 834 834 687 687 949 849 2387 2397
% of 1DFT maximum O, 78.5 78.5 g92.1 821 §5.6 65.6 8%.1 85.1
Cverflow Rate (m/h) 0.87 0.87 0.71 .71 0.98 0.99 249 248
Recycle Flow i) 867 867 867 867 750 750 708 708
Underflow Rate (rm/h) 0.693 0.693 0.693 0.693 0.77% 0.779 0.736 0.736
Recycle Ratio 0.80 0.80 0.97 0.97 0.79 0.79 0.30 0.30
Applied Flux (kg SS)(m.h) 7.17 7.7 £.05 8.05 6.35 8.35 11.13 11.13
1% of 1DFT maximum flux 86.8 86.8 95.8 95.8 77.3 77.3 914 91.4
Actual Retention Time (h} 3.0 1.6 3.3 1.8 27 1.4 1.5 0.8
Duration of Run {min} 3600 6000 3800 6000 3600 8000 3800 6000
Duration of Run {# of Rha) 200 62.4 18.0 56.3 22.6 70.8 413 128.1
Sim time Step {min) 2.5 25 25 2.5 25 25 1.25 1.25
Sim time Step (%Rha) 1.38 2.80 1.25 2.35 1.57 2.94 1.44 2.69
£SS (mgh) 495 227 933 348 2.1 13.5 647 541
Recycle Congc {mg/) 9558 9666 7515 7745 8148 8119 12863 11751
Mass Balance (%f 98.3 96.1 Q7.1 92.8 100 99.8 98.6 89.8
Test Result (ESS > 50 mg/) Fail Fail Fail Fail Safe Safe Fail Fail
Chserved Result Safe Safe Safe Safe Safe Safe Fail | Fail

" Mean over tha last 2 R, values

Summary of the SettlierCAD simulation results for the actual Test 1 to 4 on the new

old Darvill SST

Darvill Summary(Final}









Darvill

Summary of SettlerCAD predicted failures (Case 1, 2 and 3}

Maximum flux [kg/{m2.h}]
Maximum Influent flow (m3/h}

Case 1 - Normal

Influent flow (m3/h)

Racycle flow (m3/h}

Recycle Ratio

Feed conc. (g/)

Area (m2)

SettlerCAD Predicted Flux [kg/{m2.h
% of 1DFT Flux

% of 1DFT Flow

Case 2 - No Baffles

Influent flow (m3/h)

Recycle flow (m3/h)

Recycle Ratio

Feed conc. (g/l)

Area (m2)

SettlerCAD Predicted Flux [kg/(m2.h
% of 1DFT Flux

% of 10FT Flow

Case 3 - Reverse Depth

influent flow (m3/h}

Recycle flow (m3/h)

Recycle Ratio

Feed conc. (g/l)

Area (m2)

SettlerCAD Predicted Flux (kg/{m2.h
% of 10FT Flux

% of 1DFT Flow

% of 1DFT Flux
Case 1 - Normal
Case 2 - No Baffles

Case 3 - Raverse Depth

Test 1

Mew
8.26
1062

820
667
0.81
4.6

962
7.1
86.1
772

849.6
667
0.7¢
4.6
962
7.25
87.8
80.0

669
667
1.00
456

962
6.38
77.3
63.0

Test 1

New

86.1

87.8

77.3

Oid
8.26
1082

758
667
0.88
4.6
962
6.82
826
718

7¢1.2
867
0.84
4.6
962
6.97
844
74.5

830.9
867
0.80
46
962
7.16
86.7
78.2

old
82.6
84.4

86.7

Test 2
New Oid
8.31 6.31
746 746
556 548
667 667
1.20 1.22
4.3 4.3
962 862
5.47 5.43
86.6 86.1
74.5 73.5

553.9 568.8
667 667
1.20 1.17
4.3 4.3
962 962
5.48 5,52
86.5 87.5
74.2 76.2

503.6 615.6
867 867
1.32 1.08
4.3 4.3
862 962
523 573
82.9 90.9
67.5 82.5

Test 2
Mew Qid
86.6 86.1
86.5 87.5
82.9 90.8

Test 3
New Oid
8.22 8.22
1446 1446
1221 1038
750 750
0.61 0.72
3.6 3.8
962 962
7.38 6.69
89.7 81.4
84 .4 71.8

1261.6 1085.3
750 750
0.59 0.68
3.6 3.6
962 962
7.53 6.91
91.6 84.0
87.2 75.7

921.9 1196.6
750 750
0.81 0.63
3.6 3.6
862 962
6.26 7.28
76.1 88.6
63.8 82.8

Test 3
New Old
89.7 81.4
81.6 84.0
76.1 88.6

Summary Case 1, 2and 3

Test 4
New Oid
12.18 12.18
2690 2690
2272 1702

708 708
0.31 0.42
3.45 3.45
962 862
10.69 8.64
87.7 70.9
84.5 63.3
2394.1 1748.5
708 708
0.30 0.40
3.45 3.45
962 862
11.12 8.81
91.3 72.3
89.0 65.0
2112 2186
708 708
0.34 0.32
3.45 3.45
862 962
10.11 10.38
83.0 85.1
78.5 81.3

Test4
New Old
87.7 70.9
21.3 72.3
83.0 85.1



Darvill SST Test 1 New

10 Flux Theory (no correction)
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10 Flux Theory {no correction)
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102 Flux Theory (no correction)
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Fig a to f: 1DFT D&O charts showing the SST operating positions and results (Safe, Fail)
of the SettlerCAD runs and actual tests for test 1 to 3 on the Darvill New and Old SSTs

Darvill D&QO Charts

















































































































































































APPENDIX B
Watts Results






SettlerCAD Predicted Failure Results - Case 1 (Normal)

[PARAMETER ] Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 Test? | Tests® Test8 | Test10 | Test11 | Test12 | Test13 | Yest 14 | Test1s
Fiux Factor Vo/(n. X¢) - mvh 6.15 6.28 6.56 5.04 681 6.25 7.01 6.59 7.24 6.42 6.17 7.24 6.26 6.26 6.89
Influent Flow {(m3fh) for 1 S8T 848.1 8750 6659 826.3 8467 938.1 8323 10667 | 10214 888.8 853.2 10214 | 10143 | 10854 | 12508
% of 1DFT maximum Q, 73.5 73.75 74 73.5 71.75 71.7% 71.75 70 715 7275 7375 715 ¥1.25 73 75.25
Overflow Rate {mvh) 129 1.33 1.01 1.25 1.44 1.42 1.48 1.62 1.55 1.35 1.30 1.55 1.54 165 1.90
Recycle Flow (mh} 3875 398.0 239.8 396.8 3877 4787 3977 552.8 397.7 34977 3872 387.7 555.8 714.0 7535
Underflow Rate {m/Mh) 0.603 0.604 0.364 0.602 0.604 0.722 0.604 0.83¢ 0.604 0.604 0.603 0.804 0.843 1.084 1.144
Recycle Ratio 0.47 0.45 0.36 048 0.42 051 0.40 0.52 0.39 0.45 0.47 0.39 0.55 0.66 0.60
Applied Flux (kg SSY(m* h) 766 7.68 523 7.67 7.48 8.57 7.46 9.31 7.42 759 7.68 7.42 .50 10.88 11.01
% of 1DFT maximurn flux 80.3 80.3 795 80.4 78.3 79.3 78.1 78.0 7Y 78.4 80.5 77.7 79.3 81.8 83.0
Actual Retention Time (h) 21 20 27 22 1.9 1.8 1.8 1.7 .7 20 2.1 1.7 1.8 1.6 1.4
Duration of Run {min) 6000 6000 8000 8000 6000 8000 8000 6000 6000 8000 8000 6000 6000 8000 8000
Duration of Run (# of Rha) 47.6 49.1 37.4 46.4 53.2 527 55.2 589 57.4 49.9 47.9 57.4 57.0 80.9 70.2
Sim time Step (min) 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25
Sim time Step {%Rha) 1.98 2.05 1.56 183 2.21 2.19 2.30 2.50 2.39 2.08 2.00 239 2.37 254 2.93
ES8 (mg)* 53.5 514 55 57.7 81 97.2 92.2 50.6 50.2 54.5 522 50 2 52 50.5 4.2
Recycle Conc {mgl)* 12482 12479 14152 12459 11988 11431 11909 10927 | 11888.7 | 123371 | 124888 | 11888.7 | 11079.7 | ©911.2 9431
Mass Balance (%) 99.3 99.1 997 988 98.4 879 983 99.4 $7.8 99.1 99 97.8 89.2 995 99 1
Test Result Fail Fail Fail Fail Fail Fail Fail Fail Fail Fail Fail Fail Fail Fail F ail

* Mean over the last 2 R,, values

Summary of the SettlerCAD simulation results for the SettlerCAD influent flow limit of Test 1 to 15 for the Watts results
Case 1 (Normal - No Stamford Baffle)

SettlerCAD Predicted Failure Results - Case 2 (With Stamford Baffle)

IPARAMETER Test1 | Testz | Tests | Testd | Tesis Tost8 | Test7 | Test8 | Test® | Test10 | Testdi | Testi2 | test13 | Testi4 | Test 15
Fiux Factor [Vo/(n Xg) - mvh 5.04 7.01 7.24 7.24 6.26 6.26
influent Flow (m3/h) for 1 $8T 854.4 1028.8 1087.9 10679 | 106806 | 115908
% of 1DFT maximum O, 76 75 74.75 74.75 74.5 78
Overfiow Rate (mvh) 1.30 1.56 1.62 162 1.61 1.76
Recycle Flow (m¥h) 3989 397.7 3g7.7 307.7 585.6 714.0
Underfiow Rate {mvh} 0.602 0.604 0.604 0.604 0.843 1.084
Recycle Ratio 046 0.39 0.37 0.37 0.52 0.62
Applied Flux (kg SSY(m®.n) 7.84 7.70 7.66 7.66 9.78 11.33
% of 10F T maximum flux 823 805 80.2 80.2 81.7 85.1

ctual Retention Time (h) 2.1 1.7 1.7 1.7 1.7 1.5
Ouration of Run (min) 6000 6000 6000 6000 6000 65000
Duration of Run {# of Rha) 48.0 57,7 60.0 60.0 59.5 85.1
Sim time Step {min} 2.5 25 25 25 28 25

i1Sim time Step {%Rha) 2.00 2.40 250 2.50 2.48 2.7
ESS (mgf) 23 4 77.86 06 70.6 78.82 §3.52
Recycie Conc (mgh)* 12788 5 12352.6 12334.2 123342 1 113125 | 103187
Mass Balance (%) 88 98 4 98.7 a8.7 98.8 88 5

g5t Result Fail Fall Fail Fail Fail Fail

° Mean aver the last 2 B, values

Summary of the SettlerCAD simulation results for the SeftlerCAD influent flow limit of Test 4, 7, 9, 12, 13, and 14 for the Watts results
Case 2 (With Stamford Baffle)

Watts SummaryWatts Summary




SettlerCAD Prediction of Actual SLR Tests

IPARAMETER Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 Test 7 Test 8 Test9 | Test 10 | Test11 | Test12 | Test 13 | Test14 | Test 15
Fiux Factor [Vo/(n. X¢} - m/h 6.15 6.28 6.56 8.04 6.81 6.25 7.01 5.59 7.24 £.42 6.17 7.24 6.26 626 6.89
Influent Fiow (m3/h) for 1 SST 475.4 622.9 789.2 781.3 7837 785.7 933.7 783.2 1017.2 7733 1621.5 1095.7 1022 1 1623.0 1009.0
% of 1DFT maximum Q, 412 525 87.7 695 59.4 60.1 68.2 51.4 71.2 63.3 883 767 718 68.8 60.7
Overflow Rate (m/h) 0.72 0.95 1.20 1.19 1.19 1.19 1.42 1.19 1.54 1.17 1.55 1.66 1.55 1.55 1.53
Recycle Flow (m:’lh) agr.5 398.0 239.8 386.9 387.7 4757 3gr.7 552.8 397.7 397.7 397.2 397.7 555.6 714.0 7835
tUnderflow Rate {m/h} 0.60 0.60 .36 0.60 0.60 0.72 0.60 0.84 0.60 0.60 0.60 0.60 0.84 1.08 1.14
Recycle Ratio 0.836 0638 0.304 0.508 0.507 0.608 0.426 0.706 0.391 0.514 0.389 0.363 0.544 0698 0.747
Applied Flux (kg SS)!{mz_h) 5.37 5.16 5.94 7.39 6.57 7.65 718 7.68 7.40 8.91 8.71 7.81 955 10.50 9.68
% of 1OFT maximum flux 56.3 64.4 0.3 77.5 68.8 70.7 754 64.3 77.5 72.3 91.3 818 79.7 78.9 730
Actual Retention Time (h) 37 29 23 2.3 2.3 23 1.9 2.3 18 2.3 1.7 1.6 1.7 1.7 1.8
Duration of Run {min} 8000 5000 8000 6000 6000 5000 8000 6000 6000 6000 6000 6000 6000 6000 6000
Guration of Run {# of Rha) 26.7 350 443 43.9 44.0 44 .1 52.4 44.0 57.1 434 57.4 61.5 57.4 57.4 56.7
Sim time Step {min) 25 25 25 25 2.9 25 25 25 25 25 25 2.5 25 25 25
Sim time Step {%Rha) 1.11 1.46 1.85 1.83 1.83 1.84 218 1.83 238 1.81 2.39 2.56 239 2.39 2.36
ESS (mghl) 39 o 484.3 57 58 57 6.8 6.1 17.90 53 47998 238 66.9 8949 7.5
Recycle Conc (mgh}) 8801.9 | 102002 | 13268.3 | 12236.7 | 10879.7 | 106771 | 118008 | 91378 | 122053 | 114302 | 121505 | 117924 | 11078.1 1 9672.4 8453 7
Mass Balance (%) 100 100.2 91,2 9.9 100 100 100 100 160 100 927 96.3 98.9 100 100
Test Result {(ESS > 50 mg#) Safe Safe Fall Safe Safe Safe Safe Safe Safe Sale Fai Fail Fai Sale Fail
Observed Result Safe Safe Sale Safe Sale Safe Sale Safe Safe Sale Fail Fail Fail Fail Fait
* Maan over the 1ast 2 R, values

Summary of the SettlerCAD simulation results for the actual Test 1 to 15 of the Watts results

Watts SummaryWatts Summary










Watts
Summary of SettlerCAD predicted failures (Case 1 and 2)

Test 1 Test 2
Maximum flux [kg/{m2.h)] 9.54 9.55
Maximum influent flow (m3/h} 1153.9 1186.5
Case 1 - Normal
Influent flow {m3/h) 848.1 875.1
Recycle flow (m3/h) 3875 398
Recycle Ratio 0.47 0.45
Feed conc. {g/} 4.053 3872
Area (m2) 659 659
SettlerCAD Predicled Flux [kg/(m2t  7.88 7.67
% of 1DFT Flux 80.3 80.3
% of 1DFT Flow 73.5 73.8
Case 2 - With Stamford Baffle
{nfluent flow (M3/h)
Recycle flow (m3/h)
Recycle Ratio
Feed conc. (g/l)
Area {m2}
SettlerCAD Predicted Flux [kg/(m2.h)}
% of 1DFT Flux
% of 1DFT Flow
% of 1DFT Flux Test Test 2
Case 1 - Normal 80.3 80.3

Case 2 - With Stamford Baffle - -

Test 3
6.58
899.6

665.9
239.9
0.36
3.801
659
522
79.4
740

Test 3

79.4

Test 4
9.54
1124.2

826.3
396.9
0.48
4.13
659
7.67
80.4
735

854 .4
396.9
0.48
4.13
659
7.84
B2.26
76.00

Test 4
804

82.3

Test §
9.55
13184

946.7
397.7
0.42
3.664
659
7.47
78.3
718

Test s

78.3

Test 8
10.81
1307.4

938
4757
0.51
3.894
659
8.57
79.3
717

Test 6

79.3

Test7 Test 8
9.55 11.94
1369.1 1523.8
982.3 1066.6
397.7 552.8
0.40 0.52
3.56 3.787
659 659
7.45 9.31
78.1 778
71.7 70.0

1026.8

397.7

0.39
3.56
659

7.70

80.63

75.00

Test7 Test 8
78.1 77.8
80.6 -

Test 9
9.55
1428.6

1021.4
397.7
0.39
3.444
859
7.42
77.7
71.5

1067.9
3977
0.37
3.444
659
7.66
80.25
74.75

Test 8

77.7

80.2

Test 10
9.55
1221.7

888.8
397.7
0.45
3.885
659
7.58
79.4
72.8

Test 10

79.4

Test 11  Test12 Test13l Test14 Test1s
8.54 9.55 11.98 13.31 13.27
1156.9 1428.6 142386 1486.9 1662.3
853.2 1021.4 1014 .3 10855 1250.9
397.2 397.7 555.6 714 753.5
0.47 0.39 0.55 0.66 Q.60
4.044 3.444 3.987 3.8983 3.618
659 659 659 659 659
7.67 7.42 8.50 10.88 11.00
80.4 777 79.3 81.7 82.9
737 71.5 71.2 730 75.3
1067.9 1060.6 1159.8
397.7 555.6 714
0.37 0.52 0.62
3.444 3.987 3.983
659 659 650
7.66 9.78 11.33
80.25 81.66 85.14
74.75 74.50 78.00
Test 11 Test12 Test 13 Test 14 Test 15
80.4 77.7 79.3 81.7 82.9
- 80.2 81.7 85.1 -

Summary Case 1 and 2
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Fig a to f: 1DFT D&O charts showing the SST operating positions and results (Safe, Fail)
of the SettlerCAD runs and actual tests for test 1t0 6
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Fig g to i: 1DFT D&O charts showing the SST operating positions and results (Safe, Fail)
of the SettlerCAD runs and actual tests for test 7 to 12
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Fig j to I: 1DFT D&O charts showing the SST operating positions and results (Safe, Falil)
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1.00



















































Flux Load Factor

Darvill

Flux Constant Vo {m/h)

Flux Constant n (m3/kgT85)
Feed Conc. (g/1)

Flux Factor Vo/(n.Xg) - mih

% of 1 DFT Overflow Rate

Case 1 - Normal

Case 2 - No Baffles
Case 3 - Reverse Depth
Actual Test

% of 1 DFT SLR

Case 1 - Normal

Case 2 - No Baffles

Case 3 - Reverse Depth
Actual Test

Watts

Flux Constant Vo (m/h)

Flux Constant n (m3/kgTSS)

Feed Conc. (g/t}
Fiux Factor Vo/{n. Xg) - mih

% of 1 DFT Overfiow Rate

Case 1 - Normal
Actual Test

% of 1 DFT SLR

Case 1 - Normal
Actual Test

Test 2
New Oid
7.83 7.83
0.513 0.513
4 300 4.300
3.5 35
Test 2
Mew Oold
74.50 73.50
74.30 76.25
67.50 82.50
92.10 92.10
Test 2
New Old
86.5 86
86.4 87.5
82.8 90.8
858 a5.8
Test 1 Test 2
7.62 7.62
0.3055  0.3055
4.0583 3.972
6.2 6.3
Yest 1 Test 2
735 73.75
41.2 52.5
Test 1 Test 2
80.3 80.3
56.2 64.4

Test 1
New Old
7.1 7.71
0.39 0.39
4600 4.600
4.3 43
Test 1
New Old
77.25 71.50
80.00 74.50
63.00 78.25
78.50 78.50
Test 1
New Oid
86 825
87.7 84.3
77.3 86.6
86.8 86.8
Yest 3 Yest 4
7.62 7.62
0.3055  0.3055
3.801 4.130
6.6 6.0
Test3 Test 4
74 735
87.7 68.5
Test3 Test 4
79.5 80.4
903 715

Test 3
New Old
8.00 8.00
0.43 0.43
3.600 3.800
52 52
Test 3
New Old
83.75 71.75
87.30 75.80
63.75 82.75
65.60 6560
Test 3
New Old
89.3 814
916 84.1
76.1 886
77.3 77.3
Test 5 Test 6
7.62 762
0.3055 0.3055
3.664 3.994
6.8 6.2
Test s Test 6
7175 7178
59.4 60.1
Test § Test6
78.3 79.3
68.8 0.7

Test 4
New Old
9.08 9.08
0.29 0.29
3.450 3.450
R 9.1
Test 4
New Oid
84.50 63.25
89.00 65.00
68.00 81.2%
89.10 83.10
Test 4
New Oid
87.7 70.8
91.3 723
74.67 85.2
91.4 914
Test7 Yest 8
7.62 7.62
0.3055 0.3055
3.560 3.787
7.0 6.6
Test7 Test 8
71.75 70
68.2 51.4
Test 7 Test 8
78.1 78
754 64.3

Test 9
7.62
0.3055
3.444
7.2
Test 9
715
71.2
Test 9

7.7
775

Test 10
762
0.3055

3.885
6.4

Test 10

7275

63.3

Test 10

79.4
72.3

Test 11
762

0.3055
4.044

6.2
Taest 11
73.75
88.3

Test 11

80.5
91.3

Yest 12
7.62

0.3055
3.444

7.2
Test 12

7158

76.7
Test 12

77T
817

Test 13
7.62

0.3055
3.987

6.3
Test 13
71.25
71.8

Test 13

793
79.7

Test 14
762
0.3055

3.983
6.3

Test 14

73

68.8

Test 14

81.8
78.9

Test 15
7.62
0.3055
3518
6.9
Test 15
75.25
60.7
Test 15

a3
7

Watts Flux Load Factor




































































































































APPENDIX C
STOWa Results (Rijen)






SettlerCAD Predicted Failure Results

PARAMETER STOWa# Test 1 Test 2 Test 3 Test 4 Tests Test 6 Test7 Test s ]7 Test 8 Test 10 | Test 41 | Test12 | Test13 | Test 14
]! Rijen Test # Test 1 Test2 Test3 Test 4 Tests Test6a | Testéb | Test7 Test 8 Test 9 ] Test10 | Test11 | Test12 | Test13
Flux Factor [Vo/(n.X¢) ~ mh 591 4.47 643 AR 3.76 5.38 4.03 2.61 2.89 4.42 4.56 5.55 4.32 5.75
Influent Fiow (m3/h) for 1 SST 1461.8 1396.9 959.7 7491 564.4 1180.7
% of 1DFT maximum Q, 69.75 83 65 83 62 65
Overfiow Rate (m/h) 0.90 0.86 0.59 046 0.35 073
Recycle Flow {m'/h) 5318 | 1009.9 287.5 §30.1 530.1 533.4
Underflow Rate (nvh) 0.327 0.621 0.176 0.326 0.326 0.328
LR\ecycle Ratio 0.38 0.72 0.30 071 0.94 0.45
pplied Flux (kg SSY(m’.h) 3.33 5.05 1.92 2.52 2.57 2.70
% of 1DFT maximum flux 759 746 70.7 744 76.0 728
Actual Retention Time (h) 24 1.9 38 3.7 4.3 27
Duration of Run (min} 4000 4000 4000 4000 4000 4000
Duration of Run (# of Rha) 28.4 34.2 17.7 18.2 15.6 244
Sim time Step (min) 25 25 25 25 25 25
Sim time Step (%Rha) 1.77 2.14 1.11 1.14 0.97 1.52
ESS (mgn) 638 56.9 527 50.7 85.8 547
Recycle Cone (mgh)* 9494 8037 9942 7551 7672 79897
Mass Balance (%)° 94.8 9.8 93 98.7 98 .4 98.6
Test Result (ESS>50ma/) Fail Fail Fail Fail Fail Fail

* Mean over the 1ast 2 R, vaiues

Summary of the SettlerCAD simulation results for the SettlerCAD influent flow fimit of Test 1 to 14 for the STOWa (Rijen) results

SettlerCAD Prediction of Actual SLR Tests

HPARAMETER STOWa# Test1 | Test2 | Test3 | Test4 Test5 Test6 | Test7 ] Test 8 l Test 8 | Test 10 ] Test11 | Test12 | Test13 I Test 14
Rijen Test # Test 1 Test 2 Test 3 Test 4 Test§ Test6a | Testéb | Test7 Test 8 Test® | Test10 | Test11 | Test42 | Test13
Flux Factor [Vo/{n.Xg) - m/h 591 447 643 3.11 3.76 5.39 403 261 2.89 4.42 4.56 5.55 4.32 5.75
Influent Flow {m3/h) for 1 SST 17725 17725 14310 14310 1431.0 1203.4 1203.4 1203.4 12034 10245 1024.5 10245 8456 8456
% of 1DFT maximum Q, 84 6 79.9 96.9 120.4 785 1087 118.2 132.2 824 100.3 56.4 351 588 277
Overflow Rate (m/h) 1.08 1.08 .88 0.88 0.88 0.74 0.74 0.74 0.74 0.63 0.63 0.63 0.52 0.52
Recycle Flow (malh) 533.3 1008.3 287.5 528.2 1016.7 2875 2875 528.2 10125 287.5 533.3 1016.7 5333 1016.7
Underfiow Rate (m/h) 0.33 0.62 0.18 0.33 0.63 0.18 0.18 0.33 0.62 0.18 0.33 0.62 0.33 0.62
Recycle Ratio 0.300 0.570 0.200 0.370 0.710 0.241 0.241 0.441 0.841 0.279 0.521 0.99C 0.8631 1.200
Applied Fiux (kg SSY(m?.h) 3.85 583 264 3.86 5.49 3.21 266 4.07 4.69 2.50 2.45 3.64 2.99 3.20
% of 1DFT maximum flux 87.7 86.2 97.4 114.1 86.2 107.7 1148 120.3 886 100.3 6683 51.8 70.0 45.7
Actual Retention Time (h) 2.0 1.7 27 24 1.9 3.1 3.1 2.7 2.1 38 3.0 2.3 34 2.5

Duration of Run (min) 4000 4000 4000 4000 8000 4000 .
Duration of Run (# of Rha) 328 396 244 279 370 222

Sim time Step (min) 25 25 2.5 25 25 25

Sim time Step (%Rha) 205 247 1.53 1.74 1.54 1.39

£SS (mg/l)* 5038 346 581.4 12713 6.1 1761.2

Recycle Conc (mghy* 92589 | 83172 | 105915 | 7369.1 9137.8 7501

Mass Balance (%)" 828 a6 90 812 100 92.1

Test Result (ESS > 50 mgA) Fail Fail F il Fail Fail Fail

Observed Result Fail Fail No Equil Fai Fait No Equil  Na Equil Fail Fail Safe Fail Sale Sale Safe

* Mean over the last 2 R, values

Summary of the SettlerCAD simulation results for the actual Test 1 to 14 of the STOWa (Rijen) results

Rijen SummaryRijen Summary
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Fig a to f: 1DFT D&O charts showing the SST operating positions and results (Safe, Fail)

of the SettlerCAD runs and actual tests


































































APPENDIX D
STOWa Results (Oss)
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SettlerCAD Predicted Failure Resulis

PARAMETER STOWa# [ Test 15 | Test 16 ] Test17 | Test18 | Test18 I Test 20 | Test 21 l Test 22 | Test23 | Test24
H Oss Test # Test 1 Test 2 Test3 Test 4 Test 5 Test s Test?7 Test 8 IggtﬁgﬁJMl

Flux Factor {Vo/(n.Xg) - m/h 273 442 508 7.22 4.20 288 283 2.24 3.92 3.98

Influent Flow (m3/h) for 1 SST 3827 12268 1204.8 2165.1 1027.3 410.8

% of 1DFT maximum Q, 60.25 63.00 66.00 60.50 63.75 61.75

Overflow Rate (m/h) 0.28 0.89 0.88 1.58 0.75 0.30

Recycle Flow (m:'/h) 540.7 844.1 548.0 853.7 550.4 8523

Underflow Rate (mvh) 0.385 0.615 0.400 0.622 0.401 0.621

Recycle Ratio 1.41 0.69 0.46 4.38 0.54 2.07

Applied Flux (kg SS¥{(m’.h) 3.97 4.68 345 4.18 3.03 4.79

% of 1DFT maximum flux 785 742 73.8 68.1 730 83.2

Actual Retendion Time (h} 38 1.7 20 1.2 2.2 2.8

Ouration of Run (min) 4000 4000 4000 4000 4000 4000

Duration of Run (# of Rha) 174 380 330 56.8 28.7 23.8

Sirn time Step (min) 25 25 25 25 25 25

Sim time Step (%Rha) 1.09 2.44 2.06 3.55 1.86 1.48

ESS (mgh) 64.8 549 63.6 50.1 50.9 521

Recycle Conc (mgh)* 9949 7510 8350 8685 7456 7670

Mass Balance (%)° §9.2 58.8 98.4 9g.9 99.8 987

Test Result (ESS>50mg/) Fail Fail Fail Fail Fall Fail

* Mean over the iast 2 Ry, values

Summary of the SettlerCAD simulation results for the SettlerCAD influent flow limit of Test 15 to 24 for

SettlerCAD Prediction of Actual SLR Tests

"PARAMETER STOWa# Test 15 | Test16 | Test17 | Test18 | TYest 18 ] Test 20 | Test 21 | Test 22 I Test23 | Test24
Oss Test # Test 1 Test 2 Test 3 Test 4 Test5 Test 8 Test7 Test 8 Test & Test 10

Flux Factor Vo/(n.Xg) ~ m/h 273 4.42 508 7.22 4.20 2.88 283 2.24 3.92 3.98

influent Flow (m3/h) for 1 SST 11254 1125.4 10158 10158 833.3 933.3 878.4 878.4 700.0 631.3

% of 1DFT maximum Q, 1772 57.8 55.6 284 879 71.1 1231 132 43.1 321

Overflow Rate (m/h) 0.82 0.82 Q.74 0.74 0.68 0.68 0.64 064 0.51 0.456

Recycle Flow (m:'/h) 540.7 B44.1 548.0 853.7 550.4 850.0 5458 852.3 841.7 858.3

Underflow Rate (m/h) 0.394 0615 0.400 0.622 0.401 0.618 0.397 0.621 0612 0.626

Recycle Ratio 0.480 0.750 0.541 0.841 0.580 0.910 0.6820 0.870 1.200 1.361

Applied Flux (kg SS)/(mz.h) 7.16 4.45 3.08 2.58 2.85 3.83 558 6.57 3.83 272

% of 1DFT maximum flux 141.7 70.6 65.9 422 €8.6 825 1131 114.0 62.5 527

Actual Retention Time (h) 21 18 23 1.9 2.4 2.0 25 2.0 2.3 24

Duration of Run (min) 4000 4000 4000 4000 4000 4000

Duration of Run (# of Rha) 314 37.1 285 35.2 278 326

Sim time Step {min) 25 25 25 25 25 25

Sim time Step (%Rha) 1.86 232 1.84 2.20 1.75 2.04

ESS (mg1)” 27681 53 28 08 7 2036.3

Recycle Conc (mgh)* 10629 8 8.3 7691 4159.4 71056 7926

Mass Balance (%)° 918 100 100 100 100 94.8

Test Result (ESS > 50 mgA) Fail Sale Safe Safe Safe Fail

Observed Result Fail Safe Safe Safe Safe Sate Fail Fanl Safe Sale

° Mean over the last 2 R,, values

Summary of the SettlerCAD simulation results for the actual Test 15 to 24 of the STOWa (Oss) results

Oss SummaryOss Summary
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Fig a to f: 1DFT D&O charts showing the SST operating positions and results (Safe, Fail)
of the SettlerCAD runs and actual tests


















































