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OPTIMIZATION OF WASTEWATER TREATMENT PLANTS:
DISSOLVED OXYGEN AND SUSPENDED SOLIDSMEASUREMENTS

R. N. Davis, Director of Sales, Royce Instrument Corporation, (USA)
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ABSTRACT

When wastewater plants were firgt congtructed in the early 1900's, the design criteria was make the effluent
look better. More recently, particularly in the last decade, stringent qudity standards are being applied to
plant effluent, whether by regulatory authorities or environmentaly concerned plant management. More
often than not now, limits on nitrates, ammonia, phosphates, suspended solids, etc are applied to outfalls.
The wastewater not only has to look good, it must dso be good. Thisin turn has caused operators to turn
their focus to the biologicd activity in a treetment plant, particularly in the aeration basin (in conventiond
plants) or the SBR (sequentia batch reactor). Two critical parameters in these tanks are Dissolved Oxygen
and Suspended Solids. This paper aims to discuss why these measurements are needed to ensure that the
process is optimised and how to gpply the sensors so they remain accurate and religble.

KEYWORDS
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activity, DO, TSS, SRT

1.0 INTRODUCTION

Dissolved oxygen sustains life underweter. In wastewater plants, it is essentiad the D.O. levd is
aufficient to support biologica activity. In layman's &rms, enough oxygen for the good bugs to
breakdown the waste. Higtoricdly, D.O. levels are maintained at a higher level then necessary. The
reason for this operating mode is due to the fact that while higher then optimum dissolved oxygen is
not good from a process or monetary standpoint, zero oxygen is catastrophic.

Suspended solids are the food supply for the biology within the aeration basin. The suspended solids
supply should be maintained at a farly stable levd tha dlows for the biologicd breakdown of the
solids.  The consequences of having suspended solids levels below the desired range is that the
biology will not have an adequate food supply for proper performance. If the suspended solids level
is above the desired range it can cause many problems not the least of which are bulking, high dudge
retention times (SRT), and poor nutrient removal.

The traditional way to regulate dissolved oxygen and suspended solids has been to ether use
portable meters to periodicaly check the vaues in the basin or to pull “grab samples’ and have them
andysed in alaboratory. In recent years there has been an increase in the amount of online dissolved
oxygen but it is very seldom used for automatic control. The use of continuous suspended solids
andysers are 4ill very rare. Even if there are online TSS andysers the normd use is only for
monitoring.

While the benefits of online monitoring and control of both dissolved oxygen and suspended solids
would seem obvious, the rdiability of the sensors has been the single largest obstacle to reaching this

god. Over the lagt ten years there have been quite a few advances in the technology used to take
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these important measurements, with the most significant being the ability of the sensors to resst
fouling.

20 DISSOLVED OXYGEN

The messurement of dissolved oxygen is the most common continuous, online anaytica
measurement made in a typica secondary wastewater treatment aeration basin. The use of the
Winkler Titration method for measuring the dissolved oxygen in the agration basins has decreased
markedly over the few years. One of the main reasons for this is that there are many interferences
that will affect the outcome of the titration when used on wastewater. All of these interferences must
be compensated for to get accurate dissolved oxygen results. This was a time consuming, exacting,
and to some degree a somewhat subjective process.

With the advent of portable dissolved oxygen meters that could be calibrated to a known standard
(ar) the monitoring of the aeration basin was made much smpler and quicker. While this was an
advantage over the titration method in regards to controlling an aeration basin, it was Hill limited by
how many times the measurement was taken. For example, an operator takes D.O. readings with a
portable a 1200 and 1600 every day and then uses these readings to manually set the blowers. As
long as the process conditions remain the same between those times the plant will run efficiently.

However, if the process conditions change during this period it is likely that the oxygen demand will

aso have changed causing the basin to perform at less then optimum levels.

While using the portable is better then using only a Winkler for D.O. reporting due to the fact that an
adjusment can be made right after the reading is taken instead of waiting for the lab result before
making any required adjustments. However the portable D.O. meter is till not the complete answer
in optimising the aeration basin. To redly optimise the oxygen system, and therefore maintain a stable
biology in the basin, is necessary to adjust the oxygen dedivery system based on the actua oxygen
demand. Because this demand is dmost dways changing it follows that the dissolved oxygen should
be monitored on a continuous bas's and the result of that continuous reading used to actively control
the oxygen ddlivery system.

Inthiseraof ever higher sandards for effluent water quality combined with the fact that everyoneis
expected to do more with less money, it is crucia that the treetment plant runs at pesk performance
al thetime. Some of the more common results of less the optimum dissolved oxygen levels are listed
below.

21  Consequencesof high D.O. level:

Excess dectricity consumption, sometimes amounting to tens of thousands of dollars per
year

Promotion of unwanted organisms, eg. filimatious biology and nocardia

Fin floc conditionsin secondary or find darifiers.

2.2  Conseguencesof low D.O. level

Insufficient biologica activity, worst case is destruction of bio mass.
Uncontrolled stressing of bugs, anaerobic zone instead of aerobic zone.

2.3  Dissolved Oxygen Sensors

There are two basic types of D.O. sensors used in wastewater plants - membrane and non
membrane. Membrane sensors respond to the migration of oxygen through a semi permegble
membrane, while non membrane sensors respond to the oxygen potentia between two e ectrodes.
By far, the mgority of sensors on the market are of the membrane type. The main reason for thisis
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that a oxygen permeable membrane isolates the measuring eectrodes from the solution being
measured. This is useful as the membrane dso isolates the measuring dectrodes from any
interferences present in the solution being measured. Some common examples of these interferences
include H2S, pH, and conductivity. Another mgor reason that most sensors are of the membrane
type is due to the fact that membrane sensors can be cdibrated in ar very essly. Thisis a mgor
plus for operations as no specia cdibration solutions are required.

There are two types of membrane sensors - polarographic and gavanic. Both types are based on the
Clark cdl principle. Polarographic sensors rely on a stimulating voltage from the parent analyzer to
work, while galvanic sensors will generate an output whenever oxygen is present

Membrane sensor manufacturers have addressed the fouling problems in recent years. Severd
manufacturers use a floating ball to hep dean the sensor by increasing horizonta fluid velocity at the
sensor. Thismethod is a best dubious due to the long retention time in basins and the fact the sensor
is measuring near the surface. In the last year, some manufacturers now have the sensor 500mm
below the ball so the measurement is not near the surface, but they forget to mention how the
velocity cleaning can Hill work.

Another sensor generates minute amounts of chlorine which has been extremey effective in
increasng the maintenance interva. The chlorine levd is not high enough to kill the bugs, but sufficient
to make the membrane surface (and the pores of the membrane) unéattractive to bugs. Also, many
manufacturers now use autometic air or water jets to clean membranes regularly.

Rdiability trids have been carried out a many plants around the world. In most cases, a sensor with
both dectrochemica (chlorine) and ar/water jet cleaning performed best, remaining accurate
without maintenance for 9-12 months. Interestingly, the plants had varying indudtrid loads, indicating
the chlorine was minimising biologica fouling while the jet was removing oils, greases and fats.

While Oxygen Reduction Potential (Redox or ORP) measurements have been around since early this
century, there has been a noticegble push for this measurement recently, particularly in anoxic zones
a biologica nitrogen remova (BNR) facilities. One reason for thisis the misconception D.O. sensors
cannot measure below 0.5 parts per million. There are a couple of gavanic sensors that are used to
messure below 5 parts per billion in power gations. It follows that if very low parts per billion
measurements are accurately made that galvanic type sensors will be able to the low levels of
dissolved oxygen in the anoxic zones of awasteweter trestment plant.

3.0 SUSPENDED SOLIDS

Suspended Solids measurements are criticd to wastewater plant operations. It is a fact that
continuous SS andysers would be more common than flowmeters if the sensors were reiable.
Before we consider the sensors, we need to understand the theory associated with the measurement.

The management of Sugpended Solids in wastewater plants is playing an ever increasing role in
optimising plant performance. Measurements are regularly taken to ensure the plant is balanced and
performing correctly. In a conventiond biologica plant, Mixed Liquor Suspended Solids (ML SS)
travel from the aeration basin viathe Mixed Liquor Channel to the secondary (find) darifier. Mogt of
the solids pumped from the secondary clarifier underflow are returned (Return Activated Sludge or
RAYS) to the aeration basin, and some of the solids are wasted (Waste Activated Sludge or WAS).

The most common method of determining the MLSS leves in the aeration basin is to take a “grab
sample’ for analyss a a laboratory. Thisis a problem in that it normaly takes between 2 and 24
hours to get the result from the lab. Knowing exactly how much to return, how much to waste and
knowing the Sudge Retention Time (SRT) or Sudge Age is impossible with lab tests due to the fact
that by the time the MLSS is analysed process conditions have amogt certainly changed. Mogt of
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the time a profile of the plant’s MLSS is built over time so that the operators know whet the average
vaue of the mixed liquor at a given time of day and can return or waste based on this historical data.

This does not account for changes in influent flow or solids loading that would be out of the
ordinary. An example of an unusud flow event could be a severe rangorm. An example of a
unplanned loading change could be food processor cleaning out the storage bins and sending the
runoff down the sewer.

3.1 Units of M easur ement

It is generally accepted that the term Suspended Solids is used in wastewater plants, while the term
Turbidity is more common in weter plants. Likewisg, it is generdly accepted that Suspended Solids
isahigher concentration measuremern.

The more common units are:

MGILT Milligrams per litre

PPM Parts per million

NTU Nepheometric Turbidity Unit
FTU Formazine Turbidity Unit
JTU Jackson Turbidity Unit

The only true andyss method is to take a known volume of sample, remove dl the liquid and weigh
the solids left, i.e. 1 litre of sample when evaporated leaves 10 milligrams of residue which is 10mg/l.
(In the wastewater indudtry, it is accepted that mg/l and ppm are identical.)

Formazine sandards (used for Turbidity cdibrations), are a hazardous materiad and inherently
unstable even over 24 hours making analyser cdibration very difficult and subjective. For example,
two anaysers can be cdlibrated at 40 NTU, then put into service. One may read 10 NTU, the other
5 NTU yet both are correct. Thankfully, mg/l is the sandard unit in wastewater and the
measurement is volumetricaly measured. This part of the paper will concentrate on Suspended
Solids measurements in wastewater applications.

3.2  Processvariablesin Suspended Solids measur ement

Paticlesze
Paticle waght
Particle colour
Dissolved solids
Liquid Colour

Practically spesking, colour (ether paticle or liquid) is the only varigble cgpable of causing
erroneous readings, especidly in the aeration basin and mixed liquor areas. Where plants have 100%
sewage inflow the problem is not that severe, but plants taking any percentage of indugtrial load can
expect colour change. There are sensors available with active colour compensation using a phased
array light system.

3.3 Sensor variables

Lens materid
Cleaning method
Method of calibration

As there is a good possibility the lenses will be scratched or marked a some point, care should be
taken to ensure the optical properties of the lenses is the same as water. Standard and optica grade
glass lenses have significantly different optica properties to water so a scratch will cause a change in

62™ Annual Water Industry Engineers and Operators Conference Page No. 115
Civic Centre — Wodonga, 8 and 9 September, 1999




the calibration, necessitating recdibration. Sensors usng mechanica cleaning systems such as wiper
blades or rotating scrubbers are prone to lens scraiching and mechanicd failure, necessitating very
expensive repairs. There are sensors on the market that use a water or air “jet wash” to clean the
optica surfaces. Thistype of cleaning system has been in use for over three years with good results.

34 Cadlibration

The main method of cdibration is interesting, in that it if more often misunderstood. Normaly, a
process sample is removed in a bucket, and some of the sample is analysed to ascertain the
concentration. The sensor is placed in the bucket and the analyzer calibrated accordingly.

Wheat are the problems associated with this type of calibration?

The most common SS measurement is mixed liquor or aeration basin solids. These are aerated
while the bucket sample is not. There is no possible way an optical sensor, or any other sensor
for that matter, can be accurate without being calibrated in the same aerated condition asthe
process.

A bucket sample will be hdd for many hours awaiting the lab result. The biology of the bucket
will change during this time due to the lack of aeration and the lack of flow. In other words, the
bucket has basically become a clarifier or settling vessd while awaiting the lab results.

A bucket sample requires agitation to keep the solids in suspension during the actud cdibration.
Thisisavery subjective criteriaat best. How much stirring is enough to keep dl the solidsin
the same Sate of sugpension asthe agration basin?

Another method of cdlibration is to mix a known concentration of formazine with water, ir this
mixture while the sensor is submerged, and then cdibrate the analyzer to the formazine solution. This
method gives a very repeatable cdibration, but due to the differences in particle Sze and colour has
very little actud relationship with process to be measured.

A third method of calibration alows the operator to cdibrate the sensor in place. This dlows the
operator to cdlibrate the sensor to the process without removing the sensor from the process. The
benefits of this method are that the sensor is cdibrated to the actua process, the sensor does not
need to be removed, and there is no requirement to mix or preserve a sample for cdibration.

40 CONCLUSION

As permits are becoming tighter and dollars are becoming scarcer it is important to optimise the
entire secondary wastewater trestment process. Since the agration basin is at the heart of the
secondary treatment processit isalogical place to look at for improvements in process performance
and dso for improvements in cost control. By monitoring and controlling the dissolved oxygen and
suspended solids in the agration basin it is possible to achieve both these gods.

When the dissolved oxygen is under control there are two mgor benefits. Firg, the biology of the
vess is baanced so that the “bugs’ are not stressed due to the lack of oxygen. This aso will limit
the harmful biology that can kecome a problem if the dissolved oxygen levels are too high. The
second benefit is that the aeration system will work only as hard as required, not more. This
normaly has the effect of reducing energy costs when compared to systems that operate “wide
open”, or without any type of dissolved oxygen control.

The control of the suspended solids within a trestment plant alows for many process enhancements.
With control it becomes possible to baance the biologica loading in the aeration basin. The RAS
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and the WASS can be controlled to achieve optimum dudge retention time (SRT).

One key dement to the success in accurady making continuous, online dissolved oxygen and
suspended solids measurements is the ability of the sensors to be sdlf-cleening.  This feature is of
growing importance as budgets are tightened.
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