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Group News & Announcements 

Oliver 

Arrangements for the festive season 
 
WIPAC will be taking a little bit of a breather over the festive season, the last question of the week will be next 
Monday 19th December with the last weekly update on Thursday 22nd December. I will leave an “Open Mic” 
question on Monday 26th December for general questions for people to post and answer as they see fit over 
the Festive Period. 
 
The first question of the week of the year will be posted on Tuesday 3rd January 2012. I will endeavour to  
produce a monthly update for January and will be starting an appeal for contributions in the New Year. 

 
 
 

Process Control Survey 
 
Over the past week’s I have been leaving comments about potential developments. I was approached by two 
of our members have been working hard to produce a survey in order to study the current situation within the 
water and wastewater utilities sector with respect to monitoring instrumentation. 
 
The information gathered from the survey is not for commercial use and is intended for research purposes 
only. I have taken the survey myself and wish to encourage all of those who would like to take part to do so. 
 
The study is being led by Michael Guberman of Whitewater security. Michael is profiled on page 12 of the 
monthly update in order for you to understand who he is and why he is undertaking this research. 
 
For those of you who want to take part the survey can be reached at the following link,  
 

http://kwiksurveys.com?u=watersurvey  
 
I will be asking Michael to update us on his progress in future monthly updates.  

WIPAC hits the 1000 member mark 
 

WIPAC passed the 1000 member mark on 14th December 2011, one day short of the seven month mark. I 
wished to take this opportunity to thank everyone who has joined the group, taken part in the discussions, 
and contributed to this monthly update. 
 
The strength of WIPAC is in its members and I hope the discussions, debates, questions and surveys (see 
below) continue for many months and years to come 
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When I produced the “special edition” last month I got amazing response from a number of our members and I thought at 
the time that this was something that I could produce on a quarterly basis at the most. When I appealed for articles for 
this month’s update I didn’t quite expect to get the response that I did that has enabled me to produce another bumper 
update for all our members. 
 
I suppose I shouldn’t have not have under-estimated the strength of the 1,000 members that WIPAC now number (as of 
yesterday. A big thank you to all of those who have joined the group and contribute (either actively passively) and an a 
special thank you to all of those who have contributed this (and last) month, especially John Cook, Robert Lagrange, 
Thomas Eriksson and René Leven. 
 
This month we have articles on Real Time Data Mining (John Cook) and case studies from the wastewater treatment 
plant at Bjergmarken in Denmark (Thomas Eriksson) and Colorado Springs in the United States of America (Robert 
Lagrange). The spotlight is a little different this month andis on Drehmo actuators and was provided by René Leven. 
 
This month also sees Michael Guberman of Whitewater security start a survey on Process Control, there is a short 
announcement on it below and I want to enocurage anyone who wants to take part to do so as it is only by gauging 
everyone’s needs that we can give process control and automation the boost that it needs within the water industry. 
 
Finally I want to wish everyone a wonderful Festive Season and a Happy New Year  whatever you might be doing this 
year.  

Welcome to the December Monthly update of Water Industry Process Automation & 
Control 

Group Count 

1,011 

Members 

+149 
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Group Questions 
Questions of the Week 

This month we have had for questions of the week that have considered broadly the same area, what do we want from Advanced Process Control 
and what will it take for advanced process control to become the normal mode of operation. This is a subject that is going to be studied by  UK Water 
Industry Research next year. The questions asked were: 
 
1. What will it take for the Water Industry to adopt Advanced Process Control as a normal tool of operation? 

2. What is more important the instrumentation, control & automation systems or the integration into our treatment processes and the 

data/information gathered from them? 

3. Considering the state of the Water Industry at the current time what level of process control is relevant to the water industry and how 

can it be delivered? 

4. Is the regulatory model a large "incentive" towards adopting Advanced Process Control? 

 

I think the answer to a lot of this is a step cultural change in the way  the water industry thinks and of course time. There is a journey for the water 
industry to take if it is going to accept that for some options it doesn’t need to necessarily pour concrete to get what it needs but potentially operate 
more efficiently with what it has got, up to a point. We have, in Europe at least, the carbon reduction commitment and ever decreasing discharge 
regulations. To do both then there will be a need for advanced process control. In order to do this there will need to be a realisation that advanced 
process control needs the data for it to be based upon. This naturally led to the second question this month which was more of a challenge than a 
question. 
 
The question that was asked was should we concentrate on less instrumentation and get better data or more instrumentation and suffer with the data 
rich information poor culture that is often seen within the industry. Two things were evident from this, in other industries where the drivers are more 
economical and sales of a product rely on its quality then instrumentation is used to full benefit, i.e. process control and also for asset management. 
The encouraging thread that came out of this particular question is that the water industry is starting to go down this path, but on a negative note has 
also tried it before. I have heard from other sources this month of functions that are available within the instruments and drives of the water and 
wastewater treatment plants that we have all either designed or run but the cost saving modes are not switched on! Is this to do with the way design, 
commission or operate our treatment works or just lack of knowledge of the assets that we have or is it the attitude that needs to change and 
efficiency across the industry (and not just in design) needs to come to the forefront 
 
The next question of the week asked the real question as to what level of process control do we want or need at our treatment works and given that 
the need is identified then how are we going to deliver it? My intention for this question was to challenge the industry into starting the journey towards 
advanced process control, starting at decent data & information gathering (both process and asset) and eventually leading to an advanced process 
control of both the operational process but the asset management as well. Little did I know that amongst our members there were a few who had  
already instigated advanced process control at their respective treatment works. Step in one of our members, Thomas Eriksson, who runs a treat-
ment works in Denmark with APC. The treatment works is profiled in this update along with an example from the USA (kindly provided by Robert  
Lagrange). In Thomas’ example from Denmark the driver was the operational cost, in particular, excise tax that is charged on the amount that is  
discharged. 
 
This naturally led to our last question of the week that may have been a bit politically charged for some in asking whether our regulatory model, i.e. 
whether on a concentration or load based discharge encourages the way in which a treatment plant is controlled. The answer is very much  
dependent upon what you have. In Denmark and in Thomas’ case then the answer is most assuredly, yes. APC was installed and significant cost 
savings achieved. In the USA where there is a thriving economy on pollution credits then my guess is again, yes, depending upon where your market 
is. This shows that regulation and economic efficiencies are large drivers in the need for Advanced Process Control. 

Other Questions within the group 

Questions or links posed within the group to the group as a whole.   

 

  Online Water Quality Monitoring Global Survey Results  -  Posted by Noah Morganstern 
 
With a link to a wordpress blog (http://waterqualityandsecurity.wordpress.com) this is the early results of the perceived value 
of on-line water quality monitoring conducted by the SWAN Forum (www.swan-forum.com ) 

 

 

Why Do We Fixate on Failure Instead of Celebrating Career Success?  - Posted by David Itohowo 
 
An interesting question that I think I only answered in such a fashion that we as engineers learn more from our failures and mistakes 
that from our successes. I argued that we do celebrate our successes (think of all the competitions out there) but only for a moment 
before we move onto the next project, its just the way we all are! 

 

 

 
 

 
How to establish an Early Flood Warning System?  - Posted by Dan Aven 
 
A link to a blog YSI Integrated Systems and Services and the five components of an Early Flood Warning System.  
The link is: http://info.ysisystems.com/blog/bid/102494/How-to-Establish-an-Early-Flood-Warning-System 

 

Wastewater reclamation authority sees energy savings by tying EAM to SCADA?  - Posted by Nastaran Edel 
 
A fascinating example of automation & control of a maintenance system being tied to SCADA in order to provide automation 
of maintenance tasks. The link to this fantastic  article is: 
http://www.plantservices.com/articles/2011/07-EAM-SCADA-energy-savings.html 
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Industry News 

The UK government Water White Paper “Water For Life”  was launched on 8th December 2011. The much anticipated White 
Paper is to be used as basis for legislation to be taken to parliament in the New Year and it sets out the direction that the UK 
water industry will be going in for the foreseeable future. 
 
The paper focuses on the future challenges facing the water sector, including maintaining water supplies for people, agricul-
ture and business, keeping bills affordable and how Government can reduce regulation. It also recognises the need to protect 
rivers, streams and lakes from pollution and unsustainable abstraction, and acknowledges the critical importance of water 
supply and sewerage infrastructure.  
 

The UK government recognises the need for business growth in a green and environmentally friendly & sustainable way but 
also recognises the need to cut carbon emissions and that water is essential for economic growth. It states the “green  
economy” needs a water industry energised, innovative and competitive. To this end the UK government announced that the 
challenge is not just to keep other industries and households supplied with water, while keeping out rivers, lakes and aquifiers 
healthy. It is also to innovate and develop espertise, for example in leak detection, water efficient technologies and treatment 
of water and wastewater; and to take advantage of the US$300 billion worldwide market in water products and services. The 
UK government went on to announce that it will be launching a £3.5 million innovation competition in water security run by the 
Technology Strategy Board in March 2012. 
 
My personal hope is that Process Control & Automation plays a strong part in this innovation competition. 

 
DEFRA Water White Paper released 

Web: 
 
http://www.official-
documents.gov.uk/
document/
cm82/8230/8230.asp 

News in Brief 
 
From the RSS Feed and online 
 
Noah Morganstern of the LinkedIn group, Water 
Security has announced this month the launch of 
the Water Security Blog.  
 
Noah has requested that both John Cook and I 
provide regular articles to the Water Security Blog 
to which we have both agreed. 
 
John has already started contributing and I will be 
starting in the New Year. Those interested can 
read Noah’s Blog at  
 
http://waterqualityandsecurity.wordpress.com/ 
 
 
ABB, the leading power and automation  
technology company have posted a video on 
edie.net to highlight some of the features that their 
customers regularly do not take advantage of. In 
this particular video the subject of flow calculation 
is discussed. 
 
“Flow calculation is a built in feature of ABB in-
dustiral drive modules. It is used to determine the 
flow rate within a process and can be used as part 
of a comprehensive flow metering regime. 
 
The feature can be used to detect leakage at a 
given point within your pipe network, helping to 
give a better overall picture of performance.”  
 
The video can be seen at: 
 
http:// l ive.edie.net/_ABB-ACQ810-Flow-
calculation/video/1664820/25995.html 
 
Other videos present on the site cover the subjects 
of  an anti-jam routine and multi-pump control sys-
tem provided by their ABB ACQ810 Product. 

Multisensor announces Framework agreement with 
Wessex Water and appoints distributors in USA & 
Canada 
 
In the beginning of December instrumentation firm, Multisensor published two press  
releases.  
 
The first of these announcements, on the 1st December, was the news that Multisensor  
Systems Ltd has been successful in their tender to supply Monitoring Equipment for Potable 
Water, Sewage and Sludge Treatment – Oil, to Wessex Water Services Ltd. 
 

The Framework Agreement covers supply and maintenance of the MS1100, VOC monitor, an 
oil in water monitoring instrument, based on advanced gas sensing techniques. The instrument 
is designed to measure VOC concentrations down to less than 10 ppb. 
 
Unlike other methods of detecting oil in water levels the Multisensor product does not require 
laboratory facilities nor does it employ any chemicals in its implementation. This reduces costs 
and time in monitoring VOCs at the input of water treatment works or at environmentally  
sensitive locations. 
 
In the second announcement, on the 5th December Multisensor Systems Ltd announced that it 
had signed distribution agreements covering Western Canada and the South West United 
States. 
 
WJF Instrumentation of Calgary will be handling all sales relating to Alberta, British Columbia, 
Manitoba, Saskatchewan, Yukon and Northwest Territories. WJF Instrumentation was founded 
in 1984 to serve the process control and analytical instrumentation needs of Western Canada. 
MISCOwater will support customers in California, Nevada, Arizona and New Mexico from local 
offices.  
 
Through its sales and engineering staff, MISCOwater represents industry leading companies 
providing process and equipment solutions to the municipal water, wastewater, and energy 
markets. 
 
Both MISCOwater and WJF bring vast knowledge of the needs of their local markets bringing 
value through their technical expertise and complementary line cards. 
 
Both distributors will be working with Multisensor in handling sales and technical support for the 
full range of Multisensor products, including the successful MS1100 VOC/Hydrocarbon monitor 
and the revolutionary MS2000 Total Trihalomethane monitor. 
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Technically Speaking   

 

Introduction 

Today’s plethora of real-time data has created new opportunities for understanding, monitoring, and   controlling dynamic processes with 
unprecedented clarity and precision. Data Mining is a new science that converts massive databases into valuable knowledge (Weiss and 
Indurkhya, 1997), and real-time data mining is its ultimate form. It uses special methods that capture complex behaviors, which evolve in 
time, including signal processing, statistics, machine learning, Chaos Theory, and multivariate visualization. The goal of data mining is to 
produce tools that help organizations control their destinies by: 

 

• Correcting and avoiding recurring problems  
• Optimizing processes 
• Forecasting the future for planning 

 

This white paper introduces real-time data mining’s most important concepts and methods. They have been tested and refined over many 
years on projects in domains such as manufacturing, natural systems, environmental regulation, and oil and gas production. 

 

Periodicity, Noise, Chaos, and Signal Decomposition 

Processes exhibit three types of behavior - periodic (a.k.a. sinusoidal, spectral, or cyclic), chaotic, and noise (a.k.a. random). A signal may 
exhibit a combination of behaviors that are “superimposed” upon each other. For example, the water level at the seashore exhibits 
“multiply-periodic” behaviors caused by the gravitational interactions of the earth, moon, and sun. It is also affected by chaotic and random 
influences, such as winds, storms, and passing ships. 

 

 

 

 

 

 

 

 

 

 

Figure 1: Signal decomposition reveals causes of estuary water level variability.  

 

A method called the Fast Fourier Transform (FFT) identifies the raw signal’s periodic components. The spectral signature of a tidally forced 
estuary’s water level shows “peaks” a ½, 1, and 2 times the 12.4-hour tidal cycle caused by the earth’s rotation and the 28-day lunar orbit. 
The raw signal is separated into high and low frequency (¦) components by high and low pass spectral filters. The midsize “humps” in the 
low ¦ components signal occur every 7 days and are caused by upstream hydroelectric generation. The remaining low ¦ components are 
predominantly chaos and noise. The high ¦ components are predominantly the ones identified in the spectral signature. 

 

Theoretically, periodic behavior repeats itself perfectly and is therefore perfectly predictable. It is the basis for precision timepieces based 
on vibrating crystals. Other examples of periodic behavior include diurnal (24-hour) and seasonal ambient temperature cycling, alternating 
current, and rotating machinery. Consider the effect that night and day, the workweek, and the seasons have on people’s consumption  
patterns of practically everything. 
 

Chaos Theory studies physical processes that are highly sensitive to small changes in boundary conditions. They can flip-flop between dif-
ferent behaviors with little apparent cause. The weather is a chaotic process that affects nearly everything, and many industrial processes 
are heavily influenced by it. Consider how ambient humidity, temperature, and barometric pressure affect chemical reactions, vacuum  
systems, thermo-mechanical processing equipment, and the processability of exposed raw materials. Chaotic processes are somewhat  
predictable and some special techniques have been developed for understanding and modeling them. 
 
 

 

Real-Time Data Mining for Process Modeling 
Edwin A. Roehl 
John B. Cook  

Advanced Data Mining Intl 
843.513.2130; john.cook@advdmi.com 

© 2011, Advanced Data Mining Intl, LLC 
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Noise is simply random behavior and is entirely unpredictable. However, apparently random behavior may also be a consequence of  
simply not having the information to make it predictable. If so, “unmeasured disturbance” (a.k.a. “lurking”) variables are at play, and  
identifying and measuring them would make the process more predictable. For example, coin tossing is a classic random process that 
might be made somewhat predictable if complete information were known about the coin’s initial position, the forces related to the flipping, 
and the physical properties of the coin, the air, and the floor. 
 
Figure 1 illustrates “signal decomposition”, which uses “filters” to break signals down into “components” that manifest a signal’s different 
behaviors. Periodic components are separated by “spectral filters”, leaving the chaotic and random components behinds. Chaotic compo-
nents are removed with more difficulty using “state space reconstruction” and empirical models. Removing all of the predictable compo-
nents leaves behind the noise. Signal decomposition provides a quantitative accounting of the predictable and unpredictable, which is very 
useful to know. 

 

States, Vectors, Points, and Space 

Typically, a variable like x(t) is measured at constant time intervals, e.g., once per minute, for  trending. Trending allows people to observe 
how x(t) changes over time. A value of x can be forecast at a future time by “prescribing” or 
“synthesizing” a function(1) to fit recent  
measurements and extrapolating forward. A problem with this “univariate” modeling approach is 
that it accommodates only one variable at a time, making it insufficient for reproducing the be-
haviors of “multivariate” processes. 
 

Like trending, Chaos Theory uses multiple measurements to characterize the behavior of a 
process. Some useful concepts from Chaos Theory are: 

 

• Chaotic processes transit from one unique “state” to another in time.  This is unlike periodic 
processes, whichs revisit the same states with regularity. 

• Figure 2 shows that a state is characterized by a collection of measurements called a “state 
vector”. The vector’s “elements” can represent one or more variables, such that the vector is 
either univariate or multivariate. Multiple measurements from the same signal can be as-
signed to elements to represent inertial effects.  

• Figure 3 shows that each vector element represents a different dimension in a “state space”. 
A vector having n elements is said to be “n-dimensional” and lies in an n-dimensional state 
space (a.k.a n-space). The coordinates given by the element values of a vector represents a 
“point” in n-space.  

• Figure 4 shows that as a process changes in time, it leaves a “track” of points in n-space, rep-
resenting a “state history”. A process’ recent state history can be used to forecast near-term 
future states by curve fitting an n-dimensional function. Figure 5 compares trending of a water 
treatment process with a track of the same data. Note how much easier it is to  

 observe process excursions in 4D. 
• A new process state is derived largely, but not entirely, from previous states. “Unknown  
 disturbance variables” influence state transitions, so that process behavior can never be  
 completely characterized or predictable. 
 

Figure 2: n-dimensional, multivariate  state 

vector. 

 

Figure 3: Data points having coordi-

nates given by state vectors in an n-

dimensional space. Densely populated 

regions of state space are  more com-

pletely characterized. 

 

The shape of a prescribed function is pre-specified, and fitting it only requires determining values for the set of coefficients that customize the function to the data be-
ing fitted. Examples are lines and planes, and any type of deterministic (a.k.a. “physics-based”) model. Benefits of prescribed functions include rigorous mathematical 

foundations, and ease of application and interpretation. Their downside is poor accuracy when the prescribed shape does not match the form of the data. A syn-
thesized function automatically conforms to the data being fitted. Examples are polynomials, artificial neural networks, and multivariate adaptive regression 
splines. The primary benefit of prescribed functions is that they can be very accurate when properly applied. Their downside is that they tend to overfit sparse 
data that does not fully characterize the modeled process’ range of behaviors  

1 

Figure 4: Tracking of process states over time. 
A track plotted in 3-dimensions (x1,x2,x3) is said to 
be 4-dimensional because time adds an extra di-
mension. Upper and lower control limits are shown 
for each dimension. Future states can be predicted 
by curve fitting recent past measurements. Figure 5: Multivariate trending and 4-dimensional 

tracking for a water treatment process.  
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State Space Reconstruction (SSR) 

SSR is the means by which complex, constantly changing processes can be represented in straightforward geometric terms for visualiza-
tion and modeling. SSR is like super trending. It suggests that a process’ state space can be optimally but not perfectly characterized by 
state vectors Y(t). The vectors are constructed using an optimal number of measurements, equal to “local dimension” dL (Abarbanel,1996), 
that are spaced optimally apart in time by integer multiples of an optimal time delay τd

3
. Mathematically: 

 

              eq. 1 

 

Note that here Y(t) is univariate. Values of dL and τd are estimated analytically or experimentally from the data. For a multivariate process 
of k independent variables: 

          eq. 2 

 

Which provides each variable with its own n and td. A further generalization that provides non-fixed time delay spacing for each variable: 

   

    eq. 3 

 

Determining the best variables xk to use, and properly estimating dimensions dLk and time delays tdk by analytical or experimental means, 
helps to insure that a given process can be successfully reconstructed. 

 

Empirical Modeling 

SSR offers a useful way to think about and visualize variables and data, however, to answer complex questions such as, “Which variables 
most affect the process?”, or “What will happen if I do this instead of that?”, one needs a virtual process, a.k.a. a model, to poke and probe 
for answers. Modeling is the construction of a mathematical function that “maps” a set of input variables into a set of output variables. From 
a vector of input measurements the model will calculate a set of output predictions. 

SSR transforms complex time series data into a straightforward geometric representation that is amenable to being modeled. Like fitting 
2D data with a line, data in three dimensions can be fitted with a surface. Data in four or more dimensions can be fitted with a “hyper-
surface”. The surface can be linear (a plane or “hyper-plane”) or non-linear (curved). Constructing a model is an iterative process involving 
multiple steps. 

 

• Raw signals are cleaned up to remove unreliable measurements. This requires knowledge of the process and data collections sys-
tems, which can be acquired using various “knowledge engineering” approaches (Winston, 1976). 

• Complex signals are “decomposed” into their major components. A signal’s behavior can have multiple influences (a.k.a. “forcing 
functions”), which manifest themselves in a signal as different behaviors. “Signal decomposition” converts a signal with multiple be-
haviors into multiple, simpler components, which are also signals, that can be ascribed to identifiable influences.  

• Modeling is the inverse of signal decomposition. While signal decomposition breaks down complex signals into simpler components, 
modeling synthesizes a new signal, a prediction of an output variable, from multiple input signals. Because output signals themselves 
have multiple components, they are seldom modeled with a single empirical function. Instead, a “sub-model” is used to model each 
output component using the most appropriate input signal components. In most cases, a sub-model will have only a single output. As 
shown in Figure 6, the outputs of sub-models are combined into “super-models” to synthesize an overall prediction of the original out-
put variable. This systematic “divide-and-conquer” approach reveals the intricacies of a process, and enforces rigor to insure that the 
super-model is as accurate and representative of the actual process as possible. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   Figure 6: Super-model comprised of two sub-models.  

 

2 In Chaos Theory, dL and td are called “dynamical invariants”, and are analogous to the amplitude, frequency, and phase angle of periodic time series. 

3 The terms “phase” and “state” are used interchangeably in the literature of Chaos Theory. 
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The plotted gray lines in the graphs are measurements and the red and green are predictions. First, the Low ¦ sub-model predicts low ¦ 
components yLow¦(t) of the output variable y(t) from the low ¦ components of the input variables xLow¦(t,tp,td). This prediction, yp

Low¦(t), is then 
input to the Hi ¦ sub-model, which combines it with the high ¦ components xHi¦(t,tp,td) to compute a prediction yp(t) of y(t). 

   

• Input signals having properties, e.g., ¦, dL, and td, similar to those of output variables of interest provide a starting point for evaluating 
prospective model inputs. In addition, “cross correlation matrices” can be constructed that systematically correlate prospective inputs 
and outputs using single-input-single-output (siso) correlation functions, such as linear ordinary least squares (OLS) or non-linear arti-
ficial neural networks (ANN). Highly correlated input variables are also added to the likely list of inputs. The matrices also identify 
highly correlated input variables. 

• Candidate input variables are checked for relative independence and decorrelated if necessary before being used in models. 

• Prototype models are created to evaluate different combinations of input variables, dimensions, and time delays. Input variables are 
decorrelated as necessary. Commonly used empirical, multivariate modeling methods include OLS and ANNs. The performance of 
each prototype can be evaluated statistically and by visualizing its response surface. It is very common to redo these steps and those 
involved in SSR many times before arriving at a final super-model.  

The mathematical formulations for models are derived from those for state vectors (Roehl et al, 2000). For a univariate process, predicting 
x(t) from prior measurements, a.k.a. forecasting: 

 
        eq. 4 

 
Where tp is the time delay of the most recent available measurement, and F is an empirical function. To predict y(t) from k independent in-
put variables: 

 
 

          eq. 5 
 
Here state space local dimension dL is replaced with a model input variable dimension dM, which is determined experimentally. dM £ dL, and 
tends to decrease with increasing k.  For each variable, τpi is either: 

 
• Constrained to the time delay at which an input variable becomes uncorrelated to all other inputs, but can still provide useful informa-

tion about y(t). 
• Constrained to the time delay of the most recent available measurement of xi  
• The time delay at which an input variable [xi(t - τpi), xi(t - τpi - τdi),…, xi(t - τpi – (dMi – 1)τdi)] is most highly correlated to y(t) 

 

A further generalization that predicts y(t) using non-fixed time delay spacing for each variable: 

   
   eq. 6 

  
 
As with SSR, determining the best variables xi, dimensions dLi or dMi, and time delays τdi insures that a given process can be properly  
modeled. 
 

Machine Learning and Artificial Neural Networks 

 
The modeling equations describe how state vectors should be constructed to represent 
complex, dynamic behaviors of input variables, but do not specify the algorithm for actually 
fitting the vectors to the output variable data. “Machine learning” from the field of Artificial 
Intelligence (AI) offers an effective method for synthesizing functions to fit complex, non-
linear data called an “artificial neural network” (ANN) [(Rosenblatt, 1958), (Rumelhart et al, 
1986)]. In comparison, OLS only fits straight lines, planes, or hyper-planes whether the 
process is linear or not. The down side of ANNs is that they are highly prone to overfitting, 
which leads to invalid mappings between input and output variables. Care and experience 
circumvents this problem. Another machine learning method having capabilities similar to 
ANNs are “multivariate adaptive regression splines” (MARS) (Friedman, 1991). 
 

Figure 7 shows data points from a water treatment process plotted in three dimensions. A 
“response surface” has been fitted by an ANN and visualized to reveal the functional form 
of the relationships among the input and output variables (Roehl et al, 2003). The surface is 
obviously non-linear and matches the process data quite well, though imperfectly. Recog-
nize that the data itself is imperfect (noisy); the model incorporates other process variables 
that are “unshown” in the visualization; and unknown disturbance variables are at play. 
ANNs have been used extensively in industrial (Jensen, 1994) and environmental applica-
tions (Devine and Roehl, 2003). 

Figure 7: Process data plotted with an ANN re-

sponse surface. 
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Decorrelating Input Variables 

Consider that empirical modeling methods have no notion of process physics, nor the nature of interrelationships between input variables. 
Variables that are correlated to one another are said to share “mutual information”. There is also an implied order of dependency between 
correlated variables. Given two correlated input variables x1 and x2, either one inherits information from the other or they both inherit it 
from elsewhere. In any event, without explicitly defining which of the two inputs is to provide the mutual information, the mapping of the 
mutual information to an output variable will be uncontrolled and arbitrary. The solution to this problem is to decorrelate x1 and x2. If the 
dependency cannot be ascertained, it must simply be declared so that at least the model behavior will be predictable. Figure 8 shows how 
x1, which is assumed to be partially dependent on x2, can be decorrelated from x2. Figure 9 shows how to decorrelate multiple input vari-
ables using a procedure that is comparable to step-wise linear regression. It is important to note that applying any regression technique 
without understanding of the process is likely to lead to poor results. 

 

 

 

 

 

 

Evaluating Empirically Derived Models 

 

A widely held view is that non-linear empirical models, i.e., ANNs, are “black boxes” whose input-output mappings are difficult to interpret 
(Lindsay et al, 2002). Linear OLS models are easy to interpret because their regression coefficients describe the sensitivity of the output 
variable to each input variable under all input conditions. The downside of OLS is that it performs poorly on non-linear processes, which 
are ubiquitous. 

The sensitivity si (a.k.a. “the gain”) of an output variable to an input variable describes how much the output changes for given change in 
the input. It is also the slope of the surface evaluated at a specified location. For predicted output yp(t) = F(xi), si relative to any input is the 
partial derivative of F with respect to xi: 

        eq.8 

 

With values for inputs xj ¹ xi being specified. For a linear F:               
                
                eq.9 

 

 

 

Figure 8: Decorrelation of x1 from x2. Inspection of the raw data indicates x1 
and x2 are significantly correlated. At upper right, x1 is plotted against x2 and then 
fitted with a linear function of x2. x1p is the prediction of the  function. At lower left 
x1 and x1p are plotted together for inspection.  At lower right, the decorrelated x1, 
x1dc, is calculated by subtracting the prediction x1p from the measured x1. At this 
point x1dc and x2 are linearly decorrelated for use in an empirical, multivariate 
model. A non-linear version of this method can be implemented by substituting a 
siso ANN for the linear function. 

 

Figure 9: Decorrelation of five input variables. The decorrelation sequence 
follows the relative independence of the inputs. Starting at the top, the most 
independent dependent variable x2 is decorrelated from the most independent 
variable x1 using a sub-model F1. The decorrelated x2, x2dc, is input along with 
x1 into sub-model F2 to decorrleate x3, and so on until x4 and x5 are also 
decorrelated. The result will be independent x1, x2dc, x3dc, x4dc, and x5dc. These 
can then be input into another sub-model to predict the output variable y.  
Collectively, the decorrelation and output prediction sub-models, with 
programming to integrate them, comprise a super-model of the process.  

Figure 11: ANN response surface with unshown inputs at dif-

ferent settings. The shape of the surface and the y coordinate of 

the dot changes when unshown variables are modulated. 

Figure 10: Evaluating input-output sensitivities of a 

non-linear, multivariate function. Dots and heavy grid-

lines have been added to Figure 7. 
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As shown in Figure 10 for non-linear F, si is highly dependent on the coordinates where Equation 8 is evaluated. Observe that the slope 
changes along every gridline and its sign can change between positive and negative. Also, the shape of the surface will change as un-
shown variables are modulated. This effect is further demonstrated in Figure 11. 

It is apparent that many of the points described in this paper have been made easier to understand by visualizing response surfaces. 
While this technique can be used for any type of model, it really excels at explaining the behaviors of non-linear empirical models, such as 
ANNs, which are synthesized from behaviorally complex data. So much for black boxes! Visualizing response surfaces responding to un-
shown variable modulation provides a form of higher dimensional visualization; however, a remaining research issue is how to really visu-
alize response surfaces in more than three dimensions? To ameliorate this problem, the software described in Figure 12 simultaneously 
visualizes different combinations of a model’s variables in multiple windows. All windows respond simultaneously to input variable modu-
lation from the common controls.  

 
 
Figure 12: Multidimensional response surface visualization. The state history is shown as red dots connected by a blue track.  
Current model output appears as a square on the response surfaces. The user selects variables and model inputs to be displayed using 
the Control Panel at bottom. Green and red horizontal axes denote model inputs and the vertical axis denotes an output. The model 
shown here predicts the dissolved oxygen concentration in Lake Okeechobee, Florida. The response surfaces change shape when inputs 
are modulated in the Control Panel. Also note VCR-style simulation controls at bottom for time-stepping through database records and  
running simulations. 
 

Statistical Metrics of Model Accuracy 

 

Statistical metrics that are useful for quantifying the relationships between variables are described here. They use the idea that variable 
relationships must be first defined by mathematical models, a.k.a. correlation functions, and then the models themselves are evaluated for 
how well they reproduce the behaviors seen in actual measurements. However, one must always remember that the data used to con-
struct empirical models, is always imperfect and incomplete. This means that the models and their evaluations are also always imperfect. 
Another truth is that because correlations can only be made between non-noise components of signals, in some instances a model can 
be significantly more accurate than the data it is created from. This is very common when models are developed from manually collected 
data rather than on-line instruments. One should always be wary of taking statistical measures of model accuracy too literally. 

 

Model error can be quantified by using the statistical metrics. All models map input variables to output variables, and evaluating model 
accuracy involves comparing model predictions of time series yp(t) to actual field measurements ym(t). Statistical error ε(t) is defined as: 

 

                eq. 10 

 

The root mean squared error (RMSE) provides an estimated average ε(t). It has the same units as the predicted variable, and is given by: 

                  

  eq.11 

 

 

where n is the number of measurements. The coefficient of determination R2 is a dimensionless quantity that gives an estimate of the  

degree to which variability in ym(t) is correlated to variability in yp(t). Here yp(t) just happens to be the model’s prediction, but this concept 
applies to any correlation drawn between any two variables. R2 ranges between 0 and 1.0.  
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An R2 = 0.5 indicates that half, or 50%, of the variability in ym(t) is predicted. R
2 is given by: 

      eq. 12 

 

R2 is commonly interpreted as the “goodness of the fit” of a model. A second interpretation is one of answering the question, “How much 
information does one variable or a group of variables have about the behavior of another variable?” In the first context, an R2 = 0.5 might 
be a disappointment, while in the latter it is merely an accounting of how much information is contained in the variables and data in hand. 
This latter conclusion is of value because it tells you what is necessary to obtain a better model 

 

Conclusions 

 

A few remarkable things about the real-time data mining approaches described in this paper: 

 

•  For nearly a decade, they have been thoroughly tested on many projects with large data sets that characterize complex, dynamic 
 processes over long periods of time. The types of processes addressed include industrial, environmental, natural systems, and those 
 driven by choices made by people. 

•  They can make complexity understandable, and solve problems that are unsolvable by any other means – sometimes rather quickly. 

•  The solutions they provide are inherently adaptive and easily updated when new data becomes available. This includes automatically 
 adaptive on-line model-based applications. 

•  Predictive models are compact and execute without iteration. They are easily deployed to end in spreadsheets or practically any 
 other type of off or on-line computer program.  
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WwTW Bjergmarken: A case study for Advanced Process Control 

 
 

 

Figure 1: Overhead view of WwTW Bjerkmarken, Roskilde,  

 

Figure 2: Schematic view of WwTW Bjerkmarken 

The wastewater treatment plant at Bjergmarken in Denmark is a prime example of 
where the installation of Advanced Process Control of the wastewater process has 
brought significant savings over normal process control.  
 
The treatment works at Bjergmarken in Denmark is designed to treat the wastewater for 
a capacity of 125,000 population equivalents with a biological load of 95,000 P.E. (80% 
Domestic, 20% Industrial) .  
 
The inlet loads and consented concentrations are shown in table 1 
 
Table 1: Inlet Loads and consented parameters 
 
 

 
 
 
 

The effluent consent of 10mg/L BOD, 30mg/L Suspended Solids, 5mg/L Total Nitrogen 
and 1.2mg/LP. The treatment works consists of the following treatment processes (see 
figure 2) 
 
• 2 No. Primary Clarifiers (bypassed due to odour complaints) 
• 3 No. Alternating Double Oxidation Ditches  
• 9 No. Rectangular Final Settlement Tanks (serving two of the double oxidation 

ditches) 
• 1No. Circular Final Settlement Tank (serving the other double oxidation ditch) 
• Ferric & Aluminium Chloride for Phosphorus removal 
 
Flows coming into the wastewater treatment works are lifted via traditional screw pumps 
lifting the incoming wastewater from the wet well to automatic step screens and a  
combined aerated sand, grit and FOG trap.  
 
The secondary treatment consist of 3 separate lines each with two alternating nitrifica-
tion-denitrification tanks. Two of the lines are connected to 9 parallel clairifiers and the 
third line is connected to one circular clarifier.  
 
Each Alternating Double Oxidation Ditch is equipped with on-line sensors measuring 
concentrations of O2, NH4, NO3, PO4

 and SS (Only in one tank). Water temperature and 
water level is also monitored in each tank. 
 
Aeration is done with surface rotorbrush aerators. 
 
The water level sensors are used to keep an optimum depth of the submerged part of 
the rotorbrushes. By doing this we maintain an optimum relation between a low power 
input and the highest aeration capacity.  
 
The two return sludge (RAS) lines are equipped with on-line sensor to monitor both flow 
and sludge concentrations. 
 
Each of the effluent lines is equipped with a turbidity sensor to monitor the level of sus-
pended solids in the effluent. In case of a washout from the clarifiers the SCADA system 
triggers an alarm and the operators do what is needed to regain control. 
 
Data of oxygen, ammonium, nitrate, phosphate, sludge concentrations and sludge flows 
are sent, by the SCADA system, to the advanced process control software.  
 
The APC monitor and calculates the required  oxygen concentration for nitrification de-
pending on preset process parameters, set by the operator, NH4 concentration and in-
flow. 
  
During the denitrification proces it monitor the NO3 levels and regulates the N-phase. It 
also monitors regulates sludge concentration in the process tanks by regulating the re-
turn sludge flow compared to the inlet flow.  
 

 

Figure 3: Analysers in the aeration ditch 

Figure 4: An aeration ditch at WwTP Bjergmarken 

Parameter Average Influent  Consent 

Flow 19,043 m3/day  

Biochemical Oxygen  
Demand 

320 10 mg/L 

Suspended Solids 361 30 mg/L 

Total Nitrogen 50 5 mg/L 

Total Phosphorus 8.3 1.2 mg/L 
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Figure 5:Graph showing NH3,NO3, O2, O2 (setpoint) 

The APC regulates the processes by continuously calculating setpoints and sending orders to the SCADA system to activate pumps, aera-
tors, weirs etc. In case of sensor failures the APC has 3 levels of fall back control each with a certain level of process  
control. In case of a major sensor fall out the APC lets the SCADA system control the N and DN process on a time basis. Figure 5 shows 
the success of the control system  during a 24 hour period with the DO closely following the setpoint and the setpoint increasing in relation 
to increasing nutrient levels 
 
After the on-line sensors  were installed and the APC the effluent concentrations is app. 30 - 40 % of the concentrations levels dictated by 
the permit. And the power consumption, in relation to the treated volume of water (kwh/m3), is reduced  by approximately. 20%.  
 
The APC can be expanded with modules that optimizes biological P-removal and a more precise control of the return sludge and sludge 
concentration in the process tanks. These modules aren’t yet installed. But even so we have reduced the consumption of iron and  
aluminium salt for phosphorous precipitation and has increased the biological P removal.  
 
The installation of an advanced process control system at Bejergmarken shows the success that installing an advanced process control 
system can deliver in terms of reducing operational expenditure, consumption and of course importantly nowadays the carbon footpring and 
environmental impact of the wastewater treatment process 
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Executive Summary 
 
The modern instrument is a very powerful tool whether it is looking at the quality parameters that a treatment plant is producing or it is 
measuring the state of a drive or the level in a channel. For the sake of this paper I am going to call them all the same. When integrated 
together they measure how the treatment plants operate whether they are producing drinking water or treating wastewater. They monitor 
24 hours a day, seven days a week and hopefully, if installed and operating correctly give the operator and the wider business a view on 
how a system is operating. 
 
However if operating correctly and if they are integrated into the system, the modern digital instrument can give so much more but this po-
tential is never realised. This paper will look at the potential uses for the modern instrument and look at how it can be used and what resis-
tance to realise that potential is. It will cover the traditional “battle” between the visions, wants and needs of the operator –v- engineer rela-
tionship and go further touching on how the views from the operational level affect the corporate level and also touch upon the future need 
for the potential of instrumentation to be realised. 
 

Introduction  
 
The modern digital instrument in the water and wastewater treatment plants of the world is a very powerful tool that has, in general, not 
fully realised its potential, whether it be the quality instrument that is put on the outfall of a treatment works measuring the quality of the po-
table water treated or the wastewater discharged to river or it is the pressure sensor or the backwash to a sand filter or on the aeration 
pipework of an activated sludge plant. For the sake of this paper an instrument can be defined as: 
 
Instrument: A device that measures the performance or state of a treatment process. 
 
The instruments that we install on the treatment process that we construct are typically controlled on-site by programmable logic control-
lers (PLCs) and monitored by Supervisory Control and Data Acquisition (SCADA) systems.  It is in the integration of these systems that is 
vitally important in how a treatment works is programmed to run and how the data is collected to allow for the collection of the correct data 
and information for an operator, engineer or company to run a treatment works. 
 
Within the potable water treatment works this is typically performed relatively well because of the importance of the product, namely drink-
ing water, that is produced. Any error in operation can have grave consequences. Wastewater treatment, in general, seems not to be as 
important and thus the opportunities for optimisation is all the greater. 
 
However, there seems to be a barrier or barriers to this approach insofar as there is a resistance to the use of instrumentation to its full po-
tential within the water companies. Samples are still taken manually on a daily basis. This sampling burden turns the operators of the aver-
age treatment works into sampling and analysis technicians, which although is a noble profession in itself belays the point of a treatment 
plant operator.  
 
The next question is simply, why? 
 
This paper shall attempt to highlight the reasons to the resistance to the most basic functions that an instrument is designed to do and 
highlight the potential for instrumentation in the future.  
 
Most of what I am going to cover is already done and the power of LinkedIn and professional networking sites has highlighted the pioneers 
in the industry who have implemented uses for instrumentation in isolated pockets but these good practises are only now starting to be 
given the coverage that they so rightly deserve. 
 

The potential for instrumentation  
 
So, what is the potential for instrumentation if properly integrated into a treatment process. This is of course dependent largely on the treat-
ment process that you have, the instrumentation that you have installed and then how it is integrated. The data that you produce is of 
course largely dependent upon what you collect from your instrumentation and how that data is analysed and turned into useful informa-
tion. 
 
Taking a bottom up approach into the analysis of instrumentation and process control the first and most basic use of instrumentation is the 
capture of data from the treatment process. 
 
The data capture function includes the most basic information that an instrument is designed to capture. In the instance of a quality or 
controlling instrument this can vary from level, pressure, flow, or a quality parameter going into or within or going out of a treatment proc-
ess. The instrumentation sometimes used for data only and sometimes used for control of a process. This leads to the second primary 
function of an instrument i.e, as a controlling device 
 
Instrumentation as a controlling device occurs in most modern treatment works where the instrument will give a PLC a figure and the 
PLC will use this figure in a control function. An example of this in a wastewater treatment works would be a sludge blanket level device to 
lower an actuated bellmouth in a final settlement tank to lower the blanket if a high level is reached. 

WIPAC Group Paper No.2 
The resistance to instrumentation: A look at why there is resistance to use modern  
instrumentation to its full benefit 
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This level of instrumentation and process control is commonly implemented  across most modern treatment plants although it has to be 
said that there is some disparity between the data that is collected, perhaps trended on SCADA or RTS and the data that is turned into 
useful process information to enable a true picture of how a wastewater treatment works is operating.  
 
An example of this is how many wastewater treatment plant SCADA systems calculate the sludge age and display this on average basis, a 
relatively simple calculation that allows control of the wastewater biomass that tends not to be used for process based control as an auto-
mated control function.. 
 
This is simple use of instrumentation and data capture to provide an informed decision of how the treatment works is operating and should 
be used as a minimum. This however is rarely efficiently done and this is the first resistance to the use of instrumentation for process con-
trol and operation but this step forms the first step of process and advanced process control and can be defined as the informed decision 
step of process based control and gives the data on which to base any advanced process control. 
 
Once this first step is complete then there is the potential to move onto more advanced process control steps. This paper will propose 
three broad areas of process based control, namely: 

• Advanced Process Control of treatment processes based on process modelling 

• Use of ancillary operational data from instrumentation for condition based monitoring and asset management 

• Use of instrumentation and flow monitoring for load based consenting depending upon environmental conditions 

 
The first broad area is well known and there are many practioners waiting in the wings for the water companies to be able to implement a 
system in place. The industry itself is in its infancy with process based control but there are systems that are in place at working. Hach 
Lange have a system that analyses ammonia control throughout the ASP process and will vary aeration on the concentration measured 
throughout the secondary treatment process to minimise the amount of aeration used. This is direct instrumentation based control and has 
yielded successes in a number of treatment works. The alternatives work on process based models and virtual sensors looking at several 
different elements at once. There are several papers that practioners have done and some are included in the monthly updates from this 
group. I cannot do them justice in this short paper so will not attempt to do so. 
 
The second broad area, is largely undiscovered in the water industry although I am sure that some companies have investigated it. The 
practise seems to be standard in other industries and it includes using the data from drives to analyse the availability of elements within the 
process to provide % availability, run hours and mechanical/electrical information fed into an asset management database to provide pro-
active maintenance tasks. The disadvantage of this task is a full knowledge of all the assets is required and these need to connect to either 
RTS or the SCADA system. This will of course not be the case for all assets, nor is it appropriate, but where it can’t be implemented or isn’t 
appropriate a more holistic site base can be taken. An example of this is a drive on a biological filter asset. If the drive is mechanical the 
run hours or the number of rotations can be calculated (from the rotation sensor) and on this basis used as a crude estimation of the main-
tenance period. This use of instrumentation (the rotation sensor) can be used on a learning basis with feedback from maintenance engi-
neers.  
 
The third broad area is applicable to wastewater only and is  very much dependent upon where you are in the world. If in the UK where 
consents are very much based upon concentration it has not been widely used. In some areas of Europe where the discharge system is 
very much on load basis and the driver is to stay within a dischargeable load or suffer additional costs per unit of load discharged. It is 
starting to be investigated in the UK with river based monitoring, the ideal factor of course would be to have this in real time with lower dis-
charge loads in dry and cold weather conditions and higher discharge loads in warm and wet conditions. 
 
This provides a brief summary of what some elements of process based control can provide, it is certainly not all encompassing but the 
basis for all of this is the collection of the data and information that instrumentation on the treatment works provides however attempts 
have been made in the past to implement even the basic process based controls and have either failed or not been attempted. In short 
there is a resistance to use instrumentation to its full potential. 
 

The Operator/Engineer resistance 
 
Fundamentally the resistance to the use of instrumentation relies at the operator level, it is at this level that an instrumentation or control 
system will be made or broken as with all things be they mechanical, electrical or civil it needs maintenance to some extend and without it 
a system is doomed to fail. So what are the barriers within the operator and engineering levels of the water utilities that prevent the uptake 
of the full potential to instrumentation? In short, numerous but here is a brief list: 
 

•  The threat of instrumentation and process control, either to people’s jobs or to their operating budgets. 

•  Training and the visibility of the benefits of instrumentation and automation 

•  Instrument reliability leading to the well used phrase of “ we tried that a few years ago…..it didn’t work (and I told “them” it  
  wouldn’t) 

•  Nuisance alarms 

•  Communication and buy-in/ownership 

•  The operator/engineer relationship. 

 



If you are not a current member of Water Industry Process Automation & Control then please feel free to come and join 
the group on LinkedIn. The group regularly discusses issues around Water Industry Process Automation and Control and 
is open to everyone to join. You can get to the group clicking here 
 

Page 15 

All of these different areas are of course interlinked and it all comes down to the operator to run a system that is installed. In order to  
understand this it is necessary to analyse the life cycle of a process system. 
 
Let us in our analysis start at the beginning and look at the operators/engineer relationship and lets look at how a treatment works or an 
adaptation to a treatment works starts off  namely with the need being identified. 
 
The need for a new or a refurbished is demand based either legislatively or by operational shortfalls, i.e. the problem is usually raised by 
operational staff. The scheme moves forward into design, construction, commissioning and eventually is handed back to operations to op-
erate. The tendency is that from the need being identified to the eventual scheme being handed to back to the operators that there is very 
little input from operational staff.  
 
During the design stage the instruments are specified and the control system set, everything is programmed by the engineers and commis-
sioned by another set of engineers at no point are the operators usually consulted. The engineers usually either don’t through lack of 
knowledge or through cost saving measures don’t specify what is required to get the best data and information from an operating treatment 
works. 
 
The treatment works, when in operation, ends up not living up to the expectations of what was originally going to be delivered. This leads 
to the operators struggling to operate a treatment works on a day to day basis and end up “fire-fighting” instead of operating.  
 
This is a typical example of why there is a resistance to instrumentation, control and automation and it stems from a lack of communication 
between engineers and operators and a lack of information between the two. 
 
In this typical scenario you can examine the specifics from the operational point of view as to why instrumentation “goes wrong” on sites 
 
Instrument reliability: The reliability of instrumentation and the over-expectation of instrumentation has damaged the reputation of instru-
mentation in the water industry. Instrumentation has been sold in the past as the solution to all operational woes and of course this has 
rarely proved to be true. Couple this with the breakdown on instrumentation due to either poor instrumentation or inappropriate use, poor 
installation and poor integration has meant that the expectation of instrumentation and control system benefits have rarely been seen. A 
failure to deliver expectations has meant that instrumentation is poorly maintained making the situation worse 
 
Nuisance alarms, again has lead to a general mistrust in instrumentation mainly due to poor maintenance, installation or integration. This 
leads to the instruments being switched off or bypassed. 
 
Lack of training and lack of communication, the instrumentation and control system has typically been designed by a process or electri-
cal engineer with a specific way of operating, the instrument is a specialised piece of equipment and normally the plant is handed over to 
the operator without specific training on the way that the plant has been designed to operate. When the first thing goes wrong the operator 
is  expected to (a) know that it has gone wrong and (b) resolve the issues by adapting the process in someway. In order to get the process 
onto an even keel the operator needs as much information as possible about how the process is operating. The natural reaction is to 
manually test because the instrument is deemed to be “not reliable” 
 
These are the technical reasons as to why even the most basic instrumentation, process control and automation systems are deemed to 
have failed and all comes down to in some cases a failure of the instrument due to a variety of reasons (not necessarily the instrument it-
self) but a lack of trust and a lack of training on a particular instrumentation and process control system. 
 
All of this ignores the less tangible thoughts around instrumentation, process control and automation insofar as the threat that it is  
perceived to have towards people’s livelihoods.  
 

Corporate resistance 
 
The resistance to fully utilise instrumentation is also present at the corporate level for a number of different reasons: 
 
•  There is lack of understanding as to what instrumentation, process control and automation can achieve, i.e. centralised control,  
 operator less plants and treatment works that are going to operate in supremely efficient manner and deliver year on year  
 improvements in savings 
•  The mistrust of instrumentation at the operator level filters through to the corporate level, the statement “If operators aren’t going to 
 use  it then it’s a waste of money to install it” 
•  The benefits of instrumentation are rarely realised and when there is an awareness then they are even more rarely believed. 
•  There is a myth that there are plenty of operators who have time to operate the treatment works, so the question as to the need for 
 instrumentation is asked and thus instrumentation is mistakenly dismissed 
 Instrumentation can’t be used to report regulatory compliance 
 
 
At the corporate level the benefits of instrumentation, control and automation are rarely understood and there is an element of people de-
ceiving themselves over (a) the state of the current system and (b) what instrumentation, control and automation can achieve and (c) the 
adequacies of the current systems to manage all of the data that the wider treatment works systems can achieve. 
 
The corporate level in an ideal world would have an instrumentation, control, automation and data management system that controls the 
wider wastewater treatment works network from a centralised control with minimal personnel intervention. The system would of course ide-
ally satisfy all regulatory reporting requirements and manage the maintenance systems. All for a return of investment within five years!  
 
Now with enough investment is this practical or actually desired, the answer would of course be no. However efficiencies can be delivered 
with the right base of data which is rarely available.  
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In the water industry there is a misconception that all of the right information is available, all the operational data is available and that the 
right systems are in place to deliver operational efficiencies. In order for instrumentation, control, automation and data management to pro-
gress this misconception needs to be dispelled. It is by achieving this and showing the corporate level of the business an honest example 
of what can be achieved that the resistance can be removed. 
 

The regulator point of view and the need for legislation 
 
The role of the regulator and the legislator also plays a part in the resistance to instrumentation.  
 
In the UK and the US instrumentation is not deemed to be acceptable as a means to report the regulator compliance either from a water or 
a wastewater treatment works, this is despite triple validation in the majority of water treatment works. If instrumentation was allowed as 
acceptable for regulatory reporting this would of course create corporate efficiencies in the number of employees required for sampling and 
analysis and the number of personnel to handle the data and officially report. In the UK recently the annual report or “June Return” was  
raised for abolishment due to the administrative burden that it put on the water companies and as such the consumers pocket. The same 
could go for final effluent monitoring if it was deemed acceptable, with the additional benefit of continuous real time monitoring.  
 
This has of course been looked at in a study by the UK water industry research arm in response to the UK Environment Agency proposing 
cost incentives for operation by process based control. In the end the research concluded that it was not possible mainly due to the tech-
nology that was available and the amount of data that would be produced. However it maybe time to revisit this in light of developing tech-
nologies in terms of instrumentation and data management, 
 
It is no coincidence that in the countries of the world who have, on the wastewater side of the business, adopted a load based approach 
tend to rely on their instrumentation whereas the countries such as the UK that rely on a concentration based consent to discharge have 
not yielded the full benefits on instrumentation. This proves that it can be done if it protects the environment and provides the best value for 
the consumer 
 
What needs to be in place is the desire to co-operate between the water and sewage companies and the regulator. The development of 
such systems needs to go through some teething troubles as is normal with any new system but the benefits to the customer, the company 
and the regulator in getting a better overall performance has surely got to be worth the short time pain of instigating a new way of regula-
tion. 
 

Discussion 
 
To go back to basic principles: 
 
An instrumentation and automation system at its core should provide a beneficial tool for an operator, engineer, manager or director of a 
company. At its very basic level it should deliver the data and information to enable  efficient operation of a treatment process. At a more 
advanced level it can deliver further savings through advanced direct control of the process or advanced management of a process system 
by integrating into the corporate management systems.  
 
This is a vision that has been attempted a number of times and has only been achieved in isolated cases, so what has to be done for the 
water industry to move forward in terms of the utilisation of instrumentation, process control, automation and management. 
 
The first goal for the industry as a whole has to lie in training, education and communication of what is exactly possible at the current time. 
A thorough understanding of what can be delivered by the control and automation specialists and communication between the different 
stakeholders within the industry from the operations and engineering staff within the industry to the senior managers in charge of strategic 
direction to the regulators who will set the legislation. 
 
Once the systems have been identified then the necessary elements can be engineered and delivered and the implications realised. Op-
erational staff have long since seen instrumentation as a threat to their livelihood. There needs to be a realisation that instrumentation, 
control and automation isn’t meant as such. The reason why is quite simple, operational staff are always required to maintain instruments 
and actually physically operate the treatment works. Instrumentation is a very powerful tool to help operators to do their day to day job and 
give them the tools to operate more efficiently. As you increase the amount of instrumentation you also increase the number of staff to 
maintain the instrumentation. Instead of rationalising on staff the balance of the staffing skills change to people with a different, more spe-
cialised skill set with the potential to loose the essential skill set of plant operation. 
 
Once the buy-in of operational staff is achieved then the potential for optimisation and efficiency is enormous. 
 
With legislatively changes and the identification of the potential of process control and advanced process control the industry will develop 
as the barriers to its development is removed and the full potential of instrumentation, process control, automation and system  
management can be realised. 
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ABSTRACT  
 
The JD Phillips wastewater plant at Colorado Springs Utilities commenced operations in 2008. Designed for the treatment of 20 MGD the 
actual flow is 8 MGD. The secondary treatment has three passes. The A pass is used for phosphorus removal and partial denitrification. 
Passes B & C are used for nitrification. The plant wants to insure compliance to its varying discharge permit while reducing costs. 
  
Due to high ammonia influent concentration and a deficiency in BOD it was soon apparent that the plant needed improvements: low alka-
linity created some pH excursions outside the discharge permit. Also, energy usage was high. In 2009, a source for additional carbon was 
found and instruments to measure ammonium, nitrate and pH were installed 
.  
Multiple phases have already been implemented and further improvements remain possible. A step by step approach changed the way 
aeration and denitrification are controlled. 
  
In the initial phase the measurement of Dissolved Oxygen was used to control the aeration of the B and C passes. The set points were 2.5 
mg/l in pass B and 1.8 mg/l in pass C. 
  
In a second phase presented at WEFTEC 2010 the DO set point in the B and C passes were driven by the concentration of ammonia. 
Savings in energy and chemicals related to the addition of whey, partial denitrification and the use of ammonia measurement were re-
ported.  
 
In the phase reported now, the B pass air flow is now controlled directly based on ammonia. The internal recirculation is driven by the ni-
trate concentration in the C pass. The air flow to the C pass is controlled to maintain a minimum dissolved oxygen concentration at the end 
of the effluent channel  
 
As a result of those changes in control, additional energy savings have been achieved. Close to 20% savings normalized for flow and am-
monia load.  
 
KEYWORDS: instrumentation, control, energy, nutrients 
 

THE PLANT 
  
The J.D. Phillips Wastewater Reclamation Facility (WRF), located in Colorado Springs, Colorado utilizes a 3-stage activated sludge treat-
ment process. The process consists of head-works containing screening (with washing/compacting of the screening) and grit removal. De-
gritted wastewater flows through primary clarifiers before entering the 3-stage activated sludge process. Final clarifier effluent is either dis-
infected by ultra-violet radiation and discharged into the adjacent Monument Creek, or it is filtered through disc filters, disinfected by ultra-
violet radiation and pumped to the effluent re-use system with a 3.8 MGD capacity. Primary and waste activated sludge are pumped into 
the Monument Creek Interceptor for removal at the downstream Las Vegas Street WWTP. 
 
The plant has an anaerobic zone followed by an anoxic zone for partial denitrification to increase alkalinity to ensure that the effluent meets 
the pH limit. At this time there is no limit on phosphorus or nitrate. Only one train is used at any given time.  
 
As can be seen on the picture (fig. 1) space is available to add a third train in the future. This had an influence on the size of the effluent 
channel feeding the secondary clarifier. The retention time in this channel can vary anywhere from 2 to 14 hours  
 
 
 
 
 
 
 
 
 
 
 
 
 
      Fig.1 View of the J.D. Phillips WRF  
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The diurnal flow as shown in figure 2 is typical of a municipal plant. What is not typical is the high ammonia load shown in figure 3. Con-
centrations of more than 50 mg/l (in green) are seen after about 2 hours of increased flow. It is assumed that there is an accumulation 
overnight in the sewer due to the very low flow at those times. No specific industrial discharge has been detected. Those high concentra-
tions affect the control strategy as we will see later on.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The instruments have the capability to be configured based on the requirements of the process. Typically both nitrate and ammonium will 
be used in a biological plant. As potassium produces the highest interference its measurement can be added to the sensing element for 
automatic compensation. For CSU the measurement of pH was essential due to previous issues with the discharge limits. Also an early 
detection of the ammonium load is important so that the plant can be set for those very high morning concentrations. 
 
Four instruments are installed 
  
1. NH4 and pH in the primary influent  
2. NO3 and pH at the end of A pass  
3. NH4 and pH in the middle of B pass  
4. NH4 and NO3 at the beginning of C pass before the internal recycling pumps  
 
There are also three Optical Dissolved Oxygen sensors installed. The one in the swing zone is not shown as no air is added at this time 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A better configuration would be to have a combination of NH4 and NO3 in the anoxic zone just after the internal recirculation to improve the 
addition of whey and to adjust the B pass aeration in feed-forward control as a replacement for the NH4 measurement in the primary  
effluent. 
 

THE TECHNOLOGY  
 
When Colorado Springs Utilities decided to add instrumentation to measure Ammonium, Nitrate and pH, they selected the Ion Selective 
Electrodes technology (ISE). Recent developments have improved the quality and the selectivity of the membranes opening their use di-
rectly in the nitrification and denitrification tanks eliminating the need for any sample preparation system. Compared with other types of 
measurements another advantage of the ISE is the large measuring range typically 0.1 to 1,000 mg/l or more.  
 
 
  
 

 

Fig.2 Typical Influent flow  Fig. 3 Concentration of influent ammonia and power consumption  
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ISE are potentiometric sensors. They are equivalent to a standard pH electrode using a reference and an active measuring cell. The  
potential between those 2 components is proportional to the concentration of the component being measured in an analyte.  
 
ISE are available for many ions such as: Fluoride, Hardness, Bromide, Potassium, Chloride and of more direct interest for this paper Am-
monium and Nitrate. An ongoing development should bring electrodes for nitrite  
 
The selectivity of the ISE is linked to the construction of the membrane that let the ion flow into the cell. For better selectivity, ionophores 
are used that facilitate the transfer of the ion to be measured.  
 

There are still some interferences that may need to be compensated for depending on the matrix of the individual wastewater. For the 
measurement of Ammonium the measurement may need to be compensated for pH as the relative concentration of ammonia and ammo-
nium is pH dependent. The NH4 ISE electrode shows the most cross sensitivity to potassium. 
 
The installation is easy even in covered basins as in Colorado Springs. An air compressor is used to keep the electrodes clean and reduce 
the requirement for maintenance.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
THE CONTROL STRATEGY  
 
No air is added in the swing zone as the wastewater flow is well below capacity. The internal recirculation uses either 1 or 2 pumps at fixed 
velocity.  
 
In the early part of 2009 the control was based on flow and dissolved oxygen measurement in the B and C passes. It is based on a simple 
PID loop where the actual dissolved oxygen measurement is compared to a set point. The difference open or close the air valve to adjust 
the air flow while the blower controller maintain the pressure  
 
 
 
 
 
 
 

 

Fig.5 Measuring bridge  Fig.6 Membrane cap  Fig.7 Ionophores in the membrane increase selectivity  

Fig. 8 ISE Nitrate and Ammonium  

Fig.9 Transmitter/Compressor  Fig.10 Sensing element at CSU  
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With the addition of the nutrient sensors end of 2009 early 2010 a new strategy was used as described in Reference 1 (see Figure 12)  
 
“The narrative of the first iteration of the new control programs is provided below.  
Aeration/Blower Control  
 

•  Provide operator input final effluent ammonia set point [NH3FinalEff S.P.]  

•  Set end of B-Pass ammonia set point [NH3End B-Pass S.P.] = operator input effluent ammonia set point [NH3FinalEff S.P.] + opera-
tor input “C-Pass” adjustment factor [CPass A.F.]  

•  Calculate middle of B-Pass ammonia set point [NH3Mid B-Pass S.P.] = operator input set point multiplication factor [S.P.M.F.] × 
[NH3End B-Pass S.P.]  

•  Use PID loop to adjust D.O. set points in first half of B Pass and second half of B and C Passes based on ammonia concentration 
feedback from mid B-Pass and end B-Pass ammonia probes compared to set points  

•  Limit D.O. set point range to 0.5 mg/L - 3.5 mg/L  

• Blower and air flow control valve controls by D.O. set point remains as it is (i.e. cascade blower control based on header pressure, 
most open valve, and limits for minimum air flows)”  

 

This control strategy provided good results but some process limitations made it difficult to use. The additional cascade control also in-
creases the response time of the control loop and makes tuning somewhat trickier. 
  
The decision was made to use the ammonia concentration as a direct control for the air flow eliminating the cascade control on the DO. 
DO can be misleading at times. It is a measurement of the air that has not been used. It is not always related to nitrification. 
  
The measurement of ammonium (or ammonia) in the B pass is a direct indication of the amount of nitrification that has already taken place 
as well as the amount still required. As such it is the parameter to control.  
 
To reduce the energy consumption only the small blower is used in the B pass. This limits the speed at which air can be introduced in the 
tank. As a result a manual compensation is used at this time. The ammonia set point (in red figure 13) is adjusted before the high concen-
tration peak reaches the B pass (ammonium in blue, DO in yellow)  

 
For the C pass the control is based on dissolved oxygen as it is important 
to maintain enough oxygen to prevent upsets in the secondary clarifiers. 
This is due to the extremely long retention time in the effluent channels. A 
change is still possible: the blower could be controlled based on the am-
monia concentration with a hard low limit on the concentration of dissolved 
oxygen. The dissolved oxygen concentration is only an indication of the 
amount of air still available while the concentration of ammonia indicates 
the performances of the process and fully insures compliance.  
The internal recirculation is controlled based on the trend of the nitrate 
concentration in the C pass. Either one or two pumps are used. VFD may 
be required in the future when the discharge permit will include a limit on 
nitrate.  

Fig. 11 SCADA View of the A Basin  

Fig. 13 Ammonia Control in B pass  
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THE RESULTS  
 
At the presentation of the paper at WEFTEC 2010 a slide presented an estimated energy saving of $50,000 per year resulting in a ROI of 
14 months. For this paper we decided to get a closer look at the savings by comparing longer periods of time. 
  
Figure 14 presents the variations of ammonia concentration in the influent and effluent during those periods. Those values are composite 
samples. Note that in 2010 there is an increase in the concentration of ammonia both in the influent and the effluent. The effluent concen-
tration is well below the discharge limit most of the time.  
 
To be able to compare the energy consumption between those two periods we need to normalize to compensate for the changes in load 
as well as the changes in flow. We use the amount of energy consumed to nitrify 1 mg/l of ammonia for a flow of one million gallon per 
day. The values for 2010 are lower than the values for 2009.  

Figure 16 shows the average for those 2 periods. In 2009 CSU was using 1.6 KWH per MGD per mg/l of ammonia removed. In 2010 that 
number is down to 1.28KWH. This is 20% less energy consumed.  

 
 
 
 
 
 
 
 
 
 

 
 

CONCLUSION 
 
The installation of nutrient measurements at CSU has proven that compliance can be improved while reducing energy consumption. The 
use of ISE reduces the cost of ownership compared with colorimetric analyzers. The implementation of the control is simple and does not 
require the use of complex models.  
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Fig 16 Average energy consumption, Power Demand, & Power consumption 
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Spotlight 

 
 
 
 
 

 

Drehmo GmbH Valve Actuators are a manufacturing company that have specialised in making actuators for the last 65 years 
since 1946. The history of the company has seen it develop into one of the major worldwide suppliers of actuators and gearboxes 
to a multitude of engineering based industries. 
 
1946: EMG was founded to continue the production of the AEG Berlin factories. 
1960: EMG becomes "centre of competence" for AEG valve actuators. 
1976: EMG invents the patented eccentric planetary gear. The idea for the future! 
1987: Market launch of the first electronic actuators DREHMO Tronic / DREHMO Sensormatic. 
2000: Foundation of the company DREHMO GmbH for the sales, service and product development of EMG valve actuators. 
2003: Product launch of DREHMO i-matic. The "intelligent, non-intrusive actuator" for explosion-proof applications. 
2009: Product launch of D2000 "the strong guy". 
2010: Ground-breaking for the new DREHMO manufacturing plant with administration building. 
Drehmo’s philosophy is that their products are best when you don't recognize that they are actually there. Therefore they try as 
hard as possible to design and produce actuators that attract as little attention as possible throughout their entire life-cycle. 
 

Over the last decades Drehmo has constantly fulfilled this expectation to "set and forget" with their wear-resistant and low mainte-
nance 
actuators in countless applications all over the world. Being active internationally in diverse branches of industry requires to adjust 
to the  
regional claims and needs. 
 
That is why Drehmo offer their actuators in every technical style necessary. Whether there is need for standard models with me-
chanical 
signalization or for non-intrusive high-tech actuators (or something in between), DREHMO has the right product. What they all 
have in common is the sturdy industrial design, the ease of use and the universal usage. 
 
Furthermore, Drehmo’s long-term product politics guarantees spare parts and service throughout the life cycle of your plant. 
Drehmo supply different ranges of actuators depending upon the application and the industry from manual to fully automatic and 
normal applications to those in explosive environments. The gear boxes they supply come with worm, bevel or spure drives for a 
range of different applications. 
 
The actuator profiled below is only one of the many actuators that are provide by DREHMO Valve Actuators. 

 
DREHMO GmbH 
Industriestrasse 1 
57482 Wenden / Germany 
Fon     +49 2762 612 - 311 
Fax     +49 2762 612 - 359 
drehmo@drehmo.com 
 

Worldwide offices and 
agents 
Please check Drehmo-
webpage 
 

Your Drehmo contact on 
LinkedIn: 
 

René Leven 
 

E-mail 
rene.leven@drehmo.com 
 

Web 
www.drehmo.com 
 

LinkedIn 
http://www.linkedin.com/ 

company/drehmogmbh 

 

  
 

 

Company Profile  -  Drehmo 

Product Profile  -  DREHMO-i-matic 

 
 
 

 

The Drehmo-i-matic actuator is packed full of functionality for all the prcess control & automation requirements.  
 
With integral control unit and non-intrusive setting and parameterisationi-matic actuators are high-end sophisti-
cated actuators. The actuators are operated via user interface with LC-display and push-buttons. 
 
They include c-matic functions and additionally programmable actuator functions and operating modes via remote 
and local settings, watchdog, electronic nameplate, datalogger as well as local valve diagnostics for predictive 
maintenance. 
 
When communication by field bus system is choosen, additional advantages result in: 

• accessible structure of the DCS 

• easy integration of additional components (actuators) 

• branching of bus system either integrated within actuator or at distributor cabinet 
• cost savings through reduced expenditure for wiring and through simplified PLC system 
 
The characteristic features of the i-matic actuator include: 
 
• Self-monitoring 

• "fail safe" 

• Phase sequence correction /Single-phase monitoring 

• Data Memory 
• Commissioning / Non-intrusive calibration 
• IR / Bluetooth interface 
• Valves / Position and torque characteristic curve 
• Field bus interfaces 
• DeviceNet 
• Power controller 
• Timer 
• Remote parameterization 
• Positioner 

The features of the Drehmo-i-matic actuator make it the ideal actuator for all of  the water (and other)  
 industries actuator needs, especially when it comes to process control and automation. 
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Conferences, Events & Training Courses  

January 2012 
 
11th-12th January 
SCADA Asia 
Hong Kong 
Hosts: IQPC 

February 2012 
 
9th –11th February 2012 
Everything about Water 
Delhi, India 
Hosts: EAwater 
 
21st February 2012 
Recent Advances in Energy 
Savings in the Water Industry 
Leeds, UK 
Hosts Aqua Enviro 
 
24th February 2012 
7th Annual Water Symposium 
Sydney, Australia 
Hosts: Legalwise Seminars 
 
26th-28th February 2012 
3rd IWA/WEF Wastewater 
Treatment Modelling Seminar 
Mointe St Anne, Canada 
Hosts: WEF/IWA 

Other Events 2012 
 
22nd– 24th May 2012 
IWEX 
NEC Birmingham, UK 
Hosts: Edie 
 
10th –14th June 2012 
ACE 2012 
Dallas, Texas 
Hosts: ACE 
 
1st—5th Jul 2012 
Singapore International Water Week 
Singapore 
Hosts: Singapore Government 
 
23rd –25th September 2012 
Nutrient Removal & Recovery 
Harbin, China 
Hosts: IWA 
 
29th September  3rd- October 2012 
WEFTEC 
New Orleans, USA 
Hosts:  WEF 
 
7th—8th November 
WWEM 
Telford, UK 
Hosts: WWEM 

March 2012 
 
12th—17th March 
World Water Forum 
Marseilles, France 
Hosts: World Water Forum 
 
20th March 2012 
Water & Environment 2012 
London, UK 
Hosts: CIWEM 
 
27th—29th March 2012 
The Future of Utilities & the 
Smart Utility Forum 
London 
Hosts: Marketforce 

Other Events 2012 
 
13th—18th May 
World Congress on Water,  
Climate & Energy 
Dublin, Ireland 
Hosts: IWA 
 
14th –16th May  
Earth Summit 2012 
Rio de Janeiro, Brasil 
Hosts: Earth Summit 

UKWIR Studies 2012-13 
UKWIR Study No.1 
 
To develop an understanding of why Real Time Control is not being widely installed by the UK water industry. 
 

Anticipated challenges: 

 

1)  Develop international case studies of where Real Time Control has been implemented in lieu of or alongside enhancement schemes and what 

 positive and negative operational experiences have been encountered. 

2)  Is Real Time Control being considered by the UK water industry? If not, what are the current barriers to entry for this technology?  

3)  How should the industry determine the costs and benefits of Real Time Control?   

4) To develop an understanding of why Real Time Control is not being widely installed by the UK water industry. 
 

UKWIR Study No.2 
 
Role of wastewater process control in delivering operating efficiencies 

 
This project would investigate the Agency's argument, looking at theoretical scenarios and, if available, actual case studies to better understand how 
process control can be effectively used to delivered improved performance AND operational efficiencies in the UK water industry. 
 
These studies are being commissioned by UK Water Industry Research in 2012 –13, with a deadline for the expression of interest of 31st December 
2011. 
 
The full programme can be found on the UKWIR Website or at: http://www.ukwir.org/content/default.asp?PageId=65202 


