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TECHNICAL NOTE

AUTOMATIC CONTROL FOR CHEMICAL DOSING IN
LABORATORY-SCALE COAGULATION PROCESS BY
USING AN OPTICAL MONITOR
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Institute of Environmental Engineering, National Chiao Tung University, Hsinchu, Taiwan 30039, ROC

(First received July 1995 accepted in revised form February 1996)

Abstract—The feasibility of applying an optical monitor in the automatic control of coagulation was
assessed in this study. Prior to simulation testing, a series of batch tests was performed to determine the
optimum state of dosing corresponding to the monitor’s output. The results indicate that floc density
decreased as floc size increased under the same coagulant dosage. Moreover, ratio output of the monitor
could provide an index for evaluating the change trend of floc size in flocculation and for predicting the
potential of floc settling.

An automatic control system was designed and connected to a laboratory-scale water treatment process.
A computer in the automatic control system received all the ratio values with respect to the progressive
dosing. After determining the dosage, the system terminated the function of control. This contro! system
started performing a new test for determining another optimum dosage when the fluctuation of inflow
turbidity was more than a designated value. Simulation tests demonstrated that the PDA monitor with
a designed control system could be successfully applied in the on-line control of coagulation dosing. The
recommended control parameters for the control system was also identified. Copyright © 1996 Elsevier

Science Ltd
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INTRODUCTION

Many water treatment plants in Taiwan determine
coagulant dosages simply on the basis of the
operators’ experience or periodic jar-test results.
However, excess development in the proximity of
water sources has subsequently resulted in a high
concentration of suspended solids in rivers, lakes, and
reservoirs. The water turbidities may vary from 10
NTU to thousands of NTU in a few hours when
heavy rainfall occurs within the area of an upstream
watershed. The influent turbidities and, subsequently
the coagulant demands are quite time-variant.
Therefore, recent attempts to determine the chemical
dosage in coagulation process has frequently failed to
adapt to the turbidities variation in the plant’s
influent, such as delayed judgment or inattention
during off-duty hours at night. Such an occurrence
would result in inefficient settling as well as
shortening the filtration run. Ultimately, the treated
water quality may fail to satisfy increasingly stringent
treatment requirements.

A photometric dispersion analyzer (PDA) is a
fiber-optical monitor, which is based on the
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measurement of fluctuations in the intensity of light
transmitted through a flowing suspension (Gregory
and Nelson, 1986). The fluctuations arising from
random variations with the mean number of particles
in the sample follow the Poisson distribution.
Moreover, root-mean-square (rms) value of the
intensity fluctuations depends on the scattering
coefficient and the square root of the concentration
(Gregory, 1985). By PDA monitor, the aggregation
or disaggregation in the suspension can be quantified
with respect to the ratio of V.. to d. (termed as ratio)
by measuring the rms value of the fluctuation signal
(Vims) and the average transmitted light intensity (d.).

Eisenlauer and Horn (1985) have applied the
fiber-optical technique to monitor the turbidity
fluctuations of flowing suspension coagulated by
FeCl;. Gregory (1985, 1987) has indicated that when
the particles are aggregated, the root-mean-square of
the fluctuation of light intensity increases. Jackson
and Tomlinson (1986) have suggested that PDA
technique is a feasible method for determining the
coagulant dosage among several methods. PDA was
first installed on-line to automatically monitor the
continuously flowing process stream by Eisenlauer
and Horn (1987). The Vems/V output of an optical
monitor has been regarded as an index to evaluate
floc size and settling velocity (Matsui and Tambo,
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1991) and monitor microbial floc formation
(Whittington and George, 1991). Matsui et al. (1993)
have placed another function in optical monitor,
using infrared ray and ultraviolet ray as a dual
wavelength light to amend the error of light intensity
absorbed by dissolved substances and measure the
residual color. Recently, Ching et al. (1994) have
employed the PDA monitoring technique in the
dynamics of coagulation.

In this work, the optical monitoring technique is
evaluated and refined while considering the turbidity
variation for the sake of developing plant-operation
information. In addition, an automatic control
system with optical monitor is designed to be used in
connection with a laboratory-scale water treatment
(LWT) process. Laboratory simulation of full-scale
coagulation/sedimentation involves assessing the
feasibility of an optical monitor system in determin-
ing an optimal dosage under different conditions of
turbid waters with an acceptable time-delay and
establishing control parameters for the system.

MATERIALS AND METHODS

A given amount of bentonite in powder form (Hayashi
Pure Chemical Industries) was added in tap water (ionic
strength=3 x 1073 N, total alkalinity =29 mg/l as CaCQO,)
to prepare a test suspension with desired turbidity.

A laboratory-scale water treatment (LWT) system
consisting of a rapid-mixing unit, two slow-mixing units
(flocculation), and settler is schematically shown in Fig. 1.
The rapid-mixing rate was 200 rpm (G = 468/s) and
slow-mixing rate was 60 rpm (Gt = 24,854). The settling
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tank was designed as a sloped plate settler. Simulated source
waters were pumped at the rate of 0.5 L/min into the LWT
system. The turbidities of inflow to and outflow from the
system were measured by flow-through turbidmeters. The
pH value of the outflow was also monitored by a pH meter
(Schott CG-841, German). A branch parallel to the LWT
system is the PDA control system, which also included the
same rapid-mixing tank. In this tank, source water was
mixed with alum and then siphoned to the flow-through
detector of PDA. Both PDA and turbidmeters were
connected to the computer. In the PDA control system,
coagulant dosing was increased stepwise (termed as
*“progressive dosing”) while the corresponding ratio value
was monitored and recorded with a l-minute delay. Each
step of progressive dosing was designated at 1%, 2% or 5%
of pumping rate on the basis of experimental requirement.
Each percentage of pumping rate corresponded to
0.27 mg/L as AlLO; of alum dosage. As the ratio value
became lower than the previous ratio value, the control
program took previous dosage as optimal dosage and the
coagulant pump of pilot plant was fixed at that dosage.
Following the determination of an optimal dosage, the
computer would control the dosing pump in LWT.
Optimum dosing was usually achieved in 5-10 min and
thereafter the dosing pump in PDA system was shut off and
PDA discontinued the function of monitoring. The PDA
system would start performing a new test for another
optimal dosage when the fluctuation of inflow turbidity was
more than a designated value. In this experiment, the
designated value was set to be equivalent to 10 NTU.

RESULTS AND DISCUSSION

Results obtained from a series of batch exper-
iments verify PDA is an effective tool in evaluating
the state of particle aggregation; in addition, ratio
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Fig. 1. Schematic representation of the laboratory-scale water treatment system and PDA control system.
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Fig. 2. Simulation results of the automatic control for the fluctuation of inflow turbidity ranging from
20 to 200 NTU. The test has been run in duplicate.
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Fig. 3. Simulation results of the automatic control for the fluctuation of inflow turbidity ranging from

500 to 2000 NTU.
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output can be regarded as an index in determining the
optimal dosage. Simulated operation in coagulation
and sedimentation process involves a PDA system to
determine the optimum dosage and test its feasibility
in full plant operations. Figure 2 is the simulation
result of the automatic control for the fluctuation of
inflow turbidity ranging from 20 to 200 NTU. The
test has been run in duplicate. The changes of
inflow/outflow turbidity, pH value, ratio value, and
alum dosage with the course of simulated operation
are included in this figure. As designed, the
fluctuation of inflow turbidity is more than a
designated value (10 NTU), and PDA monitor will
start the function. The change of ratio values with the
progressive dosage has determined an optimum
dosage. These optimal dosages are 2.70, 4.05, and
4.73 mg/min as AlLQs, respectively, for 20, 80, and
200 NTU of inflow turbidity. The optimum dosage
increases with inflow turbidity. With these dosages,
the outflow turbidity is maintained below 20 NTU,
thereby exhibiting good turbidity removal in the
simulated operation. The delay time required to
determine an optimal dosage extends from 5 to 10
minutes, depending on the inflow turbidity. The PDA
system is also used to monitor the source water with
high turbidities ranging from 500 to 2000. Also,
5-10 min are necessary to determine optimum dosage
in which a credible result can be obtained at the high
turbidity condition (Fig. 3).

The dosing pump rate was initially designated to be
5% for each step in the progressive dosing. Results
in this study demonstrate that the required dosing
rate of the pump is at least 20% to treat turbid water
ranging from 20 NTU to 2000 NTU. Moreover, the
time delay caused by the progressive dosing can be
shortened by adjusting the dosing rate of pump to
start with 20% from the beginning of the progressive
dosing. According to the results from the simulated
operation, 5% interval for the progressive dosing
may cause an over approximation for the optimum
dosage. Therefore, each step for the progressive
dosing has been adjusted to be 1% or 2%. Simulation
results of operation with 1% and 2% dosing are
shown in Fig. 4. A comparison with the result of 5%
dosing in this figure reveals that the optimum dosage
for the range of 20200 NTU (as determined by three
progressive rates) is in the orders of 5% > 2% = 1%.
In the range 500-2000 NTU, the optimum dosage
determined by 1% progressive rate is the highest, and
2% is the lowest. The pH value of outflow are all
between 7 and 7.5. Those same results indicates that
the high and stable efficiency of turbidity removal
occurs at the 2% interval of progressive dosing in the
PDA control system. Therefore, in the light of
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efficiency and economy, the recommended dosing
interval is 2%.

CONCLUSIONS

An automatic control system has been successfully
applied in a laboratory-scale water treatment process.
In the simulation operation test, the PDA monitor
system can determine an optimal coagulant dosage
for different turbidity fluctuations of inflow of about
5~10 minutes. As designed, the fluctuation of inflow
turbidity is more than a designated value (10 NTU),
i.e., the PDA monitor will re-start the function. The
change of ratio values with the progressive dosage
can determine an optimal dosage, thereby creating
good coagulation efficiency. In the range 500-2000
NTU, the high and stable efficiency of turbidity
removal and the savings of coagulant occurs at the
2% interval of progressive dosing in the PDA control
system. Therefore, from the perspective of efficiency
and economy, the recommended dosing interval is
2%. The operation parameters of this PDA monitor
system are suggested at 20% of the initial dosing rate
and 2% of the interval for the progressive dosing rate.
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