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ABSTRACT

Recently, global climate change has led to more frequent droughts and torrential rains. It
could be reason of unexpected bad effects for water treatment such as taste and odor prob-
lems and decreasing of removal efficiencies. In case of membrane process, the inflow of high
turbid raw water due to heavy rains may bring sudden increase in the membrane fouling
caused by thick and dense cake formation on the membrane surface. Therefore, preparing
proper operation methods is necessary for preventing system shutdown due to the mem-
brane fouling, when high turbidity raw water is introduced. Powdered activated-carbon
(PAC) membrane retrofitting (PMR) process has been developed as a hybrid process of
coarse powder activated carbon (C-PAC) contactor with slurry blanket and submerged mem-
brane for advanced drinking water treatment. PMR pilot plant was installed at W water
treatment plant in Korea. Surface water was directly introduced to the plant as raw water.
An ultrafiltration membrane module (ZeeWeed� 500C, GE, USA) with 603m2 of effective
membrane surface area was used in this study. The purposes of this study were to assess the
effect of the inflow of high turbid water on the performance of the C-PAC contactor and
membrane fouling and to propose a fouling control strategy by adjusting recovery rate. Dis-
solved organic carbon removal efficiency of the C-PAC contactor was decreased when the
high turbidity water was fed. The suspended solids (SS) in the raw water hindered the con-
tact with organic matters and bio-film of biological activated carbon surface. It was con-
firmed by recovery of the removal efficiency after the raw water turbidity became a normal
level. The correlation between SS concentration of the membrane tank and variation of trans-
membrane pressure (TMP) was observed during a rainy season. The SS concentration of the
membrane tank was selected as a criterion of recovery rate adjustment. When the turbidity
of the raw water increased more than 550NTU with the operating flux of 40LMH, TMP
increased gradually as the suspended solids were accumulated in the tank up to the concen-
tration of 13,000mgL�1. However, TMP increased sharply when the SS concentration in the
tank was over 13,000mgL�1. The SS concentration limit of the membrane tank was set
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conservatively below 5,000mgL�1 for stable operation. The SS concentration of the mem-
brane tank was controlled by adjusting recovery rate, and TMP was maintained stable dur-
ing the inflow of high turbidity raw water. During which applied operating flux was
40 LMH and recovery rate changed between 99.5 and 98%. The SS concentration of the mem-
brane tank was estimated by a mass-balance model which incorporates raw water turbidity
with the ratio of SS and NTU. Recovery rate was adjusted according to the estimated SS con-
centration in the tank and stable operation could be achieved.
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1. Introduction

Recently, global climate change has led to more
frequent droughts and torrential rains. It could be a
reason of unexpected bad effects for water treatment
such as taste and odor problems and decreasing of
removal efficiencies [1]. When the high turbid water
was directly introduced as raw water, membrane pro-
cesses applied for drinking water treatment could be
fouled rapidly because of thick and dense cake forma-
tion on the membrane surface. Therefore, appropriate
countermeasure is necessary for preventing system
shutdown due to the sudden increase in transmem-
brane pressure (TMP).

Powdered activated carbon (PAC) combined with
membrane process has been used in advanced drink-
ing water treatment processes. PAC is dosed to the
membrane units by step input or by pulse input, and
organic matters and particulates are eliminated by
PAC adsorption and membrane filtration [2–4]. To
prolong the solid retention times, PAC can be added
to a contactor located at the upstream of the
membrane tank [5–7]. PAC added to the contactor is
carried over to the membrane unit and is discharged
with the concentrate stream.

PAC+Membrane Retrofitting (PMR) process has
been developed as a hybrid process for high-quality
drinking water production [8–13]. The process consists
of a coarse powder-activated carbon (C-PAC) contac-
tor and a subsequent submerged membrane tank. C-
PAC contactor is charged with high concentration of
C-PAC having a size of 90–180lm and the C-PAC is
suspended to a certain height as a slurry blanket. The
mixing in the contactor and raw water flow rate were
controlled such that the C-PAC in the slurry blanket
was not washed out. Soluble contaminants are
adsorbed onto the C-PAC at the initial stage of opera-
tion. Bio-film could grow up on the surface of C-PAC
because the raw water is introduced without pre-chlo-
rination. Thus, organic removal of the contactor would
be maintained even after adsorption capacity of the C-
PAC is exhausted.

The objective of this study was to understand the
effects of high turbid water on performance of the C-
PAC contactor. Also, the membrane fouling and its
control strategy by adjusting recovery rate were
assessed in PMR process during rainy season. Varia-
tion of C-PAC slurry concentration in the C-PAC cont-
actor was monitored to evaluate the wash out of the
C-PAC slurry. Dissolved organic carbon (DOC)
removal efficiency of the contactor was observed
during two rainfall periods. Correlation of TMP with
suspended solids (SS) concentration in the membrane
tank was investigated to estimate the maximum SS
concentration for the stable operation.

2. Materials and methods

2.1. Experimental setup

A pilot PMR plant was installed at a municipal
drinking water treatment facility in Namyangju, Korea.
As shown in Fig. 1, the pilot plant was consisted of a
C-PAC contactor and a submerged membrane tank
with a ultrafiltration membrane module (ZeeWeed

�

500C, GE, USA) and its raw water was supplied from
Paldang Reservoir without pre-treatment. The cylindri-
cal C-PAC contactor has the effective volume of 16m3

with PAC slurry blanket of 30,000mgL�1 in suspen-
sion. The submerged membrane module has effective
surface area of 603m2. Concentrate was periodically
rejected from the membrane tank and process recovery
rate was adjusted by changing the discharge interval.
Turbidity, conductivity, and pH were continuously
monitored and recorded in real-time.

SS concentration of the C-PAC contactor was ana-
lyzed to assess the loss of C-PAC particles from the
contactor. Sampling ports were installed on the side of
C-PAC contactor as shown in Fig. 2. DOC concentra-
tion of the influent and effluent of the C-PAC contac-
tor was also measured. Water samples were filtered
using a syringe filter (0.45micron) before analysis, and
DOC was measured by total organic carbon analyzer
(Sievers⁄ 900, GE Analytical Instruments, USA).
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