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PROCESS FOR ENHANCED TOTAL ORGANIC CARBON REMOVAL WHILE
MAINTAINING OPTIMUM MEMBRANE FILTER PERFORMANCE

BACKGROUND OF THE INVENTION

1. Cross-Reference to Related Application
This application claims beacfit of priovity to U.S. Provisional Patent Application
No. 61/196,918, filed October 22, 2008, The tcchmical disclosures of which are

incorporated herein in their entirety by reference.

2. Technical Field of the Invention
The present mnvention relates to a process for enhancing the removal of total
organic carbon from a water supply while optimizing the performance of a membrane

filiration system.

3. Description of Related Art

Increasingly, municipal drnking water and wastewater Bltration facililies nltize
membrane microfiftration or ultrafiliration svstems as a means of filtering ground water,
surface water and wastewater sources {“source water™). Such filication systems typically
atitize a semi-permeable membrane device to filter or reject orgsnic, inorganic and
microscopic particulates as water 18 passed through them. A source water is passed
through the membrane filter barrier under hyvdrostatic pressure, particulate debris (ie.,
suspended solids and solutes of high molecular weight) accamulates on the membrane
surface and 1s retained or filiered from the water, while water and low molecalar weight
solutes pass through the membrane.  Typically, insoluble particulates sized larger than

0.04-0.1 microns are filtered or rejectod while soluble contaminants or msoluble
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particulates and 1ons less than 0.04-0.1 microns pass through the membrane filter,

To function efficiently, it is imporiant that the membrane filter is kept clean. The
membrane is, therefore, periodically backwashed to remove the particulate baildup.
Accumudated particulates that are not readily removed during backwashing mwust be
removed by chemical cleaning techniques. Such technigues, commonly known as clean
i place (CIP} and/or chemical maintenance wash procedures, involve exposing the
membrane to chemicals such as caustic soda, sodium hypochiorite (chlorine), various
acids and other chemical products to remove the budd-up of organic and norganic
compounds. However, chemical cleaning techmques are much more time consuming
when compared to backwashing alone, Morecover, the harsh chemicals used in chemigcsl
cleaning techniques tend to degrade and deteriorate the membrane filter clement over

e,

The performance of a filtration membrane is dictated by the fouling rate of the
influent contanunants. Fouling is the buildup of organic and inorganic particulates on the
membrane surface that are not readily removed during periodic backwashing.  As the
fouling rate of 8 membrane filter element noreases, chemical maintenance wash
procedures are more frequently required. Most membrane filtration svsiems operate
withoui any additional cleaning processes or chemical {reatment past the backwashing
and chemical cleaning as desceribed m the above paragraph. Thus, in order to optimize
the performance of a filiration membrane it s desirable to minimize the fouling rate of

the filtration membrane.

One type of contaminant in water supplies that increases the fouling rate of

filtration membranes is total organic carbon ("TOC™). TOC levels vary in water supplies
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from very pristine {Le, low levels of TOC) to very contaminated {(i.e., high levels of
TOC)Y. Higher levels of TOC contribute to taste and odor problems and the formation of
disinfection byproducts ("DBP7) such as halo-acetic acid ("HAA™Y) and tofal tri-halo
methane (CTTHMT) HAAs and TTHMs are created when chiorine reacts with soluble
organics and are typically formed when chlorine in the water reacts with soluble TOC in
the water distribution system {e.g., g collection of pipes that dehivers filtered water to
homes and businesses). Reducing the level of TOC, particulary the soluble TOC, in the

raw water alleviates the taste and odor problems and minimizes the formation of DBPs.

TOC consists of both soluble and nsoluble compounds.  However, membrang
filiration alone only removes the insoluble component of TOU. A common method for
removing the soluble component of TOC includes introducing a chemical coagulant into
the water siream and providing adequate mixing and detention prior to membrane
filtration. Metal salt-based coagulants react with soluble organics via a process knowa as
“charge neutralization,” which causes a portion of the soluble organic compounds to
precipitate out of solation thereby allowing them to be filtered out of the water. The
metal base of these coagulants s generslly aluminum or ron. Several chemical
coagulants can provide this chemical reaction, such as aluminum sulfate, fervic chlonde,

ferric sulfate, polyv-aluminum chioride and alminam chlorhydrate.

The removal of TOC by coagulants can be further increased by adjusting the pH
of the water. Generally, the lower the pH, the greater the TOC removal. For example,
when a coagulant is dosed o a water stream, and the pH s depressed chenucally o a
destred level and maintained {example: pH & 5.5}, a higher level of TOC removal can be

achieved.
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Prior art methods have previously assumed that the pH set point for optimal
orgapnic removal 1s the same for optimum membrane performance, but this is not
necessarily true.  Optimum membrane performance can be defined as continuous
filtration with 1} the lowest pressare rise across the membrane, measured as frans-
membrane pressure (TMP) and 2) the lowest chemical cleaning requirement.

The trans-membrane pressure (TMP) 13 peserally a function of the force which

drives hqud flow through a cross flow membrane {TMP = {(feed pressure + retentate
pressure) /21 - permeaie pressure), whereas the lowest chemieal cleaning requirement 1s
a simply 8 function of minimizing the fouling rate of the membrane. Durning filiration,

the feed side of the mombrane is under higher pressure than the permeate side. This

pressure difference forces iquid through the membrane. Consequently, nising TMP is an

S

mndicator of membrans fouling.

Prior art methods to remove TOC wmelade 1) installing a process after membrane
filtration such as granular activated carbon (GAC) adsorption, 2) dosing a chemical
coagulant prior to membrane filiration without controlling pH, 3) only controlling pH
ahead of & biguids-solids separator prior to membrane filtration, 4} only controlling pH for
organic removal, 5) installing an jon exchange process before membrane filtration, or 6)
instailing a nano filtration or reverse osmosis process after membrane filtration. Thus,
an improved process for water filtration, which enhances TOC removal while optimizing

membrane filter performance, s desirable.
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SUMMARY OF THE INVENTION

The present invention involves a system and process for enhancing total organic
carbonn ("TOC™Y removal from raw, unireated water while maintaining  opiimum
membrane  filter performance.  The present invention overcomes many of the
disadvantages of prior art water Blitration systems by controlling the electromagnetic
particulate charge in order to enhance membrane filter performance by decreasing the

fouling rate of the membrane.

Fouling 18 the butldup of organic and inorganic particulates on the membrane
surface that are not readidy removed during perntodic backwashing. 1t has been found that
these particulates, as well as the membyane surface, possess a micro amp charge. When
the electromagnetic charge of the particulates aligns with electromagnetic charge of the
membrane surface, there is no electromagnetic atiraction and the filtered particulates are
castty removed from the membrane surface during backwashing. However, when the
electromagnetic charge of the particulates does not align with the membrane surface
charge, the particulates are attracted to the membrane surface and not readily removed by
backwashing, resulting in fouling of the membrane. The rate of fouling can be attributed
o the difference in charge between the particulate and the membrane surface. By
adjusting the pH of the water, the electromagnetic charge of these particulates may be

alterad and made o align with the membrane surface charge, thereby reducing fouling of
the membrane and improving the membrane’s performance.

In one embodiment, the system comprises a two-stage process in which the
clectromagnetic particulate charge of the water 15 controlled in the second stage by

adjusting the amount of acid or base added {o the water prior to membrane filtration. In
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the first stage of the process, a coagulant is dosed and the pH of the water is controfled in
order to achieve maximum TOC removal during hquids-solids filtration.  Utilizing this
two-stage process allows the total system to operate more effectively and further achieves

maximum TOC removal and optimum membrane performance,

In a second embodiment, the system of the present mvention comprises a single
stage or direct feed mode wherein the ph/electromagnetic charge level is controlied so
that water dosed with a coagulani may bypass a clartfier and proceeds directly to the
membrane filtration sysem. In a direct feed mode, coagulant is dosed ahead of a mixing
system,  The pH and clectromagnetic particulade charge of the water may be controlled
by means of pH conirel, micro amp streaming current condrol, pH control with
temperature correction andfor TMP/Resistance/Permeability control. Any one or a
combination of these control mechanisms may be ufilized {0 maintain an optimum set
point by adjusting the acid or base dosing levels. n general, the pH and electromagnetic
particulaie charge of the water are maintaned at levels that achieve as much TOC

removal as possible while optimizing membrane performance.

The filtration system of the present invention may further include a computerized
master contrat system, which continualty monitors the filtration system and antomatically
adjusts the acid and base dosing levels and the amount of coagulants added to the water
based on a number of critenia. The master controf system allow the filtration system to be
fine tuned during operation 50 as to enhance the total organic carbon (“TOC™) removal

from raw, untreated water while maintaining optimuam membrane filter performance

The above as well as additional features and advantages of the present invention

will become apparent in the following written detatled description.
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BRIEF DESCRIPTION OF THE DRAWINGS

The novel features believed characteristic of the mvention are set forth in the
appended claims. The mvention itself, however, as well as a preferred mode of use,
further objectives and advantages thereof, will be best understood by reference to the

S following detatled description of dlustrative embodiments when read m conjunction with
the accompanying drawings, wheren:

o

Fig. t is a schematic diagram of a first embodituent of the membrane filiration

sysiem of the preseni invention;

Fig. 2 is a schematic diagram of a second embodunent of the membrane filtration

Y system of the present invention; and
Fig. 3 is a schematic diagram of the master control panel of the membrane

filtration system of the present invention.
Where used in the varions figores of the drawing, the same numerals designate the
same or sinfar parts. Furthermore, when the terms “top,” “bottom,” “first,” “second,”

LI

N “upper,” Ylower,” Yend,” “side,” “horizondal,

I

vertical,” and similar terms are used
heretn, it should be understood that these terms have reference only 1o the structore

shown in the drawing and are utilized only to faciliiate describing the mvention,

All figures are drawn for ease of explanation of the basie teachings of the present

inveniton only; the oxienstons of the figures with respect o number, position,

3 relationship, and dimensions of the parts to form the preferred embodiment will be
explained or will be within the skil of the arl after the following teachings of the present
mvention have been read and understood. Further, the exact dimenstons and dimensional
proportions to conform to specific foree, weight, strength, and similar requirements will

tikewise be within the skill of the art after the following teachings of the present
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invention have been read and understood.

DETAILED DESCRIPTION OF THE INVENTION

The present ipvention comprises a process and system for enhancing total organic
carbon (UTOCTY removal from raw, untreated water while mainigining  optimum
membrane  filter performance.  The present invention enhances membrane  filter

performance by decreasing the fouling rate of the membrane filter,

Fouling 18 the butldup of organic and inorganic particulates on the membrane
surface that are not readidy removed during perntodic backwashing. 1t has been found that
low pressure membrane fouling can be caused by organic and organic particulates
coming into contact with the membrane surface. I has been determined that these
particulates, as well as the membrane swrface, possess a micro amp charge. I has been
further determined that the mitcro amp charge of particulates dogs not always align with

the nataral surface charge of the membrane surface.

While the surface charge of the filtration membrane is famly constant, the
electromagnetic particulate charge s more variable depending on factors such as
coagulant dose, pH changes, temperature, particle size, erc. It s, therefore, important to
control or “align” the particulate charge with the membrane surface charge. By “aliga”™ 18
meant controlling the particulate charge so that it matches the membrane surface charge.
In accordance with the svstem and process of the present invention, this aligning is
accomplished by controlling the acid or base feed to maintain the desired particulate
charge so that it matches the surface charge of the membrane. When the clectromagnetic

oe

particulate charge aligns with the membrane surface charge, electromagnetic attraction 1§
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ceased, and the fitered particulates are casily removed from the membrane surface
during backwashing. However, when the electromagnetic particulate charge does not
align with the membrane surface charge, the particulates are atbracted o the membrane

surface and fouling occurs,

The rate of fouling can be attnbuted o the difforence in electromagnetic charge
between the particulates and the membrane surface. By adjusting the pH of the water, the
electromagnetic charge of these particulates may be altered and made 1o align with the
clectromagnetic charge of the membrane surface, thereby reducing fouling of the

membrane and umproving the membrane’s performance.,

In accordance with the process and system of the present invention, the particulate
charge 15 controfled such that the micro amp charge of the parficudates aligns with the

membrane surface charge, thereby allowing the filtered particalates to be easily removed

from the membrane sorface during backwashing.

For example, with reference to Fig. 1, a first crabodinient of a membrane filtration
system of the present jgvention is depicted.  As shown i Fig. 1, the membrane filtration
system comprises a two-stage svsiem, which enhances the total organic carbon ("TOCT)
removal from raw, unirealed source water while mamtaining optimam membrane filter

performance.

In the first stage, a stream of raw untreated source water 10 is directed tnto a first
or primary mixing tank 14 where it i3 dosed with a coagulant and the pH of the water 18
controlied such that a1 maximum level of TOC is removed during hquids-solids

separajton. When the coagulant is completely blended and the pH of the waler 8
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stabilized, the first stage water flows from the primary mixing tank 14 and passes through
a mechantcal clarifier 28, The clarifier 28, or hquds-solids separator, separates the
chemically flocculated particulates from the waler and removes them from the system. It

is 1 this unit that chenncally precipitated TOC removal occurs.

In the second siage, the particulate charge of the waier is controlied o achieve
optimum membrane filter performance. The first stage water flows from the clanfier 28
and 13 introduced trto a secondary mixing fank 30, In the secondary mixing tank 30, the
particulate charge ot the water 1s monitored and the appropriate amount of acid or base 1s
added to water {0 maintsm an oplimum charge window  which matches the
clectromagnetic charge of the membrane surface. The optimum charge window, which is
tvpically in the low anionic (~) range, is chosen to align with the natural surface charge of
the membrane i order to reduce fouling.  Thus, the clectromagnetic charge of the
membrane filter depends on the {ype of filter used. The particulate electrical charge can
also be affected by factors such as turbidity merease/decrease, temperature. conductivily
and the type of particulates in the water. When the particulate charge of the water is
stabilized, the water Hlows from the secondary mixing tank 30 and passes through a low
pressure membrage filter 50, The membrape filter 50 romoves particulates from the
water that are larger than the membrane’s pore stze.

In addition, the pH of the water, trans-membrane pressure ("TMP™), membrane
resistance, and membrane permeability may also be monitored © prevent ronaway
chemical dosing. The membrane filtration svstem provides the final process step before
the water s disinfected prior to distribution {0 homes and businesses. The filtercd water

is typically stored in a clear well into which chiorine is dosed to prevent biological

10
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prowth in the water in the distribution system.  Utilizing this two-stage process allows the

entire filtration system to operate more effectively.

With reference again to Fig. 1, the first embodiment of the membrane filtration
system of the present invention will be described in greater detail. The stream of raw
untreated source water 10 s direcied info a primary muxing tank 14, which s preferably a
steel, fiberglass or conerete vessel. The source water 10 13 then dosed with an effective
amouni of coagulant based upon a vartety of factors such as volume, TOC level,

distribution system defention and femperature.

For example, the system may mclude a flow meter 12, which monitors the volume
of water entening the primary muxing tank 14, The system mayv also mclade a TOC
analyzer 62 and UV 254 analyvzer 84, which further wonitor the water in the primary
mixing tank 14. The TOC analyzer 62 determines the amount of TOC n the water. The
LIV 254 analyzer 64 provides a measurement of the portion of TOC that i most reactive
o chlorine and results m the formation of disinfoction byproducts ("DBP™). Both
analyzers pull water from the primary ouxmng tank 14, filter the water and provide
measurements that stmulate the process of coagulation, pH adjustment and filtration. In
short, the measurements are a simudation of the water that will be entering the distribution

system.

A {emperature sensor 44 monitors the temperature of the waler in the sysiem.
While the temperature sensor 44 is shown {o measure the temperature of the water 4y a
secondary mixing {ank 30 m Fig. 1, it 15 understood that temperature sensor 44 may
COIMPIISE one or more enmperature momtors located at different positions in the system.

For example, temperature sensor 44 may be positioned the point of discharge from the

11
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water treatment system, the point of entry to the water treatment system, ot in the primary
mixing tank 14, The emperature of the water i3 an important vanable to consider in
determining the coagulant and chlonne dose since the reaction befween organics and
chlorine increases as the {emperature increases, forming more disinfection byprodocis

{(“DBPs™) in the water,

Based upon an analysis of the variety of factors {e.g., low volume, TOC level,
and temperature), the source water 10 i3 then dosed with an elffective amount of
coagulant.  As used herein, an “effective amount” of coagulant means an amount
sufficient 1o cause precipitation of soluble TOC particalates in the water.  Laboratory
simulation utihzing an actual water sample can determine the amount of coagulant and
pH level necessary to achieve the desired precipitation of soluble organic compounds
{expressed as the % TOC removal required).  For example, a water treatment plant
determines through laboratory testing that a farget of 40% soluble TOC removal will
reduce DBP formation within Himils to comply with federal Hmits (Sage | and Stage 2
DBP Ruodey. An effective amount of coagulant typically ranges from 1 part per million
Cppm™) fo 50 ppm, butl may be as high as 250 ppm. A higher dose of coagulant
generally results in bigher TOQC removal, but there 18 a threshold beyond which TOC
removal ceases regardless of the dosage.  Examples of coagulants that may be used
include atummum sulfate, polyalominum chlonde, aluminum chlothydrate, fermce sulfate,
and ferrie chloride.

In a preferred embodiment, the filtration system depicted in Fig, 1 further
mchudes a master control panel 80, which collects and analyzes mputs from the flow

o

meter 12, TOC analyzer 62 and UV 254 analyzer 84, to determine an effective amount of

12
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coagulant to be added o the water (n the primary mixing tank 14, Measurement data
from the flow meter 12, TOC analvzer 82 and UV 254 analyzer 64 are typically sent lo
the master confrol panel 60 by means of wireless or hardwire electronic signal
communications. Based upon input data from the flow meter 12, the temperature sensor
44, the TOC analyzer 82, and the UV 254 analyzer 84, the master control panel 60 uses a
programmed algorithm to caleulate an effective amount of coagulant o be added to the
water in the primary mixing tank 14, The master control panel 80 then sends an
clectronic signal 1o coaguiant dosing systenm 16 to dose an effective amount of coagulant
info the primary mixing tank 14, Alfematively, the coagulant could be dosed further
upstream of the primary mixing tank 14, Using this automated system for coagulant

dostng provides for an accurate metering of coagulant, lowers the amount of coagulant

required, and reduces operating costs by avotding coagulant overdoses.

The pH of the water in privary mixing tank 14 i3 also monitored. Based upon an
analysis of the pH and TOC level, an appropriate amount of acid or base 13 added to the

water in order to enhance the preciptation of TOC from the source water,

ln a preforred embodiment, the system includes @ pH probe 28, which sends an
clectropic signal to the master control panel 80, The master control panel 60 uses the
input data from the pH probe 26, the TOC analyzer 62 and the UV 254 analyzer 64 to
calculate the appropriate amount of acid or base to add to the water in the primary mixing

tank 14.

In accordance with the process of the present invention, the water in the primary
mixing tank 14 is typically dosed with acid or base to maintain a pH of 4.0 0 6.0

standard units. Suppressing the pH of the waler resulfs in higher TOU removal because

13
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soluble TOC removal typically increases as pH i depressed. The vahlue of pH has a

ges the yonie character of the organics.

P

profound effect i Hocculation because it chan
The charge of the organics changes i response {o the concentration of positively charged
hydrogen 1ons and negatively charged hydroxy! wons which surround them. Organics in
water become more negatively charged (Fe., “anionic™) as pH 18 increased and more

posttively charged (e, “cationic™) as pH is decreased.  Therclore, organic removal

mereases as the pH is depressed.

For example, if source water contaiing organics 1s dosed with a coagulant
(actdic/cationic) at 20 ppm, X amount of Rocculation/precipitation s achieved. However,
if the source water is first dosed with the coaggulant (acidic/cationic) at 20 ppmy and then
the pH of the water v depressed with an  acd, higher amounts of
flocculation/precipitation {e.g., X + a1y can be achieved. The concentration of hydroxyl
wns, which are surrounding them and the flocculated particle {precipitated metalisali
acidic coagulant), carries a postlive charge, becomes more effective.  Generally, soluble
TOCU removal increases incrementally as the pH s suppressed.  However, there is a
threshold beyond which TOC removal ceases regardless of pH suppression.  For
example, when aliminem based coagulants are used, TOC removal fevels out at a pH of
about 5.0 standard units, and when Iron based coagulants are used, TOC removal levels

out at a pH of about 4.0 standard units.

The master control pancl 80 then sends an electronic signal to the primary
acid/base dosing system 18 (o dose the appropriate amount of actd or base mto the

primary mixing tank 4. Because the desired pH o1z low in this stage, the primary

acid/base dosing systemy 18 will generally be required to dose an acid into the primary

14
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mixing tank 14, Examples of acids that may be used are sulfuric acid or phosphoric acid.

The water, coagulant and acid or base are then mixed in the primary mixing tank
14, The primary mixing tank 14 may comprise a simgle mixing zone with a single mixer
20, as shown In Fig, 1, or maltiple mixing zones with multiple mixers 22, 24, as shown
m Fig. 2. 1 is also possible to utilize the mixer m the niser tube of g solids contact
clarifier thus reducing the requirement for the primary mixing system.  This deseription
demonstrates the requirement for mixmg and detention. The author recognizes that there
are alternale ways to achieve this withowt the need for this mixing tank. The mixers are
preferably vertically mounted, propelles-type agiiators.  Reforring to Fige 2, when
multiple mixing zones are utilized, the first zone contains a rapid mixer 22, which rapidly
mixes the water to quickly disperse the coagulant, and the second zone contaming a
slower speed flocculation or maturation mixer 24, which promotes the flocenlation of
chemically precipitated particulates. The water rematns in the primary mixing tank 14
for a sufficient time to completely biend the coagulant into the water and for the pH to
stabilize at the desired point. Typical detention times in the prinmary mixing tank 14

range from 1 munute 1o 30 minutes.

Referring now to Fig. 1, when the coagulant 1s completely blended and the pH of
the water is stabilized, the first stage water flows from the primary mixing fank 14 and
passes through a mechanical clarifier 28, The clanifier 28, or liguids-solids separator,
separates the chemically flocculated particulates from the water and removes them from
the svstemy. It is in this onst that chemically precipitated TOC removal occurs, The
clarifter 28 mayv be one of several types including an mchined plate settler, a gravity

clarifier, solids a confact clanifier, a slodge blanket clarifier, or a dissolved air flotation

15
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unit. Each type of clarifier has benefits depending upon the quality of the raw water

SOUTCe,

The water then flows from the clarifier 28 and 1s directed into a sccondary mixing
tank 30, The sccondary mixing tank 30, hke the primary mixing tank 14, may comprise a
single mixing zone having a single mixer 34, as shown in Fig. 1, or multiple mixing

zones with multiple mixers 22, 24 as shown in Fig. 2.

In the secondary mixing tank 30, the particulate charge of the water is monmitored
and the appropriate amount of acid or base 15 added 1o the water {o maintain the optimum
charge wimdow in order to match the electromagnetic charge of the membrane surface.
The optimwn charge window, which 1s typically in the low anionic (-} range, is chosen to
align with the natural surface charge of the membrane 1n order to reduce fouling. Thus,
the target electromagretic charge may vary depending on the type of filter used
Manufacturer of polymenic membrane filfers may utilize different membrane materials
{e.g., Polyvinvlidene Flooride "PVDF™, poly ether sulfone “PES”, ete)), which can iimpart
differing surface charge characteristics. In addition, different manufacturing technigues
will undoubtedly produce membranes with different surface charge characteristics.
Because the destred electromagnetic charge range 15 in the low anionic range, it 18
generally a base that s required to be dosed. Dosing a base introduces anions into the
water and affects the electromagnetic charge of the particulates by making the charge
more anionic (-). Esampies of bases that may be used are caustic soda or soda ash. The
particulate clectromagnetic charge can alse be aflected by factors such as turbidity

merease/decrease, temperature, conductivity and the type of particulates in the water.

For example, particulates in a water source will almost always carry an anionic
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charge. Thus, the higher the turbidity, the higher the overall charge.  In contrast, the
addifion of a coagulant will precipitale as a flocoudated particle that carries a cationic
charge. Higher or lower doses will offset against the natarally ocenrring amionic charges.
The resulting charge s, therefore, dependent upon the naturally occurring particle charge
and the “introdaced”™ Hoc charge. Temperature can also alter particulate charges. As
temperatare decreases, overall antonic particulate charge will decrease as well, However,
a micro amp streaming current monitor measures the charge of the flowing water stream
regardless of turbidity, conductivity or temperature chan

203,

=

For example, i one cmbodiment the particolate charge of the water in the
secondary mixing fank 30 15 preferably monttored by a nuicro amp streaming current
monitor 40, which displays the micro amp charge of the particulates m the water. The
clectromagnetic charge of the particulates may be monitored by other devices, such as a
particle charge analvzer or a zeta potenfial analveer.  bach device measures the
upits. For example, all specific numbers given in this application refer to measurements
taken by a micro amp streaming current monitor made by the Milton Roy Company. The
actual pumbers will vary depending on the device used to measure electromagnetic

charge.

The streaming current montior 40 sends an electronic signal to the master control
panecl 80, which determines the appropriate amount of acid or base to add to the water to
malntain a charge of -9.8 o -9.4 micro amps. It is understood that this charge rcading
can vary from manuvfacturer to manufacturer and s depeadent upon the method

calibration. This optimum charge window is chosen to match the electromagnetic charge
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of the membrane surface. The master control panel 80 sends an clectronic signat to the
secondary acid/base dosing system 32 to dose the appropriate amount of acid or base inlo

the secondary mixing tank 30.

The water and acid or base is mixed i the secondary mixing tapk 30, When the
particulate charge of the water 15 stabilized, the water flows from the secondary mixing
tank 30 and passes through a low pressure membrane filter 50, The membrane filter 50
removes particulates from the waler that are larger than the membrane’s pore size, which
is typically 0.04 — 0.1 microns. The membrane filtration system provides the final
process step before the water s disinfected and distriboted to homes and businesses.
Though reference has only been made to a membrane filter, g conventional filter could

atso be used in accordance with the present mvention,

A low pressure membrane filter operates by running in a feed pressure mode for
pressure-based membrane Giltration systems or @ vacoum pressure mode for submerged or
acuam based membrane filtration systems.  In the feed pressure mode, the membrane
filtration system passes water through the membrane onder direct feed pressure. In the
vacuum pressare mode, the membrane filtration system pulls water through the

membrane under vacuem.  The filtration runs may be set by time mtervals (minutes of

filtration) or the runs may be determined by pressure increase or fouling.

After the water passes throngh the membrane filter 50, the water 15 stored in a
clear well 70, Chlorine is dosed mto the water in the clear well 70, Chiorine disinfectant
1s required to be miroduced mto a water stream prior o the distribution system to prevent
brological growth or contamination of the filtered water supply. The system may further

include a clear well level meter 66, which monitors the water i the clear well 70 and
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provides information to the master control pane! 60 via an electronic signal to determine
the detention time of the water in the distribution system. The detention time 13 important
becanse disinfection byproduct (DBP) tormation of regulated compounds such as HAA
and THM occurs over time. The longer the defention time in the distribution system, the

e
=3

greater the formation of these regalated compounds.

The system of the present invention depicted 1 Fig. 1, may further include means
for controlling the amount of chlorie dosed info the water in the clear well 70, For
example, based upon the iput signals trom the temperature sensor 44, the TOC analyvzer
62, the UV 254 analyzer 64 and the clear well lovel meter 86, the master control panel 60
may determine the amount of chlonne required to be dosed infe the water in the clear
well 70, The master control panet 80 sends an clectronic signal to the chlorine dosing

system 68 to dose the required amount of chlorine.

The system of the present mvention depicted m Fig, 1, may further include a
protection svstem, wherein the pH of the water in the secondary mixing tank 30 s
monitored o ensure that the pH of the water in the secondary mixing tank 30 is

maintained within an optimmum pH window.

For example, in accordance with the process and system of the present invention,
the pH of the water in the secondary muixing tank 30 1s monttored by a pH probe 42, The
pH probe 42 sends an electronic signal to the master contrel panel 80, which determines
whether the pH of the water is within the optimum pH window. I the pH of the water is
outside of the preset upper or lower pH values, which correspond to the optimum pH
window, the master control panel 80 sends an electronic signal to shut off the primary

andd secondary acid/base dosing systems 18, 32 until a pH reading within the optimum pH
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window is received. Consistent with such a fail-safe gystem, an alarm may be triggered
with the shut down of the coagulant, acid and base feed systems.  In addition, the
operator would typically check the entire system prior to manual restart of the system,
The optimam electromagnetic charge and pH windows are dependent on the water souwrce
and the type of coagulant used. Generally, the optimum pH window is in the range of
gbout 7.0 to 8.0 standard unns, but 1s dependent upon the characteristics of the water and

coagulant used.  The optimum electromagnetic charge window can also vary slightly

depending on the type of metalisalt coagolant nsed {e.g., aluminum or iron based).

The protection system may also include a mechanism for monitoring the
performance of the membrane Tilter 50, When the particulate charge or pH is outside of
the optimum window for most efficient membrane performance, membrane performance

degrades immediately. For example, if the desived particulate charge for a given water

=

-~ oo
; 3

stream is 9.7 micro amps and the corresponding pH is 7.3, and if has been determined
through experimentation thal temperature variations that alter particulate charge fall
between a pH value of 7.1 and 7.4, a lower pH limit of 6.9 and an upper pH limit of 7.6
can be incorporagied info the master contrel. Should the pH measurement move outside of
this preset range, 1t is an indication that there could possibly be a problem with the
amount of chemical dosing, As a fafl-safe measure, the system may wigger an alarm and
shut off the chemical feed.

The trans-membrane pressure (TMPT), moembrane resistance and membrane
permeability may also be monttored at the membrane filter 50 by a membrane
performance sensor 48. The membrane performance sensor 46 sends an electronic signal

to the master conirol panel 80, which determunes if the TMP, membrane resistance or the
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membrane pormgability are within the preset coanditions.  For example, if #t has been
deternuned that ander normal working conditions the system experiences an acceptable
TMP rise of say 0.2 pst per day, a TMP rise rate that exceeds 0.5 psi per day would
irigger an alarm and shuat off chemical feed as a faib-safe measure. When the TMP,
membrang resistance of membrane permeabihity s owtside of the preset conditions, the
master conteed panel 80 shuts down the secondary aciddbase dosing system 32 untid

measurements within the preset conditions are received.

Controlling the parbiculate charge and monitoring the pH, TMP, membrane
resistance, and membrane permeability in the second stage of the process increases the
performance of the membrane filiration svstem.  Specifically, advantages obtained are a
higher muembrane filtration rate, longer membrane fltration intervals, less membrane
backwash waste and thereby water conservation, lower membrane chemical cleaning

requirements, and a longer membrane hife,

With reference again to Fig. 2, a sccond embodiment of the membrane fihration
system of the present mvention will be described in greater detail. The embodiment of
the membrane filtration systen shown in Fig. 2 comprises a single-stage or direct feed
mode filtration process. In contrast to the first embodiment, the direct feed mode does
not include a clarifier element. In the direct foed mode, water bypasses the clarifier and
proceeds directly to the membrane filiration system. As disclosed above in the
paragraphs regarding the first stage of the two-stage process, the pH of the water can be
fowered to as low as 4.5 o 3.0 standard units to achieve the highest TOC removal.
Howaever, at this pH and particulate charge level, if the water were to bypass the clarifier

and be fed directly onto the membrane, the fouling rate of the membrane would merease
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drantatically.  Therefore, o the direct feed mode, the pH and particulate charge of the
water must be maintained at levels that achieve as much TOC removal as possible while
optimizing membrane performance.

As shown m the Kig. 2 schematic dlagram of the direct feed mode embediment, a
stream of raw untreated source water 10 s directed tnio & mixing tank 14 where it 18
dosed with an cffective amount of coagulant based upon a variety of factors such as
volume, TOC level and temperature. The volume may be defermined by means of a flow
meter 12, which monitors the volume of source water 10 flowing into the mixmg tank 14.
The TOC level may be determined by means of @ TOC analyzer 62 and UV 254 analyzer

84 described previously. The temperature may be determined by means of 8 temperature

sensor 44,

The particulate charge of the water in the mixing fank 14 i3 also monitored by
means of a micro amyp streaming corrent monitor 40, The water in the mixing tank 14 18
then dosed with an appropriate amount of acid or base to mamntain the particulate charge
of the water within the optimum charge window for the membrane filter 50. Ownce the
electromagnetic charge of the water iy mixing tank 14 is stabilized and the coagulant is
completely dispersed, the water passes through a membrane filter 50, which filters out the

floceniates and msoluble particulates from the water.

The system depicted in Fig, 2 may also include a protection svsten for preventing
runaway chemical dosing comprising a pH probe 42 © monitor the pH of the water in the
mixing tank 14 and a wembrane performance sensor 46, which monitors the TMP,
membrane resistance and membrane permeability of the membrane,  Should any of the

measurements be found to be outside of preset values for pH, TMP, membrane resistance
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or mentbrane permeability is received, the systen may be shut down untid an acceptable
measurement 18 recetved.

In a preferred embodiment of the Altration system depicted in Fig, 2, the system
further includes a master control panel 80, which collects and analyzes data inputs from
the flow meter 12, TOC apalyrer 82 and UV 2154 analyrer 84, to determine an effective
amount of coagulant to be added to the water 1o the mixing tank 14, Measurement data
from the flow meter 12, TOC analveer 82 and UV 254 analvzer 64 ave typically sent to
the master conirol panel 80 by means of wireless or hardwire electronic signal
communications. Based upon daia input from the flow meter 12, the femperatine sensor
44, the TOC analyzer 82, and the UV 254 analyzer 64, the master control panel 60 uses a
programmed algorithm to calculate an effective amount of coagulant fo be added fo the

water in the mixing tank 14.

For example, the flow meter 12 sends an elecironic signal to a master conirol
panel 60 regarding the volume of the water entering the mixing tank 14, The temperatore
sensor 44, TOC analyzer 62 and UV 254 analvzer 64 monttor the water in the mixing
tank 14 and send their measurement data to the master control panel 80 via electronic
signals. Based on the data from the flow meter 12, the temperature sensor 44, the TOC
analyzer 62, and the UV 254 analyzer 64, the master controf panel 60 uses a programmed
algorithimn to calculate an effective amount of coagulant 1o be added to the water in the
mixing tank 14, The master controf panel 80 then sends an electronic signal to coagulant

dosing svstem 18, which doses an effective amount of coagulant into the mixing tank 14,

The master control panel 60 can also be used to monitor and maintain the

particulate charge of the water in the mixing tank 14 within the optimum charge window.
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For cxample, the particulate charge of the water in mixing tank 14 Is monitored by a
micto amp streaming corrent monitor 40, The mucro amp streaming carrent monitor 40
sends an electronic signal to the master control panel 80, which caleulates the appropraie
amount of acid or base {o add {o the waler to maindam the particulate charge within the
optimum charge window. The master control panel 60 sends an clectronie signal to the
acidibase dosing system 18 10 dose the appropriaie amount of acid or base into the

mixing tank 14,

The mpang fank 14 may comprise a single miximg zone with a single mixer 20, as
shown in Fig, 1, or preferably multiple mixing xones with multiple misers 22, 24, as
shown in Fig. 2 to mix the water, coagulant and acid or based thoroughly, The mixers
are preferably vertically mounted, propelier-fype agitators, Referring to Fig. 2, when
multiple mixing zones are ntilized, the first zone typreally contamns a rapid mixer 22,
which rapidly mixes the water to quickly disperse the coagulant, and the second zone
containing a slower speed flocculation or maturation mixer 24, which promotes the
floccudation of chemically precipitated particulates. Once the electromagnetic charge of
the waler in mixing tank 14 is stabilized and the coagulant is completely dispersed, the
treated water 15 pnmediately directed through the membrane filter 50, which filiers out

the fiocculates and msoluble particudates from the water.

The master control panel 60 may also be used montior the pH level of the water
as it procecds through the system and membrane performance data to automatically
protect the fltration system from runaway chemical dosing,  For example, the master
control panel 60 may monitor data measurement via electronte signals from a pH probe

42, which measures the pH of the water in the primary mixing tank 14, and a membrane
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performance sensor 46, which measures the TMP, membrane resistance and permeability
of the membrane. I a measurement outside of preset values Tor pH, TMP, membrane
resistance or membrane permeability 18 received, the master control panel 60 shuts off the

acidibase dosing systent 18 until an acceptable measurement 18 recetved.

Following filtration by the membrane 50, the filtered water may be directed 1o a
clear well 70 for temporary storage. A clear well level meter 86 monitors the water in the
clear well 70 and provides information on the detention time of the water in the
distribution system.  Based on the input data from the temperature sensor 44, the TQC
analyzer 82, the UV 254 analyrer 84, and the clear well level meter 86, the amount of
chlorine needed may be calculated so that a chlonne dosing sysiem 68 can dispense the

necessary amount of chlorine unto the clear well 70.

In a preferred embodiment, the master control panel 60 is used to monitor,
calculate and dispense the amount of chilorine into the clear well 70 necessary to maintain
safe drinking water. For example, the clear well level meter 66 monitors the water in the
clear well 70 and provides mformation on the detention time of the water m the
distribution system to the master control panel 80 by an electronic signal. Based upon
the input data from the temperature sensor 44, the TOC analyzer 62, the LIV 254 analyzer
64, and the clear well level meler 66, the master control panel 60 caleulates the amount of
chlorine needed and sends an clectrome signal o the chlonine dosing system 88 to dose

o

the necessary amount of chlorine into the clear well 70.

With reference to the Figores, and particularly Fig. 3. the master control panel 60
automates the process of the present invention to control the amounts of coagulant, acid

or base and chiorine that are dosed during the filtration process. Based on the input data
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from the analyzers throughout the process, the master conirol panel 80 caloulates the
actual coagulant dose required for TOC removal {o maintain disinfection byproduct
formation of haloacetic scid {("HAA™)Y and twihalo methane ("THM™) below regulatory
tmis.  The master control panel 60 may also determine whether pH adjustment in
compunction with coagulant dosing is required, calculate the acid or base dose necessary
to mamtain particalate charge within the optinum charge window, and caleudate the
actual chlorine or disinfectunt regquired to maintain the regulated residual fimits n the

distribution system.

In one embodiment, the master control panel 80 comprises a receiver for
receiving electronic signals.  The clectromie signals are typically a 4-20 mA signal,
though other means of transniission are possible. The master control panel 60 receives
signals from the flow meter 12, pH probes 28, 42, {emperature sensor 44, micro amp
streaming current monitor 40, membrane performance sensor 48, TOC analyzrer 62, UV
254 analyzer 84 and clear well level meter 66, A chlorine residoal analyzer may

optionally provide input signals as welll

Based on the iaput data, the appropriate amounts of coagulant, acid or base, and
chlorine to be dosed are determined via mathematical formula or algonthay programimed
into the master contrel panel 60, The mathematical formula or algorithm is based upon
taboratory simulation that determunes the TOC removal using varving coagulants {at
varving concentrations) and varving pH fevels.  In addition, laboratory simulation can
also be porformed that simalates the formation of DBP and measures HAA and TTHM

formation over time at a certain temperature. This testing and simulation, as well as the

TOC removal and DBP formation “on-site™, can provide the information necessary to
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eater into the formula/algorithm that the Master Control Panel uses to dose coagulant, set
pH and dose chlorime. The master control panel’s 80 transmitter then sends electronic
signals to the coagulant dosing system 16, acidibase dosing syslems 18, 32, and chlorine

dosing system 68 io dose the appropriate amounts of the respective chemical into the

waler.

The master control panel 80 also profects against the possibility of overdosing
actd or base v controlling pH and particulate charge. Default set points for pli, TMP,
membrane resistance, and membrane permeability are stored in the master control panel
60. When measurements ouiside of these sot ponts are received, the master control panel
80 15 programmied to shut off acid and base dosing until acceplable measurements within
the set points are obtained, For example, if the optimum membrane performance window
pH s between 7.2 and 7.5 standard units, the master controf panel 80 will not allow the

pH dosing system to dose when the pH 15 weasured outside of this window.

It will now be evident 1o those skilled in the ant that there has been deseribed
herein an improved membrane filtration system and process that enhances total organic

carbon removal while maintaining optimum membrane filter performance.

Although the mvention hercof has been described by way of a preforred
emboduneni, # will be evident that other adaptations and modifications can be employed
without departing frown the spirit and scope thereol.  For example, the above deseribed
pracess for maximizing TOC removal and membrane filtration performance could alse
meiade conirolling other constitvents in the water such as atkalmity adjustment, varying

types of dual stage chemical coagulants, and powered activated carbon ("PACTY dosing.

Other technologies can be added to the process such as lon Exchange ahead of the
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process and Gramudar Activated Carbon Adsorption after the process or the process
described may be a stand alone process for drinking water filtration.  The flexibility of
the process altows tor newer types of hquids-solids clarifiers and newer, more advanced
membrane materials.

The above described mvention discloses a system and process for enhancing TOC
removal from raw, untreated water while mainfaiving opimuyy membrane  filter
performance.  Although the invention has been parbicularly shown and desenibed, the
disclosure s not mtended 1o hmit the scope of the invention. The terms and expressions
emploved berein have been used as terms of deseription and not of limitation; and thos,
there 15 no mtent of exclading equivalents, but on the contrary it is nfended {o cover any
and afl equivalents that may be emploved withoot departing from the spirit and scope of
the invention. I will be understood by those skilled i the art that varions changes in
form and conditions may be made theremn without departing from the spirit and scope of

the mvention.
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CLAIMS

I claim:

1. A process for optimizing the removal of total organic carbon (TOC) from water
while enhancing the performance of a membrane filter, comprising: adjusting the pH
level of said water, prior to said water being directed through said membrane ﬁtlter, SO
that the particulate charge of said water aligns with an electromagnetic surface charge of

said membrane filter.

2. The process of claim 1, wherein said adjusting step includes measuring the
particulate charge of said water using a micro amp streaming current monitor and dosing
said water with acid or base to maintain the particulate charge of said water within an

optimum charge window for said membrane filter.

3. The process of claim 2, wherein said optimum charge window ranges between -9.8

and -9.4 micro amps.

4. The process of claim 2, further comprising dispersing an effective amount of
coagulant into said water prior to said adjusting step, wherein said effective amount of
coagulant is determined based upon the volume, TOC level and temperature of said

water.

5. The process of claim 4, further comprising suppressing the pH of said water prior to

said coagulant dispersing step.
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6. The process of claim 5, wherein said suppressing the pH of said water includes

dosing said water with acid or base to maintain a pH of 4.0 to 6.0 standard units.

7. The process of claim 6, further comprising directing said water through a
mechanical clarifier device prior to said adjusting step, but after said coagulant dispersing

step.

8.  The process of claim 4, wherein said effective amount of coagulant is further based

upon the optimum charge window for said membrane.

9. The process of claim 1, further comprising monitoring membrane filter performance
measurements usinga sensor attached to said membrane and preventing said water from
being directed through said membrane filler when said performance measurements

exceed a predetermined value.

10. The process of claim 9, wherein said membrane filter performance data comprises a

measurement of the trans-membrane pressure of said membrane.

11. The process of claim 9, wherein said membrane filter performance data comprises a

measurement of the resistance of said membrane.

12. The process of claim 9, wherein said membrane filter performance data comprises a

measurement of the permeability of said membrane.
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13. A membrane filtration system for optimizing the removal of total organic carbon

from water while enhancing the performance of a membrane filter, comprising:

a first mixing tank for holding water prior to said water being directed through

said membrane filter;

a micro amp streaming current monitor for measuring particulate charge of said

water in said first mixing tank;
a pH probe for measuring pH of said water in said first mixing tank; and

a mechanism for adjusting the pH level of said water, prior to said water being

directed through said membrane filter, to align said particulate charge of said

water with an electromagnetic surface charge of said membrane filter.

14. The membrane filtration system of claim 13, wherein said mechanism for adjusting
the pH level comprises an acid/base dosing system, which is responsive measurements

from said micro amp streaming current monitor and said pH probe.

15. The membrane filtration system of claim 13, further comprising a coagulant dosing

mechanism for adding a coagulant to said water in said first mixing tank.

16. The membrane filtration system of claim 15, further comprising a mixing device for

dispersing said coagulant in said water.
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17. The membrane filtration gystem of claim 15, further comprising
a mechanism for determining the volume of water in said first mixing tank;
a mechanism for analyzing the amount of TOC in said watcr; and
a mechanism for measuring the temperature of said water;

a control device for determining an effective amount of coagulant for coagulant

dosing mechanism to add to said water

wherein said control device determines said effective amount of coagulant based

upon the volume, the TOC level, and temperature of said water in said mixing tank.

18. A membrane filtration system for optimizing the removal of total organic carbon

from water while enhancing the performance of a membrane filter, comprising:

a first mixing tank for receiving raw untreated water from a sourcé, said first
mixing tank including;
a) a coagulant dosing mechanism for dispensing a coagulant into water in
said first mixing tank, and
b) a primary acid/base dosing system for adjusting the pH level of water in

said first mixing tank;

a clarifier device fluidly connected to said first mixing tank, said claritier
configured for receiving water from said first mixing tank and filtering out

chemically flocculated particulates from said water; and

a second mixing tank fluidly connected to said clarifier device, said second
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mixing tank configured for receiving water from said clarifier device and

directing water to said membrane filter, said second mixing tank including;

a) a micro amp streaming current monitor for measuring particulate charge of
water in said second mixing tank, and

b) a secondary acid/base dosing system for adjusting the pH level of water in

said second mixing tank,

wherein, prior to water being directed to said membrane filter, said secondary
acid/base dosing system adjusts the pH level of water in said second mixing tank
based upon measurements from said micro amp streaming current monitor to
maintain the particulate charge of said water within an optimum charge window
of said membrane filter that aligns with an electromagnetic surface charge of said

membrane filter.

19. The membrane filtration system of claim 18, further comprising a membrane
performance sensor attached to said membrane filter that monitors membrane
performance data and prevents water from being directed through said membrane filter

when said membrane performance data exceeds a predetermined value.

20. The membrane filtration system of claim 19, wherein said membrane performance
sensor measures the trans-membrane pressure, membrane resistance and membrane

permeability of said membrane filter.

21. The membrane filtration system of claim 18, wherein each of said first and second

mixing tanks further include at least one mixer element.
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22. The membrane filtration system of claim 18, wherein said first mixing tank further

comprises:

¢) a mechanism for determining the volume of water in said first mixing

tank,
d) a mechanism for analyzing the amount of TOC in said water, and

¢) a mechanism for measuring the temperature of said water;

wherein the amount of coagulant dispensed into said water by said coagulant dosing
mechanism is based upon the volume, TOC level and temperature of said water in

said first mixing tank.
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