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1

1.1

Introduction

INTRODUCTION TO ULTRAFILTRATION

A separation spectrum diagram is shown on Figure 1. It depicts the most common technologies applied for the removal
of diverse contaminants or substances present in a feed stream of water supplies. While Electrodeionization (EDI), lon
Exchange (IER), Reverse Osmosis (RO) and Nanofiltration (NF) target the removal of solutes from the feed stream,
Ultrafiltration (UF), Fine Particle Filtration (FPF) and Microfiltration (MF) separate fine particles, suspended solids,
colloidal matter, microorganisms (e.g., cryptosporidium or giardia cysts) and low molecular weight species.

UF is a pressure-driven process that achieves separation through sieving (i.e., size exclusion) depending on its pore size
and molecular weight cut-off (MWCO) expressed in kilodaltons (kDa). The pore size is the nominal diameter of the
micropores in the membrane expressed in microns (um). The MWCO is the molecular mass or weight of a solute that is
rejected greater than 90 percent. UF membranes can be as fine as 3 kDa or as coarse as 150 kDa. Typically, coarse UF
membranes in the range of 80 - 150 kDa (equivalent to a pore size of 0.02 - 0.03 pm) are used in water treatment
applications as they have a good balance between rejection and permeability. This pore size can provide a barrier to
viruses often found in water sources.
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1.2 Ultrafiltration Applications

The increasingly stringent requirements for quality standards of water supplies have facilitated the widespread
application of UF in the industrial and municipal markets, offering an excellent choice among conventional filtration
processes (e.g., media filtration, or coagulation-flocculation-sedimentation). Compared to Microfiltration, UF can offer
higher virus removal capability. By physically removing pathogens, UF membrane filtration can also significantly reduce
downstream chemical addition (e.g., chlorine).

UF is widely used as well in an integrated membrane treatment scheme as pretreatment to RO or NF to reduce
membrane fouling potential. As RO membranes are widely accepted for the removal of ionic impurities from water
bodies, the water sources that are being used to feed RO systems demand good pretreatment. RO membrane
manufacturers recommend a Silt Density Index (SDI) of 3 or less to help achieve improved performance, which UF
membranes fall well under.

The main applications for UF in the water and wastewater field are seawater RO pretreatment, seawater NF
pretreatment (e.g., water injection in the Qil & Gas field), groundwater or surface water treatment (e.g., to produce
drinking water, as a stand-alone technology), water treatment for industrial use and wastewater treatment (either
municipal or industrial, e.g., for reuse).

1.3 Ultrafiltration Advantages

There are several reasons to consider Ultrafiltration as an excellent choice for pretreatment as opposed to conventional
technologies:

1. Ability to cope with difficult and variable waters: Ultrafiltration membranes are a physical barrier against most
particles, suspended matter, colloids, bacteria and even viruses, that can produce an excellent water quality
independently of variations in the influent water quality.

2. Improved and more consistent product quality: Due to their fine pores, ultrafiltration membranes can provide
a very high quality filtrate, with typical ultrafiltrate turbidity less than 0.1 NTU (independent of the raw water
turbidity), SDI less than 3%/min and 6-log or more removal of pathogens such as Cryptosporidium-il- and -i-
Giardia cysts.

3. Smaller plant footprint and less weight: UF pretreatment systems require a smaller footprint (up to 50%
lower) and weight than media filtration systems. This can lead to a reduced cost of land acquisition, building
design, and transport.

4. Module and skid Integrity Testing can be done easily on line to detect potential leakages without significant
plant downtime.

5. Membrane modules can be individually isolated for repair, maintenance or replacement without
compromising the plant output.

6. Ease of design and operation: Despite requiring more focus on sustained permeability and productivity,
ultrafiltration systems offer much more stable water quality than a multimedia filtration system, without the
need to monitor filter ripening time or breakthrough, or the need of ensuring appropriate layering of
multimedia after backwash. Therefore process design is less complicated and control is more automated than
with conventional pretreatment.

7. Lower environmental impact: Conventional systems typically require chemical pretreatment such as
coagulation and pH adjustment for the removal of silt and fine particles, but UF can remove these
contaminants just by size exclusion due to the small size of the membrane pores. This can lead to lower
chemical consumption and lesser environmental concerns for wastewater disposal.

8. Lower RO stage cost: The potential for lower downstream cost, based on improved and more consistent water
quality facilitated by the UF system, is a key aspect. UF as pretreatment also allows higher design flux in the
RO stage, as well as lower requirements for membrane cleaning and ultimately lower replacement rates, by
facilitating a RO feed water with lower fouling tendency. In addition, cartridge filters use can be significantly
reduced or eliminated (especially when there is no break tank in between UF and RO).
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1.4 Ultrafiltration Operating Modes

Ultrafiltration systems in water treatment applications often work in the so called Dead-End (or Direct Filtration) mode
as opposed to the Concentrate Recirculation (or Cross-Flow) or Bleed Operation modes, which will be described below.
As contaminants build on the membrane surface the membrane permeability drops and the transmembrane pressure
(TMP) increases until the operation would become inefficient and the membrane would need to be restored. In order to
minimize contaminant build-up and maintain stable plant performance, these strategies include Air Scour, Gravity Drain,
Backwash, Forward Flush or chemical based aids such as Chemically Enhanced Backwash (CEB). All of them are
described in this document.

1.4.1 Dead-End Mode

In the Dead-End operation mode (also known as “Deposition Mode”), all the feed volume entering the UF elements
passes through the membrane (there is no reject stream) and is collected on the filtrate side, so there is 100% recovery
of the water. The contaminants that are not small enough to pass through the membrane are either trapped on the
membrane surface or stuck inside the pore channels, leading to an increase in the TMP and a decline of permeability. At
some point the system is taken off-line and the membranes are cleaned hydraulic or chemically.

Filtrate

Figure 2. Dead-End Operating Mode

The Dead-End mode uses less energy and the plant design and operation is simpler as opposed to the modes involving
tangential flow (See Figure 2). For this reason it has become the main operating choice in most ultrafiltration systems.
The higher fouling rate associated to this operating mode is counteracted with more frequent backwashes and chemical
cleanings.

1.4.2 Cross-Flow and Bleed Mode

These operating modes are used on high fouling waters to avoid excessive build-up of contaminants on the membrane
surface. The shear force generated on the membrane surface by the tangential flow (parallel to the membrane) reduces
the fouling rate as it continuously removes the contaminants away from the module.

In the Concentrate Recirculation mode (or Cross-Flow), the concentrate flow exceeds the filtrate flow passing through
the membrane (typically in a ratio of 5:1 or higher). The concentrate stream is then typically recycled back to the feed
tank or to the recirculation pump suction side (see Figure 3). This allows increasing the flow velocity through the feed
channels and therefore achieving a shear force effect.
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Figure 3. Concentrate Recirculation Operating Mode

The main disadvantages of the Cross-Flow operation mode are the higher energy consumption due to the high flows
used to create enough flow velocity, the cost of the recirculation pump (or a larger feed pump) and the greater
complexity of the system design.

In the Bleed Operation (see Figure 4), half way between Dead-End and Cross-Flow mode, most of the feed water will
pass through the membrane while the rest will get out of the UF element directly through the concentrate side
(typically 5 - 15% of the feed flow). This concentrate stream will carry part of the contaminants out of the elements and
is normally sent to drain. This operating mode is typically achieved by just partially opening the concentrate valve of the
UF skid during the filtration cycle, and can be a good alternative to dead-end operation to better control the fouling rate
during episodes of worsened feed water quality.

Concentrate
Blead

Filtrate

Figure 4. Concentrate Bleed Operating Mode

1.5 Ultrafiltration Module and System Configuration

Most of the UF products use hollow fibers, unlike RO/NF elements which are dominated by spiral wound configuration.
Hollow fiber UF modules usually consist of several thousand fibers bundled together. The inner diameter of the hollow
fibers is typically less than T mm. The main advantage of hollow fibers is that they can be backwashed.

Depending on the type of driving filtration force, the UF modules can be categorized as pressurized or vacuum driven.
In the pressurized form, the membranes are placed inside pressure vessels (with vertical or horizontal orientation), and
the UF modules are grouped in parallel to form skids, racks, or trains. Typical operating pressure of pressurized UF
systems is up to 2.5 barg (35 psi). The vertical orientation allows easier drain, the use of air as an aid to increase cleaning
efficiency and the elimination of extra vessels or housings.
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Vacuum driven UF modules are typically submerged in a feed tank with no membrane housing, and can only operate at
low suction pressures, typically below 0.8 barg (vacuum pressure). Due to this limitation in the maximum pressure that
can be applied, they must operate at a lower flux than pressurized systems and are more sensitive to water temperature
fluctuations. Also the module installation, cleaning, fiber repair, isolation or maintenance are more laborious in
submerged systems.

1.6 Ultrafiltration Membrane Features

1.6.1 Materials

The most common materials for UF membranes for water treatment applications are organic polymers, such as
Polyvinylidene Difluoride (PVDF), Polysulfone (PS), Polyethersulfone (PES), Polypropylene (PP) or Cellulose Acetate (CA).
PVDF and PES are the most common product in the market.

The polymer desired properties are good permeability, hydrophilicity (easier to wet and more resistant to adsorptive
fouling), narrow pore size distribution, good tolerance to pH, temperature and chemicals, robustness (strength and
elongation), and long life.

PVDF is a very flexible and robust material (i.e., good strength and elongation), with excellent break resistance and
superior tolerance to chlorine (significantly higher than other materials such as PS/PES or PP), which is a key advantage
in water treatment applications.

1.6.2 Flow Pattern

In a hollow fiber the flow pattern can be from “inside to outside” or from “outside to inside” and is manufacturer
specific. When operated in an inside-out mode, the feed water enters the fiber lumen and passes through the fiber wall
to produce filtrate in the outer side. When operated in the outside-in mode, on the contrary, the feed water enters the
module, passes through the fibers from the outer wall and the filtrate is collected in the inside lumen.

In Outside-In configuration there is no risk of fiber plugging, so the UF modules can cope better with challenging feed
water conditions and are more suitable for treatment of higher fouling waters. In addition, it allows the use of air for
fouling control and needs lower volume for backwash compared to Inside-Out fibers. Typically a flexible and robust
material such as PVDF is used in Outside-In hollow fibers.

Filtrate

Qutside / In

Figure 5. Inside/Out vs. Outside/In Operation
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1.7 Ultrafiltration Filtrate Quality

DuPont's ultrafiltration modules are very suitable for removing turbidity with typical filtrate values of < 0.1 NTU, SDI < 3,
cyst-sized pathogens removal of more than 6-log and virus removal higher than 2.5-log. The absolute barrier achieved
with UF membranes and the uniformity of the pore size, facilitates a consistent filtrate quality regardless of fluctuations
in the feed water characteristics, unless there is an integrity problem in the fibers or modules. The main feature and
objective of UF systems is to consistently provide low turbidity filtrate.

However, dissolved substances are not removed by UF membranes at a high extent (removal of e.g., Dissolved Organic
Carbon is typically < 15%). Removing these substances by UF requires them to be transformed first into particulate form,
e.g., through oxidation, pre-coagulation or adsorption.

Removal of metals such as Iron (Fe) and Manganese (Mn) is dependent on the oxidation state of these species. UF can
remove Fe and Mn if they are in precipitate form (not in dissolved form). Fe and Mn can be oxidized upstream of the UF
with aeration (more effective for Fe) or chemical oxidizing agents such as chlorine, permanganate, ozone or chlorine
dioxide. Higher pH favors precipitation.

Form No. 45-D00874-en, Rev. 1
Page 11 of 82 May 2022



2 WATER CHEMISTRY AND
PRETREATMENT

2.1 Water chemistry

As introduced in the previous chapter, ultrafiltration is a size exclusion membrane process that rejects particles,
pathogens, high molecular weight species, and ultimately lowers turbidity. However, UF does not reject any dissolved
salts, dissolved organics, or other species like true color or taste and odor. Feed water can encounter different type of
compounds that can lead to membrane fouling. A deeper introduction to fouling is addressed in Chapter 6.

In order to have a comprehensive understanding of the feed water quality and its fouling potential, there are a few key
parameters that need to be monitored during operation. This section will introduce these parameters, which are
summarized in Table 1together with their recommended monitoring frequency.

Turbidity: Sediments, clay, silt, small particles, solids etc. cause a liquid to appear turbid, “hazy”. These particles can, host
or shield microorganisms like bacteria and viruses. Turbidity is measured by the intensity of light that passes through
the water sample, and expressed in NTU (Nephelometric Turbidity Units). DuPont's ultrafiltration modules provide
consistent product water with turbidity values < 0.1 NTU.

TSS (Total Suspended Solids): It is the measure of the total weight of solids contained in a water sample, and is
expressed in mg/L. This parameter is more accurate than turbidity (i.e,, turbidity usually does not detect very fine
particles).

SDI (Silt Density Index): Is a Fouling Index. This parameter provides an indication of the particulate fouling potential of
the water (see Figure 6). It is based on the measurement of the time it takes to collect 500 mL of water sample through

a paper filter of 0.45 um at the start of the test (t;) and after the water has flowed through the filter at 2.1 bar (t) for 15
minutes (T). SDI number is calculated by Equation 1:

E) 200 Eq.1

SDI; = (1 ==

Figure 6. SDI; filters before and after the test

TOC (Total Organic Carbon): It is the most widely used parameter to determine the organic content in water. It
includes Natural Organic Matter (NOM) and synthetic sources. It is indicative of the tendency of the water to cause
organic fouling and biofouling in membranes. It is expressed in mg/L. A TOC value > 2 mg/L indicates a high probability
of biofouling. The recommended TOC level for RO feed water is <3 mg/L.

DOC (Dissolved Organic Carbon): Fraction of TOC which is dissolved (filtered through 0.45 um). Generally TOC and
DOC are the same value, except in wastewaters and some surface waters.

COD (Chemical Oxygen Demand): It is a measure of the amount of compounds in a sample which have been oxidized
by a strong oxidizing agent. Although inorganic substances such as Fe may also be subject to oxidation, for most natural
and industrial waters, the matter to be oxidized is organic in nature.
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BOD (Biological Oxygen Demand): Similar to COD except BOD detects substances that are susceptible to biological
oxidation which indicates biologically active organics. Therefore COD & BOD can be used to characterize the organic
load of water. Expressed as mg/L of Oxygen.

UV,., Absorbance: [t is an indirect measurement of NOM, based on the fact that most organics compounds can absorb
UV light. Expressed in cm™. Surrogate of TOC. Above 0.5 cm™ indicates biofouling is likely.

SUVA (Specific UV Absorbance): Ratio between UV,s, and DOC (if > 4, mostly humic matter; if < 2, indication of algae
bloom).

0&G (Oil & Grease, Hydrocarbons): Even in very small quantities i.e,, < 0.05 mg/L, it can cause accelerated fouling in
membranes.

Iron and Manganese: If they are in oxidized form, behave as particles and can be rejected by membrane systems, but
will cause fouling. Iron (Fe) can be naturally occurring (e.g., well waters), coming from corrosion of upstream piping
and/or equipment, or residuals from pre-coagulation processes.

Calcium and Magnesium: Hardness in water is due primarily to Ca and Mg ions. Based on hardness, the water can be
classified as Soft (up to 60 mg/L as CaC0,), Hard (up to 180 mg/L as CaC0,) and Very Hard (> 180 mg/L as CaCOs).
Hardness has no harmful effects on health, but leads to formation of scaling deposits in pipes, equipment or
membranes.

Conductivity: The electrical conductivity of water is linearly related to the total dissolved solids (TDS). It is the ability of
the water to conduct an electrical current. Expressed in uS/cm.

PH: Is a numeric scale used to express the acidity or alkalinity of the water. Solutions with a pH less than 7 are acidic and
solutions with a pH greater than 7 are basic. Pure water has a pH of 7 and is neutral. In water, high pH causes a bitter
taste, water pipes and equipment become encrusted with deposits. Low-pH water will corrode or dissolve metals and
other substances.

Silica: Can be Reactive Silica (Soluble) or Un-Reactive Silica (Colloidal). Colloidal form can cause fouling in membrane
systems.

Table 1. Recommended Water Quality Sampling Program

Parameter Units Analytical Method Frequency Sample source

Minimum Recommended Parameters:

Turbidity NTU APHA 2130B Weekly Feed + filtrate
Total Suspended Solids (TSS) mg/L APHA 2540D / EPA160.2  Weekly  Feed +filtrate
Total Organic Carbon (TOC) mg/L APHA 5310C Weekly Feed + filtrate
Dissolved Organic Carbon (DOC) mg/L EPA 4151 Weekly Feed + filtrate
Iron, Fe mg/L APHA 3120B / EPA200.7  Weekly Feed
Calcium, Ca mg/L APHA 3120B / EPA200.7  Weekly Feed
Magnesium, Mg mg/L APHA 3120B / EPA200.7  Weekly Feed
Additional Recommended Parameters:

Conductivity pS/cm APHA 2510B / EPA 120.1 Weekly Feed
Total Dissolved Solids (TDS) mg/L APHA 2540C Weekly Feed
Total Volatile Suspended Solids (TVSS) mg/L APHA 2540E Weekly Feed
Total Alkalinity mg/L as CaCO;  APHA 2320B / EPA 310.1 Weekly Feed
Total Oil & Grease - Total Fraction mg/L APHA 5520C Weekly Feed
Silica mg/L ASTM D859 - 10 Weekly Feed
Manganese, Mn mg/L APHA 3125B / EPA200.7  Weekly Feed
Sulfate, SO, mg/L ASTM D516 / EPA 300 Weekly Feed
UV-254 Abs/cm APHA 5910B Weekly Feed
Chlorophyll-A ma/m> APHA 10200H Weekly Feed
Total Coliform CFU/100 mL Cultivation Weekly Feed + filtrate

APHA 9215 & 9222
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Parameter Units Analytical Method Frequency Sample source

Minimum Recommended Parameters:

Total Viable Counts (22°C, 37°C) CFU/100 mL Cultivation Weekly Feed + filtrate
APHA 9215 & 9222

Enterococci/ E-Coli CFU/100 mL Cultivation Weekly Feed + filtrate
APHA 9215 & 9222

Adenosine Triphosphate (ATP) mg/L ASTM D4012 - 81 Weekly Feed + filtrate

Parameters In-Line or by Handheld Instrumentation:

Turbidity NTU ASTM D6855 & D6698 Daily Feed + filtrate

Conductivity pS/cm ASTM D1125 Daily Feed

pH = ASTM D1293 Daily Feed

Temperature °C - Daily Feed

Silt Density Index = ASTM-4189-95 Daily Feed + filtrate

DuPont Ultrafiltration Modules designs are based on qualified feed water conditions as shown in Table 2. The UF

modules can tolerate period excursions in feed water quality as shown as the maximum recommended. If the feed
water quality is outside of the design basis range shown below, a pilot study should be operated to confirm
performance or pretreatment must be considered. If the system is designed and installed to the qualified conditions
below but the feed water quality is not maintained DuPont Water Solutions should be consulted.

Notes:

Table 2. Qualified Feed Water Quality Parameters

Parameter Unit Desirable Maximum Recommended'"
Turbidity NTU <50 300
TSS mg/L <20 100
TOC mg/L <10 40
CODy, mg/L <20 60
Oil & Grease mg/L 0 <2
Particle Size micron <150 300
pH continuous - 6-9 2-1M
pH cleaning = 2-11.5 1-12
Temperature °C <35 40
Feed Pressure bar <3 6.25 @ 20°C
TMP bar <1 2.1
Cl, continuous mg/L <0.5 200
Cl, cleaning mg/L 2,000 5,000

[1] Note: Maximum values recommended refer to continuous operation, consult your local representative for values beyond those shown.

2.2 ULTRAFILTRATION PRETREATMENT

Depending on the feed water characteristics pretreatment might be needed in combination with the UF process.

Dissolved substances are not removed by UF membranes, so they must be transformed into particulate form if they are
the target of the UF process.

Otherwise, very little pretreatment is required if microorganisms and particles are the target contaminants. Prefilters
(100 - 300 pm) need to be installed upstream the UF process to protect the UF system from large particles, sand, etc.
See Table 3 for strainer selection guidelines. A variety of technologies can be used such as self-cleaning screens and
bag, cartridge, or disc filters.
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Table 3. Strainer selection guidelines

Source Water Strainer Size [
Bore Well / Ground <300 um
City / Tap Water <300 um
Surface (Pretreated) <300 um
Surface (Untreated) <300 um
Seawater 100 - 300 pmi2
Wastewater (Secondary, Tertiary Effluent) <300 um

Notes:

[11 Recommended for initial specification, and to be reviewed against site-specific raw water quality and project drivers.

[2] Strainer size of 100 um or lower is recommended to control the growth of barnacles and mussel larvae inside the UF system pipes, as well as to prevent sand particles to reach
the UF membranes.

Depending on the type of water or range of feed water parameters other pretreatment technologies such as
coagulation/flocculation, clarification/sedimentation, flotation or granular media filtration may also be recommended.

Coagulation/Flocculation: Chemical and Physical process to form particle aggregates (flocs) from silt, clay, colloids,
suspended material, microorganisms, NOM (by adsorption in the flocs) for removal in subsequent steps such as
clarification, flotation or granular media filtration. In coagulation, chemicals such as alum or ferric salts are added to the
water to reduce repulsion forces between particles (“destabilization”). This enables particles to become attached to each
other. It is achieved by rapid mixing (“flash mixing”) in order to disperse the coagulant quickly in the water. In contrast,
flocculation consists in a low-intensity mixing to increase the rate of agglomeration. Chemicals might be used to assist,
such as cationic, anionic or non-ionic polymers.

Clarification/Sedimentation: Basins designed to decrease solids concentration typically after a Coagulation +
Flocculation step, or removal of settleable solids from turbid waters without coagulant addition. This pretreatment is
typically used in inlet waters with average turbidities > 30 NTU or spikes above 50 NTU. It can achieve clarified water <2
NTU and SDI < 6. The water retention time in the basins is typically 2 - 4 hours. Types of this pretreatment include:

« High-Rate Sedimentation (Lamella Settlers): It uses inclined plates for more efficient removal of solids (by
providing a larger settling area), typically at 60° and 5 cm separation. It allows higher loading rates; reduced
footprint (65 - 80% compared to conventional clarifiers). Appropriate when inlet turbidity > 50 NTU.

« Microsand Ballasted Clarification: Small sand grains are added in the flocculation basin to act as nucleus for
floc formation. Increased settling velocity. Reduced time and footprint requirements.

« Dissolved Air Flotation (DAF): Solids removal occurs at the surface of the clarifier, through flotation, rather
than at the floor (i.e., clarified water is removed from bottom, instead of from top). Smaller footprint than
conventional settlers. DAF is ideal for removal of light particles with slow settling time (e.g., coagulated NOM),

algae or Oil & Grease, when turbidity < 50 NTU. Micro air bubbles (C5O um) adhere or push-up the flocs at the
DAF inlet and force them to float. It includes Coagulation + Flocculation chambers. It can achieve clarified water

< 0.5 NTU.

Granular Media filtration: It is the oldest (4000 BC) and most commonly used pretreatment process. The water flows
through one or more layers of porous granular medium (e.g., sand, pumice, anthracite) to remove suspended solids.
Typically it removes 90 - 99% of the solids. There are different types of granular media filtration:

« Single-Medium: Typically sand or anthracite, only if feed turbidity is <2 NTU, TSS < 3 mg/L.

o Multimedia: Pumice or Anthracite over Sand. It is the most common.

« Two-Stage (for > 20 NTU and TOC > 6 mg/L): Typically 1* stage is coarse single or dual filter (60 - 80%
removal) and 2" stage is polishing dual-media filter which removes 99% remaining fine solids. TOC removal is
low, typically 20 - 30% or even up to 50% if a carbon layer is installed at the top. It can achieve outlet turbidity <
O0.1NTU.
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In addition, granular media filtration systems can be classified:
As per Driving Force:
o Gravity Filters: Need only 2 - 3 meters (6.5 - 9.8 ft) head, housed in open tanks.

« Pressurized Filters: need higher pressure; enclosed in steel vessels.

As per Filtration Rate:

« Slow Sand Filters: Gravity. Typically < 0.5 m/h (gpm/ft?) loading rate. Best for feeds <5 - 10 NTU and TOC <3
mg/L. They can achieve filtrate turbidity <1 NTU.

« Rapid Sand Filters: they can be gravity or pressurized. Up to 12 m/h (gpm/ft?). Usually require pre-coagulation.
They can achieve filtrate turbidity <1NTU.

« High-Rate Filters: Pressurized filters. Up to 30 m/h (gpm/ft?). They can achieve filtrate turbidity < 0.5 NTU with
coagulant aid.

As per Direction of Flow:
« Downflow: It is the most common type. Water flows downwards.

« Upflow: Rarer, water flows upwards. Used typically in activated carbon filters or roughing filters.
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3 DuPont ULTRAFILTRATION MODULES
DESCRIPTION

This section includes the description of DuPont Ultrafiltration SFP/D-2660, SFP/D-2860, SFP/D-2880, IntegraFlux™
SFP/D-2860XP, SFP/D-2880XP modules, IntegraPac™ IP/D-51, IntegraPac™ IP/D-77, IntegraPac™ IP/D-51XP, IntegraPac™
IP/D-77XP modules and skids and IntegraFlux™ UXA-2680XP modules.

3.1 DuPont Ultrafiltration Module Features

The DuPont Ultrafiltration Modules are made of high strength, hollow fiber membranes with features and benefits
including:

e 0.03 um nominal pore diameter for removal of bacteria, viruses, and particulates including colloids.

« PVDF fibers free of macro voids for high mechanical strength with excellent chemical resistance offering long
membrane life and reliable operation.

« Hydrophilic PVDF fibers for easy cleaning and wettability that help maintain long term performance.
o Qutside-In flow configuration for high tolerance to feed solids and the use of air scour cleaning.
o U-PVC housings eliminate the need for pressure vessels and are resistant to UV light.

« |n addition, the XP fiber products provide up to 35% higher permeability than previous generation modules
improving operating efficiencies and productivity.

The outside-in flow configuration allows the use of highly effective air scour cleaning which enhances particle removal
and improves recovery. A dead-end flow format achieves higher recovery and energy savings. The module housing
design eliminates the need for separate pressure vessels while the vertical orientation allows gravity draining and
facilitates the removal of air from cleaning and integrity testing processes.

The hollow fiber membranes are 1.3 mm outside diameter and 0.7 mm inside diameter and are made from PVDF
polymer. The fibers are strong because of a combination of the PVDF polymer, dense substructure and selective active
layer formed on the feed side of the fiber. The PVDF membranes offer high chemical resistance, coping with NaOCl
concentrations up to 2000 mg/L, and are tolerant to temperatures of 40°C. The hydrophilicity of the PVDF fibers is
increased by using a proprietary treatment during manufacturing.

The 0.03 um nominal pore size combines high filtration performance and high flux. The smaller pore size provides
stabile long term filtration performance compared to microfiltration membranes.

A cross section of the standard fiber is shown in Figure 7.

Feed Water

utside-in flow) Selective

Active Area

Filtrate

18k

Figure 7. Wall Cross Section of the Hollow Fiber
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3.2 DuPont Ultrafiltration Certifications

Table 4 covers the certifications for the DuPont Ultrafiltration product portfolio.

Table 4. Regulatory Certifications Information

Product Name SFP/SFD IntegraFlux™ IntegraPac™ |IntegraPac“" XP
Product Model SFP/D-2660 SFP/D-2860 SFP/D-2880 |SFP/D-2860XP UXA-2680XP IP-51 1P-77 IP/D-51XP
SFP/D-2880XP IPD-51 IPD-77 IP/D-77XP
NSF/ANSI Std. 61" Dtypeonly Dtypeonly Dtypeonly | D typeonly Yes D type only Dtypeonly | D typeonly
NSF/ANSI Std. 419" No No D type only D type only Yes No D type only D type only
CADPH Drinking Water No D type only No No No No No No
CDPH Water Recycle Yes Yes Yes Yes Yes Yes Yes Yes
Criteria
(Title 22)
; D type D type
China (MOH) No D type only D type only Yes No No
only only
Italy Drinking No Dtypeonly D typeonly D type only No Yes Yes Yes
Water Certificate (D.M. 174)
Poland Certificate D type D type
No D type only D type only No No No
(NIPH-NIH) only only

Notes:
[1] Refer to NSF listings webpage for certifications.

The DuPont Ultrafiltration Modules should be rinsed prior to startup to remove preservative fluid shipped in the
modules. Flushing should be performed until no foam is observed in the wash water. Depending on the treatment

application, additional rinsing or disposal of the filtrate may be required.

NSF / ANSI Standard 61 certified modules require the following conditioning rinse prior to producing potable water:

1. Rinse the modules at a feed rate of 40 LMH minimum for a period of 4 hours.
2. Achieve a minimum total rinse volume of 160 LMH- hours using the feed water available.

3. The concentrate bleed rate should be set from between 0 - 20% with the balance being filtrate.

4. During the rinse cycle, perform standard cleaning protocols as per DuPont's recommendations which are

specifically designed to consider the feed water quality available.

5. The filtrate should be sent to the appropriate disposal system based on the regulations that apply to the

location where the conditioning rinse is carried out and not used as potable water.

6. Local regulations may require additional conditioning of the system prior to producing potable water.

3.3 DuPont Ultrafiltration Product Code

The DuPont Ultrafiltration product codes consist of a string of letters and digits as described below.

o DuPont's UF SFD/SFP series:

DuPont Utrafiltration SEX - 2200

Fiber len;

-80: 80 inchlength (2000 mm)

-60: 60 inch length ( 1500 mm)
Product module diameter

-8: 8.9 inch diameter (225 mm)

-6: 6.5 inch diameter (165 mm)
Productmaterial code (2 = PVDF)
Application code

-SFP: non drink ing application
-SFD: drinking water
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o IntegraFlux™ SFD/SFP series:

IntegraFlux™ SFX - 2XXX XP

L
I_ Higher permeability fiber

Fiber length

80: 80 inch length (2000 mm)
60: 60 inch length (150 mm)
Product module diameter
8: 8.9 inch diameter (225 mm)

Product material code (2 = PYDF)
Application ode

SFP: non drinking application

SFD: drinking water

Trademark

e IntegraPac™ Module:

IntegraPacTM IP(D)-XX(XP)

(

Hipher permeability fiher
Product active membrane area
77: 77 m2 (829 ft2)

51: 51 m2 (549 fi2)

Application code

IP: non drinking application
IPD: drinking water
Trad rk

o IntegraPac™ Skid:

IntegraPacTM IP(D)-XX[XP) XX

Module numbers
6- 22: 6- 22 pumber of modules
Higher permeability fiber

Product active membrane area
77: 77 m2 (829 fi2)

51: 51 m2 (549 fi2)

Application code

IP: non drinking application
IPD: drinking water
Trademark

o IntegraFlux™ UXA-2680XP Modules:

IntegraFluxTM UXA-2680XP - Type X

|

End-Cap version

LINorma

Hipher permeability fiber

Fiber length (80 inch / 2000 mm)
Module 