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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.
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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 diameter (6.5 inch / 165 mm)

Product Material code (2=PVDF}
Application code

Upgraded Replacement
Trademark
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3.4 DuPont Ultrafiltration Product Portfolio

An image of DuPont Ultrafiltration Modules is shown in Figure 8.

Figure 8. Family of DuPont Ultrafiltration SFP/D and IntegraFlux™ modules
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An image of IntegraPac™ and IntegraPac™ XP modules and skids is shown in Figure 9.

Figure 9. IntegraPac™ and IntegraPac™ XP modules and skids

An image of IntegraFlux™ UXA-2680XP module is shown in Figure 10.

Figure 10. IntegraFlux™ UXA-2680XP module
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3.4.1 DuPont UF 26/28 Series Modules

The 2660 module is an excellent choice for systems capacities of 50 m3/hr (220 gpm) or less. This 1.5 m (60 inch) length
module offers higher efficiencies over a wider range of feed water conditions compared to longer length modules. The
15 cm (6 inch) diameter module allows a more compact design for space constrained installations.

The 2860, which is shorter in length, is recommended for smaller systems and where building height is a concern. The
2880 has higher membrane area for the same footprint offering a more economical design.

There are four connections in each module. Feed flow enters and is distributed into the modules through the side feed
port located at the side bottom of each module. The air inlet is located at the bottom of the module and is used for air
scouring and integrity testing. The concentrate (discharge of waste flows from the outside of the fiber) is the top central

port and the filtrate (inside of fiber) is located at the side top port of the module.

Table 5 shows dimensions, connections and specifications for the DuPont Ultrafiltration SFP/D and SFP/D XP modules
family, as depicted in Figure 11 and Figure 12. Note that manufacturing and thermal expansion tolerances and the
thickness of the base clip are not included in the dimensions below. Refer to the installation drawings for this

information.

Table 5. DuPont Ultrafiltration SFP/SFD modules Dimensions, Connections and Specifications

Product Name

DuPont Ultrafiltration SFP/D and IntegraFlux™ SFP/D XP modules family

Product Model

Units
Active Area
Fibers Length

Max Module Inlet Pressure

@ 20°C/68°F

Max Module Inlet Pressure

@ 40°C /104°F
Length-L
Length - L1
Length - L2
Length - L3
Diameter
Width - W1
Width - W2

Empty / Shipping / Flooded

Weight
Volume per module

Feed Port

Filtrate Port

Concentrate Port

Air Scour Connection

Housing
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SFP/D-2660
S| us
33 m? 355 ft2
1500 mm 59.1in
6.25bar  90.65 psi
475bar  68.89 psi

1863 mm 733in
1500 mm 59.1in
1613 mm 63.5in
1713 mm 67.4in
165 mm 6.5in
125 mm 49in
250 mm 9.8in
25/30/41 55/66/90

kg lbs
16 L 42 gal
DN50 NPS 2"
Side Side

Coupling  Coupling
DN50 NPS 2"
Side Side

Coupling  Coupling
DN32 NPS 11/4"
Top Top

Coupling  Coupling

G 3/8" (Standard)
UPVC UPVC

SFP/D-2860
SFP/D-2860XP

S|
51 m?2
1500 mm

6.25 bar

4.75 bar

1863 mm
1500 mm
1633 mm
1823 mm
225 mm
180 mm
342 mm

48/55/83
35L
DN50
Side Coupling

DN50
Side Coupling

DN50
Top Coupling

us
549 ft?
59.1in

90.65 psi

68.89 psi

73.3in
59.1in
64.3in
71.8 in
89in
7.110n
13.5in

106/121/183
9.3 gal
NPS 2"

Side Coupling

NPS 2"
Side Coupling

NPS 2"
Top Coupling

G 3/8" (Standard) or DN32 Glued
Fitting (Option) Bottom

upVvC

UPVC

SFP/D-2880
SFP/D-2880XP
Sl us
77 m? 829 ft2
2000 mm 78.7 in
6.25 bar 90.65 psi
4.75 bar 68.89 psi
2363 mm 93.0in
2000 mm 78.7 in
2133 mm 84.0in
2323 mm 914 in
225 mm 89in
180 mm 7.1in
342 mm 13.510n
61/71/100 135/156/220
39L 10.3 gal
DN50 NPS 2"
Side Coupling Side Coupling
DN50 NPS 2"
Side Coupling Side Coupling
DN50 NPS 2"
Top Coupling Top Coupling

G 3/8” (Standard) or DN32 Glued
Fitting (Option) Bottom

UPVC
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Figure 11. DuPont Ultrafiltration SFP/D 2660 Module
Reference Drawing for Dimensions
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Figure 12. DuPont Ultrafiltration SFP/D-2860/2880 and IntegraFlux™ SFP/D-2860/2880XP
Module Reference Drawing for Dimensions

3.4.2 IntegraFlux™ Series Modules

IntegraFlux™ Ultrafiltration Modules with XP fiber are made from high permeability, high mechanical strength, hollow
fiber PVDF membranes. The modules provide excellent performance, industry leading membrane area with low energy
and chemical consumption. IntegraFlux™ modules have up to 35% higher permeability than previous generation
modules, helping to improve operating efficiencies and productivity.

These modules are an excellent choice for systems with capacities greater than 50 m3/hr (220 gpm). The shorter SFP-
2860XP or SFD-2860XP modules are well suited for installations with limited height. Larger and longer, 20 cm (8 inch)
diameter and 2 m (80 inch) in length, the SFP-2880XP or SFD-2880XP modules offer a high effective membrane area
combined with high permeability that provides the most economical and efficient membrane system design.

There are four connections in each module. Feed flow enters and is distributed into the modules through the side feed
port located at the side bottom of each module. The air inlet is located at the bottom of the module and is used for air
scouring and integrity testing. The concentrate (discharge of waste flows from the outside of the fiber) is the top central
port and the filtrate (inside of fiber) is located at the side top port of the module.

Table 5 shows dimensions, connections and specifications for the DuPont Ultrafiltration SFP/D and SFP/D XP modules
family, as depicted in Figure 11 and Figure 12. Note that manufacturing and thermal expansion tolerances and the

thickness of the base clip are not included in the dimensions below. Refer to the installation drawings for this
information.
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3.4.3 IntegraPac™ Ultrafiltration Modules

Innovative end-cap design helps direct coupling of IntegraPac™ modules reducing the need for piping and manifolds.
These modules are an ideal choice for systems requiring a small footprint. The IP-77 and IPD-77 modules offer a high
effective membrane area, which contributes to a more economical membrane system design. The IP-51 and IPD-51
modules are shorter in height and are suitable for applications where there is a head space constraint. The IP-77XP
module offers a high effective membrane area combined with high permeability fibers that offer an economical and
efficient membrane system design. The IP-51XP module is shorter in height and is suitable for applications where height
is a constraint while maximizing productivity and efficiency with high permeability fibers.

The IntegraPac™ module is shown in Figure 13. There are six connections on each module. Feed flow enters and is
distributed into the modules through the side feed ports located on the bottom end cap. Feed flow enters the module
on the outside of the fiber. The air connection is located on the side of the bottom end cap and is used for air scouring
and integrity testing. The concentrate (discharge of waste flows from the outside of fiber) and filtrate port (inside of
fiber) are located on the top cap.

Included with the module are the couplers, air fitting, and transparent filtrate elbow.

) Concentrate
Filtrate —— -

‘I . ‘ /Feed

Air Connection

Figure 13. IntegraPac™ Module

Table 6 shows dimensions, connections and specifications for the IntegraPac™ IP-51, IntegraPac™ IP-77 and IntegraPac™
IP-51XP, IntegraPac™ IP-77XP modules family, as depicted in Figure 14. Note that manufacturing and thermal expansion
tolerances and the thickness of the base clip are not included in the dimensions below. Refer to the installation
drawings for this information.
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Table 6. Dimensions, connections and specifications of IntegraPac™ IP/D-51/77 and IntegraPac™
IP/D-51/77XP

Product Name IntegraPac™ family

IP/D-51 IP/D-77
Product Model IP/D-51XP IP/D-77XP
Units Sl us Sl us
Active Area 51 m2 549 ft2 77 m?2 829 ft2
Fibers Length 1500 mm 59.1in 2000 mm 78.7in
Max Inlet Pressure @ 20°C/68°F 6.25 bar 90.65 psi 6.25 bar 90.65 psi
Max Inlet Pressure @ 40°C/104°F 4.75 bar 68.89 psi 4.75 bar 68.89 psi
Length-L 1998 mm 7828 in 2488 mm 97.95in
Length - L1 1500 mm 59.1in 2000 mm 78.7in
Length - L2 1689 mm 66.5in 2189 mm 86.2in
Length - L3 1864 mm 73.4in 2364 mm 913 in
Diameter 225 mm 89in 225 mm 89in
Width - W1 360 mm 14.2in 360 mm 14.2in
Width - W2 342 mm 13.5in 342 mm 13.5in
Empty / Shipping / Flooded Weight | 53/60/102 | 117/132/225 66/72/119 | 146/158/262
Volume per module 49 L 13 gal 53 L 14 gal
DN100 NPS 4" DN100 NPS 4"
Feed Port ) . . . ) ) ) )
Side Coupling |Side Coupling |Side Coupling |Side Coupling
Filtrate Port DN40 NPS 11/2" DN40 NPS 11/2"
Top Union Top Union Top Union Top Union
Concentrate Port DN100 NPS 4" DN100 NPS 4"
Side Coupling |Side Coupling |Side Coupling |Side Coupling
Air Scour Connection G3/8" G3/8"
Housing upvC UPVvC upvC UPVC
Feed DN100
Water 4" L Concentrate 4"
L3
L2
L1
.= D40
a | ] v— E?] Filtrate
§ " Union
Air — . —
3/8"

Feed DN100
Water 4" Concentrate 4"

Figure 14. IntegraPac™ IP/D-51, IP/D-51XP, IP/D-77, and IP/D-77XP Module Reference Drawing
for Dimensions

Form No. 45-D00874-en, Rev. 1
May 2022



3.4.4 IntegraPac™ Ultrafiltration Skids

The IntegraPac™ skid with IP/D-51(XP) or IP/D-77(XP) modules is a pre-engineered, standardized skid design consisting
of IntegraPac™ Ultrafiltration Modules, auxiliary parts and piping. It is designed to significantly streamline design,
assembly and installation, making possible lower skid costs, reduced engineering design costs, easy assembly, smaller
footprint and shortened delivery schedule. Features include:

o Direct coupling of modules eliminate ancillary piping, help saving costs and reducing footprint.

o Modular and scalable for design across a wide range of flowrates.

o Materials of construction selected for corrosion resistance and chemical compatibility.

o Shipped unassembled to lower transportation cost and help prevent damage in transit.

« Standardized and pre-fabricated components eliminate measuring, cutting, gluing and welding.

o Easily accessible for physical inspection or replacement at end of life.

o Operator-friendly transparent filtrate elbow designed and located for easy visual integrity inspection.

o High pressure rating to enable direct feed to reverse osmosis feed pumps.

Table 7 shows skid details for the IntegraPac™ IP/D-51, IntegraPac™ IP/D-77 and IntegraPac™ IP/D-51XP, IntegraPac™
IP/D-77XP skids, as depicted in Figure 15 and Figure 16.
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Table 7. IntegraPac™ IP/D-51, IntegraPac™ IP/D-77 and IntegraPac™ IP/D-51XP, IntegraPac™

IP/D-77XP skid details
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Figure 16. IntegraPac™ Skid Components

May 2022

Form No. 45-D00874-en, Rev. 1

Page 29 of 82



3.4.5 IntegraFlux™ UXA-2680XP Modules:

The IntegraFlux™ UXA-2680XP UF module, featuring enhanced XP fibers, provides an ideal drop-in replacement for 50
m? active area modules, having 10% more membrane area compared to 50 m? active area modules, reducing plant
footprint and producing more water per module with no need of hardware or process changes. Additionally,
IntegraFlux™ UXA-2680XP ultrafiltration membrane with 0.03 pm nominal pore diameter provides a higher removal
efficiency of bacteria, viruses, and particulates as compared to a microfiltration membrane.

The IntegraFlux™ UXA-2680XP UF module bottom feed port and top filtrate port are both DN50 (2”) connections, while
the top side concentrate port is DN4O (1%"). Air and water both enter at the bottom of the module.

Table 8 shows dimensions, connections and specifications for the IntegraFlux™ UXA-2680XP modules, and Figure 17
depicts detailed drawings of the modules and the three different available versions for the End-Caps.

Table 8. IntegraFlux™ UXA-2680XP Module Dimensions, Connections and Specifications

Product Name

IntegraFlux™ UXA-2680XP

End-Cap Model Type | Type ll Type llI
Units Sl us Sl us Sl us
Active Area 55 m? 592 ft° 55 m? 592 ft? 55 m? 592 ft?
Max Feed Pressure @ 20°C/68°F 3 bar 435 psi 3 bar 435 psi 3 bar 435 psi
Length-L 2418 mm 952in 2338 mm 92in 2332 mm 91.8in
Length - L1 2130 mm 83.9in 2130 mm 839in 2130 mm 83.9in
Length - L2 144 mm 5.7in 144 mm 57in 10T mm 4in
Length - L3 214 mm 8.4in 214 mm 8.4in 171 mm 6.7in
Diameter 165 mm 6.5in 165 mm 6.5in 165 mm 6.5in
Width - W1 150 mm 59in 150 mm 59in 150 mm 59in
Width - W2 250 mm 9.8in 250 mm 9.8in 250 mm 9.8in
Emipsy Sr\‘/{/peﬁ'g”hgt/ Aleeeee 28/34/51 kg 62/75/112 lbs 28/34/51 kg 62/75/112 lbs 28/34/51 kg 62/75/112 lbs

Volume per module
Feed Port

Filtrate Port

Concentrate Port

Air Scour Connection

Housing

Page 30 of 82

23 L 6 gal
DN50 NPS 2"
Bottom Coupling Bottom Coupling
DN50 NPS 2"
Top Coupling Top Coupling
DN40 NPS1%"
Top Side Top Side
Coupling Coupling
N/A
UPVC UpPVvC

23 L 6 gal
DN50 NPS 2"
Bottom Coupling Bottom Coupling
DN50 NPS 2"
Top Coupling Top Coupling
DN40 NPS1%"
Top Side Top Side
Coupling Coupling
N/A
UPVC UPVC

23 L 6 gal
DN50 NPS 2"
Bottom Coupling Bottom Coupling
DN50 NPS 2"
Top Coupling Top Coupling
DN40 NPS1%"
Top Side Top Side
Coupling Coupling
N/A
UPVC UPVC
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FILTRATE
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L3 COMCENTRATE
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PORT 11 !
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L3 CONCENTRATE
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Figure 17. IntegraFlux™ UXA-2680XP Module Reference
Drawings for Dimensions of Type |, Il and Il End-Caps

There are three connections on each module. Feed flow enters and is distributed into the modules through the side
feed port located on the bottom end cap. Feed flow enters the module on the outside of the fiber. The concentrate

(discharge of waste flows from the outside of fiber) and filtrate port (inside of fiber) are located on the top cap.
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3.5 DuPont Ultrafiltration Product Selection Guidelines

Representatives from DuPont Water Solutions can guide you in the process of choosing the right product for any
application. Figure 18 can be used as a guide to target the proper product.

Yes

No

New project

No

Extensive/specific
eferences needed?

DuPont module

Consult with

replacement? DWs
3 Yes
e | Y
= - i l es
= B Is pre-engineered skid preferred?
DuPont Ultrafiltration Replacement
1 4 SFP/SFD by the same model
Nw gy or XP equivalent .
No e’
Containerized project IntegraPac™
- i int?
a or height constraint? IP/D-77(XP)
E =
| 3
IntegraFlux™ 1 Q
SFP/SFD XP iy
'i | IntegraPac
IP/D-51(XP)
B

Figure 18. DuPont Ultrafiltration Product Selection guide

3.6 DuPont Ultrafiltration Modules Installation

Figure 19 and Figure 20 provide the installation details for DuPont Ultrafiltration Modules.

Page 32 of 82

Form No. 45-D00874-en, Rev. 1
May 2022




Installation Instructions:

Concentrate Blind (7) 1. Install Base Clip (1). Drill one 10 mm diameter hole
) on Skid Frame. Fix base clip on Skid Frame (2) (by
Opemng 1 ‘Customer) with Bolt (3) (M8-size, by Customer). The
length of the Bolt used for the Base Clip (1) will
depend on the thickness of the Skid Frame. Refer to

Union (11) Bolt (M8) (3 ‘Base Clip (1) Figure 2, Base Clip Detail.
E _Coupling (12) | 2.Install Saddle (4) to Skid Frame (2). Drill one 7 mm
/ " | 2 7 diameter hole on Skid Frame. Position Saddle
Coupling Gasket (13) ¢/ ( | nipple into one 7 mm diameter hole on Skid Frame.
E / : I Tap Saddle with rubber mallet to mount the nipple
/T Adapter (14) (_ Skid Frame (2) \_ into the hole. Refer to Figure 3, Saddle and Clamp
/ Detail.
Nut (M8)
; T 3. Partial inslalll:f Mosdule Clamp (5). Drill two ‘Iﬁ_ mm
H H H diameter holes on Skid Frame. Fix one side
Opening 2 Fig. 2, Base Clip Detail &8 r G ) Ma-Siza, 60 mim tongth. by
P g Dow). Refer to Figure 3, Saddle and Clamp Detail.

4,Drain Preservative. At Opening 1, remove
i Concentrate Blind (7). At Openings 2 and 3, remove
Permeate Blind (8) Permeate and Feed Blinds (8, 9). Place UF Module
in vertical position to drain out preservative.
Appropriate Environmental, Health, and Safety
Hex Head Bolt (M8, for Coupling) measures should be taken for handling and disposal
- of the preservative. Concentrate Blind, Permeate
and Feed Blinds may be retained for future use.

E

E 5. Mount UF Module (10) to Base Clip (1). Chain block

o e or hoist is recommended for handling and positioning

— of UF module. Base of UF Module will snap into
Saddle | Base Clip.

uNi le 6. At Opening 1, use Union (11) to connect UF Module
/ Module Glamp (5) o concentrate outlet.

Skid Frame (2) ‘

Module Saddle (4)

©10 mm ©7 mm ©10 mm 7.At Openings 2 and 3, use Coupling (12) and
_____ £ - Coupling Gasket (13) to connect UF Module port
/ y / with T-Adapter (14) (by Customer). The bolts for
/ / 7 ‘Gouplings should be tightened to mrque of 5to 10
- /[ A \ N*m. The length of T-Adapter will depend on
e ol b / plpewolk design of the Skid Frame. Refer to Figure
| 4, T-Adapter Detail.

~

Bolt (M8x90mm, |
for Module
Clamp)(6) |

See Fig.3 |

175 mm 8. At Opening 4, remove Threaded Plug (15), and fit

f Quick Tube Connector (16) with Compesite O-Ring
| {17) at the bottom of UF Module. Threaded Plug
may be retained for future use.

9. Complete install of Module Clamp (5). Secure
Module Clamp (5) around UF Module (10), and
secure into Saddle (4) and Skid Frame (2) with Bolt
{B) (M8-Size, 90 mm length, by Dow). Refer to
Figure 3, Saddle and Clamp Detail.

Module (10)

Notes:

1. UF Module should be kept preserved, as shipped
from factory, until reag! for operation. If leakage
occurs, refer to D Ultrafiltration Technical
Manual for prcmedure to replace preservative.

2. Upstream process pipework should be thoroughly
flushed prior to installation and commissioning.

3. Preservative consists primarily of Sodium
Metabisulfite (about 1% solution).

Fig. 4, T-Adapter Detail

PACKING LIST
NO. PART NAME QTY. | UNIT | SUB-PART NO.
DOW™ Ultrafitration Module | 1| Pe e
Quick Tube Connector 1 Pc SFP.069
Module Saddle 1 Pe SFP.148
1
2

Coupling (12)
" Coupling Gasket (13)

‘O—ring (17) Threaded plug (15) |

Module Clamp Pc SFP.116

Bolts Pecs CPY.244
/ / Base Clip 1 Pec SFP.038

¥ |- mz  Opening 4 ADDITIONAL MATERIAL LIST (not supplied with modules)

\ | NO. [ NAME [ QTy. UNIT TYPE

. 1 | T-Adapter [ 2 Pcs - =

\ \ \ : 2 Bolt and Nut 1 Set M8
. \ \ ' Feed Blind (9
BaseClip(1) | , AREed i 3 | unin 1| Po DNz

/" Quick Tube
I Connector (18)

[ IR S I S

AR Opening 3
Bolt (M8) (3) l pening

Skid Frame (2) . g | T-Adapter (14)

See Fig.2

Fig.1, Overview

REUSE OF DOCUMENTS; THIS DOCUMENT, AND THE IDEAS AND DESIGNS INCORPORATED HEREIN, AS AN INSTRUMENT OF PROFESSIONAL SERVICE, IS THE PROPERTY OF D'JWWATEN PROCESS SOLUTIONS
AND IS NOT TO BE USED, IN WHOLE CR IN PART, FOR ANY OTHER PROJECT WITHOUT THE WRIT

Figure 19. Installation Drawing of DuPont Ultrafiltration SFP/D-2660 Module
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_Port Plug (7)

Opening 1 _Coupling Gasket (11)
" Coupling (10)

—

Head Cover (9) ‘

Hex Head Bolt (M8,

Opening 4

for Module Clamp) (6) | Threaded

Plug (13)

e
+

Composite
O-ring (15)

10 mm

P,
127 mm
Fig. 2, Base Clip Detail

Interconnector _— for Coupling)
Coupling (10) Saddie
=
l . Coupling Gasket (11 . Nipple
Opening 2 J‘om“‘ .‘ng‘ Pl Ao ™™
- . o A
Eonhale ‘ skid )
.
' 245mm | !
Grooved / Fig. 3 Saddle and Clamp Detail
. Connector (12) /
See Fig.3 Plug (7 | 280mm _
e .. #58 mm 3
- | =71 = E
- " ©
Skid (2) k. i
' Module Clamp (5) —
g =]
E
. Module =
P Saddle (4) |-
| -
Bolt (M8 x 90 mm

Fig. 4, Grooved Connector Detail

Quick Tube
Connector (14)

Installation Instructions:

1. Install Base Clip (1). Drill four 10 mm diameter
holes on Skid Frame. Fix Base Clip on Skid
Frame (2) (by Customer) with Bolts (3) (M8-size,
by Customer). The length of the Bolts used for the
Base Clip (1) will depend on the thickness of the
Skid Frame. Refer to Figure 2, Base Clip Detaill.

2.Install Saddle (4) to Skid Frame (2). Drill two 7
mm diameter holes on Skid Frame. Position
Saddle nipple into two 7 mm diameter holes on
Skid Frame. Tap Saddle with rubber mallet to
mount the nipple into the holes. Refer to Figure 3,
Saddle and Clamp Detail.

3. Partial install of Module Clamp (5). Drill two 10
mm diameter holes on Skid Frame. Fix one side
of clamp with Bolt (8) (M8-Size, 90 mm length, by
g:r)l Refer to Figure 3, Saddle and Clamp

ail.

4. Drain Preservative. At Openings 1, 2, and 3,
remave Port Plug (7). Place Ul Module in vertical
position to drain out preservative. Appropriate
Environmental, Health, and Safety measures
should be taken for handling and disposal of the
preservative. Port Plug may be retained for future
use.

5.Mount UF Module (8) to Base Clip (1). Chain
block or hoist is recommended for handling and
positioning of UF module. Base of UF Module will
snap into Base Clip.

6.Place Head Cover (9) on the top of UF Module (8).
use of Head Cover is optional, and for
aesthetic purposes.

7.At Openings 1, 2, and 3, use Coupling (10) and
Coupling Gasket (11) to connect UF Module port
with Grooved Connector (12) (DN50, by
Customer). The bolts for Couplings should be
tightened to torque of 5 to 10 N*m. The length of
Grooved Connector will depend on pipework
design of the Skid Frame. Refer to Figure 4,
Grooved Connector Detail.

8.At Opening 4, remove Threaded Plug (13), and fit
Quick Tube Connector (14) with Compaosite O-
Ring (15) at the bottom of UF Module. Refer to
Figure 4. Bottom End Cap Detail. Threaded Plug
may be retained for future use.

9. Complete install of Module Clamp (5). Secure
Module Clamp (5) around UF Module (8), and
secure into Saddle (4) and Skid Frame (2) with
Bolt (6) (M8-Size, 80 mm length, by Dow). Refer
to Figure 3, Saddle and Clamp Detail.

Notes:

1.UF Module should be kept preserved, as shipped
from factory, until ready for operation. If leakage
occurs, refer to DO Ultrafiltration Technical
Manual for procedure to replace preservative.

Module (8) ;
2.Up process pip: should be ighly
flushed prior to installation and commissioning.
. 3.Preservative consists primarily of Sodium
l isulfite (about 1% solution).
PACKING LIST
NO. PART NAME QTY. | UNIT | SUB-PARTNO.

Fig. 5, View of Bottom End Cap 1 |DOW™ Ultrafiltration Module 1 Pc - -
2 | Quick Tube Connector 1 Pc SFP.069
I Coupling (10) 3 |Module Saddle 1 Pc SFP.203
) 4 | Module Clamp 1 Pc SFP.117
Coupling Gasket (11) . 5 |Head Gover 1 Pc SFP.296
Opening 3 6 |Base Clip 1 Pc SFP.295
. 7 | Module Clamp Bolt 2 Pes CPY.244

) . ADDITIONAL MATERIAL LIST (not supplied with modules)
Opening 4 | I
| / NO. NAME QTyY. | UNIT TYPE
Base Clip (1) ﬁ { 1 | Grooved C: N 3 Pcs =7
| « 2 | Bol 4 Pes Mg
. Port Plug (7) |
Skid Frame (2) - 3 | Nut 4 Pcs M8
L Bolt (3)
Fig.1, Overview
e serce o
AND |5 NOT TO BE USED, AN Wi T

Figure 20. Installation Drawing Typical of DuPont Ultrafiltration SFP/D-2860/2860XP and
SFP/D-2880/2880XP Module
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Detailed installation instructions are provided for the IntegraPac™ skids upon request. Figure 21 provides the installation

details for IntegraPac™ modules.

Hex Head Bolt (9)
(M10%90, for Coupling)’

4" Port Plug (7),

Opening2 ™

4" Coupling(10)~ .

Hex Head Bolt 9)
(M10x30, for Caupiingy

Opening 4
—

4" Coupling Gasket(11)

a Cnuplmg(10)/

4" Coupling Gasket(11 )ﬁ\

90° Elbow Assembly(12)

IP77/51 Module(8) /

K(Hek Head Bolt (5}
148, for Coupling

2" Coupling(10)
0/2' Goupling Gasket(4)

-

Installation Instructions:

1. Assemble the bottom frame (2}

2. Install the air header on the hottam frame (2}, between
the two rows of modules or by custom design.

3. Drain Storage solution fram modules . Replace the
threaded plug (12) with quick tube connector {13} to the
battom end cap. all the removed port plugs (7) and threaded
plugs {12} need to be retained for future use.

DN40 Port Plug (8)
DNAD Union Nut DN40(1)

biex Lead Bolt 01
l M10x90, for Coupling)

without fastening

5. After each moduleis mounted, connect air hoses using

quick connector (13} to the bottom end cap.

6. Use the 4" coupling (10} to connect modules. Do not

tighten the holts (3) on the couplings until all modules are

4" Port Plug (7) Installed N
7. Tighten all bolts on the bottom end caps and 4" couplings

Opening 3 between modules to torque of 12 to 15 N*m.

8. Install the top frame and filtrate header supparts on the

top end caps,

9. Install the filtrate pipe on the top of the skid

10. Use the union nut {1} ta connect the transparent 90°
S elbow assembly {12} to the top end cap. Use the 2" coupling
Counling(10) {10} to connect the transparent 0° elbow assembly [12) to

- the filtrate header, The bolts of 2" couplings should be
tightened to torque of 5 to 8 N*m,

L 11. Connect the two modules on the “near” end of the skid
to the main feed and concentrate pipes {provided by
customer].

12. Connect the air and filtrate headers to main pipes
{provided by customer) according to the pipe layout drawing.

Opening 1 4. Mount modules one by one ta the battom frame (2} using
’ appropriate lifting device. Put balts {3) on the bottom end cap

4" Coupling Gasket{11)

Notes:
1. UF Module shauld be kept preserved, as shipped from
factary, until reay for operation. If leakage occurs, refer to
DOW Ultrafiltration Praduct Manual for procedure to
replace storage solution,
2. Fasten the bottom frame to the even ground or foundation
with expansian holts before installing modules and purting
skid into operation.
3. Upstream pracess pipewark should be tharoughly flushed
prior to installation and commissioning
4. Storage solution consists primarily of Sodium Metabisulfite
{about 1% solution}.
5. All pipes, which connect with ckid, should be firmly
supported and fixed, make sure these pipes will not influence:
the stability of the skid when operating.

Quick Tube Connector G3/8"(13),

Threaded Plug G2/8" (12).
mposite

O ring(14}

Opening 6
] Reference1: Air Port Connection
Hex Head Bolt (9

MBS Ghing)
4" Coupling Gasket(11)

Port Plug (7)

Sumning & PACKING LIST
NO. PART NAME QTY |MATERIAL CODE GMID
1 Dow IntegraPac™ Module(8) | 1 IP-77/51 10410040/10410645
2 Quick Tube Connector(13) 1 = 10410926
3 90° Elbow Assembly (12) 1 1P.09 10409998
eepinal) 4 2" Coupling(10) 1 SFP28-021A 10385944
5 2" Goupling Gasket(4) 1 | SFP28-022(A-2) 10385954
%\ﬂgrg Bolts 6 Bolt & Nuts (5) 2 — 10385968

Bottorn Frame(2)

Figure 21. Installation Drawing for IntegraPac™ IP/D-51, IP/D-51XP, IP/D-77 and IP/D-77XP
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Figure 22, Figure 23 and Figure 24 provide the installation details for IntegraFlux™ UXA 2860XP module.

Compression Coupling 2"(13)

Compression Coupling 1.5" (14)

Top End Cap A (1)
Opening 1

Module Shipping Plug (6)

‘ 90°Elbow1.5" + Pipe(15)

Nut M10 (2)
Head Clamp Pair (4)

Fastening Spacer Pair (5)

X+ing (7)

Ny
Concentrate Union Socket(12)

Installation Instructions:

1. Drain preservative from modules.

At Opening 1 and 3,replace Module
Shipping Plug(6) with Top End Cap A(1) to
both End Caps.

At Opening 2,remove Concentrate Plug (10)
and install Concentrate Union Socket (12).
All the removed Module Shipping Plugs and
Concentrate Seals need to be retained for
future use.

2. Install the Module on Skid Frame.

3. At Opening 1 and 3, use Compression
Coupling 2"(13) to connect Top End Cap A
(1) to the filtrate / feed pipeline of site.

4. At Opening 2, use 90°Elbow 1.5" +Pipe (15)

Double-Threaded Bolt (3)

Opening 2

UXA-2680XP Module Housing(8)

Nut M10 (2)

]
Head Clamp Pair (4)

Module Shipping Plug (6)
Fastening Spacer Pair (5)
Xring (7)

Double-Threaded Bolt (3) Top End Cap A (1)

Concentrate Nut (11)

Concentrate Plug (10)

Concentrate Seal (9)

and Compression Coupling 1.5" (14) to
connect Concentrate Union Socket (12) to
the Concentrate pipeline of site.

Notes:

1. UF Module should be kept preserved, as
shipped from factory, until ready for
operation. If leakage occurs, refer to DOW
Ultrafiltration Technical Manual for
procedure to replace preservative.

2. Upstream process pipework should be
thoroughly flushed prior to installation and
commissioning.

3. Preservative consists primarily of Sodium
Metabisulfite (about 1% solution).

4. All pipes, which connect with skid, should
be firmly supported and fixed, make sure
these pipes will not influence the stability of
the skid when operating.

Compression Coupling 2"(13)

. opening 3 No.| Part No.

Name& Specification Remarke

-

99090521

Compression coupling 2"(13) Optional Accessories

~

99090520

Compression coupling 1.5"(14) Optional Accessories

90°Elbow1.5" + Pipe(15)

Customer Scope

Skid Frame
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Compression Coupling 2"(13)
Compression Coupling 1.5"(14)

Top End Cap A (1)
Opening 1
Module Shipping Plug (6)
90°Elbowl.5" + Pipe(15)
Double-Threaded Bolt (3)

Nut M10 (2)

Head Clamp Pair (4)

Concentrate Union Socket(12)

Installation Instructions:

1. Drain preservative from modules.

At Opening 1 and 3,replace Module
Shipping Plug (6) with Top End Cap A (1)
and Bottom End Cap A (16).

At Opening 2,remove Concentrate Plug
(10) and install Concentrate Union Socket
(12).

All the removed Module Shipping Plugs
and Concentrate Seals need to be retained
for future use.

2. At Opening 3, use Silicon Gasket (17) and
Silicon Clamp(18)to connect Bottom End
Cap A (16) to the feed pipeline of site.

3. At Opening 1, use Compression Coupling
2"(13) to connect Top End Cap A (1) to the
filtrate pipeline of site.

Fastening Spacer Pair (5

UXA-2680XP Module Housing(8,

Nut M10 (2)

¥

Concentrate Nut (11)
Concentrate Plug (10)
Concentrate Seal (9)

Double-Threaded Bolt (3)

4. At Opening 2,use 90° Elbow 1.5"+Pipe (15)
and Compression Couplingl.5" (14) to
connect Concentrate Union Socket (12) to
the concentrate pipeline of site.

Notes:

1. UF Module should be kept preserved, as
shipped from factory, until ready for
operation. If leakage occurs, refer to DOW
Ultrafiltration Technical Manual for
procedure to replace preservative.

2. Upstream process pipework should be
thoroughly flushed prior to installation and
commissioning.

3. Preservative consists primarily of Sodium
Metabisulfite (about 1% solution).

4, All pipes, which connect with skid, should
be firmly supported and fixed, make sure

these pipes will not influence the stability
of the skid when operating.

Head Clamp Pair (4)

Fastening Spacer Pair (5

X+ing (7)

Module Shipping Plug (6)

Bottom End Cap A (16)

Silicon Gasket (17) Opening 3

No. | Part No. Name& Specification Remarke

1 99090521 |Compression coupling 2"(13) Optional Accessories
2 99090520 |Compression coupling 1.5"(14) Optional Accessories
3 90°Elbow1.5" + Pipe (15) Customer Scope

4 (99088205 | Silicon Gasket @ 77.5 (17) Optional Accessories
5 199088206 | Silicon Clamp ©77.5 (18)

Optional Accessories

Feed Pipeling_— ;

On Site
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Compression Coupling 2"(13)

Compression Coupling 1.5"(14)

Top End Cap B(1)
Opening1

Module Shipping Plug (6) | ;

X-ring (7)

90°Elbow1.5" + Pipe(15)
Fastening Spacer Pair (5)
NutMi0@2)

Head Clamp Pair (4)

Concentrate Union Socket(12)

Installation Instructions:
1. Drain preservative from modules.
At Opening 1 and 3,replace Module
Shipping Plug (6) with Top End Cap B (1)
and Bottom End Cap B (16).
At Opening 2,remove Concentrate Plug
(10) and install Concentrate Union Socket
(12).
All the removed Module Shipping Plugs
and Concentrate Seals need to be retained
for future use.
2. At Opening 3, use Coupling 2"(17) to
connect Bottom End Cap B (16) to the feed
pipeline of site.

Double-Threaded Bolt (

UXA-2680XP Module Housing(8)

Nut M10 (2)

Fastening Spacer Pair (5)

Module Shipping Plug (6)

Head Clamp Pair (4)

L]
Double-Threaded Bolt (3) 7_

Concentrate Nut (11)

Concentrate Plug (10)
Concentrate Seal (9)

3. At Opening 1, use Compression Coupling
2"(13) to connect Top End Cap B (1) to the
filtrate pipeline of site.

4, At Opening 2,use 90° Elbow 1.5"+Pipe (15)
an Compression Coupling1.5" (14) to
connect Concentrate Union Socket (12) to
the concentrate pipeline of site.

Notes:

1. UF Module should be kept preserved, as
shipped from factory, until ready for
operation. If leakage occurs, refer to
Ultrafiltration Technical Manual for
procedure to replace preservative.

2. Upstream process pipework should be
thoroughly flushed prior to installation
and commissioning.

3. Preservative consists primarily of Sodium
Metabisulfite (about 1% solution).

4, All pipes, which connect with skid, should
be firmly supported and fixed, make sure
these pipes will not influence the stability
of the skid when operating.

Bottom End Cap B (16) | No. Part No. Name& Specification Remarke
Opening3 1 | 99000521 | Compression coupling 2°(13)
2 | 99090520 Compression coupling 1.5"(14)
Coupling 2"(17) 3 90°Elbow1.5" + Pipe (15) Customer Scope
Feed rlpellne 4 | 93080421 | C 2" (17)
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4 DuPont ULTRAFILTRATION SYSTEM
DESIGN

4.1 Introduction

The Ultrafiltration system design software is a powerful tool that allows to size new systems or evaluate the
performance of existing ones. In order to design a new Ultrafiltration system it is important to understand the main
inputs needed to get an accurate and optimized design. These inputs include information about the feed water source
(e.g., municipal, seawater, wastewater, well water or surface water), quality (refer to Section 2.1 of this document),
temperature range and required feed flow or net plant output. On the other hand, the final application of the project is
of interest, as in the case of drinking water applications, specific DuPont Ultrafiltration Modules must be used (refer to
Section 3.3. of this document).

For a given feed water type and quality, the appropriate design guidelines must be applied. These design guidelines
have been created based on extensive experiences and references in similar waters. The design guidelines include
suitable operating flux, duration of the filtration cycles or frequency of the chemical cleanings. Further information on
Ultrafiltration system operation can be found in Sections 5 and 6 of this document.

Once all this information is introduced in the system design software, it will populate a detailed Ultrafiltration System
Design report, which includes a general process flow diagram, module selection, sizing and quantity of trains, sizing of
water and chemical tanks, process parameters and sequence tables, as well as estimations for chemical and energy
consumption, among others.

4.2 System design software

DuPont Water Solutions has designed Water Application Value Engine (WAVE) - a digital modeling tool that will save
time and increase efficiency for evaluating components as well as designing water treatment systems. The innovative
modeling software combines ultrafiltration membranes, reverse osmosis membranes and ion exchange resins (IER) into
one fully integrated tool.

The WAVE technology uses a powerful hydraulic modeling calculation engine which improves the accuracy of the
model. WAVE capabilities help engineers and original equipment manufacturers (OEM) configure water treatment
components better and faster through integrating all DWS technologies into one tool - allowing for easier iterations as
the design process proceeds. The WAVE tool also offers accurate water quality predictions for multiple components
simultaneously - reducing calculation errors and data re-entry from one calculation tool to another.

More information about WAVE can be found at www.dupontwatersolutions.com.

At initial plant start-up the modules must be flushed in order to remove any residual storage chemicals or air trapped
during the module installation. This flush occurs on the outside of the fibers, i.e., no filtrate is produced. Once the initial
flush is done, the plant can begin producing filtrate. When starting the initial filtration cycle the flow should be slowly
increased before being put into operation at the design conditions.
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5 DuPont ULTRAFILTRATION PROCESS

DESCRIPTION

The basic operating conditions for the DuPont Ultrafiltration Modules are shown in Table 9 below. Operating

parameters for the cleaning steps are provided in Section 6.

Table 9. DuPont Ultrafiltration Modules Operating Conditions

Operating Conditions 4| us
Maximum Inlet Feed Pressure 6.25 bar @ 20°C 90.65 psi @ 68°F
Operating TMP (Maximum) 2.1 bar 30.50 psi
Backwash TMP (Maximum) 2.5 bar 36.25 psi
Operating Air Scour Flow (Recommended) 12 Nm>/h/module 7 scfm/module

(7 Nm*/h/module for SFP/D-2660) (4 scfm/h/module for SFP/D-2660)

Air Scour Pressure 0.35-2.5 bar 5.0 - 36.25 psi
Filtrate Flux @25°C 40 - 110 LMH 24 - 65 gfd
Temperature 1-40°C 34 -104°F

Operating pH Range

NaOCl, Cleaning Maximum

At initial plant start-up the modules must be flushed in order to remove any residual storage chemicals or air trapped
during the module installation. This flush occurs on the outside of the fibers, i.e., no filtrate is produced. Once the initial
flush is done, the plant can begin producing filtrate. When starting the initial filtration cycle the flow should be slowly

increased before being put into operation at the design conditions.
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5.1 Filtration

Ultrafiltration systems are most of the time in Filtration mode while in operation. The feed water is pumped through the
membrane and is converted to filtrate. Typically all feed is converted to filtrate, in what is referred as dead-end filtration
(as opposed to cross-flow filtration where a fraction of the feed leaves the system as reject). Filtration cycles typically
range from 20 - 90 minutes, depending on the feed water source and quality. Figure 25 shows a diagram of the
Filtration step in DuPont Ultrafiltration Modules.

Filtrate

3

X
—e
) G

Chemicals
Backwash
Tank
! Backwash L
Pump &
-%‘
Filter
Raw Water 150-300 pm Air

Figure 25. Filtration Step for DuPont Ultrafiltration Modules

Ultrafiltration systems are typically designed to operate at constant flowrate. As the solids build on the membrane
surface, the transmembrane pressure (TMP) increases and eventually the foulants must be removed through a
Backwash sequence. The Backwash sequence is generally initiated based on time. Alternatively, it can be initiated based
on volume of filtrate or TMP set point (the latter is more appropriate for highly variable feed water quality). The
Backwash sequence includes Air Scour, Gravity Drain, Backwash through the module top outlet, Backwash through the
module bottom outlet and a final Forward Flush or rinse.
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5.2 Air Scour

The Air Scour step is used to loosen particulates deposited on the outside of the membrane surface. Oil-Free air is
introduced through the bottom of the module creating a stream of ascending bubbles which help to scour material off
the membrane. Displaced water volume is allowed to discharge through the top port of the module for disposal, as
shown in Figure 26. After a minimum of 20 - 30 seconds of continuous Air Scour, the module is drained by gravity.

Filtrate i

. Chemicals
Backwash
Tank
, Backwash E

Pump

Feed Pump 1
l P—i— %
z 1
Filter
Raw Water 150-300 pm Air

Figure 26. Air Scour Step for DuPont Ultrafiltration Modules
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5.3 Gravity Drain

Once the Air Scour step is finished, the module must be drained by gravity in order to flush out of the system the
material dislodged from the membrane surface by the preceding air scour step, as shown in Figure 27. The duration of
this step will depend on the system volume and piping layout, but it is typically set to 30 - 60 seconds. If gravity drain is
not possible due to the system configuration, or it takes too long, it can be substituted by a forced flush through the
bottom outlet of the module using the backwash pump, however this will consume more water and energy.
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Figure 27. Gravity Drain Step for DuPont Ultrafiltration Modules
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5.4 Backwash Top

After the gravity drain step, the backwash step is initiated. Filtrate water is pumped backwards, i.e.,, from the inside to
the outside of the fibers, in order to push the accumulated material off the membrane. Then it is flushed out to waste
through the top module outlet (see Figure 28). The Backwash flux ranges from 100 - 120 LMH, and the duration of the
step is 30 - 45 seconds. Sometimes, depending on the application, chlorine might be added to the backwash stream to

help remove foulants or inhibit microbiological activity. Air scour can be combined with the Backwash Top step to
increase cleaning effectiveness.

Filtrate =

NaOCl
(optional)

Backwash
Tank

Backwash
Pump

Feed Pump E: b’. -
g 7 r -

Filter
Raw Water 150-300 pm Air

Figure 28. Backwash Top Step for DuPont Ultrafiltration Modules
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5.5 Backwash Bottom

After the Backwash Top step, the filtrate continues to flow from the inside of the fiber to the outside but now it is
flushed out through the bottom outlet of the module (see Figure 29), ensuring the entire length of fibers have been
cleaned. The backwash pump is not stopped in the transition between Backwash Top and Backwash Bottom. The valves
must be sequenced to prevent damaging the membranes. Similarly to the Backwash Top step, the duration of the
Backwash Bottom is typically 30 - 45 seconds and optionally chlorine might be added to help remove foulants or inhibit
microbiological activity. The backwash steps can be repeated numerous times depending on the degree of fouling.
Monitoring the backwash wastewater quality can be useful to optimize the durations of these steps.

Page 45 of 82

Filtrate
NaoCl
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Figure 29. Backwash Bottom Step for DuPont Ultrafiltration Modules
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5.6 Forward Flush

The backwash sequence finalizes with a Forward Flush. In this step, feed water is used to rinse the system to remove
remaining solids and the air that might have got trapped in the system during the precedent steps. Water flows on the
outside of the fibers (feed side) with the filtrate valve closed, and exits through the module top outlet, as shown in

Figure 30. This step typically lasts 30 - 60 seconds or long enough to refill the modules and purge air and water from
the outlet. After this, the systems returns to Filtration mode and the cycle starts again.

Filtrate

Backwash
Tank

-~ L
Ve O

Filter ]
150-300 um Air

. Chemicals

Backwash 3
Pump =

Raw Water

Figure 30. Forward Flush Step for DuPont Ultrafiltration Modules
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6 DuPont ULTRAFILTRATION CLEANING

6.1 Membrane Fouling

Fouling in UF process is understood as the phenomenon that leads to a gradual increase in the transmembrane
pressure (TMP) for a constant product flow (or vice versa, a decrease in the filtrate flow at a constant feed pressure),
typically caused by deposition or adsorption of the contaminants present in the feed stream on the membrane surface
or in the inner structure.

Occasionally, fouling of the membrane surface occurs and is caused by:
+ |nadequate pretreatment
e Qverdosing of upstream process coagulants
« Improper materials selection (pumps, piping, etc.)
o Failure of chemical dosing systems
« Inadequate backwash and unsuitable shutdown
o Improper operational control
o Slow build-up of precipitates over extended periods
o Change in feed water composition
o Biological contamination of the feed or filtrate water
o Qil & inorganic contamination of the feed water
From the point of view of the fouling mechanism, there are basically three categories for fouling, being cake formation,
pore adsorption and pore blocking.

Cake Formation normally occurs when the contaminants are too large to enter the membrane pores, so they deposit on
the membrane surface and create an additional resistance to the passage of water, resulting in a TMP increase.

Pore Adsorption typically happens when the contaminants are smaller than the membrane pore size, so they deposit on
the internal walls of the pores, hence reducing the diameter of the pores and therefore providing also an additional
resistance to the flow.

Finally, Pore Blocking takes place when the contaminants are of similar size to the membranes pores, so that blocking
occurs and therefore the number of actual pores is reduced, providing also an additional resistance to the flow.

According to the nature of the contaminants, the fouling can also be categorized as follows:

Particulate: This type of fouling is caused by organic and inorganic particles, suspended solids, colloids and turbidity
present in the feed, which are not in dissolved form, and typically larger than the pore size. This can be reduced by
operations upstream the UF system such us coagulation, sedimentation, clarification or media filtration. The common
cleaning method for this type of fouling is air scour and backwash.

Biological fouling: This is caused by the attachment and growth of microorganisms on the membranes, which can also
lead to the formation of a viscous biofilm. This can be reduced by using in-line chemical feed of chlorine or biocide or
by elimination of nutrients by using adsorption (e.g., powdered or granular activated carbon, PAC or GAC), or
coagulation upstream the UF system. The common cleaning method for removal of biological fouling is cleaning with
oxidizers or biocides (e.g., Cl,, H,0,, SBS). Note PAC is available in different grades and can damage the membranes. If
using PAC consult with DuPont TS&D.
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Inorganic fouling: This is caused by the precipitation of inorganics on the membrane (e.g., Ca, Mg, Fe, Mn), and can be
reduced by using oxidation/precipitation and filtration as pretreatment to the UF or in some cases using low hardness
water for the alkali chemically enhanced backwash. The common cleaning method for removal of inorganic fouling is
chemically enhanced backwash with acid at pH 2 (e.g,, HC|, H,SO,, Citric, or Oxalic Acid).

Organic fouling: This is the one of the major causes of fouling in the UF processes and is caused by organics adsorbing
on the membrane (silt, organic acids, humic substances), as the majority of these substances are too small to be retained
by the membrane and hence go through. This can be reduced by using PAC, GAC, or coagulation upstream the UF
system. The common cleaning method for removal of organic fouling is cleaning regimes with alkali at pH 12 (e.g.,
NaOH).

Table 10. Summary of the fouling types and methods of control

Fouling
Type Cause Prevention Cleaning Method

Particles SS, Colloids, Turbidity Coagulation, Clarifiers... Air Scour / Backwash

Biological Microorganisms growth Bacteriological Control (e.g., Cl, in CEB/CIP with oxidizers/biocides
line).
Elimination of nutrients (PAC,
GAC, Coagulation,...)

Inorganic  Inorganic precipitation (e.g., Fe, Mn, Ca)  Oxidation/Precipitation + CEB/CIP Acid @ pH ~ 2 (e.g,, HCL, H,SO,,
Filtration. Citric Acid, Oxalic Acid...)
Use low hardness water for CEB
Alkali.

Organic  Organics adsorption (silt, organic acids, Coagulation, PAC, GAC,... CEB/CIP Alkali @ pH ~ 11-12 (e.g., NaOH)

humic substances,...)

6.2 Chemically Enhanced Backwash (CEB)

CEB operation refers to a Chemically Enhanced Backwash, where chemicals (e.g., chlorine, acid or base) are added in the
Backwash stream in order to increase the cleaning effectiveness. The type of chemical used depends on the foulant
(refer to Table 10 above), which might be a combination of different ones or change seasonally. The frequency of a CEB
is dependent on the feed water quality, but typically is once per day to once per week. For high quality feed waters it
may not be required.

The CEB process is typically programmed to occur automatically at a preset frequency but this can be field adjusted
after gaining site specific operating experience. Alternatively it can be initiated based on a TMP set point. The CEB is
performed using UF filtrate.

The CEB is performed following the same steps of a3 normal backwash sequence except a soak step is added after the
addition of the chemicals, for 5 - 20 minutes, to allow time for the chemicals to react with contaminants that have
attached to the membrane surface or penetrated the fiber wall. It is recommended however to invert the order of the
backwash steps, i.e., backwash bottom first and then backwash top as the second step, to make sure that the system
remains filled with the chemical solution during the soaking time. Intermittent air scour (e.g., 5 - 10 seconds every 5
minutes) can be applied as well during the soak step to increase effectiveness.

After the soak a routine backwash including air scour, gravity drain, top and bottom backwash, and forward flush is
performed to remove any remaining particulates and purge residual chemicals. After a CEB and at the start of the
operating step, the initial filtrate produced might need to be sent to waste to remove residual chemicals. This step is
dependent on the system piping and valve design and the downstream requirements for the filtrate. In addition, the
CEB can be performed at reduced flux than that used for standard backwash (e.g., 80 LMH).
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6.3 Cleaning In Place (CIP)

6.3.1 Introduction

The fouling of membrane surfaces results in the gradual performance decline of the UF System in terms of high
operating transmembrane pressure, lower sustainable filtrate flow or flux, and/or high chemical and power
consumption.

Clean-in-Place (CIP) may be accomplished effectively due to the excellent physical properties and chemical tolerances
of the DuPont Ultrafiltration Hydrophilic-Polyvinyldifluoride (H-PVDF) membrane material and module components,
which are compatible and resistant to elevated levels of pH, chlorine oxidants, and temperature. Concentration,
cleaning time, temperature, intermittent air scour, and hydraulic conditions during the cleaning process are important
considerations which will affect cleaning efficiency.

UF system performance should be monitored on a regular and frequent basis. If cleaning is delayed too long, fouling
may become irreversible and result in potential physical damage to the UF module or appurtenance equipment. The
DuPont Ultrafiltration Normalization Tool may be used to analyze UF system performance on a normalized basis, to
remove or minimize the effects of temperature, pressure, and flow so that the user may differentiate between normal
phenomena and real performance upsets due to fouling. The DuPont Ultrafiltration Normalization Tool is available
from your local DWS Technical Service.

CIP is most effective if it is tailored to remove the specific fouling problem. Sometimes a wrong choice of cleaning
chemicals can make a situation worse. Therefore, the type of foulants on the UF membrane surface should be
understood prior to the CIP, so that the most effective CIP cleaning solution and sequence may be used for the
procedure. There are different ways to accomplish this:

* Analyze feed water quality.
o Review results of previous cleanings.
+ Remove and inspect the feed end of the DuPont Ultrafiltration Module for indication of contaminants.

o Inspect the waste discharge after air scour in the backwash step for indication of contaminants. Sample may be
visually inspected or analyzed in laboratory.

o Analyze spent SDI filter paper after grab sample SDI-5 test at UF feed water.

o Destructive autopsy if methods above fail to identify the foulant.

6.3.2 Safety Precautions

« When using any chemicals indicated here or in subsequent sections, follow accepted safety practices. Consult
the chemical manufacturer for detailed information about safety, handling and disposal.

« When preparing cleaning solutions, ensure that all chemicals are dissolved and well mixed before circulating
the solutions through the modules.

« During pumping and recirculation of cleaning solutions, observe maximum temperature and pH limits. Please
refer to Table 11 below.

Table 11. pH and temperature limits during cleaning

Chemical Type pH, Max/Min Temp., Max
Alkaline Solution 12, Max. 40°C (95°F)
Acid Solution 2, Min. 40°C (95°F)
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6.3.3 CIP Requirements

During regular operation, the surface of the fibers of the UF modules may become fouled by particles, biological matter,
colloidal particles and/or insoluble organic constituents. Deposits build up on the fiber surfaces during operation, until
they result in an increase of TMP to levels or a decrease of normalized filtrate flow that cannot be recovered on
sustainable basis by reqular backwash and CEBs.

DuPont Ultrafiltration Modules should be cleaned to restore membrane permeability, when one or more of the below
parameters are encountered during regular operation, after a CEB event. Permeability is the flux, per unit of
transmembrane driving force, and is expressed as LMH/bar or gfd/psi.

o Normalized Permeability drops by 50%

o Normalized TMP increases by 1 bar (14.5 psig) from initial TMP

e Operating TMP reaches a maximum 2.1 bar (30.5 psig)

« In the event that you do not normalize your operating data, please use the above values for general indication

of when to initiate a cleaning event

If delayed too long, the membrane fouling may become irreversible, where cleaning may not restore membrane
permeability. Heavily fouled membranes are more challenging to clean as it becomes more difficult for the cleaning
chemical to penetrate the membrane surface, and flushing the foulants out of the membranes. Furthermore, the time
between cleanings may become more frequent as the membranes which are not completely cleaned foul or scale more
rapidly.
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6.3.4 CIP Equipment

The equipment for CIP is shown in the CIP system flow diagram below (Figure 31). The materials of construction for
selected equipment and ancillaries of the CIP system should be compatible with the pH, chemical types and
concentrations, and temperature of the CIP solutions.
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Figure 31. CIP System Flow Diagram
CIP TANK Chemical Mixing Tank
CIP PUMP Low-Pressure Pump
CIP Cartridge Filter Polypropylene, 5 or10 micron
HT CIP Tank Heater (Optional)
TIT Temperature Transmitter
LIT Level Transmitter
LG Level Gauge
PG Pressure Gauge
FIT Flow Transmitter
AIT pH Analyzer
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1. The CIP Tank may be constructed of polyethylene (PE), polypropylene (PP), or fiberglass-reinforced plastic
(FRP). The tank should be provided with a removable cover and a temperature gauge/transmitter. The
cleaning procedure is more effective when performed at an elevated temperature. The chemical solution
should be maintained in accordance to the pH and temperature guidelines listed in Table 1. It is
recommended to not use a cleaning temperature below 15°C (59°F), because of the slower chemical kinetics
at low temperatures. Cooling after a heated CIP may also be required in certain geographic regions.

A general rule of thumb used in sizing of the CIP Tank is to use the approximate volume of all of the UF
modules, and add the hold-up volume in the feed and return lines, within the boundaries of the UF system
to be cleaned in one CIP event plus enough volume to maintain a Net Positive Suction Head (NPSH) for the
CIP pump.

For example, to clean a DuPont Ultrafiltration system containing ten (10) nos. of DuPont Ultrafiltration SFD /

SFP-2880 modules, to be cleaned in one CIP event, the following calculations may be considered:

a. Volume in UF Modules
Vinodute = 39 L (10.3 gal) / module

V1o modutes = 0-039 m? x 10 = 0.39 m? (103.03 gal)

b. Volume in Pipes
(assume 10 m (32.8 ft) length of DN50 PN10 (2-in. SCH 80) UPVC pipe)

2

V;)ipe = 7r ! ; Wwhere r = radius; [ = length

Viipe =314 (0.025 m)* x 10 m

V.. =0.0196 m?(5.18 gal)

pipe

c. Volume in UF Modules and Pipes (or, CIP Tank Volume)

V10 modules + pipe = 0-39 M+ 0.0196 m= 0.41 m? (108.2 gal)

Therefore, the CIP tank should be minimum 0.41 m? (108.2 gal).

2. The CIP Pump should be sized for the flows and pressures given in Table 12, making allowances for pressure
loss in the piping and across the CIP cartridge filter.

Table 12. Recommended CIP Feed Flowrate per UF module

DuPont Ultrafiltration Product Feed Flowrate (per UF module) Feed Pressure (at UF module)
m’/h gpm bar psig
SFP/SFP-2660 1.0 4.4 <3.0 <435
SFD/SFP-2860(XP); IP(D)-51(XP) 15 6.6 <3.0 <435
SFD/SFP-2880(XP); IP(D)-77(XP) 15 6.6 <3.0 <435
UXA-2680XP 15 6.6 <3.0 <435

3. Appropriate valves, flow meters and pressure gauges should be installed to adequately control the flow.
Service lines may be either hard-piped or use flexible hoses. In either case, the flow velocity should be
maintained at 3 m/s (10 ft/s) or less.

4. Ensure that the CIP concentrate and filtrate return lines are submerged in the CIP Tank to minimize foaming.
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6.3.5 CIP Procedure

The cleaning duration for each CIP solution is expected to require about 6 hours, depending on target recycle and soak
durations, and actual time required to prepare chemicals and equipment. The permeability of the UF membranes to be
cleaned should be measured with online instrumentation for before and after the CIP with each type of solution, to
allow for baseline and assessment of chemical cleaning efficiency and indication of the type of fouling. Permeability
(LMH/bar, or gfd/psi) may be measured on normalized terms using the DuPont Ultrafiltration Normalization Tool, or on
approximate basis using field measured values of flow and pressure at the feed and filtrate.

Table 13 provides a general valve sequence table for the steps of the CIP procedure. A description of each step of the
CIP procedure follows in this section.

Table 13. General Valve Sequence Table for CIP Procedure

—
B
£ 3
2 s 3z
g T & £
B o =] =
= & LEF N
- E = & E =
o
= = B 5 E E E E
[ =l -5
E g 5 B o § - o =
E = e & 08 E
= g E 5 = = -] o
& E 2 = & & © @&
. B B ) B B OB B B B
Step No. CIP Step = = = = o o i3 = =
1 Install CIP Cartridge Filter Elements 0 X X X X X X X X
2 Make-up Cleaning Solution 0 X X 0 (¢} X X X (¢}
3 Regular Backwash, Pre-CIP X (¢} 0 0 (¢} X X X (¢}
4 Remove from Service X X X 0 (¢} X X X (¢}
5 Drain X X X 0 0 X X X 0
6 Low-flow Pumping X X X 0 (6} 0 0 X (6}
7 Recycle X X X 0 (6} 0 0] 0 (6}
8 Soak” X X o’ X X X X X X
9 Final Recycle X X X 0 (6} 0 0 0 (¢}
10 Flush Out X X X 0 X 0 0 0 0
n Regular Backwash, Post-CIP X 0 0 X X X X X X
12 Return to Service 0 X X X X X X X X
Notes:

X - Valve Closed, or Equipment Off
O - Valve Open, or Equipment On

Valve positions and equipment status are dependent on the previous step in the sequence. For example, during Regular Backwash, Pre-CIP (Step 3) the CIP Pump is not required to
be On in the stand-alone step, however the CIP Pump continues to be On to allow for mixing of cleaning solution (Step 2) which occurs in-parallel.

Valve sequence will differ if low-flow recirculation is practiced during extended soak duration. Refer to Section 6.3.6, CIP Tips.

? If intermittent air scour is practiced during Soak step, the Forward Flush Valve should be opened to allow venting of air introduced into UF modules. Elevation of system piping
will help prevent drain out of CIP solution during this process.

1. Install CIP cartridge filter elements (5 or 10 pm rating).

2. Make up cleaning solution. Preheat cleaning solution to desired temperature, and meanwhile, open the CIP

recycle valve to mix the solution with pump and/or agitator. For seawater applications, RO permeate is

preferred for the UF CIP make-up solution; however, potable water or UF filtrate may be used if there is no
alternative water source. Always add the chemical to the CIP make up water to avoid exothermic reactions.

3. Regular backwash, pre-CIP. Conduct a regular backwash of the UF skid to remove loose contaminants prior
to the CIP.

4. Remove from Service. Remove the UF skid to be cleaned from service by normal shutdown procedures.
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5. Drain out water in the UF skid. Residual water in UF skid will dilute the concentration of cleaning solution.
Therefore, drain the residual water by opening the forward flush outlet valve and backwash outlet valve, and
close when the UF skids are drained of standing water.

6. Low-flow pumping. After the UF skid is drained of residual water, activate the CIP pump. Pump mixed, pre-
heated cleaning solution through the feed side of the UF modules (i.e,, filtrate valve closed) at conditions of
low flowrate (about half of that shown in Table 12) and low pressure to displace remaining standing water and
solids in the UF modules and rack.

7. Recycle. Recycle the cleaning solution at the flowrates shown in Table 12. CIP solution continues to be
introduced into the UF modules from the feed side. Continue to recycle and allow the temperature to
stabilize. Measure the pH of the solution and adjust the pH, if needed - e.qg,, if pH falls or increases by greater
than 1 pH unit from target level. If NaOCl is included in the CIP solution, the recycled solution may also be
measured for free chlorine using a portable colorimeter, where NaOCl chemical is replenished if the
measured chlorine falls below 75% of target concentration. The recycle step typically lasts 1 hour, depending
on extent of fouling. Initially, recycle only through the feed side of the module (i.e,, filtrate valve closed) so
that the solids accumulated on the membrane surface are flushed out of the system and not pushed back
again into the membrane; after 15 - 20 minutes open as well the filtrate valve (while the concentrate/reject
valve remains partially open) so that the chemical solution also flows through the fiber and filtrate piping back
to the CIP tank (target 10 - 20% filtrate and 80 - 90% concentrate returns).

8. Soak. Deactivate the CIP Pump and CIP Tank Heater. Close the CIP inlet, outlet and return valves, and allow
the modules to soak. The soak step is typically 2 hours, depending on extent of fouling; sometimes, an
overnight soak of 10 - 15 hours is effective for recovery of severe fouling. To maintain a high temperature and
to improve cleaning efficiency during an extended soak period, use a slow recirculation rate (about 10% of
that shown in Table 11). We recommend intermittent air scour for a few seconds, every 30 minutes of the soak
period, to agitate fibers for enhanced cleaning benefits; if intermittent air scour is practiced during soak step,
the Forward Flush Valve should be opened to allow venting of air introduced into UF modules.

9. Final Recycle. Recycle the cleaning solution at the flowrates shown in Table 11. CIP solution is again
introduced into the UF modules from the feed side. The final recycle step typically lasts 20 - 30 minutes
duration.

10. Flush out. After the final recycle period, drain the modules and drain the CIP Tank. Fill the tank with RO
permeate (preferred, for seawater applications), potable water, or UF filtrate to prepare for the Flush out step.
RO permeate is preferred for seawater applications, to prevent reaction of impurities in the flush-out water
with the remaining cleaning solution. Perform the Flush out of the CIP tank and piping by repeat of Low-flow
pumping (Step 6), and Recycle (Step 7) for a period of 10 minutes. A plan for discharge of the chemical wastes
in accordance to local regulations should be developed prior to performing the CIP.

1. Regular backwash, post-CIP. Conduct a regular backwash of the UF skid to prepare the system for return to
service.

12. Return to Service.
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6.3.6 CIP Tips

1. The fouling of membrane modules typically consists of a combination of fouling mechanisms, e.g., a mixture
of organic fouling, colloidal fouling and biofouling, which often requires a two-step cleaning program: alkaline
cleaning followed by acid cleaning. We recommend alkaline cleaning as the first cleaning step. Acid cleaning
should only be applied as the first cleaning step if it is known that only calcium carbonate or iron hydroxide is
present on the membrane surface. Acid cleaners typically react with silica, organics (e.g., humic acids), and
biofilm present on the membrane surface, which may cause further decline of membrane performance if
being introduced first.

2. Always measure the pH during cleaning. If the pH increases more than 1 pH units during acid cleaning, more
acid needs to be added. If the pH decreases more than 1 pH units during alkaline cleaning, more caustic needs
to be added.

3. Inspect the appearance of the spent CIP solution at various points during the recycle and soak steps. The
visual appearance sometimes provides indication of the type of fouling, especially in the case of inorganic
metals.

4. Long soak times. It is possible for the chemical cleaning solution to be fully saturated, which allows the
foulants to precipitate back onto the fiber surface. In addition, the temperature will drop during this period;
therefore the soaking becomes less effective. It is recommended to circulate the solution regularly in order to
maintain the temperature (temperature should not drop more than 5°C/41°F) and add chemicals if the pH
needs to be adjusted.

5. Fresh cleaning solution needs to be prepared when the cleaning solution becomes turbid and/or discolored.
The cleaning is repeated with a fresh cleaning solution.

6. Intermittent air scour immediately before the CIP (prior to Step 5, Drain out water in UF skid), during, and just
at the end of the soaking step (Step 8, Soak), can benefit the cleaning effectiveness in more challenging cases.
It might occur that due to the aeration and depending on the system piping layout, some of the chemical
solution volume is lost through the module top port; in this case the system must be refilled again with
chemical solution using the CIP pump.

7. Thermal Shock should be considered in cold water environments, to prevent damage to UF modules and
piping systems in cases where high-temperature CIP solution is introduced into low-temperature system (e.g.,
Step 6, Low-flow Pumping), or low-temperature flush water is introduced into a warm or heated system (e.g.,
Step 10, Flush Out). In this case it is recommended to recirculate the solution while it is being heated-up up for
3 gradual temperature increase. Similarly, at the end of the cleaning, it is recommended to let the system cool
down before flushing it out (Step 10 of previous section) with cold water.

8. Use the least harsh cleaning solution possible, including cleaning parameters of pH, temperature, and solution
strength.

6.3.7 CIP Chemicals

Table 14 lists general cleaning chemicals that are effective to recover membrane permeability in most situations.
Generic acid cleaners and alkaline cleaners are standard, widely available cleaning chemicals. Acid cleaners are used to
remove inorganic precipitates (e.g., including iron), while alkaline cleaners are used to remove organic fouling (e.g,,
biological matter). Specialty cleaning chemicals may be used in cases of severe fouling, or unigue cleaning
requirements. For seawater applications, RO permeate is preferred for the UF CIP make-up solution; in cases when RO
permeate is not available, please discuss project-specific conditions of water quality with DWS Technical Service to
evaluate if potable water or UF filtrate may be used as an alternative water source. Depending on the make-up solution
water source, the feed water may be highly buffered (i.e, high alkalinity), where additional acid or base chemical may
need to be added to reach the target pH level - which is pH 2 for acid cleans, and pH 12 for alkaline cleans. Also, a
softener can be used on the CIP make up water system to remove hardness.
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Table 14. General CIP Cleaning Solutions

Solution 4
Cleaning Solution Solution 1 Solution 2 Solution 3 0.2% (W) NaOCL + 0.1% (W)
0.2% (W) HCL, at pH 2% (W) Citric Acid at 2% (W) Oxalic Acid at NaOH, at pH 11.5, 35°C (95°F)
Targeted Foulants 2, 35°C (95°F) max. pH 2, 35°C (95°F) max. pH 2, 35°C (95°F) max. max.
Inorganic Preferred Alternative Alternative
Particulate / Colloidal Preferred Alternative Alternative Preferred
Microbial / Biological Preferred
Organic Preferred
Combined Metals and Preferred Alternative

Organic Complexes

Notes:
1. (W) denotes weight percent of active ingredient.
2. Solution 2 (Citric Acid) should be thoroughly flushed from system before return to service due to organics loading.

6.4 Alternative Cleaning Protocols

The following section details several non-standard strategies, as alternatives to the described above, to manage
membrane fouling with the aim of simplifying the process, reducing the system footprint and installation costs,
reducing the energy and chemical consumption, generating less waste, or increasing the system availability and
recovery. These strategies are project specific and need to be validated depending on the application and feed water
source and quality. For further details please contact DuPont.

6.4.1 Mini-CIP

This approach consists of substituting the standard approach based on regular Chemically Enhanced Backwash (CEB) by
Cleanings in Place (CIP) of short duration, and is applicable to all water types. For this purpose, the existing auxiliary
system used for the standard CIP is employed to perform more frequent but shorter chemical cleanings, called mini-CIP,
so there is no need of additional installation or hardware. However, due to the relatively high frequency of mini-CIP (i.e.
typically from 1to 3 times per week), it is recommended to automate the process in order to reduce labor.

The total duration of the mini-CIP is typically 30 minutes and includes a regular Backwash pre-cleaning, a heated
chemical solution recirculation step with a soaking period in between (with intermittent Air Scour), and a final Backwash
post-cleaning. Note that the mini-CIP substitutes the CEB, not the standard intensive CIP program which still might be
needed regularly.

Some of the benefits of the mini-CIP approach as compared to CEB are:

¢ Increased UF system recovery and availability (as the frequency of mini-CIP and water consumption is typically
lower than CEB).

o Lower UF system footprint and system complexity, by reducing the hardware associated to the CEB systems.

« Higher cleaning efficiency, due to the use of recirculation, temperature aid, higher flexibility to use special
chemicals and the possibility to use low TDS water (e.g. RO permeate) as solvent.

e Reduced chemical consumption and waste, due to the operation in a closed loop as opposed to CEB's flush-
through mode.

o Lower risk of RO membrane oxidation in integrated systems due to the lower system exposure to chlorine as
compared to more frequent on-line CEB's.
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6.4.2 Elimination of Backwash

Depending on the feed water source and quality it might be possible as well to remove the backwash step from the UF
operation (and therefore all the equipment associated to it) and rely on regular Air Scour and Forward Flush as the only
hydraulic methods to help removing membrane fouling. However, regular chemical cleanings must be still applied.
Please contact DuPont for further details.

Some of the benefits of the elimination of the Backwash step are:
o Increased UF system recovery.
o Reduced UF trains size (i.e. fewer UF modules needed).

« Reduced UF system footprint and process complexity (due to the elimination of backwash pumps, tanks, piping,
CEB dosing pumps and injection points, etc.).

+ Reduced energy consumption.

e Less volume of waste generated.

6.4.3 Backwash with RO Brine

In integrated systems where UF is used as pretreatment of RO, it might be possible to backwash the UF system with RO
brine, instead of the standard approach using ultrafiltrate water, with no detrimental impact on the UF system
performance or membrane integrity. This is only feasible for specific water sources and under certain conditions, and
simply refers to backwash and not to chemical cleanings. Please contact DuPont for further details.

Some of the benefits of using RO brine for UF backwash as opposed to ultrafiltrate water are:
o Increased UF system recovery.
e Reduced UF trains size (i.e. fewer UF modules needed).

« Potential to eliminate the equipment associated to backwash pumping, and reduce energy consumption, if the
residual brine pressure is used.

o Less volume of waste generated.
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7 HANDLING AND STORAGE PROCEDURES
FOR DuPont ULTRAFILTRATION MODULES

This chapter provides general information for the handling and storage of DuPont Ultrafiltration Modules. The
information in this bulletin applies to the DuPont Ultrafiltration products including SFD / SFP-2660, -2860, and -2880,
IntegraPac™ IP/ IPD-77, -51(XP), IntegraFlux™ SFP/D -2860/80XP, and IntegraFlux™ UXA-2680XP.

DuPont Water Solutions (DWS) recommends that the procedures for DuPont Ultrafiltration long-term shutdown &
storage, in particular, be closely coordinated with local DWS technical service to facilitate a positive experience, and to
train facility operations & engineering staff.

7.1 General

DuPont Ultrafiltration Modules should be handled in such a way to help control the spread of and reduce bio-growth
during long-term storage, shipping or system shutdowns. DWS recommends that the modules be shipped and stored in
their original factory packaging, and loaded into the system skids just prior to start-up. There are cases when the
customer may prefer to install the modules onto the skids with significant time before start-up and commissioning;
storage guidelines for these cases are also addressed in this chapter. If the module is exposed to air for an extended
period of time, the membrane may become dry and at risk to irreversible damage; therefore, it is important to keep the
membrane wetted.

7.2 Factory Storage & Shipping of DuPont Ultrafiltration Modules

As part of the quality assurance program, all DuPont Ultrafiltration Modules are tested for integrity and performance
(“wet tested”) at the factory, prior to packaging and shipment. To control dehydration and biological growth, DuPont
Ultrafiltration Modules are shipped wetted and preserved in a non-hazardous standard storage solution containing pH
buffered 1 wt% food-grade SMBS. The storage solution inhibits biological growth during storage and shipping of the
modules. SDS for these chemicals are available from DWS.

Preservative solution is automatically delivered into the module housings prior to sealing of the module’s feed and
outlet ports by blinds at the grooved couplings and plug at the threaded air connection. The approximate volume of
standard storage solution used at shipping for each module is 2 L (0.5 gal) for SFD / SFP-2660; 4 L (1 gal) for SFD / SFP-
2860(XP), IP / IPD-51(XP) and UXA-2680XP; and 6 L (1.6 gal) for SFD / SFP-2880(XP) and IP / IPD-77(XP). If glycerin is
added for freeze protection the holdup module volume will be used. After adding preservative and sealing the
openings, the modules are wrapped in plastic bags prior to boxing for dust protection. Precise solution volume and
good sealing of the couplings help ensure a stable preservative environment during transportation and storage of new
modules.

The wrapped modules are stored in cardboard boxes, with one module per box. A small box containing installation parts
is inserted into each cardboard box shipped. Saddle-shaped cushion inserts are located at both ends and along the
module to support and protect the modules from damage during shipping and handling. The modules are stored in the
horizontal position, with the sealed port connections facing upwards. Labels to identify the port locations and position
the boxes are provided on the exterior of the packaging to allow proper storage. To prevent collapse of the boxed
modules, stacking is limited to four layers for all SFD / SFP, IntegraPac™, IntegraFlux™ and IntegraFlux™ UXA products.
Depending on the total number of modules and required shipping method, the boxed modules are either palleted or
crated for transportation.
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Modules must be protected from freezing or excessive heat during shipping and storage. The temperature limits for
modules during standard shipping and storage are 1°C (33.8°F) to 40°C (104°F). Avoid abrupt variations in temperature;
equalization should be allowed to occur at a maximum temperature differential of +1°C (1.8°F) per minute. Irreversible
damage to the membrane and damage of the module components may result if the modules are exposed to
temperatures outside these limits. If freezing conditions are anticipated during the customer’s shipping and storage of
modules, please notify DWS at the time of order placement. Glycerine can be added to the storage solution by DWS at
the factory prior to shipping to protect the modules under freezing conditions.

Mechanical damage to module housing, membrane, and connections may result if the module, boxed module, pallet, or
crate is dropped, and otherwise miss-handled. The modules should be handled with care, with particular attention
during transportation.

7.3 Storage of New DuPont Ultrafiltration Modules

Modules are recommended to be shipped and stored in their original packaging separate from the system skids, and
loaded into the system just prior to start-up. There may be cases where the customer prefers to pre-install the modules
on the system skids; for example, to allow factory acceptance testing of packaged or mobile systems prior to shipping,
or work scheduling at site to eliminate the separate step for module loading. In cases where pre-installation of modules
onto the system skids are preferred for alignment of process/mechanical piping, frame and supports, blank or “dummy”
modules are available from DW&PS to assist in alignment and shipping of system skids from the customer’s facility to
the project site. It is recommended that seals and plugs for isolation and storage solution containment be saved for
future use.

These guidelines should be followed for storage of new DuPont Ultrafiltration Modules:

+ Keep modules in original factory packaging. There are cases when the customer may prefer to load the modules
onto the skids with prior to start-up & commissioning; guidelines for storage of modules installed on-skid are
provided in the Sections 7.4 and 7.5, Short-Term and Long-Term Shutdown & Storage of Used DuPont
Ultrafiltration Modules.

o To minimize the potential for leakage of preservative, modules should be stored in horizontal position, with the
sealed port connections facing upwards. Labels of the port locations are provided on the exterior of the box to
facilitate storage. If leakage is observed, please refer to guidelines for replenishment of storage solution
provided in the Sections 7.4 and 7.5, Short-Term and Long-Term Shutdown & Storage of Used DuPont
Ultrafiltration Modules.

« To prevent collapse of the boxed modules, limit vertical stacking to four layers for all SFD/SFP, IntegraPac™,
IntegraFlux™ and IntegraFlux™ UXA modules.

o Storeinside a cool and dry building or warehouse, away from sources of heat, ignition, and direct sunlight. An
ambient temperature of 20°C (68°F) to 35°C (95°F) is recommended for ideal storage conditions.

« Temperature limits for modules during shipping and storage is 1°C (33.8°F) to 40°C (104°F). Modules must be
protected from freezing or excessive heat during shipping and storage. Avoid abrupt variations in temperature;
equalization should be allowed to occur at a maximum temperature differential of +1°C (1.8°F) per minute. If
freezing conditions are anticipated during the customer’s shipping and storage of modules, please notify
DWA&PS at the time of order placement. Glycerin may be added to the storage solution by DW&PS at the factory
prior to shipping to allow for shipment and storage at freezing conditions.

o Sealed modules may be stored up to 18 months from date of manufacture, at the recommended storage
conditions in the original packaging, without additional measures required for storage. If storage exceeds 18
months from date of manufacture, guidelines for confirmation and replenishment of storage are provided in
Section 7.5, Long-Term Shutdown & Storage of Used DuPont Ultrafiltration Modules.
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7.4 Short-Term Shutdown & Storage of Used DuPont Ultrafiltration
Modules

This section provides guidelines for the short-term shutdown & storage of used (installed and operated) DuPont
Ultrafiltration Modules, and addresses cases where the modules are either (a) stored off-skid as individual modules, or
(b) stored on-skid. Short-term is considered as periods where the modules have been drained or used in-service, and
will remain out of operation for less than 4 days.

Note that the quantities of storage solution required for on-skid storage is greater than for off-skid storage to allow for
complete wetting of fibers; off-skid storage allows for horizontal storage which decreases the amount of required
solution.

If the modules are expected to be exposed to freezing conditions, glycerin should be added to the storage solution for
either short- or long-term shutdown & storage conditions. Refer to Section 7.6, Freeze-Protection of Used DuPont
Ultrafiltration Modules.

7.4.1 Short-Term Shutdown & Storage, Off-Skid Storage

For cases of short-term shutdown & storage, where the modules will be stored off-skid, and the modules will be placed
in service within the next 4 days, SMBS storage solution is not required. Clean water alone is sufficient to keep the fibers
in wetted condition to avoid dehydration. Clean water sources may be from potable water or RO permeate. The
approximate volume of water required for each module is 2 L (0.5 gal) for SFD / SFP-2660; 4 L (1 gal) for DuPont SFD /
SFP-2860(XP), IP / IPD-51(XP) and IntegraFlux™ UXA-2680XP and 6 L (1.6 gal) for SFD / SFP-2880(XP) and IP / IPD-77(XP).

If the modules have been in-service, a normal system chemical enhanced backwash (CEB) of alkaline, followed by acid,
should be conducted before removal of the modules for short-term shutdown & storage. If CEB facilities are not
available, then a normal backwash consisting of water and air scour steps should be conducted prior to removal of
modules off the skid.

Once the modules are removed water may be fed into the module through the feed port by gravity or low-rate
pumping. The module should be kept in horizontal position at time of fill, with the far side filtrate and concentrate ports
sealed by blind disc at the grooved couplings. Once the water is added into the module, all service port connections
should be sealed tightly using the original blind discs and plugs to retain the solution inside the module. If these parts
have not been retained an isolation package can be ordered from the DuPont Ultrafiltration Module Spare Parts List. To
minimize the potential for leakage of preservative, modules should be stored in the horizontal position, with the sealed
port connections facing upwards. Modules may be kept in the original cardboard boxes. Labels of the port locations are
provided on the exterior of the box to facilitate storage.

7.4.2 Short-Term Shutdown & Storage, On-Skid Storage

For cases of short-term shutdown & storage, where the modules will be stored on the skid, and the modules will be
placed in service within the next 4 days, clean water alone is sufficient to keep the fibers in wetted condition to avoid
dehydration. As for off-rack storage, clean water sources from potable water or RO permeate should be used. The
approximate volume of water required for each module is 16 L (4 gal) for SFD/SFP-2660; 23 L (6 gal) for IntegraFlux™
UXA-2680XP; 35 L (9 gal) for SFD/SFP-2860(XP); 39 L (10 gal) for SFD/SFP-2880(XP); 49 L (13 gal) for IP/IPD-51(XP) and
53 L (14 gal) for IP/IPD-77(XP). These quantities of water allow for near to complete fill of the module with water.

If the modules have been in-service, a normal system CEB of alkaline, followed by acid, should be conducted on the
modules before short-term shutdown & storage. If CEB facilities are not available, then a normal backwash consisting of
water and air scour steps should be initiated prior to short-term shutdown & storage.

DWS recommends that the UF CIP system be used for delivery of the water into the modules from the feed side. Refer
to section 6.2.5 in this document for general procedure.
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7.5 Long-Term Shutdown & Storage of Used DuPont Ultrafiltration
Modules

This section provides guidelines for the long-term shutdown & storage of used DuPont Ultrafiltration Modules, and
addresses cases where the modules are either (a) stored off-skid as individual modules, or (b) stored on-skid. Long-term
is considered as periods where the modules have been drained or used in-service, and will remain out of operation for
more than 4 days.

Note that the quantities of storage solution required for on-skid storage is greater than for off-skid storage to allow for
complete wetting of fibers; off-skid storage allows for horizontal storage which decreases the amount of required
solution.

Re-preserved elements should be visually inspected for biological growth every three months. If the storage solution is
not clear, the module should be re-preserved and re-packed as described above. Contact of the SMBS solution with air /
oxygen will oxidize bisulfite to sulfuric acid. Therefore, the pH of the solution should be spot checked on random
modules every 3 months. Re-storage is required when the measured pH is 3 or lower. For medium to large orders, to
avoid inspection of every module, a representative sampling of the total number of modules (e.g. 5%) may be inspected
for visual appearance and pH.

If the modules are expected to be exposed to freezing conditions, glycerin should be added to the storage solution for
either short- or long-term shutdown & storage conditions. Refer to Section 7.6, Freeze-Protection of Used DuPont
Ultrafiltration Modules.

7.5.1 Long-Term Shutdown & Storage, Off-Skid Storage

For cases of long-term shutdown & storage, where the modules will be stored off-skid, and the modules will remain
out-of-service for more than 4 days, a storage solution containing pH buffered 1 wt% food-grade SMBS is required to
effectively minimize biological growth in the modules during the storage period.

If the modules have been in-service, a normal system CEB and CIP should be conducted on the modules before removal
of the modules for long-term shutdown & storage. Refer to Section 6.2.5 in this document for CIP Procedure. If CEB
and/or CIP facilities are not available, then a normal backwash consisting of water and air scour steps should be
initiated prior to removal of modules off the skid.

The approximate volume of storage solution required for each module is 2 L (0.5 gal) for SFD / SFP-2660; 4 L (1 gal) for
SFD / SFP-2860(XP), IP / IPD-51(XP) and IntegraFlux™ UXA-2680XP; and 6 L (1.6 gal) for SFD / SFP-2880(XP) and IP / IPD-
77(XP). For every liter of solution required, 12 grams of food-grade SMBS are added for biostat, and 8 grams of sodium
hydroxide and 27 grams of citric acid for pH buffer (quantities refer to active ingredient). Scale-up the preservative
formulation to prepare the required volumes of storage solution for number and type of modules to be preserved.

The storage solution may be fed into the module through the feed port by gravity or low-rate pumping. The module
should be kept in horizontal position at time of fill, with the far side filtrate and concentrate ports sealed by blind disc at
the grooved couplings. Once the target volume of storage solution is added into the module, all service port
connections should be sealed tightly using the original blind discs and plugs to retain the solution inside the module. To
minimize the potential for leakage of preservative, modules should be stored in horizontal position, with the blanked
port connections facing upwards. Modules may be kept in the original cardboard boxes. Labels of the port locations are
provided on the exterior of the box to facilitate storage.
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7.5.2 Long-Term Shutdown & Storage, On-Skid Storage

For cases of long-term shutdown & storage, where the modules will be stored on the skid, and the modules will remain
out-of-service for more than 4 days, a storage solution containing pH buffered 1 wt% food-grade SMBS is required to
effectively minimize biological growth in the modules during the storage period.

Similar to off-skid storage, if the modules have been in-service, a normal system CEB and CIP should be conducted
before removal of the modules for long-term shutdown & storage. If CEB and/or CIP facilities are not available, then a
normal backwash consisting of water and air scour steps should be initiated prior to removal of modules off the skid.

The approximate volume of storage solution required for each module is 16 L (4 gal) for SFD/SFP-2660; 23 L (6 gal) for
IntegraFlux™ UXA-2680XP; 35 L (9 gal) for SFD/SFP-2860(XP); 39 L (10 gal) for SFD/SFP-2880(XP); 49 L (13 gal) for
IP/IPD-51(XP); and 53 L (14 gal) for IP/IPD-77(XP). These quantities of solution allow for near to complete fill of the
module with water. For every liter of solution required, 12 grams of food-grade SMBS are added for biostat, 8 grams of
sodium hydroxide and 27 grams of citric acid for pH buffer (quantities refer to active ingredient). Scale-up as required
during the solution preparation procedure to prepare the required quantities of storage solution for number and type of
modules to be preserved.

DWS recommends that the UF CIP system be used for delivery of the storage solution into the modules from the feed
side. Refer to Section 6.2.5 in this document for CIP general procedure.

7.6 Freeze-Protection of Used DuPont Ultrafiltration Modules

Modules must be protected from freezing during storage. The temperature limits for modules during storage is 1°C
(33.8°F), minimum. Irreversible damage to the membrane and damage of the module components may result if the
modules are exposed to temperatures below this limit.

If the modules are expected to be exposed to freezing conditions, glycerin should be added to the storage solution for
either short- or long-term shutdown & storage conditions. For cases when freezing is expected and notified to DWS,
glycerin is added to the storage solution by DWS at the factory prior to shipping to allow for shipment and storage at
freezing conditions. For re-storage by customer, food-grade glycerin should be applied to the storage solution, at the
target strengths detailed in Table 15.

Table 15. Summary of the target glycerin strengths

Glycerin Viscosity Freezing Point Depression Freezing Point Depression
(wWt%) (cP) (°c) (°F)
0.5 1.0Mm 0.07 0.13
3.0 1.074 0.63 113
5.0 1127 1.08 194
9.0 1.256 2.06 3.71
12.0 1365 2.88 518
14.0 1.445 3.47 6.25
16.0 1533 4.09 7.36
20.0 1.737 5.46 9.83
24.0 1.988 7.01 12.62
28.0 2.279 8.77 15.79
32.0 2.637 10.74 19.33
36.0 3.088 12.96 2333
40.0 3.653 15.50 27.90
44.0 4.443 17.73 31.91
48.0 5.413 20.39 36.70
52.0 6.666 23.22 41.80
56.0 8349 26.23 47.21
60.0 10.681 29.41 52.94
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7.7 Re-Wetting of Dried Out DuPont Ultrafiltration Modules

Modules that have dried out membranes due to improper storage may irreversibly lose water permeability. Re-wetting
may be successful with one of the three following methods:

1. Soak modules in 50/50% ethanol/water or propanol/water for 15 minutes.

2. Pressurize the module with UF feedwater to a target pressure of 4.75 bar (68.9 psi). The UF feed pump should
be of adequate capacity to meet the target pressure at low flow conditions. During pressurization, slowly close
the filtrate until the target pressure is achieved. Close the feed and filtrate valves for hold at the target
pressure for 30 minutes. Take care that the filtrate port is re-opened slowly as the feed pressure is released.
Do not exceed a transmembrane pressure (TMP) (pressure drop from feed to filtrate side of the membrane) of
2.1 bar (30.5 psi). This procedure should be carried out while the modules are installed on the skid.

3. Soak modules in 1% HCl or 4% HNO; solution for 24 hours. During fill of the module, ensure that the module is
in a vertical position to allow the escape of entrapped air.
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8 DuPont ULTRAFILTRATION
MAINTENANCE AND TROUBLESHOOTING

8.1 Introduction

Proper data record keeping and plant performance normalization are indispensable for early detection of performance
issues in ultrafiltration systems. Adequate instruments and regular calibration are also critical to ensure accurate
readings and anticipate potential operating issues. This section will cover basic aspects for a proper maintenance of
ultrafiltration systems as well as some troubleshooting tips.

8.2 Instruments for System Operation

For a proper control and monitoring of the ultrafiltration system, the appropriate instruments must be put in place.
Table 16 below shows the usual instruments required for the ultrafiltration system (provided by the equipment
manufacturer). The data is typically logged by the plant SCADA system every 1-10 seconds.

Table 16. Minimum instruments recommended in an Ultrafiltration system

Parameter Feed Filtrate Backwash CEB CIP Air Scour
Pressure X X X X X X
Flow X X X X X
Temperature X X
pH X X
Turbidity X X

For a detailed Process and Instrumentation Diagram of a typical UF system using DuPont UF Modules contact DuPont.
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8.3 Record Keeping

In order to assess the performance of the Ultrafiltration system, it is important that all relevant data are manually
recorded and collected on a daily basis (ideally once per shift) for each UF train/rack, independently of the data stored
automatically by the plant data acquisition systems. This allows keeping track of the performance, establishing baseline
performance, and confirmation of the readings of transmitters and gauges. Besides it is a valuable tool for
troubleshooting and warranty claims.

The following list shows the minimum recommended measurements to be taken in an ultrafiltration system:
o Date and Time.
o Feed Water Temperature.
o Pre-Screen Inlet and Outlet Pressure.

o UF Feed Water and Filtrate Pressure (and concentrate pressure in case of Cross-Flow or Bleed-Mode operation).
Take measurements before and after events such as Backwash or Chemical Cleanings in order to evaluate the
effectiveness of the cleanings.

o Backwash interval.

o Filtrate Flow (and Cross-Flow or Bleed-Flow if applicable).
o Feed and Filtrate Turbidity.

e Feed and Filtrate SDI.

« Backwash flow (and calculate flux) and duration (including Air Scour, gravity drain, backwash top and backwash
bottom, and forward flush steps).

o CEB frequency, duration, chemical concentrations used/pH, etc.
o CIP frequency, duration, chemical concentrations used/pH, etc.
o (alibration of all gauges and meters based on manufacturers' recommendations as to method and frequency.

« Any unusual incidents, for example, pretreatment upsets or feed water excursions, integrity failures, fiber
repairs, shutdowns, etc.

Refer to Chapter 2 for details of the recommended water quality parameters to be monitored on a regular basis during
the operation of the plant.

Examples of data logging sheets are shown in Figure 32 and Figure 33 below.
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DuPont UF Data Log Sheet

Customer:

System Information: (pretreatment process, chemical feed type and dosages, etc):

UF Module Type: Number of Skids: | Number of Modules/skid: Membrane Area:
Date: Time: Cumulative hours of operation: | Recorded By:
Parameters Unit Recorded Value Comments

Data Collected

Temperature (T) °Cor°F

Pre-filter Inlet Pressure psi or bar
Pre-filter Outlet Pressure psi or bar
UF Feed Pressure (P) psi or bar
UF Filtrate Pressure (P,) psi or bar
UF Concentrate Pressure (P,) psi or bar

UF Filtrate Flow / skid (Qp)

gpm or m3/hr

UF Conc. Bleed Flow / skid (Q.)

gpm or m3/hr

UF Backwash Flow / skid (Qy,,)

gpm or m3/hr

UF Forward Flush / skid (Qg)

gpm or m3/hr

Filtration time per cycle (t;) minutes

Backwash time per cycle (ty,,) seconds

Forward flush time per cycle (ty) | seconds

Air Scour time per cycle seconds

CEB Alkali frequency hours

CEB Alkali pH

CEB Acid frequency hours

CEB Acid pH

UF Feed Turbidity NTU

UF Filtrate Turbidity NTU

UF Feed TSS ppm or mg/L

UF Filtrate TSS ppm or mg/L

UF Filtrate SDlyg %/min
Performance

Gross Flux (]) gfd or Imh

Transmembrane Pressure (TMP) | psi or bar

Permeability (Ly ,0)

gfd/psi or Imh/bar

Equations to Calculate Performance

Transmembrane Pressure (TMP) = P; - P

p

Recovery (R) = (Q," t; - Q" thy) / (Qy" tr+ Qg™ tgr) * 100

Figure 32. Example of DuPont UF Operation Log Sheet
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DuPont UF CIP Record Sheet

Customer:
System Information: (pretreatment process, chemical feed type and dosages, etc.)
UF Module Type: Number of Number of Cumulative hours of Total number of
Skids: Modules/skid: operation: cleaning:
Date: Time: Cumulative hours of operation after last cleaning: Recorded By:
Item Unit First Solution Second Solution Remarks
Pre-cleaning Air Scour and Backwash
Backwash Water Source
Backwash Flux LMH or gfd
Air flowrate per module Nm3/h or scfm
Cleaning Chemicals
Volume of cleaning L or US gal
solution
Acid (also list type used) L or US gal
Caustic soda (%) L or US gal
Sodium hypochlorite (%) L or US gal
Others Chemicals L or US gal
CIP Operating Conditions
Solution concentration %
pH
Temperature °Cor°F
Circulation flowrate m3/h or gpm
Duration of initial minutes
circulation
Soaking period minutes
Duration of final minutes
circulation
Final Backwash and Flush/Rinse
Source of water
Flowrate m3/h or gpm
Duration minutes
pH of waste streams

Figure 33. Example of DuPont UF CIP Log Sheet

8.4 Data Normalization

8.4.1 Introduction

The temperature of the feed water affects the permeability of 3 membrane filtration system. At lower temperatures
water becomes increasingly viscous (approximately 3% for every Celsius degree); therefore, lower temperatures require
increasing the transmembrane pressure (TMP) to maintain a constant flux or reduce the flux through the membrane at
constant TMP, as the resistance through the membrane increases. Consequently, this viscosity effect should be
considered in the facility design to ensure adequate production capacity in all scenarios and understand the impact to
energy consumption.

The term “Normalization” is an industry practice for correcting variations that would otherwise appear as a filtrate flux
or TMP change, and lead to misinterpretations of the membrane process performance (e.g., a decrease in membrane
permeability (i.e., flux divided by TMP) that would mistakenly be interpreted as a result of a fouling phenomenon, when
it is only due to a decrease in water temperature). The technical basis for Normalization is provided in the ASTM D5090
standard, however, membrane manufacturers modify these formulas to allow better calibration and fit to the
membrane characteristics of their product as demonstrated in fiber construction and field operating performance.
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The basic idea of the Normalization practice is to eliminate the temperature effect from the operational data, so that
any deviation in membrane performance at same operating conditions (e.g., same feed water quality, filtration cycle
duration, same backwash and chemical washes frequency, etc.) can be related to fouling phenomena. DuPont UF uses

25°C as temperature of reference for data Normalization.

8.4.2 Normalization of DuPont Ultrafiltration Performance Data

DuPont uses a viscosity-temperature correction factor based on the latest expression for the viscosity of liquid water

from the International Association for the Properties of Water and Steam (IAPWS,

www.iapws.org/relguide/LiquidWater.html).

The Temperature Correction Factor (TCF) follows Equation 2:

TCF= 890

-1.9 -1.7 -19.6 —40
280.68 - Tk +]511.45- Tk +| 61.131- Tk +{0.45903- Tk
300 300 300 300

Where:
TCF: Temperature Correction Factor, dimensionless.

Ty : Temperature in Kelvin degrees (i.e,, °C + 273.15).

Eq.2

The numerator is the dynamic viscosity of water at 25°C in pPa- s, the denominator is the viscosity of water at the actual

operating temperature. This expression results in a TCF of 1at 25°C.

Table 17 shows the different values of the TCF from 0 - 40°C (32 - 104°F) at 5°C increments, based on Equation 2 above:

Table 17. Temperature vs TCF

Temperature (°C) Temperature (°F) TCF
0 32 0.50

5 41 0.59

10 50 0.68

15 59 0.78

20 68 0.89

25 77 1.00

30 86 112

35 95 124

40 104 136
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And Figure 34 depicts TCF values versus Temperature:

Temperature Correction Factor vs Temperature (2C)

TCF

20 25 30 35 40

Temperature (2C)

Figure 34. TCF vs Temperature (°C)

The formulas to calculate Normalized TMP and Normalized permeability are shown in Equations 3 and 4:

Normalized TMP = Actual TMP x TCF

Normalized Permeability = Actual Permeability / TCF

Eq.3

Eq. 4

(Permeability is defined as operating Flux (L/m?* h) divided by TMP (bar), with units of L/m? h- bar, also expressed as

LMH/bar).

As an example to illustrate the importance of data Normalization, let us consider two hypothetical scenarios of UF plant

performance:

Scenario 1: Winter

Operating Flux: 65 LMH

Temperature: 15°C

Temperature Correction Factor (as table and graph above): 0.78
Actual (measured) TMP = 0.40 bar

Actual Permeability = 65 / 0.40 =162.5 LMH/bar

Normalized Permeability (as per Eq. 3 above) =162.5/ 0.78 =
208.3 LMH/bar

Scenario 2: Summer

Operating Flux: 65 LMH

Temperature: 25°C

Temperature Correction Factor (as table and graph above): 1.00
Actual (measured) TMP = 0.35 bar

Actual Permeability = 65 / 0.35 =185.7 LMH/bar

Normalized Permeability (as per Eq. 3 above) =185.7 / 1.00 =
185.7 LMH/bar

In this example it can be seen that it we look only at the actual values, in summer we seem to have a more favorable
scenario, with lower TMP (0.35 vs. 0.40) and higher membrane permeability compared to winter (185.7 vs. 162.5
LMH/bar). However, if we apply the temperature correction factors, the normalized permeability in summer is actually
lower than in winter (185.7 vs. 208.3), which might be an indication of a more fouled membrane, a fact which would
have been overlooked had we not considered temperature normalization.

Therefore, data Normalization is a very important tool to assess UF performance, as it allows studying trends of TMP
and membrane permeability without the distortion of the temperature effect, so that fouling episodes can be
anticipated and the operating parameters and cleaning activities can be adjusted accordingly.
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8.4.3 DuPont Ultrafiltration Normalization Tool

The DuPont Ultrafiltration Normalization tool is an Excel based file that allows the plant operator to enter the operating
parameters to automatically calculate the normalized values based on the formulas described above. General plant
information are the inputs to be filled by the plant operator, which includes parameters like water temperature, UF feed
pressure, UF filtrate pressure, flows or feed water quality. The tool also has the option to simulate concentrate-bleed
operation.

The tool calculates the Temperature Correction Factor, as well as the Normalized TMP and the Normalized Permeability
as described above, and automatically populates the following graphs:

+ Normalized Permeability vs. Date
o Normalized TMP vs. Date
o UF Feed and UF filtrate Turbidity vs. Date

o UF Feed and UF filtrate SDI vs. Date

8.5 DuPont Ultrafiltration Module Integrity Test

8.5.1 Introduction

DuPont UF membranes are considered to be an absolute barrier to most of suspended matter, particles and
microorganisms (such as Crypstosporidium, Giardia or even viruses), producing a very high filtrate quality (typically with
a SDI < 2.5 and Turbidity < 0.1 NTU).

However, occasionally, a seal or valve may leak or a fiber break during operation, resulting in a loss of integrity. Leaking
seals or broken fibers could allow contaminants to pass to the filtrate side and compromise its quality. This is not
generally detected by the measurement instruments located in the filtrate side, like turbidity meters, as they are not
sensitive enough to detect small leaks.

Therefore, a specific test should be employed to detect and isolate modules (or racks) containing leaks, for subsequent
repair. Direct Integrity Testing (as opposed to Indirect Integrity Testing, which are based on the monitoring of some
parameters of the filtrate water quality, such us turbidity or particle count) represent the most accurate and reliable way
of determining the integrity of a membrane filtration system and is able to detect even small breaches in the
membranes.

The Pressure Decay Test (PDT) is an example of Direct Integrity Test. In the PDT, a pressure below the bubble point is
applied to the membrane, and the subsequent loss in pressure is measured during several minutes (typically 5 - 10
minutes). An integral membrane will maintain the initial pressure or will show a very slow rate of decay (due to the
normal air diffusion through the membrane).

This is based on the Bubble Point Theory. The bubble point of a membrane is referred as the threshold air pressure
required to displace water from the membrane pores in a fully wetted membrane. Integrity breaches such as broken
fibers or defects on its surface are detected when applying pressures below the bubble point.

The general practice is to carry out the Pressure Decay Test applying a minimum pressure able to detect breaches of 3
microns or less, corresponding to the conservative size of the Cryptosporidium oocyst. The corresponding test pressure
is dependent on several factors, such as the intrinsic properties of the membrane fiber and module design, but typically
1-2barg (14.5 - 30 psig) is applied.

In case of an integrity breach, a bubble formation will be observed during the PDT in the clear pipes located in the
filtrate side of each DuPont Ultrafiltration Module. It is important to note that a small passage of air is normal due to air
diffusion through the membrane. A real integrity breach would result in a significant continuous stream of bubbles,
accompanied by boiling water like noise and vibration.
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8.5.2 Physical Inspection of Modules

If routine direct integrity testing will be performed it is recommended that the piping design include a transparent
filtrate pipe section on each module. The transparent pipe will make it easy to identify modules having integrity issues
during the direct integrity test. If large continuous bubbles combined with a failed pressure decay test occur, identify or
mark these modules. While the modules are pressurized also inspect the clamps and couplers for leaks around gaskets
and seals. A soapy water solution can be applied to detect these types of leaks.

8.5.3 Pressure Decay Direct Integrity Test Procedure

There are two types of membrane integrity testing. In the “Indirect” integrity test methods, a filtrate water quality
parameter (e.g., turbidity or particle counts) is monitored to detect compromised membrane units. The advantage of
the indirect test methods is that the membrane unit does not need to be taken off-line, and continuous monitoring
provides real-time integrity indication. However they are not as sensitive or accurate as the “Direct” integrity test
methods. In the “Direct” integrity test methods, a physical test is applied to 3 membrane unit to detect leaks. Examples
of “Direct” integrity test methods are the Pressure Decay Test, the Diffusive Air Flow Test, the Water Displacement Test,
or the Seeding Test.

DuPont recommends the Pressure Decay Test in order to check the integrity of the ultrafiltration membranes, due to its
simplicity and sensitivity. The test must be done off-line to the individual UF trains. For municipal/drinking water
installations the frequency of testing is set by the local regulatory agency. Once a leak is detected, visual inspection
through a transparent pipe is used to identify the leaking module.

The integrity test will be carried out manually on-demand or automatically. Testing is performed after the membrane
rack has been cleaned. A fouled membrane could hide some membrane defects.

The procedure for the Pressure Decay Test would be as follows:

1. Take the UF unit, skid or module out of the filtration mode (they should be in clean condition to avoid foulants
to interfere in the results). Isolate the skid being tested from other skids in the system. Close the feed and
concentrate valves (refer to Figure 35 below). Open the filtrate valve to allow water flow through the
transparent pipe.

2. Pressurize the skid using oil free compressed air (note that a blower is not suitable for this purpose, consult
DuPont for further details) from the air inlet valve, and slowly raise the air pressure to 1.5 bar (~20 psi). Do not
exceed 2 bar (~30 psi). Note that a minimum of 1.25 bar (~18 psi) is required to detect a 3 micron resolution.
Displaced water may flow through the filtrate side for approximately two minutes.

3. Close the airinlet valve. Allow the pressure to stabilize.

4. Hold the pressure for 5 minutes (unless duration is specified by the local regulatory agency) to determine
whether there are leaks or broken fibers. While the pressure hold test is ongoing visually inspect the modules
for leaks. If installed, look for large continuous bubbles in the transparent filtrate pipes.

5. The integrity test is successful if the pressure drop is < 0.05 bar (~0.73 psi) for the 5-minute test or the
calculated value as determined by the EPA Membrane Filtration Guidance Manual (2005) for the specific
system design.
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Figure 35. Pressure Decay Test diagram

Example of calculating pressure decay rate: Using an initial feed pressure of 1.5 bar (21.7 psi), an end feed pressure of 1.27

bar (18.4 psi), and test duration of 5 minutes results in a pressure decay rate of (see Equation 5):

(Pro— Pis) _ 150 —1.27

5min

= = 0.046 bar/ min (0.66 psi/min)

Eq.5

If the module exceeds the allowable pressure decay rate, the membrane might be compromised or leaking valves,
instruments, pipes, etc. may exist. Check for system leaks or repair the modules and hollow fibers following the fiber
test and repair procedure described below.
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8.6 DuPont Ultrafiltration Fiber Repair

8.6.1 Introduction

There are several reasons that could lead to fiber breakage:

o Excessive vibrations during shipping, handling or installation.

Foreign/Abrasive matter entering the UF system (e.g., sand).

o Excessive TMP operation.

o Operation at Flux and/or Temperature above guidelines.
o Water surges (e.qg., air trapped in the system).

e Thermal shock (e.g., during CIP).

e Chemical attack (e.g., too extreme pH cleaning)

If a broken fiber is detected, it can be disabled in order to avoid by-pass of feed water to the filtrate side, and hence
contamination.

8.6.2 Equipment

The following items are needed to complete the fiber repair procedure:

o DuPont UF Fiber Repair Kit, available from DuPont and which includes concentrate tube plug, glue and repair
pins).

o A clean source of water with at least UF filtrate quality.
o Oil-free compressed air (meeting ISO 8573-1, Class 1/3/1 for oil/water/particles)
o Air connection (if module repaired off skid)

e Personal protection equipment (gloves, safety glasses, etc.)

8.6.3 Fiber Test and Repair Procedure

1.

Drain the water from the feed side of the modules. Close the filtrate valve to avoid water draining from the filtrate
pipe. Remove the top end cap of the module (the bottom end cap is not removed).

Close or seal concentrate connections and feed valve. Supply air to module.
Provide a clean water source to wet the filtrate/permeate end of the fibers.

Pressurize the feed side (outside of membrane) of the wetted membrane with oil free compressed air (a blower is
not suitable for this purpose). Slowly increase the pressure to the value identified above. Air will be supplied
through the air inlet connection on the module.
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5. Introduce water to the top of the fibers to wet the filtrate surface (as shown in Figure 36). If there are compromised
fibers, large air bubbles will appear as the pressure is raised. Mark the leaking fiber with a pin or marker where the
bubble appears.

Figure 36. Applying water to the filtrate end of the fibers

6. After identifying the broken fiber(s) as shown in Figure 37, depressurize the module. The top of the module should
be free of water.

Figure 37. Identifying leaking fiber at location of large bubble

7. Use gloves for hand protection when working with glue.
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8. Apply glue to a pin (shown below in Figure 38). Then insert the pin with glue into the marked fiber bore several
millimeters.

Figure 38. Applying glue to pin

9. Allow the repair to set for 5 - 10 minutes before operating and re-testing. Remove the remaining protrusion of the
pin by carefully cutting or twisting off the head.

10. Repeat steps 8 - 9 to make sure all broken fibers are repaired.

1. To determine whether the membrane has been properly repaired follow the pressure decay test procedure
described above.

For further information and visual demonstration, watch the DVD included in the Fiber Repair Kit, or consult the website
www.dupont.com/water/ultrafiltration.html
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8.7 DuPont Ultrafiltration Troubleshooting Guide

The following section (see Table 18) lists the major issues that may occur during the operation of the UF system, the
most likely cause, and the typical approach to solve it.

Symptom

Table 18. DuPont UF System Troubleshooting Guide

Possible cause

Solution

Transmembrane
pressure (TMP)
high

Modules are fouled

Identify the foulant. Follow the appropriate cleaning procedure as per DuPont
Guidelines. Refer to Section 6 in this document.

Flux/Flow too high

Reduce flowrate.

Improper BW/CEB/CIP programs

Adjust operating conditions (contact DuPont in case of doubt). Refer to
Section 6 in this document.

Feed temperature low

Adjust feed water temperature / Reduce operating flux.

Change in feed water conditions

Check feed water analysis and pretreatment for abnormal changes. Refer to
Section 2 in this document.

Poor quality of chemicals,
inefficient chemical cleanings

Evaluate the quality of the CEB/CIP chemicals. Consider using soft water for
CIP solution makeup

Membrane drying

Contact DuPont.

Product flow low

Modules are fouled

Identify the foulant. Follow the appropriate cleaning procedure as per DuPont
Guidelines. Refer to Section 1in this document.

Abnormal valve open degree

Check the status and open degree of valves

Flow instruments malfunction

Keep instruments calibrated. Refer to Section 8.2 in this document.

Feed water pressure low

Diagnose and solve the problem

Feed temperature low

Adjust feed water temperature / Increase flow.

Poor filtrate
quality

Instruments malfunction

Keep instruments calibrated. Cross-check values with handheld devices or off-
line laboratory. Refer to Section 8.2 in this document.

Module integrity problem

Carry out membrane Integrity Test / Fiber repair. Check seals. Check for
exposure to extreme temperatures, too high chemical concentration or water
hammer. Refer to Section 8.5 in this document.

Membrane abrasion

Check prefilters, debris in pipes, examine module feed side. Refer to
Section 2.2 in this document.

Membrane aging, drying or
damage

Contact DuPont.

Valve failure to
open/close

Compressed air pressure low

Increase pressure

No lubrication in actuator

Inject lubrication to actuator

Improper place of cap in valve
status monitor

Open actuator cap and adjust it

Feed pump not in service

Check for proper wiring. Restart pump manually and switch to auto mode after
normal running.

System cannot
start In Auto
status

High TMP

Refer to high TMP Symptom above.

PLC problem

Check PLC

Tank Level low

Check tank level and level transmitters

CIP Filter
pressure drop
high

Too high flowrate

Reduce flowrate through filters

Approaching filter retention
capacity. Foulant is being

removed from the membranes.

Replace filter. Check chemical solution and replace if necessary. Refer to
Section 6.3 in this document.
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9 ADDENDUM

9.1 Terminology

Air Scour Cleaning method where air is used to shake the fibers and help to dislodge the solids from its
surface. Also known as Air Scrub.

Backwash Hydraulic cleaning method where filtrate water is pumped from the filtrate to the feed side of the
membrane in order to remove accumulated foulants. Also known as Backflush or Backpulse.

Bleed-Mode Flow pattern where most of the feed water will pass through the membrane while the rest will

Operation get out of the membrane 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 waste.

BOD (Biological | Similar to COD except BOD detects substances that are susceptible to biological oxidation which

Oxygen indicates biologically active organics. Therefore COD & BOD can be used to characterize the

Demand) organic load of water. Expressed as mg/L of Oxygen.

Chemically Chemical cleaning method, typically initiated automatically, where some chemicals are added

Enhanced into the Backwash stream in order to improve the effectiveness of the cleaning. Usually includes a

Backwash (CEB) | soaking step.

Clean-In-Place
(cip)

Chemical cleaning method, typically initiated manually, where one or several chemical solutions
are consecutively applied in the ultrafiltration trains in order to restore clean membrane
condition.

COD (Chemical It is @ measure of the amount of compounds in a sample which have been oxidized by a strong

Oxygen oxidizing agent. Although inorganic substances such as Fe may also be subject to oxidation, for

Demand) most natural and industrial waters, the matter to be oxidized is organic in nature.

Concentrate The water stream leaving the membrane system as waste.

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.

Cross-Flow Flow pattern where the concentrate flow exceeds the filtrate flow passing through the membrane

Operation (typically in a ratio of 5:1 or higher). The concentrate stream is then typically recycled back to the
feed. This allows increasing the flow velocity through the feed channels and therefore achieving a
shear force effect that helps to reduce membrane fouling.

Dalton Unit of mass (Symbol: Da), typically used as unit to measure the molecular weight cut-off of the
ultrafiltration membranes.

Dead-End Flow pattern, also known as “Deposition Mode”, where all the feed volume entering the system

Operation flows through the membrane (i.e,, there is no waste stream) and is collected in the filtrate side,

while the foulants build up on the membrane.

Direct Integrity
Test

Physical test applied to a membrane unit to detect integrity breaches.

DOC (Dissolved
Organic Matter)

Fraction of TOC which is dissolved (filtered through 0.45 pm).
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Feed

The water stream entering the membrane system.

Filtrate The water stream that goes through the membrane, and is free from impurities.

Flux The throughput of 3 membrane filtration system expressed as flow per unit of membrane area
(e.g., gallons per square foot per day (GFD) or liters per hour per square meter (LMH).

Fouling The gradual reduction in filtrate flow at constant pressure (or increase in transmembrane

pressure at constant filtrate flow) due to adsorption or deposition of contaminants within or on
the membrane.

Hollow-Fiber

A configuration in which hollow-fiber membranes are bundled horizontally or vertically and

Module either encased in a pressure vessel or submerged in a tank.
Indirect Some filtrate water quality parameter is monitored to detect compromised membrane units.
Integrity Test

Integrity Breach

Any leak in the membrane system that could lead to by-pass of feed to filtrate side, and hence
contamination.

Log Removal
Value (LRV)

Filtration removal efficiency for a target organism, particulate, or surrogate expressed as 0G4,
[Concentrationeeq/Concentrationg ael-

Lumen The bore or inner side of a hollow-fiber.

Microfiltration A pressure-driven membrane filtration process that typically employs hollow-fiber membranes
with a pore size range of approximately 0.1- 0.5 pm.

Module This refers to the simplest unit composed of the membranes, the vessel, the end-caps, the feed
and air inlets, the filtrate outlet and the waste outlet. Several modules form a membrane train,
rack, bank or skid.

Molecular Lowest molecular weight (expressed in Daltons) in which 90% of the solute is removed by the

Weight Cut-off | membrane.

or MWCO

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

pH It 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 7and 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.

Permeability The capability of a membrane to allow the flow of water. It is the best indicator for membrane
performance. It is calculated as Flux divided by TMP and expressed in LMH/bar or gfd/psi, and is
typically temperature-corrected (i.e., “normalized”) to 20°C or 25°C.

Pore Size The size of the openings of a porous membrane, expressed either as nominal (average) or the
absolute (maximum), typically in terms of microns.

Recovery The ratio of feed water that is converted to filtrate. Recovery equals to filtrate flow produced by

the membrane unit divided by the feed flow and is expressed as percentage.

SDI (Silt Density
Index)

Fouling Index. This parameter provides an indication of the particulate fouling potential of the
water. 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 and after the water has flowed through
the filter for 15 minutes.
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Silica

Can be present as Reactive Silica (Soluble) or Un-Reactive Silica (Colloidal). Colloidal form can

cause fouling in membrane systems.

Specific Flux

Synonymous with permeability.

Organic Carbon)

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

UV Absorbance)

T™MP Transmembrane Pressure (bar or psi). It is the pressure difference between the feed and the
filtrate side of the UF module or skid.

TOC (Total 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.

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

Turbidity Sediments, clay, silt, small particles, solids etc. cause a liquid to appear turbid, “hazy”. These
particles can, besides, 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 Ultrafiltration gives consistent product water with
turbidity values < 0.1 NTU.

Ultrafiltration A pressure-driven membrane filtration process that typically employs hollow-fiber membranes
with a pore size range of approximately 0.01- 0.05 um.

UV,., It is an indirect measurement of NOM, based on the fact that most organics compounds can

Absorbance absorb UV light. Expressed in cm™. Surrogate of TOC.

9.2 Acronyms

ANSI
AS
BOD
BW
CDPH
CEB
cp
cob
DOC
DWS
EDI
FRP
GAC
GFD
gpm
IER
kDa
LMH
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American National Standards Institute
Air Scour

Biological Oxygen Demand

Backwash

California Department of Public Health
Chemically Enhanced Backwash
Clean-In-Place

Chemical Oxygen Demand

Dissolved Organic Carbon

DuPont Water Solutions
Electrodeionization
Fiberglass-reinforced plastic

Granular Activated Carbon

U.S. gallons/ft?/day

U.S. gallons/minute

lon Exchange Resins

Kilodalton

Liter/m? h
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LRV
MF
MWCO
NF
NSF
NOM

NPSH
NTU
OEM
0&G
PAG
PDT
PES
PLC

PP
PS

PSI
PVDF
RO
SCADA
SDI
SUVA
TDS

T™P
TOC
TSS
UF
WAVE
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Log Removal Value
Microfiltration

Molecular Weight Cut-Off
Nanofiltration

National Science Foundation

Natural Organic Matter

Net Positive Suction Head
Nephelometric Turbidity Units
Original Equipment Manufacturers
Oil & Grease

Powder Activated Carbon
Pressure Decay Test
Polyethersulfone

Programmable Logic Controller

Polypropylene
Polysulfone

Pounds per square inch

Polyvinylidene Difluoride

Reverse Osmosis

Supervisory Control And Data Acquisition
Silt Density Index

Specific UV Absorbance

Total Dissolved Solids

Transmembrane Pressure
Total Organic Carbon

Total Suspended Solids
Ultrafiltration

Water Application Value Engine
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