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Note on the Membrane Filtration Guidance Manual

Purpose

The purpose of this guidance manual is to provide technical information on the use of membrane
filtration and application of the technology for compliance with the Long Term 2 Enhanced
Surface Water Treatment Rule, which would require certain systems to provide additional
treatment for Cryptosporidium. The requirements of this rule, as they relate to membrane
filtration, are summarized in Chapter 1 of this manual.

This guidance is not a substitute for applicable legal requirements, nor is it a regulation itself.
Thus, it does not impose legally binding requirements on any party, including US EPA, States, or
the regulated community. Interested parties are free to raise questions and objections to the
guidance and the appropriateness of using it in a particular situation. Although this manual
covers many aspects of implementing membrane filtration, it is not intended to be a
comprehensive resource on the subject. The mention of trade names or commercial products
does not constitute endorsement or recommendation for use.
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AFT
ALCR
ANSI
APHA
ASTM
AWWA
AWWARF
BOD
CA
CAM
CFR
CIP
CL
CSTR
CT
DBP
DOC
ED
EDR
ETV
FR
GWR

GWUDI

Acronyms

Alternate Filtration Technology

Air-Liquid Conversion Ratio

American National Standards Institute
American Public Health Association
American Society for Testing and Materials
American Water Works Association
American Water Works Association Research Foundation
Biochemical Oxygen Demand

Cellulose Acetate

Correlated Airflow Measurement

Code of Federal Regulations
Clean-In-Place

Control Limit

Continuous Stirred Tank Reactor
(Disinfectant Residual) Concentration (mg/L) X (Contact) Time (minutes)
Disinfection Byproduct

Dissolved Organic Carbon

Electrodialysis

Electrodialysis Reversal

Environmental Technology Verification
Federal Register

Ground Water Rule

Ground Water Under the Direct Influence (of Surface Water)
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HAA Haloacetic Acid

HAAS (sum of five) Haloacetic Acids

HFF Hollow Fine Fiber

HPC Heterotrophic Plate Count

IESWTR Interim Enhanced Surface Water Treatment Rule

IMS Integrated Membrane System

ISO International Organization for Standardization

VP Integrity Verification Program

LCL Lower Control Limit

LED Light Emitting Diode

LRC Log Removal Credit

LRV Log Removal Value

LTIESWTR Long Term 1 Enhanced Surface Water Treatment Rule
LT2ESWTR Long Term 2 Enhanced Surface Water Treatment Rule
MCF Membrane Cartridge Filtration

MCL Maximum Contaminant Level

MF Microfiltration

MWCO Molecular Weight Cutoff

NDP Net Driving Pressure

NDPT Non-Destructive Performance Test

NF Nanofiltration

NSF National Sanitation Foundation

OEM Original Equipment Manufacturer

PA Polyamide

PAC Powdered Activated Carbon
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PAN
PES
PFR
PP
PS
PVDF
QA
QC
QCRV
RO
SDI
SEM
SSDR
SUVA
SWTR
TCEQ
TCF
TCPP
TDS
TMP
TOC
TSS
TTHM
UCL

UF

Polyacrylonitrile
Polyethersulfone

Plug Flow Reactor
Polypropylene

Polysulfone

Polyvinylidene Fluoride
Quality Assurance

Quality Control

Quality Control Release Value
Reverse Osmosis

Silt Density Index

Scanning Electron Microscopy

Stock Solution Delivery Rate

Specific Ultraviolet (Light) Absorbance

Surface Water Treatment Rule

Texas Commission on Environmental Quality

Temperature Correction Factor

Total Challenge Particulate Population

Total Dissolved Solids
Transmembrane Pressure
Total Organic Carbon
Total Suspended Solids
Total Trihalomethanes
Upper Control Limit

Ultrafiltration
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USEPA United States Environmental Protection Agency
Uv Ultraviolet (Light)

VCF Volumetric Concentration Factor
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Symbols Used in Equations

Units
Symbol Description
English Metric
Membrane area based on the inside of a hollow > 2
A1 . ft m
fiber
Membrane area based on the outside of a hollow > 2
A2 . ft m
fiber
A Membrane area required for design at a reference 2 ")
20 temperature of 20 °C
Aq4 Design membrane area ft? m’
A, Membrane area ft? m’
ALCR Air-liquid conversion ratio - -
kPa
BP Backpressure si
P P dynes/cm2
kPa
BP Maximum backpressure si
max P P dynes/cm®
C Coefficient of discharge - -
. mg/L
Cs Influent feed water concentration - g
number/L
Influent feed water concentration associated with mg/L
(Co, the first stage of a multi-stage membrane - number/L
filtration process
. . . mg/L
Maximum feed concentration (in a challenge test -
Ct-max ( g ) number/L
.. . . mg/L
Minimum feed concentration (in a challenge test -
Cttin ( & ) number/L
C Concentration maintained on the feed side of the i mg/L
m membrane number/L
Concentration maintained on the feed side of the
(C,): membrane associated with the second or i mg/L
ma subsequent stage (i.e., stage “1”) of a multi- number/L
stage membrane filtration process
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Units

Symbol Description
English Metric
C,(t-1) Concentration on the feed side of the membrane i mg/L
m immediately after the previous backwash number/L
Concentration maintained on the feed side of the
. . . mg/L
Cn(x) membrane as a function of position with the -
. number/L
membrane unit
. . mg/L
Filtrate concentration -
Go number/L
C Feed concentration of the challenge particulate in a i mg/L
test challenge test number/L
Concentration of challenge particulate in stock mg/L
Css : -
solution number/L
Diffusion coefficient for air through a saturated 2
Dum . - cm/s
semi-permeable membrane
D.w Diffusion coefficient for air in a water matrix - cm?/s
Dypase Baseline pressure decay psi/min kPa/min
cm
deap Capillary diameter in mm
wm
in om
dfect Defect diameter ft mm
pwm
in om
dfiber Fiber diameter ft mm
wm
cm
dres Integrity test resolution requirement in mm
wm
DL Detection limit - -
DOC Dissolved organic carbon - mg/L
e Specific roughness in cm
mm
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Units

Symbol Description
English Metric

f Friction factor - -

. lbm — ft kg —m

g Gravitational constant lbf——s2 2

H Henry’s constant for air-water system @—013

psi—m

J Flux gfd Lmh

J20 Norm(acl(l)?sfngrllnlioart I%/I(i:,%F, and MCF systems) efd Lmh

Js Norm(acl(l)?sfngrllnlioart I%I; acnd RO systems) gfd Lmh

Jr Flux at temperature T gfd Lmh
K Flow resistance coefficient - -
K Resistance coefficient of air - -
Kyater Resistance coefficient of water - -

L Defect length lfItl r(;lrrrln
LRC Log removal credit - -
LRV Log removal value - -
LRV, Target log removal value in a challenge test - -

LRVpyr Log rf:movz}l value that can be verifif?d. by the direct i i
integrity test (i.e., method sensitivity)

LRV req Log r::m(?val value demonstrated during challenge i i
esting

M Specific flux gfd/psi Lmh/kPa

M, Specific flux normalized at 20 °C gfd/psi Lmh/kPa
M5 Specific flux normalized at 25 °C gfd/psi Lmh/kPa
NDP Net driving pressure ' psi kPa
P Pressure psi kPa
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Units
Symbol Description
English Metric
kPa
Pam Atmospheric pressure > psia dynes/cm’
atm
Py, Bubble point pressure psi kPa
P. Concentrate pressure psi kPa
P Feed pressure psi kPa
P, Filtrate pressure psi kPa
p Pressure at which a pressure-based direct integrity g kPa
test test is conducted P dynes/cm®
. ) . kPa
AP Transmembrane differential pressure psi ’
dynes/cm
o . ) kPa
AP Effective integrity test pressure psi dynes/cm’
AP g Rate of pressure decay / loss psi/min kPa/min
3
/
Flow of ai fes Cr; S’
; ir m’/min
Quir owora ft’/min ¢ ]
L/min
Qb Backwash flow gpm L/min
3
Flow from an integrity breach associated with the /s cm’/s
Qureach smallest integrity test response that can be /mi cm’/min
reliably measured t/min L/min
Q. Concentrate (i.e., bleed or reject) flow gpm L/min
Qu Diffusive flow of air through the water matrix in /min L/min
diff the pores of a fully-wetted membrane cm’/min
Q¢ Feed flow gpm L/min
=pm L/h
. d r
Qp Filtrate flow gp L/min
MGD
Filtrate fl function of positi ithi =pm L/h
iltrate flow as a function of position within a d r
Qp(x) membrane unit & L/min
MGD
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Units
Symbol Description
English Metric
3
s | o
Quwater Flow of water /min cm’/min
L/min
R Recovery % %
Re Reynolds number - -
R(x) Recovery as a func!;lon of position within a % %
membrane unit
si —hr—m?
Ry Foulant layer resistance gfcf— = barL ilrcp n
. L— psia
R Universal gas constant -
Si —hr—m*
R, Intrinsic membrane resistance gfcf— o barL ilrcp m
. Si bar—hr—m’
R, Total membrane resistance gfcf’)— o arL _rcp m
I Inner radius of a hollow fiber in mm
I Outer radius of a hollow fiber in mm
SF Safety factor - -
SSDR Stock solution delivery rate gpm L/min
SUVA Specific ultraviolet (light) absorbance - L/mg-m
T Temperature °F °C
t Filtration cycle time min min
th Backwash duration min min
tr Filtration cycle duration min min
Thin Minimum challenge test duration min min
TCF Temperature correction factor - -
TCPP Total challenge particulate population nulrgl)er nurgber
TDS, Total dissolved solids concentration in the i me/L
concentrate
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Units

Symbol Description
English Metric
TDS; Total dissolved solids concentration in the feed - mg/L
TDS, Total dissolved solids concentration in the filtrate - mg/L
. kPa
T™MP Transmembrane pressure psi )
dynes/cm
TMP,, Transmembrane pressure at 20 °C psi kPa
TMP,;5 Transmembrane pressure at 25 °C psi kPa
TMPr Transmembrane pressure at temperature T psi kPa
U Membrane-specific temperature correction factor i 1/K
constant (manufacturer-supplied)
UCL Upper control limit: (for airflow) - L/min
(for pressure decay rate) psi/min kPa/min
) 1/m
UVys4 Ultraviolet absorbance at 254 nm -
I/cm
VCF Volumetric concentration factor - -
Volumetric concentration factor as a function of
VCF(x) " o . - .
position within a membrane unit
VCEF(t) Volumetric concentration factor as a function of time - -
Average volumetric concentration factor in a
VCF,, . - -
& membrane unit
Maximum volumetric concentration factor in a
VCFax : - -
membrane unit
System volume required to attain equilibrium feed
Veq . . gal L
concentration during a challenge test
Unfiltered test solution volume remaining in the
Vhold system at the end of a challenge test gal L
(i.e., the hold-up volume)
V., Total recirculation loop volume gal
Vs Challenge particulate stock solution volume gal
Y Volume of pressurized air in a membrane system 0 L
sYs during a pressure- or vacuum-decay test
Viest Minimum challenge test solution volume gal L
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Units

Symbol Description
English Metric
X Position in a membrane unit in the direction of flow ft m
End position in a membrane unit in the direction of
Xmax fl ft m
ow
Y Net expansion factor for compressible flow through i i
a pipe to a larger area
z Membrane thickness in cm
€ Membrane porosity - -
0 Liquid-membrane contact (i.e., “wetting”’) angle degrees degrees
K Pore shape correction factor - -
c Surface tension - dynes/cm
. . . . kPa
AT Transmembrane osmotic pressure differential psi >
dynes/cm
Pair Density of air Ib/ft’ g/m’
Pw Density of water 1b/ft? g/cm3
L Viscosity of water or air (as specified) 1bs/ft-s cp
K20 Viscosity of water at 20 °C 1bs/ft-s cp
Moair Viscosity of air Ibs/ft-s cp
Viscosity of water or air at temperature T
Hr (as specified) Ibs/ft-s P
Mow Viscosity of water Ibs/ft-s cp
T Volumetric turnover time min min

1 For simplicity, equations applicable to both MF/UF and NF/RO systems use the term “TMP” throughout this document; as these

equations are applied to NF/RO systems, the term “TMP” should be considered synonymous with “NDP”

2 Atmospheric pressure (Pam) is expressed as absolute pressure (i.e., psia); note that this pressure varies with elevation
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Glossary

Anion — a negatively charged ion resulting from the disassociation of salts, acids, or bases in
aqueous solution

Anti-Scalant — a chemical agent added to water to inhibit the precipitation or crystallization of
salt compounds; also referred to as a “scale-inhibitor”

Anti-Telescoping Device — a rigid structure firmly attached to each end of a spiral-wound
nanofiltration (NF) or reserve osmosis (RO) membrane module that prevents telescoping,
unwinding, or other undesirable movement of the membrane module

Array — a description of a nanofiltration (NF) or reverse osmosis (RO) membrane system based
upon the ratio of the number of pressure vessels in each stage that operate in parallel (e.g., a
24:12 (absolute) two-stage array or a 2:1 (relative) two-stage array

Asymmetric — having a varying consistency throughout (e.g., a membrane that varies in density
or porosity across its structure)

Backwash — 1) the intermittent waste stream from a microfiltration (MF) or ultrafiltration (UF)
membrane system; also, 2) a term for a cleaning operation that typically involves periodic
reverse flow to remove foulants accumulated at the membrane surface

Biofouling — membrane fouling (and associated decreases in flux) that is attributable to the
deposition and growth of microorganisms on the membrane surface and/or the adsorptive fouling
of secretions from microorganisms

Bleed — the continuous waste stream from a microfiltration (MF) or ultrafiltration (UF) system
operated in a crossflow hydraulic configuration

Boundary Layer — thin layer of water at the surface of a semi-permeable membrane containing
the rejected contaminants from the filtrate (i.e., permeate) flow in higher concentrations than the
bulk feed/brine stream (called concentration polarization), affecting the osmotic pressure and salt
passage

Brackish Water — saline water in which the dissolved solids content generally falls between that
of drinking water and seawater

Breach - see Integrity Breach

Brine — a saline solution with a concentration of dissolved solids exceeding that of seawater (i.e.,
approximately 35,000 mg/L)
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Brine Seal — a rubber seal around the circumference of a spiral-wound module between the
module and the interior pressure vessel wall that separates the feed water from the concentrate
stream, preventing the bypass of feed between the module and the inside of the pressure vessel
wall

Bubble Point — the amount of applied air pressure required to evacuate the largest pores of a
fully-wetted porous membrane

Cation — a positively charged ion resulting from the dissociation of salts, acids, or bases in
aqueous solution

Cartridge — a term commonly used to describe a disposable filter element; included under the
term “module” for the purposes of the LT2ZESWTR

Challenge Particulate — the target organism or acceptable surrogate used to determine the log
removal value (LRV) during a challenge test

Challenge Test — a study conducted to determine the removal efficiency (i.e., log removal value
(LRV)) of a membrane material for a particular organism, particulate, or surrogate

Clean-In Place (CIP) — the periodic application of a chemical solution or (series of solutions) to
a membrane unit for the intended purpose of removing accumulated foulants and thus restoring
permeability and resistance to baseline levels; commonly used term for in-situ chemical cleaning

Colloid — type of particulate matter ranging in size from approximately 2 - 1,000 nm in diameter
that does not settle out rapidly

Compaction — the compression or densification of a membrane as a result of exposure to applied
pressure over a period of time, typically resulting in decreased productivity

Composite — made from different materials (e.g., a membrane manufactured from two or more
different materials in distinct layers)

Concentrate — the continuous waste stream (typically consisting of concentrated dissolved
solids) from a membrane process, usually in association with nanofiltration (NF) and reverse
osmosis (RO) processes; in some cases also used to describe a continuous bleed stream of
concentrated suspended solids wasted from microfiltration (MF) and ultrafiltration (UF) systems
operated in a crossflow (or feed-and-bleed) hydraulic configuration

Concentrate Staging — a configuration of spiral-wound nanofiltration (NF) and reverse osmosis
(RO) membrane systems in which the concentrate from each stage of a multi-stage system
becomes the feed for the subsequent stage

Concentration Polarization — a phenomenon that occurs when dissolved and/or colloidal
materials concentrate on or near the membrane surface in the boundary layer
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Conductivity — a measure of the ability of an aqueous solution to conduct an electric charge;
related to the amount of total dissolved solids (TDS)

Control Limit (CL) — a response from an integrity test, which, if exceeded, indicates a potential
problem with the membrane filtration system and triggers a response; synonymous with “upper
control limit” (UCL) as used in the Membrane Filtration Guidance Manual to distinguish from
additional voluntary or State-mandated “lower control limits” (LCLs)

Crossflow — 1) the application of water at high velocity tangential to the surface of a membrane
to maintain contaminants in suspension; also, 2) suspension mode hydraulic configuration that is
typically associated with spiral-wound nanofiltration (NF) and reverse osmosis (RO) systems
and a few hollow-fiber microfiltration (MF) and ultrafiltration (UF) systems

Dalton — a unit of mass equal to 1/ 12" the mass of a carbon-12 atom (i.e., one atomic mass unit
(amu)); typically used as a unit of measure for the molecular weight cutoff (MWCO) of a
ultrafiltration (UF), nanofiltration (NF), or reverse osmosis (RO) membrane

Dead End Filtration — term commonly used to describe the deposition mode hydraulic
configuration of membrane filtration systems; also synonymous with “direct filtration”

Deposition Mode — a hydraulic configuration of membrane filtration systems in which
contaminants removed from the feed water accumulate at the membrane surface (and in
microfiltration (MF)/ultrafiltration (UF) systems are subsequently removed via backwashing)

Desalination — the process of removing dissolved salts from water

Diagnostic Test — precise direct integrity tests that are specifically used to isolate any integrity
breaches that may be initially detected via other means, such as coarser direct integrity tests that
simply indicate the presence or absence of a breach within a membrane unit

Differential Pressure — pressure drop across a membrane module or unit from the feed inlet to
concentrate outlet (as distinguished from transmembrane pressure (TMP), which represents the
pressure drop across the membrane barrier)

Direct Filtration — (as used with respect to membrane filtration) term commonly used describe
the deposition mode hydraulic configuration of membrane filtration systems; also synonymous
with “dead end filtration”

Direct Integrity Test — (as defined under the LT2ESWTR) a physical test applied to a
membrane unit in order to identify and/or isolate integrity breaches

Electrodialysis (ED) — a process in which ions are transferred through ion-selective membranes
by means of an electromotive force from a less concentrated solution to a more concentrated
solution
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Electrodialysis Reversal (EDR) — a variation of the electrodialysis process in which the polarity
of the electrodes is periodically reversed on a prescribed time cycle, thus changing the direction
of ion movement, in order to reduce scaling

Element — a term commonly used to describe an encased spiral-wound membrane module;
included under the term “module” for the purposes of the LT2ZESWTR

Feed-and-Bleed Mode — a term used to describe a variation of the suspension mode hydraulic
configuration of membrane filtration systems in which a portion of the crossflow stream is
wasted (i.e., bled) rather than recirculated

Feed Channel Spacer — a plastic mesh spacer that separates the various leaves in a spiral-wound
module, providing a uniform channel for feed water to reach the membrane surface and
promoting turbulence in order to minimize the formation of a boundary layer at the membrane
surface

Feed Water — the influent stream to a water treatment process

Filtrate — the water produced from a filtration process; typically used to describe the water
produced by porous membranes such those used in membrane cartridge filtration (MCF),
microfiltration (MF), and ultrafiltration (UF) process, although used in the context of the
LT2ESWTR to describe the water produced from all membrane filtration processes, including
nanofiltration (NF) and reverse osmosis (RO)

Flux — the throughput of a pressure-driven 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))

Foulant — any substance that causes fouling

Fouling — the gradual accumulation of contaminants on a membrane surface or within a porous
membrane structure that inhibits the passage of water, thus decreasing productivity

Heterogeneous — composed of a combination of different materials (e.g., composite and some
asymmetric membranes)

Hollow-Fiber Module — a configuration in which hollow-fiber membranes are bundled
longitudinally and either encased in a pressure vessel or submerged in a basin; typically
associated with microfiltration (MF) and ultrafiltration (UF) membrane processes

Hollow-Fine-Fiber (HFF) Module — a relatively uncommon configuration in which very small
diameter (i.e., approximately 50 wm (inside diameter)) semi-permeable hollow-fiber membranes
are bundled in a “U” shape and potted into a pressure vessel; typically associated with reverse
osmosis (RO) membrane processes
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Homogeneous — composed of the same material throughout (e.g., symmetric and some
asymmetric membranes)

Hydraulic Configuration — the pattern of flow through a membrane process by which the feed
contaminants are removed or concentrated (e.g., crossflow, dead-end, etc.)

Hydrophilic — the water attracting property of membrane material
Hydrophobic — the water repelling property of membrane material

Indirect Integrity Monitoring — (as defined under the LT2ZESWTR) monitoring some aspect of
filtrate water quality that is indicative of the removal of particulate matter

Integrity Breach — one or more leaks in a membrane filtration system that could result in the
contamination of the filtrate with unfiltered feed water

Irreversible Fouling — any membrane fouling that is permanent and cannot be removed by
either backwashing (if applicable) or chemical cleaning

Leaf — a sandwich arrangement of flat sheet, semi-permeable membranes placed back-to-back
and separated by a fabric spacer (i.e., permeate carrier) in a spiral-wound module

Log Removal Value (LRV) — filtration removal efficiency for a target organism, particulate, or
surrogate expressed as log, (i.e., log;o(feed concentration) — log;o(filtrate concentration))

Lower Control Limit (LCL) — a control limit (CL) that is not mandated by the LT2ESWTR but
which is instead voluntarily implemented or which may be required by the State at its discretion

Lumen — the center or bore of a hollow-fiber membrane

Membrane Filtration — (as defined under the LT2ESWTR) a pressure- or vacuum-driven
separation process in which particulate matter larger than 1 um is rejected by an engineered
barrier, primarily through a size-exclusion mechanism and which has a measurable removal
efficiency of a target organism that can be verified through the application of a direct integrity
test; includes common membrane classifications microfiltration (MF), ultrafiltration (UF),
nanofiltration (NF), and reverse osmosis (RO), as well as any “membrane cartridge filtration”
(MCEF) device that satisfies this definition

Membrane Cartridge Filtration (MCF) — any cartridge filtration devices that meet the
definition of membrane filtration as specified under the LT2ESWTR

Membrane Softening — semi-permeable membrane treatment process designed to selectively
remove hardness (i.e., calcium, magnesium, and certain other multivalent cations) but allow
significant passage of monovalent ions; typically used to describe the application of
nanofiltration (NF) for hardness removal
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Membrane Unit — (as defined under the LT2ESWTR) a group of membrane modules that share
common valving which allows the unit to be isolated from the rest of the system for the purpose
of integrity testing or other maintenance

Molecular Weight Cutoff (MWCO) — a measure of the removal characteristic of a membrane in
terms of atomic weight (or mass), as opposed to pore size; typically measured in terms of
Daltons

Microfiltration (MF) — a pressure-driven membrane filtration process that typically employs
hollow-fiber membranes with a pore size range of approximately 0.1 — 0.2 wm (nominally
0.1 um)

Module — (as defined under the LT2ZESWTR) the smallest component of a membrane unit in
which a specific membrane surface area is housed in a device with a filtrate outlet structure; used
in the Membrane Filtration Guidance Manual to refer to all types of membrane configurations,
including terms such as “element” or “cartridge” that are commonly used in the membrane
treatment industry

Nanofiltration (NF) — a pressure-driven membrane separation process that employs the
principles of reverse osmosis to remove dissolved contaminants from water; typically applied for
membrane softening or the removal of dissolved organic contaminants

Net Driving Pressure (NDP) — the pressure available to force water through a semi-permeable
nanofiltration (NF) or reverse osmosis (RO) membrane, defined as the average feed side pressure
(i.e., the average of the feed and concentrate pressures) less the filtrate side backpressure and the
osmotic pressure of the system

Non-Destructive Performance Test (NDPT) — a physical quality control test typically
conducted by a manufacturer to characterize some aspect of process performance without
damaging or altering the membrane or membrane module

Normalization — the process of evaluating membrane system performance at a given set of
reference conditions (e.g., at standard temperature, per unit pressure, etc.), allowing the direct
comparison and trending of day-to-day performance independent of changes to the actual system
operating conditions

Osmosis — the passage of a solvent (e.g., water) through a semi-permeable membrane from a
solution of lower concentration to a solution of higher concentration so as to equalize the
concentrations on either side of the membrane

Osmotic Pressure — the amount of pressure that must be applied to stop the natural process of
0Smosis

Particle Counter — an instrument used to count the number of discrete particles in a solution and
classify them according to size
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Permeability — the ability of a membrane barrier to allow the passage or diffusion of a substance
(i.e., a gas, a liquid, or solute)

Permeate — the water that passes through a nanofiltration (NF) or reverse osmosis (RO)
membrane; synonymous with the term filtrate, which is used in the context of the LT2ESWTR

Permeate Staging — a configuration of spiral-wound nanofiltration (NF) and reverse osmosis
(RO) membrane systems in which the permeate (or filtrate) from each stage of a multi-stage
system becomes the feed for the subsequent stage

Permeate Tube — the perforated tube in the center of a spiral-wound module that collects
permeate (or filtrate) and transports it out of the membrane module

Permeate (Filtrate) Carrier — the fabric spacer in between two sheets of membrane material in
one leaf of a spiral-wound module, serving to transfer the water that permeates through the
membrane(s) (i.e., the filtrate) to a perforated central collector tube (i.e., the permeate tube)

Plate-and-Frame Module — a relatively uncommon configuration consisting of a series of flat
sheet membranes separated by alternating filtrate spacers and feed/concentrate spacers; used with
electrodialysis reversal (EDR) membrane systems

Plugging — the physical blockage of the feed side flow passages of a membrane or membrane
module (e.g., a blockage in the lumen of an hollow-fiber module operated in inside-out mode or
in the spacer of a spiral-wound module)

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

Porosity — for a membrane material, the ratio of the volume of voids to the total volume

Post-Treatment — any treatment applied to the filtrate of a membrane process in order to meet
given water quality objectives

Pretreatment — any treatment applied to the feed water to a membrane process to achieve
desired water quality objectives and/or protect the membranes from damage or fouling

Productivity — the amount of filtered water that can be produced from a membrane module,
filtration unit, or system over a period of time, accounting for the use of filtrate in backwash and
chemical cleaning operations, as well as otherwise productive time that a unit or system is off-
line for routine maintenance processes such as backwashing, chemical cleaning, integrity testing,
or repair

Quality Control Release Value (QCRV) — a minimum quality standard of a non-destructive
performance test (NDPT) established by the manufacturer for membrane module production that
ensures that the module will attain the targeted log removal value (LRV) demonstrated during
challenge testing in compliance with the LT2ZESWTR
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Rack — in a nanofiltration (NF) or reverse osmosis (RO) spiral-wound membrane filtration
system, a group of pressure vessels that share common valving and which can be isolated as a
group for testing, cleaning, or repair; synonymous with the terms train and skid; included under
the term “unit” for the purposes of the LT2ESWTR

Recovery — the volumetric percent of feed water that is converted to filtrate in the treatment
process over the course of an uninterrupted (i.e., by chemical cleaning or a solids removal
process such as backwashing) operating cycle (excluding losses that occur due to the use of
filtrate in backwashing or cleaning operations)

Reject — a continuous waste stream from a membrane system; used synonymously with the term
concentrate for nanofiltration (NF) and reverse osmosis (RO) membrane systems

Rejection — the prevention of feed water constituents from passing through a semi-permeable
membrane; typically used in association with dissolved solids rather than particulate matter

Resistance — the measurement of the degree to which the flow of water is impeded by a
membrane material or fouling

Resolution — (as defined under the LT2ESWTR) the size of the smallest integrity breach that
contributes to a response from a direct integrity test; also applicable to some indirect integrity
monitoring methods

Reverse Osmosis (RO) — 1) the reverse of the natural osmosis process — i.e., the passage of a
solvent (e.g., water) through a semi-permeable membrane from a solution of higher
concentration to a solution of lower concentration against the concentration gradient, achieved
by applying pressure greater than the osmotic pressure to the more concentrated solution; also,
2) the pressure-driven membrane separation process that employs the principles of reverse
osmosis to remove dissolved contaminants from water

Salinity — amount of salt in a solution; usually used in association with salt solutions in excess of
1,000 mg/L and synonymously with the term total dissolved solids (TDS)

Salt Passage — the transport of a salt through a semi-permeable membrane; typically expressed
either as a percentage or as mass of salt per unit of membrane area per unit time

Salt Rejection — the amount of salt in the feed water that is rejected by a semi-permeable
membrane, expressed as a percentage; also referred to as “solids rejection”

Scale Inhibitor — a chemical agent added to water to inhibit the precipitation or crystallization of
salt compounds; also referred to as “anti-scalant”

Scaling — the precipitation or crystallization of salts on a surface (e.g., on the feed side of a
membrane)
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