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AWWA Standard

This document is an American Water Works Association (AWWA) standard. It is not a sgecification. AWWA standards
describe minimum requirements and do not contain all of the engineering and administrative information normally
contained in specifications. The AWWA standards usually contain options that must be evaluated by the user of the
standard. Until each optional feature is specified by the user, the product or service is not fully defined. AWWA pub-
lication of a standard does not constitute endorsement of any product or product type, nor does AWWA test, certify,
or approve any product. The use of AWWA standards is entirely voluntary. This standard does not supersede or take
precedence over or displace any applicable law, regulation, or code of any governmental authority. AWWA standards
are intended to represent a cansensus of the water supply industry that the preduct described will provide satisfactory
service. When AWWA revises or withdraws this standard, an official notice of action will be placed on the first page of
the Official Notice section of fournal - American Water Works Association. The action becomes effective on the first
day of the month followtng the month of Journal - American Water Works Association publication of the officiat notice.

American National Standard

An American Natignal Standard implies a consensus of these substantially concerned with its scope and provisions.
An American National Standard is intended as a guide to aid the manufacturer, the consumer, and the general public.
The existence of an American National Standard does not in any respect preclude anyone, whether that person has ap-
proved the standard or not, from manufacturing, marketing. purchasing, or using products, pracesses, or procedures
not conforming to the standard, American National Standards are subject to periodic review, and users are cavtioned
to obtain the latest editions. Producers of goods made in conformity with an American National Standard are encour-
aged to state on their own responsibility in advertising and promotional materials or on tags or labels that the goods
are produced i conformity with particular American National Standards.

Caution Nonice: The American National Standards [nstitute (ANSI) approvat date on the front cover of this standard
indicates completion of the ANSI approval process, This American National Standard may be revised or withdrawn at
any time, ANSI procedures require that action be taken to reaffirm. revise, or withdraw this standard no later than five
years from the date of publication. Purchasers of American National Standards may receive current information an
all standards by calling or writing the American National Standards Institute, 25 West 43rd Street, Fourth Floor, New
York, NY 10036; 212 642 4900; or emailing info@ansi.org,

This AWWA content is the product of thousands of

hours of work by your fellow water professionals.
Revenue from the sales of this AWWA material supports
ongoing product development. Unauthorized distribution,
either electronic or photocopied, is illegal and hinders
AWWA's mission to support the water community.
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Foreword

This foreword is for information only and is not a pare of ANSIAW WA B114,

L Introduction.

LA, Background. ‘lhe purpose of ANSVAWWA B114-16 is to provide
purchasers with a standard tor the purchase and installation of membrane trearment
systems using, reverse osmosis (RO) and nanofiltracdion (NF) membranes.

A wealth of information about RO/NF membrane systems and their design is avail-
able from various sources, including fournal AWNA, Water Treatmenr Plant Designf
Water Quality and Treatment and other references listed in appendix A,

ILB.  History. RO membranes have been used to purify water since the late
196053 and NT since the 1980s. RO and NF rechnologies have Been and continue to be
developed, improved, and widely applied in a myriad of water purification applications,
inchuding producing potable water from seawarer, brackish warer, groundwarer, and
surface water sources. Today, potable water production with RO and NF techuology is
widely accepted and practiced worldwide.

RO/NF membranes are made from a varieey of polymeric and inorganic mate-
rials, although polymeric varieties currently predominate. Iprovements ro existing
products and development of new types of RO/NF membrane materials, strucrures,
and surface treatments are ongoing topics of rescarch activities. For comparisons of
performance between ditferent membranes to be meaningful, test condicions should
be carefully considered, since they can have a marked effect on results. RO/NF mem-
brane separation performance can be described by a variety of measures, including salt
rejection or passage, specific solute rejection or passage, and molecular weight curoft,
all within the context of specific test conditions, such as concentrarion, pH, recovery,
pressure, temperature, Hux, and How rate or velocity. Measurement of RO/NE mem-
brane performance including separation and outpur is not standardized by regulatory
agencies. However, some standards groups have published standardized measurement
methods and the industry has developed commeon and accepred approaches. This is
one of the purposes of the testing requirements outlined in USEPAs Membrane Fil-

tration Guidance Munual (USEPA 2005) associated with the Long Term 2 Enhanced

= American National Srandards Inseinuce. 25 West 43nd Screer, Fourth Floor, New York, NY 10036,
TAWWA and ASCE. Winter Treatment Plant Design. 3th Bd.. McGraw-Hill (2012).

FAWNA, Wirer Quality and Trearment. 5th Ed., McGraw-Hill (2001}

§ Warer Desalting Planning Cuide for Weater Utilitics, John Wiley & Sons Inc, {2004)

vii
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Surface Water Treatment Rule (USEPA 2006) and various ASTM standards, includ-
ing 1D4194-03, Srandard Test Methods for Operating Characteristics for Reverse
Osmosis and Nanofltration Devices; D4472-08, Standard Guide for Recordkeeping
for Reverse Osmosis and Nanofittration Systems; and 24516-00, Standard Practice tor
Standardizing Reverse Osmosis Performance Dara.

Regulacory concerns may or may not be the primary drivers for the use of RO/
NF membranes by a municipality, bue in all cases the regulations must be assessed
for applicability. Ar present, US federal drinking water standards covering RO/NF
membrane rreatment deal mainly wich how much removal eredic can be received from
their use as a microbial barrier. Other regutatory requirements may also apply. such as
acceptable water contact materials, meeting the primary and secondary contaminant
levels in the Anished water, frequency of monitoring certain performance parameters,
stathing, and isolation during clean-in-place (CIP) fe.g.. possible requirements for iso-
lating block and bleed valves).

“This standard is intended ro aid in the selection and procurement of RO and NF
systems and in the regulatory permicting process. this standard should be considered
as a list of minimum requirements for planning, procurement, selection, construction,
and commissioning of an RO or NF trearment system. However, its proper application
requires it be coupled with a thorough professional review of the specific water treat-
ment case and site-specific conditions.

This first edition of this new standard ANSI/AWWA B114-16—Reverse Osmosis
and Nanofiltration Systems for Warer Trearment, was approved by the AWWA Board
of Directors on Jan. 16, 2016, The standard was approved and promulgated in the
course of the activities of the AWWA Standards Committee on Membrane Standards.

[n 2010, che decision was made by rhe AW WA Standards Council to partition
ANSI/AW WA B110-09—Membrane Systems (first edition) into three standards char
cover specific membrane technologies. The AW WA Standards Council then assigned
the task of development of three separate standards to the AW WA Standards Commie-
tee on Membrane Standards. This standard, ANSI/AW WA B114-16—Reverse Osmo-
sis and Nanofileration Systems for Water Treatment. is one of the three standards that
were developed.

A guide to the AW WA membrane systems standards is presented in the able on
the following page.

1.C.  Aeceptance.  In May 1985, cthe US Environmental Protection Agency

(USEPA) eneered into a cooperative agreemient with a consortium led by NSF

vii
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International™ (NSF) o develop voluntary third-party consensus standards and a
certification program for directand indirect drinking water additives. Other members of
rhe original consortium included the Water Research Foundation (formerly AwwaRY)
and the Conference of State Health and Environmental Managers (COSHEM). The
American Water Works Association (AW WA} and the Association of State Drinking
Water Administrators {(ASDWA) joined later.

In the United States, authority to regulate products for use in, or in conract with,
drinking water rests with individual statest Local agencies may choose to impose
requirements more stringent than those required by the state. To evaluate the health
effects of products and drinking water additives from such products, state and local
agencies may use various references, including the following:

1. Specific policies of the state or local agency.

2. USEPAs AMembrane Filrration Guidance Manual (EPA 815-R-06-009,
USEDPA 2005).

3. Two standards developed under the direcdon of NSE: NSI/ANSIEE 60,
Drinking Water Treatment Chemicals—Healeh Effecrs, and NSF/ANSI 61, Drinking
Water Systemi Components—Healrh Effects.

4. Other references, including AWWA standards, Food Chemicals Codex,
Water Chemicals Codex.d and other standards considered appropriate by the state or
local agency.

Various cerrificarion organizations may be involved in certifving products in accor-
dance with NSF/ANSI 60 and 61 Individual states or local agencies have auchoriry to
accept or accredir certification organizations within their jurisdictions. Accreditation
of certification organizations may vary from jurisdiction ro jurisdicrion.

II.  Special Issues. There is no consensus of opinion among academic.
scientific, applied engincering, and regulatory practitioners for the precise definitions
of RO and NI The definitions and tvpical membrane characteristics of the membrane
tvpes shown in this standard are considered applicable to this standard and its use.

III. Use of This Standard. It is the responsibility of the user of an AWWA
standard to determine that the products desceribed in that standard are suicable for use

in the particular application being considered.

* NSF International. 789 Norch Phisboro Road. Ann Arbor, MTi8105.
1 Persons ourside the Unired Srares should contact the appropritee authority having jurisdiction.
£ American Narional Standards Enstivure, 25 Weasr 43rd Srreer, Fonrgh Floor, New York, NY 10036,

§ Botl publications available from Narional Acadeny of Sciences. 500 Fifth Sereer, NW, Washingron,
DC 2000,

X
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LA, Purchaser Options and Alternatives.  The tollowing items should be covered

by the purchaser:

1.

Standard used, that is, ANSI/AWWA B114-16, Reverse Osmosis and

Nanofiltration Membrane Systems, latest revision.

2.

= 5

% N W

Details of other federal, stage, local, and provincial requirements (Sec. 4.1.1).
Required equipment (Sec. 4.2.1).

Excluded systems and facilities (Sec. 4.2.2).

Required net production rate (Sec. 4.3.1.b).

Required documents for permitting (Sec. 4.3.1.u and Sec. 4.3.3.¢).

Record drawings formar (Sec. 4.3.4).

Whether compliance with NSFANSI 60 or NSF/ANSI 61 or other stan-

dards, rules, or regulations in addition to the requirements of the Safe Drinking Water

Act are required (Sec. 4.6.4, 4.6.4.1, 4.6.4.2).

9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21

Element shipment requirements (Sec. 4.6.6.2).

Spare part requirements (Sec. 4.6.7.1).

lnterface coordinacion requirements on project drawings (Sec. 4.6.8.1).
Electrical coordination requirements on project drawings (Sec. 4.6.8.4).
[nstrumencation and control requirements on project drawings (Sec. 4.6.8.5).
Preumatic requirements on project drawings {Sec. 4.6.8.6).

Flushing requirements (Sec. 5.1.2).

Installation requirements (Sec. 5.1.2).

Requirements for held resting (Sec. 5.4).

Demonstrarion testing requirements (Sec. 5.4.3).

Performance testing requirements (Sec. 5.4.4 and Sec. 5.4.5).

Basis for rejection (Sec. 5.5).

Athdavit of compliance (Sec. 6.3).

HLB.  Modification to Standard.  Any modification to the provisions, definitions,

or terminology in this standard must be provided by the purchaser.

Iv.
V.

Major Revisions. This is che first edition of chis standard.

Comments. If you have any comments or questions about this standard,
) ) q

please call the AWWA Engineering and Technical Services at 303.794.7711, FAX ac
303.795.7603; write to the department at 6666 West Quincy Avenue, Denver, CO
80235-3098: or email at standards@awwa.org,

i
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ANSI/AWWA B114-16

‘ (First Edition)
®

American Water Works
Association

Dedicated to the World's Most Important Resource® AWW A S.t an d ar d

Reverse Osmosis and Nanofiltration
Systems for Water Treatment

SECTION 1: GENERAL

Sec. 1.1 Scope
This standard sets minimum requirements for reverse osmosis (RO) and
nanofiltration (NF) membrane systems for warter and reclaimed water treatment

Sysrems.

Sec. 1.2 Purpose
The purpose of this standard is to provide a minimum set of requirements
for RO and NF membrane systems used for water and reclaimed water treatment
systems. This standard is intended to assist with the design, procurement, installa-

tion, and commissioning of RO and NF membrane systems.

Sec. 1.3 Application
‘This standard can be referenced for design, procurement. installation, and
commissioning of RO and NF membrane systems used for water purification and

reclaimed water treatment systems.

1
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2 AWWA B114-16

SECTION 2: REFERENCES

This standard references the following documents. In dheir latest editions,
rhese documents form a part of this standard to the extent specified witchin the
standard. [n case of conflict, the requirements of this standard shall prevail.

American Public Health Association (APHA), American Water Works Asso-
ciation (AWWA). and Water Environment Federation (WEF). Standard Methods
Jfor the Examination of Water and Wastewarer.

ASTM D4189-07—Standard Test Method for Sile Density Index (SD1) of
Water,

ASTM D4194-03—Srandard Test Methods for Operating Characteristics
for Reverse Osmosis and Nanoflorarion Devices.

ASTM D4472-08—Standard Guide for Recordkeeping tor Reverse Osmosis
and Nanohltration Systems.

NSE/ANSE 60—Drinking Water Trearment Chemicals—Healch Effeces.

NSEF/ANSI 61—Drinking Water System Components—Healeh EHecrs.

US Environmental Prowction Agency. 2005, Membrane Filtration Guidance

Manual. Washington, DC: Othee of Water, EPA 815-R-06-009.

SECTION 3:  DEFINITIONS

The following definitions shall apply in this standard:

I. Applied pressure:  For a membrane train, feed hydraulic pressure minus
permeate and/or Altrate hydraulic pressure.

2. Array: 'The overall arrangement of pressure vessels in a membrane sys-
tem train, including the groupings in parallel and sceries. For example, a 12:6 array
has two stages with 12 vessels in the first stage and 6 in the second srage.

3. Beta value:  Yor spiral-wound ROINF, a design parameter indicating
the radio of total dissolved solids concentration at the membrane surface to its con-
cencration in the bulk feed stream.

4, Brackish water:  Warter with an approximace concentration of total dis
solved solids ranging from 300 to 10,000 mg/l. (sce also Highly brackish water,

Seavater).

Copyright ® 2016 American Water Works Association. All Rights Reserved.



REVERSE OSMOSIS AND NANOFILTRATION SYSTEMS FOR WATER TREATMENT 3

5. Brine: A concentrated sale solurion. Although not preferred terminol-
ogy according ro this standard, the terms retentate, reject, and brine are sometimes
used as equivalent to concenrrate.

6. Challenge test: A study conducted to determine the removal efficiency
or log removal value of a membrane material for a particular organism, particulate,
or surrogate.

7. Clean-in-place (CIP): A common type of membrane cleaning process
using a chemical cleaning system in which membrane clements are cleaned wich-
out moving them from their normal service locations.

8. Concentrate:  The stream exiting a membrane device, which has
increased concentration(s) of solute(s) and/for particle(s) compared with che feed
stream. For drinking water applications, concentrate is usually a waste stream.
Alchough not preferred terminology according to this standard. the terms retentate,
reject, and brine are sometimes used as equivalent to concentrate.

9. Dalton: A unit of mass equal to ¥iz the mass of a carbon-12 atom or |
atomic mass unit ().

10. Desalination: A process for the removal of significant amounts of dis-
solved solids from a feedwarter stream. Thermal distillation and some membrane
processes (e.g., reverse osmosis) are commonly used for seawater desalinarion.

W1, Desalinization:  Although not preferred rerminology according to this
standard, the term is sometimes used as an equivalent o desalination.

12. Desalting:  The removal of dissolved solids from water.

13, Direct integrity test (DIT): A physical test applied to a membrane unit
to identify and/or isolate integrity breaches.

14, Elesment:  The smallest removable component of a membrane system,
which includes the membranc.

15. Feed channel spacer: A material, often plastic netting, between mem-
brane leaves that provides the How channel for che Auid passing over the surface
of the membrane thar can increase the turbulence of the feed—concentrate stream.

16. Filtrare:  The portion of the feed stream that has passed through MF/
UTF membrane.

17. Flux: Permeate flow rate divided by the active membrane area on the
feed side surface. The unit of measurement is gallons per day per square foor, which
is abbreviared gpd.f’l"t2 or ghd (also, lirer per hour per square meter, which is abbrevi-

ated L/h-m? or Lmbh).

Copynght © 2016 American Water Works Association. All Rights Reserved



4 AWWA B114-16

18. Highly brackish watey:  Water with an approximate concentration of
dissolved solids ranging from 10,000 t 30.000 mg/L (sec also Brackish water,
Seanater).

19. Hollow fiber:  Self-supporting cylinder containing membrane material
that has an ourtside diameter of less than 3 mm and a hollow bore (lumen) in the
center. For RO and NF, the membrane surface is usually on the outside with the
bore (lumen) conveying permeate.

20. Indirect integrity monitoring:  Monitoring some aspect of product/
permeate water quality thar is indicative of the removal of particulate marrer.

21. Log removal value (LRV): A measure of the removal effectiveness of a
paramerer expressed as the log 10 of the concentradion in the feed minus the log 10 of
the concentration in the filtrate or permeate (sometimes called product). For example,
given a 10-fold reducrion in a conceiration, such as from 200 in the feed to 20 in
the filtrace, the LRV equals 1.

22, Munufacturer:  The party that manutacoures, fabricates, or produces
materials or produces.

23. Material safety data sheet (MSDS): See Safery data sheet (SDS).

24. Membrane:  An engineered material that is designed to remove solids
(dissolved or suspended) that are rejected from the system as a concentrate stream,
and thar produces a stream containing less solute or pardicles (the producr or per-
meate stream). Membrane types in this standard include nanofileration (NF) and
reverse osmosis {RO).

25. Membrane cleaning system: Tanks, fltration devices, pumps, and asso-
ciated equipment and appurtenances that are periodically used to prepare and feed
chemical solutions to the membrane element(s) to recover lost performance.

26, Module:  "The smallest component of a membrane unitin which a spe-
cific membrane surface area is housed in a device with feedwater, permeate, and
concentrate and/or backwash connecrions.

27. Molecular weight curoff (MWCO): The rating ol a membrane based on
the size of uncharged solutes it will reject. Also referved to as nominal molecular
weight cutoff (NMWCO). Typically expressed in daleons.

28. Nanofiltration (NF):  Membrane filuation process that removes dis-
solved constituents from water—including dissolved organics. color, disinfection by-
product (DBP) precursors, calcium and magnesium (hardness) ions, and other ions.
NTF membrane elements cypically exhibic an NMWCO in the range of abour 200 o

1,000 daltons and sodium chloride rejection of 0 to 935 percent. NF is similar to RO
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with the key difference being slightly higher NMWCO ratings and more selecrivity
for ion rejection based on charge, with NF allowing a higher percentage of monova-
lent jons to pass to the permeate than divalent or mulrivalent ions.

29. Net driving presure:  “The pressure available to force water through
a semipermeable membrane, defined as the average feed side pressure (ie., the
average of the feed and concentrate hydraulic pressures) minus the permeate side
hydraulic pressure and minus the average differential osmoric pressure across the
membrane. The unit of measurement is psi (baz).

30. Pass: A wreatment step in which the product, fltrate, or permeate
passes through a membrane. For example, in a two-pass system the product from
the first pass becomes feed to the second pass and at least a portion of that feed
flows through the second-pass membrane.

Lermeability:  Temperature-corrected flux divided by ner driving pres-
sure. The unit of measurement is the same as flux unics divided by pressure unirs:
therefore, gfd/psi (Lmh/bar). Also called specific flux.

32. Permeate: The water that passes through RO or NF membrane.

33. Plate and frame: A conhguration conaining flat sheets of membranes
separated by alternaring product or permeate spacers and feed/concentrate spacers.
held in place by a structure.

34. Posttreatment:  Any rreatment applied to the filtrate. permeate, or
product of a membrane process generally applied to achieve finished water qualicy
objectives.

35. Potable water:  Water that is safe and satisfactory for drinking and
cooking,

36. Pressure-driven system:  Type of system applying torce obtained from a
pump or other source (such as taking advanrage of available pressure or hvdraulic
elevation difterendials across the system} that provides positive hydraulic pressure to
a feed stream thar permics a rype of membrane system to operate.

37. Pretreatment:  Any trearment applied to the feedwater ahead of a mem
brane process, generally to achieve desired water quality objectives and/or protece
the membrane from damage or fouling.

38. Product:  For RO and NF, the portion of the separated feed stream
thar has reduced constituent concentrations. In accordance with this standard. the
preferred term is permeate.

39. Purchaser:  The person, company, or organization that purchases any

materials or work to be performed.
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40, Reclaimed water:  Wastewarer that becomes suitable for beneficial usce
as a resulr of trearment.

41. Recovery: For RO/NF, the ratio of product How to teed How. Recovery
is expressed as a percent.

42. Resolution:  "The size of the smallest integrity breach that contribures
to a response from a direct integrity tes; also applicable to some indirect integrity
monitoring merhods. The unit of measurement is micron (pm).

43, Reverse osimosis (RO):  Membrane fltration and desalination process
that removes dissolved constituents from water, including dissolved organics,
color, DBP precursors. calcium and magnesium {hardness} ions, and other ions.
RO membrane elements have an NMWCO in the range ot 150 o 300 dalrons and
sodium chloride rejection greater than 93 percent.

44. Safety dara sheer (SDS): Document obrained or developed by chemical
manufacturers and importers concerning cach hazardous chemical they produce or
import describing information for safe cransport, handling, and use. Employers are
required o have an MSDS in the workplace for each hazardous chemical used chere.

45. Salt (or solute) pussage:  For RO/NT, the concentration of salts or spe-
cific solutefs) in the permeate stream divided by che concentrarionds) in the teed
stream, CXPI'CSSC({ as d PCI'CCI]U\gC.

46. Salt (or solure) vejection:  For RO/NFE, 100 percent minus the salt or
solute passage, expressed as a percent.

47, Seatwarer:  QOccan warer with an approximate concentration of toral
dissolved solids ranging from 30,000 o 60,000 mg/l. (sec also Brackish water,
Higlly brackish water).

48. Sensitivity: The maximum log removal value that can be reliably ver-
ified by a direct integrity test: applicable to some continuous indirect integrity
moniroring merhods.

49. Silt density index (SDI): Silt density index is an indication of the
amount of particulate macter in water; it is a type ot fouling index. SDI indicates
the rate of plugging of 0.45-um membrane filter as a dimensionless index value
as described in ASTM D4189. SDIys is the most commonly used value, which is
determined by using a 15-minute fileration duration.

50. Solute: A substance dissolved in a solution.

51. Specific fAux:  Flux divided by wransmembrane pressure. The unic of
measurement is the same as Hux units divided by pressure unies; theretore. gfd/psi

{Lmh/bar). Related term. permeability. is temperacure-carrected specific Hux.
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52. Spiralwound: A configuration in which Hat sheets of a semipermeable
membrane, a porous support matrix, and a spacer are wrapped around a central
filcrate/permeate collector tube; typically associated wich NF and RO but can be
applied to other types.

53. Stage: A group of membrane units operating in parallel. Staging is the
process in which the concentrate from one stage is used as the feed to another stage
(see also Array).

54. Supplier:  The party who supplies material or services. A supplier may
or may not be the manufacrurer.

55. Temperature-corrected:  Value, such as Hux or driving pressure, correcred
from ambienr temperature to a reference temperature—for RO/NF the reference
temperature is commonly 25°C.

56. Total dissolved solics (1DS):  Residual material remaining after fileering
suspended marerial from a solution through a standard glass fiber filter and evapo-
rating the fAlrate to a dry state at 180°C. Specific methods for determinatcion given
in appropriate section of Standard Methods for the Examination of Water and Waste-
water, Method 2540 C {APHA, AWWA, and WEF), Usually expressed as mg/L.

57. Train: A group of membrane vessels with common inler and ourtlet
connections, complete with common monttoring and control equipment. Often a
membrane treatmient facilicy has multple parallel crains. A train can be operated
independently from other trains and can be isolated from the rest of the system.

58. Transmembrane pressure (TMP): The difference in hydraulic pres-
sure from the feed ar feed-concentrate average to the hitrate, permeate, or product
across a membrane barrier (see also Applied pressurc).

59. Unit: A group of membrane modules that share common control and
valving and that can be isolared as a group for testing or cleaning,

60. Waste neutralization systemn:  Tanks, devices, pumps. associated equip
ment, and appurtenances thar are periodically used ro prepare and feed chemical
solutions to the waste streams from membrane cleaning, or other operations sys-

tems before the waste is discharged.
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SECTION 4: REQUIREMENTS

Sec. 4.1  Materials
4.1.1  Materials. 10 required by applicable regulatory agency andfor
required in the purchase decuments, materials shall comply with the requirements
of the Safe Drinking Water Act and other federal regulations for porable and

reclaimed water systems as applicable.

Sec. 4.2 Scope of Supply

42,1 Requived cquipmenr.  ROINE membrane systems according to this
standard include the following systems and facilities unless otherwise required in
the purchase documents:

a. Membrane elements/modules.

b. Support devices such as a trame welding for membranes, piping, and
pancls.

¢. Piping, tubing, valves, and fictings on the membrane unit, including iso-
lating block and bleed valves il required by regalatory agency and/or purchase
documents.

d. Membrane feed pumps, drivers, and energy recovery devices (it any).

¢. Membrane unit How, pressure, and water quality monirtoring inscrumen-
ration as required in the purchase documents or recommended by supplier.

[. Liquid and/or air backwash pumps and air blowers (it applicable).

g. Membrane integrity system air supply and conditioning equipment (it
applicable).

h. Programmable logic controller (PLC) or computer, software, program-
ming, and instrumentation.

i. A PLC/human—machine interface control syseem.

i Special tools or equipment required for locating and repairing RO/NF
membrane modules having integrity defects and for the disassembly and reassem
bly or analvsis of membrane modules.

k. Spare parts as required in the purchase documents.

4.2.2  Excluded systems and facilities.  ROINEF membrane systems per this
standard do not include the following systems and facilities unless required in the
purchase documents:

a. Source water supply.

b. Membrane precreatmient.
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¢. Concentrare, spent backwash, spent membrane cleaning, and waste neu-
tralization handling and disposal facilities.

d. Chemical storage and transfer piping systems for membrane cleaning
Sys['e[“s. .

¢. Chemical feed pumps, valves, and appurtenances for membrane cleaning
systems (CIP, chemically enhanced backwash, and chemical wash).

f. Interconnecting piping, valves, and appurtenances.

g. Elecrrical and control wiring and conduits external to membrane units.

h. Process air supply.

i. Facility where membrane system is housed.

j.  Regulatory agency permits.

Data to Be Provided by System Supplier

4.3.1  Data provided by the supplier.  The supplier of the RO/NF mem-
brane system shall supply the following information:

a. Complete system deseription rable (see appendix B).

b. Ner production rate on a daily (24-hour) basis from duty wrains, as re
quired in the purchase documents.

c. Flux as a tunction of water temperature and net flux with duty trains in
service and standby trains our of service at production capaciry.

d. Preliminary process How diagram and flow balance.

¢. Preliminary process and instrumentacion diagrams (P&1Ds).

f. Preliminary layour drawing, including tnformation abour elevation
change berween unit inlet and permeate (or product) and concentrate discharge
points.

g. Floor loads of all equipment as shipped and during operation.

h. Preliminary electrical one-line diagram.

i. List of major materials of construction.

j. List of cleaning procedures.

k. List of pretreated feedwarer quality requirements.

l. Sratements indicating membrane system materials are compatible with
other systems to be used in the process, including pretreatment or other process
chemicals.

m. Time required for (1) fabrication of the system and (2) delivery of major
equipment after approval by purchaser.

n, Listof proposed chemicals for use as membrane preservarive and method

of disposal.
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o. List of proposed chemicals and quantities for startup, operations, and
maintenance activities.

p. Safety data sheets of any proprietary cleaning chemicals shall be included.

q. Services and equipment to be provided by others, including if appli-
cable, services such as on-site erection and installation of membrane equipment
and element/module loading,

r. Predicted fltrate, permeate, or product quality based on supplied source
water quality and key operating parameters.

s. Predicted transmembrane pressure for RO/NT ar startup and afeer the
guaranteed period of operation.

r. Written descriprion of the automatic membrane integrity test procedure,
means to locate specific modules requiring repair, and repair methods and mareri-
als (if applicable).

u. Plans, procedures, and required testing for permicting RO/NE membrane
system shall be provided as required in the purchase documents.

432 Data required prior to manufacturing.  The supplier of the membrane
system shall provide che following information prior o manufacturing the system:

a. Revised versions of the above documents and drawings. including all pip-
ing with sizes. pressure racings. and materials of construction identified.

b. Revised process flow diagram and flow balance table for major streams.

¢. Completed process and instrumentation diagrams (P&1Ds) including in-
formation concerning all cquipment, instrumentation and control (I&C) compo-
nents, and various rypes of valves as well as indicating all chemical injection poines.

d. Description of the control system and PLCs software, and how the mem-
brane system will be integrared into overall water plane control system.

e. Revised layout drawing showing how the equipment foorprine will fit into
the building or other structure(s) char will house the system.

f. Location of anchor bolts and equipment supports for preceding (e.).

g. Electrical rermination drawings, indicating all internal and external elec-
trical connections.

h. Product data sheets and tables describing major equipment items. These
shall be clearly marked and annortated to show the applicable model numbers, rat-
ings, and features.

1. Major equipment shall include pumps and drives. pressure ves
sels, membrane elements/modules, tanks, heaters, control valves. and

instruments, as applicable.
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2. Deuails on pumps and drives shall include manufacturer, model
number, impeller size, pump curves, efficiency, materials of consrruction,
seal type and manufacrurer, and motor data that include manufacturer,
model, type, rated size in horsepower or kilowarts, and service facror,

3. Derails on the membranes shall include daca sheets.

4, Details on conrrol valves shall include manufacturer, model
number, pressure class, materials of construction. and ble or figure o
show How coefficient (Cv} as a function of percent open.

i. Piping schedule listing service, pipe code, diameter, pressure class, and
materials of coustruction.

j. Valve schedule listing tag number, manufaceurer, model number, size,
type, pressure class, and materials of construction for all valves, including vacuum
breakers and check valves.

k. Instrumentation/device schedule listing tag number, manufacturer, model
number, measured parameter, and ranges for instruments and devices.

I Control philosophy (process control narratives).

m. Automatic integrity rest description (if applicable).

n. Chemical dosing system and purpose.

o. Funcrional test plans.

p. Startup and commissioning plans with operational and muaintenance
forms, instructions and/or checklists, including plan for flushing and disposal of
membrane module preservative.

q. Updated plans, procedures, and required testing for permicting RO/NF
membrane system shall be provided as required in the purchase documents.

r. List of manufacrurer-recommended spare parts, special tools, and special
services including startup and installation that will be provided wich the system.

4.3.3  Data provided prior to startup. - “The supplier of the RO/NF membrane
system shall provide the tollowing informaction prior to startup of the system:

a. Revised versions of the documents and drawings listed in the previous
subsection.

b. Operation and maintenance (O&M) manuals for the membrane system
and appurtenances (see Sec. 4.6.7.4).

¢. Facrory test and membrane unit manufacrurer’s quality control reports
for all equipment provided.

d. Functional performance test repore for PLC/human—machine interface

system.
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¢. Documentarion required for permicting the membrane system as required
in the purchase documents.

434  Record drawings.  After stareup of the system, the supplier of rhe
RO/NF membrane system shall provide a complete set of the documents finclud-
ing drawings) listed in the previous subsections, revised to describe the system “as

installed” and in a formar required in the purchase documents.

Sec. 4.4  Water Flow and Water Quality Data Requirements

The RO/NF membrane system shall meet the performance criteria based on
the project’s water quantity requirements. The following data shall be provided by
the purchaser:

4.4.1  Flow rates.  Flow rates (feed and permeare), in gpm. gpd. or acre-
foot/vear (m2/d, m3/h, or 1115.-"),'&1:'}, or an alternative approach whereby permeate
flow rate and minimum recovery are provided.

44.2  Recovery. Minimum, maximum, and design rarger recovery
(percent).

4.4.3  Design water temperature. The design remperature and rempera-
ture range, in “F (°C), and permeace How race as a function of temperature and/or
applied pressure as a function of temperature.

4.4.4  Spuree. The sourcels) of feedwater shall be documented.

445  Pretreatment.  Description of treatment processes upstream from
the membrane process, including recirculation of streams to points upstrcam from
the membrane process.

4.4.6  Wiater quality. The raw or feedwater quality data provided for
design shall be as shown in Table 1. The table identifies required items with “R”
and optional items “O.” It is recommended that feedwacer quality variation and
tewperature be documented and used in the system design. For each irem, it is
recommended thar values be presented for minimum, maximum, and average or
tvpical. if available. Alternacively. values may be presented for 10 percent, 95 per-

cent, and 50 percentiles {or mean or median).

Sec. 4.5  Performance Criteria
45.1  Performance criteria.  ROINF membrane systems shall be designed
to meet the following performance criteria that are summarized below:
45.1.1  Production rate.  Net production rate per day at a required design
temperature or range of temperatures as well as including all waste Hows from the

‘5_\’5[’(‘[]].
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Table 1 Raw and/or feedwater quality data to be provided

13

Parameter (mg/1. unless noted otherwise)

Required or Oprional

Temperature °F or °C)

Turbidity (neu)

SDIs (dimensionless)

pH {standard pH units)

Total Organic Carbon (TOC)

Dissolved Organic Carbon (DOC)

Uleravioler Light UV-254 (m=!)

Color, True and Apparenc (colar units)

lron, Toral

Iron, Dissolved

Manganese. Total

Manganese. Dissolved

Alkalinity (ing/L as CaCQj3) or Carbonate and Bicarbonate

Towal Hardness (mg/L as CaCOy3)

Oiland Grease

Biochemical Oxygen Demand (BOD)

Chemical Oxygen Demand (COD)

Total Suspended Solids (TSS)

Toral Dissolved Solids (TDS) or Conducrtivity (pS/em)

Microbiological Paramerers, Such as Algae, Toral Coliform, Fecal Coliform,
and Heterotrophic Plate Count (in standard unics)

Calcium

Magnesium

Sodium

Potassium

Barium

Strontium

Aluminum

Ammonia

Sulfate

Chloride

Fluoride

Silica (Si03)

H;S (it present)

Arsenic

Boron

Bromide

Conductivity {pS/em)

Nitrate and Nitrite

Oxygen, Dissolved

Phosphate

R
R
O
R
Q
O
O
0
R
O
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4.5.1.2  Water quality. Product, fltrate, or permeate water quality shail
meet the following requirements:

a. Turbidity in accordance with USEPA's Membrane Filtration Guidance
Manual, or state, provincial or local requirements, and as required.

b. Required water quality parameters. Fach of the measurement values,
measurement techniques, frequency, and test conditions shall be defned.

45.1.3 Recovery.  Minimum, maximum, and design rarger recovery.

4514 pH. Minimum, maximum, and design target feed pH.

4.5.1.5 TFeedwater seasonal temperature.  Minimum, maximum, and
average water [emperatres.

4.5.1.6 Membrane flux.  Maximum membrane Hux ata required temper-
ature or over a temperature range for the overall system.

45.1.7 Pressure.  Pressure criteria requirements including the following:

a. Maximum allowable transmembrane pressure (M) ar required design
remperactire and range of temperatures.

b. Maximum allowable feed, concentrate, and permeate hydraulic operating
pressures at design conditions.

c. Maximum allowable backwash inlet pressure ac unic (it applicable).

d. Maximum allowable hydraulic pressure drop, across the entire system
and/or individual stages on the feed—concentrate side of the membrane.

e. Maximum allowable pressure in the permeate stream plumbing,

£, Maximum allowable inlet pressure at univ and at vessel, module, or stack.

g. Maximum allowable backpressure on the concentrate side ar unic and/or
at vessel, module. or stack.

4518 Inregrity rtesting (if applicable).  Membrane integrity rest fre-
quency and operating conditions shall be performed as required by regularion. The
appropriate local, state or provincial, and USEPA requirements shall be followed
as defined by the agency of authority for the site. For reference on testing, see
USEPA's Membrane Filtration Guidance Manual,

45.19 Key operating parameters. Key operation and maintenance
schedules and parameters shall be measured and documented as part of system
performance testing,

4.5.1.10  Clean-in-place (CIP). Including frequency of CIP operations
(and any applicable performance triggers); instructions on cleaning methods: dura-

rion; chemical concenrrations: temperature; chemical exposure limits, Including
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for cemperature, pH, or other limitations; and any ather important condirions for
CIP or similar activities.

4.5.1.11  Other conditions.  Any other conditions for CIP, such as chemi-
cal used, concentration, and limits to protect the membrane.

4.5.1.12  Shutdown flush.  Flush procedures and Hush water source used if
needed to protect the membrane system upon shuedown.

4.5.1.13  Membrane storage solutions.  Short-term and long-term mem-

brane preservative/storage solutions and protocols.

Sec. 4.6  Products/Components

4.6.1  Materials of construction.  The praducts and components of an RO/
NIE membrane system shall be constructed of materials thart are resistant ro corro-
sion in the environment in which they are placed. Merals, fiberglass, and plastics
are acceptable materials of construction provided they can withstand che rigors of
their internal and external environments.

4.6.2  Pressure ratings.  The materials of construction shall be suitable for
pressures in excess of the greatest possible pressure each component may be exposed
to after installation.

4.6.3  Temperature variations.  RO/NEF membrane systems may operate
wler temperature conditions other than ambient. Marterials in such use must be
structurally unaffected by these temperature variations at maximum operating
pressures.

4.6.4  Toxicity levels.  Products and components in their intended use must
not leach roxic substances into the water that is distributed to the public or the envi-
ronment. Disposal methods for residuals and used components that meet applicable
regulatory requirements shall be available, Evaluation shall be accomplished in accor-
dance with requirements that are no less restrictive than those listed in NSE/ANSI 60
or NSF/ANSI 61. Certification shall be accomplished by a certification organization
accredited by the American National Standards Instituce.

4.64.1 NSF/ANSI 60. Chemicals used in membrane systems shall. if
required by applicable regulatory agency or as required in the purchase documents,
whichever is more stringent, be certified as suirable for contact with or treatment
of drinking water by an accredited certification organization in accordance with
NSF/ANSI 60.

4.64.2 NSF/ANSI 61.  Components used in membrane systems shall, if
required by applicable regulatory agency or as required in the purchase documents,

whichever is more stringent, be certified as suitable for contact with or treatment
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of drinking water by an accredited certification organization in accordance with
NSF/ANSI ol.

4.6.5 Safety considerations. Products and components shall be sate to
use. Protection to personnel, equipment, and the environment must be ensured
through the proper installation and use of safety devices, such as pressure relief
valves and/or rupture disks.

4.6.6  Camponents.  Productsicomponents are composed of the following
ittems:

4.6.6.1 Membranes.  Polymeric, metallic, or ceramic, Configuration can
be spiral. hollow fber, tubular, flat sheer, or plate and frame.

4.6.6.2 TPressure vessels.  ROINFE pressure vessels are generally plastic
or glass reinforced fiberglass bur can be metallic materials if appropriate for the
level of corrosion. “They house one or more membrane assemblies or bundles and
are permanently potted or have end plates at cach end, usually plastic but can be
merallic if appropriate. If chere is more than one clement per vessel, interconnectors
join elements with end plates that are usually plastic. When required in che pur-
chase documents, vessels shall be delivered from their manufacturers with elements
already potted or installed in che vessels or shipped separately for field insrallation,

4.6.6.3 Pumps. Materials of construction shall be suitable for service
environment. All types of pump configurations are employed. Both pressure and
vacuum pumps are used, as applicable. Interseage booster pressure pumps are used,
as applicable. Pressure dampeners and/or discharge control valves are provided if
necessary.

4.6.64 Lnergy recovery system, as applicable.  Types of systems include
direct-coupled energy recovery unit go pump system (e.g., impulse turbine), rur-
bocharger, and isobaric energy recovery unit, Materials of construction shall be
suitable for service environment,

4.6.6.5 Cleaning systems. Cleaning-in-place systems are applied o
clean one block or unit ata time with the element(s) lettin their normal operating
locarions at almost all full-scale water plants. For some small facilities, elements
may be cleancd-in-place or moved w another locarion for cleaning.

4.6.6.6  Chemicals. Routine and/or continuous additions may be required
for acid, base. biocide, or andscalant chemicals, Cleaning agents may include acids,
bases, detergents, disinfectants, biocides, and/or proprictary formulations as appro-

priate for the specific membrane and system.
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4.6.6.7 Piping. Materials of construction are generally plastics or metals
suitable for service environment, Manifolds are provided to uniformly splic che
feedwarer.

4.6.6.8 Valves. Marerials of construction shall be suitable for the service
environment. All types of configurations are possible—isolation, control, regula-
tors, How check, relief, and other types.

4.6.69 Supports.  Racks are wsually metallic or fiber-reinforced plastic
and shall be designed tor loads assuming pressure vessels and piping contain water.
Supports shall be painted for corrosion protection or made of stainless steel.

4.6.6.10  Instrumencation and control.  Recorders and controliers shall be
provided wich feedback or feed-forward loops. Data shall be sent to a PLC where
data are received and analyzed. A computer-monitored alarm, response, control,
and data acquistion system or supervisory control and data acquisition system shall
be provided and integrated into the purchaser’s system. Key variables shall be mon-
itored, including Hows. pressures and pressure changes, temperatures, and relevant
water quality parameters. Alarms and shutdewn switches shall be provided on key
variables, including safery measures and quality control.

4.6.6.11  Air compressors and/or blowers (if applicable).  Sufficient capac-
ity, redundancy. pressure relief, hydraulic design, and level of air quality (consider-
ing level of particle filtering, dryness, and acceprable il concentration, if any) o
protect membrane trom damage shall be provided.

4.6.6.12  Sample taps shall be provided to evaluate water qualiry of the major
process streams, such as feed. product, concentrate, recycle, and waste streams,

4.6.6.13  Manual and automatic systems shall be provided thar send data to
control room or local panel board.

4.6.6.14  General components, as applicable.  Provide lifting lugs, anchor
bolts, support structure pressure vessel scraps for restricting movement, identifica-
rion labels and numbering on equipment, color and ragging identification of elec-
trical wiring and piping with directional markings (it needed), instrumentation
test or calibration equipment, flexible hoses, and restraines.

4.6.7  Miscellanous items.

4.6.7.1  Spare parts.  Spare parts for units, pumps. valves, and piping shall
be provided as required in the purchase documenrs. Provisions for replacement or

spare membrane modules shall be as required in the purchase documents.
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4.6.7.2  Special tools and equipment provided for disassembly, reassembly.
and repair of modules shall enable required acrivities to be completed in compli-
ance with Occupational Safety and Health Adminiseration standards.

4.6.73 Installation instructions.  Detailed installation instrucrions for all
equipment shall be provided before equipment installation.

4.6.74 Operation and Maintenance (O&M) manuals,  O&M Manuals
shall be provided before startup and an as-built version shall also be provided afrer
startup. The manuals shall describe the system components, membrane feedwarer
characteristics including ranges thereol (including seasonal ranges, if any), svs-
tem and component details, standard operating procedures, limitations including
conditions to be avoided or that could damage the equipment or be dangerous,
and operation and maintenance procedures. Regulation and control descriptions
and operating instructions shall be included for startup and shutdown for routine,
normal, and emergency operations. Maintenance instructions and recommended
frequencies of maintenance activities shall be included.

Data rables shall be included to show typical operating set points and con-
ditions. O&M manuals shall also include printouts of the programming logic,
printouts of the control and data sereens, an electronic copy of the control logic in
case of emergency, and a list of all information exchanged with the plant control
system, including data table addresses. Drawings shall be included showing process
flow diagram(s) and flow balance, P&IDs, layour and arrangement drawings, panel
and rermination point drawings; material derails; records tor control; appropriare
shift log books and/or control data sheets/spreadsheets with instructions for all
tests, forms, and checklists; and safery manual(s) and emergency procedures.

4.6.8  Interface coordination with components supplied by others.

4.6.8.1 Interface coordination.  Interface points shall be coordinated with
the other equipment/operating systems on-site.

4.6.8.2 Pliping. Interfaces for connecting piping shall be shown on the
submirtal drawings.

4.6.83 Mounting.  Support struceure, anchors, and mounting and level-
ing devices shall be provided. Coordinate with the contracror and subcontracrors.

4.6.84 Llecrrical conduits, wiring, and termination poines.  Conduits
and wiring integral to the membrane system shall be terminated in a local panel
provided by the membrane system supplier. This shall be shown on the project

drawings when required in the purchase documents.
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4.6.8.5 Instrumentation and control (I&C) conduits and wiring and ter-
mination points. An input/outpur (1/0) control panel shall be provided by the
membrane system supplier. Conduits, cables, and wiring from instruments, valves,
and other control devices on the membrane system shall be terminated in the panel
by the membrane system supplier.

4.6.8.6  Pneumaric termination point. Pneumatic piping to valves and
other devices on the membrane unit shall be provided by the membrane system
supplier, shall terminate to a single point for cach type of air supply, and shall be

shown on the submittal drawings.

SECTION 5: VERIFICATION

Sec. 5.1  Installation

501 Membrane system supplier representative.  The membrane system sup-
plier shall have a representative on-site during the following activities:

a. Beginning of the installation of the membrane equipment.

b. Final connections, system Hushing, and preservative Hushing and disposal.

¢. Installation of any special coatings or linings.

d. Training,

e. Initial operations.

5.1.2  Membranes. “The installadion of the RO/NF membrane elements
shall be the responsibility of cthe RO/NF membrane system supplier unless ocher-
wise directed in the purchase documents. The RO/NF membrane elements shall
only be installed after a thorough Aushing of piping to remove construction debris
and other debris. Flushing water shall be clean water and not allowed to be in pip-
ing for extended periods beyond membrane supplier's guidelines. If readily avail-
able, porable water shall be used for flushing or another type of water if acceprable
to purchaser and supplier. Solutions with chlorine and other strong oxidants shall
not be exposed ro membranes in excess of the allowable limits in accordance with

the membrane manufacturer'’s instructions.

Sec. 5.2 Startup and Commissioning
5.2.0  Startup and commissioning.  Startup and commissioning shall be
the responsibility of che RO/NF membrane system supplier. Purchaser and system

supplier shall determine, in advance, which party will be responsible for operation
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of the svstem during the various steps necessary to commission and rest the equip-
ment before acceprance.

5.2.2  Electvical and mechanical checks.  Startup shall include elecerical and
mechanical checks of equipment, leak checking, flushing, membrane installation,
placing units in service, reconfirming the function aspects of the system, and flow
and performance verification. Initial water How through membranes shall only

occur after the required quality of the feechwarer has been met.

Sec. 5.3  Training
5.3.1  Training.  The system supplier shall provide training to purchaser’s
maintenance and operating staff. This shall consist of both classroom and hands-
on training. Supplier shall provide the number of training marerial packages as

required in the purchase documents, which may include manuals, compact discs

(CDs) or digital video discs (DVDs), and programs.
Sec. 5.4  Field Testing

5.4.1  Field testing.  Field resting shall include mechanical and electrical
testing, demonstration testing, and performance testing. A test plan shall be pro-
vided by the system supplicr.

5.4.2  Egquipment testing,  Equipmenr mechanical and electrical resting
shall include equipment and instrument verification, leak testing, power and signal
connection verification. and PLU/PC program verification.

5.4.3  Demonstration testing.  Demonstration testing shall be conducred
for a period as defined in the purchase documents. This testing shall be designed ro
show that the svstem can operate through its various operating cycles, The testing
shall demonstrate operation of single and multiple trains, planned starts and stops,
alarm functions, emergency stops, and tlow rate changes. During the testing, the
equipment shalt be operated by che party or entity assigned thar responsibility in
the purchase documents. If a fatlure oceurs, the system supplier shall have no more
than the period defined in the purchase documents ro make adjustments.

SA44  Performance testing.  Performance resting shall commence ar the end
of the demonstration testing. The system shall meet the performance rese require-
ments for a continuous period or a portion of a period as required in the purchase
documents. Scheduling of the performance test is ar the purchaser’s discretion but
shall occur after the completion of the demonstrarion test. The performance rest
shall verify chat the performance of the svstem can be miet over an extended period

of time.
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54.5  Performance test repore.  Upon completion of the rest, a report shall
be prepared in accordance with the purchase documents. Purchaser shall deter-
mine whether the system performance meets the requirements of the purchase
documents. Should cthe system fail to meet the requirements. the system supplier

shall make necessary corrections to the system and the test shall be repeated.

Sec. 5.5  Basis for Rejection
Any membrane system not complying with the requirements of this standard
and/or the purchase documents may be rejected. Repairs, replacements, and retest-

ing shall be accomplished in accordance with the purchase documents.

SECTION 6: DELIVERY

Sec. 6.1  Packaging
Equipment. spare parts, special rools, and other items provided shall be prop-

erly marked and packaged for protection during shipping, handling, and srorage.

Sec. 6.2 Shipping, Handling, and Storage

6.2.1  Deliveries.  Deliveries shall be properly sequenced to have needed
items on-site and on dime so that construction and installacion schedules are not
negatively affected. Deliveries shall be coordinated with the conrracror, subcon
tractors, and the purchaser,

6.2.2  Manufacturer recommendations.  Trems shall be handled and stored
as recommended by the manufacturer or supplier.

6.2.3  Srorage. Membranes shall be kept clean, in the recommended stor-
age solurion, and at the required environmental temperature range. and shall nor
be removed from shipping package materials until rime of installation.

6.24 SDS. Supplier shall provide SDS or other form of disclosure
regarding the membrane preservative solution, if any, and shall provide quantity of
preservative used, method to remove the preservacive, and recommended disposal

pracrices.

Sec. 6.3  Affidavit of Compliance
The purchaser may require an atidavic from the supplier that the material
provided complies wirth applicable requirements of this standard and that o che
best of supplier’s knowledge the equipment provided has been installed and func-

tions as supplier intended.
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APPENDIX B

System Description Table

Table B.1 RO/NF system(s)
Units of Measurement
If US Customary It Merric
Description Units Units Darta
MANUFACTURER —
MODULE DESCRIPTION - —
Meodule model number —
Tyvpe (RO, NF, or other)
Module dimensions:
Diamerer or width {(indicate which) in. mm
Length in. mim
Height, if applicable in. mm
Active membrane area, feed-side surface fil m?
Membrane material (Examples: TFC, CA, CTA. and so on) = -
Second membrane material, if more than 1 type in system -
If more than 1 membrane tvpe. describe each type —
(L.e., first is anionic, erc.)
Conhguration, select one or add descriprion: flat plate, e
hollow fber, spiral, tubular, or other (add descriprion)
Geometry (horizountal or verrical) —
Hvdrophobic or hydrophilic? —
Membrane charge (neutral, negative, or positive) — e
Molecular weight cutoff, nominal daltan dalon
Standard rest conditions and performance
Feed concenrration and solute mg/L mg/L
Feed pressure psi bar
Feed eemperature ie °C
Feed pH pH units pH units
Recovery percent percent
Rejecrion percent percent
Permeate concentration, maximuim mg/L mg/l.
Permeate concentrartion, average gpd Lpd
Permeate flow, range gpd Lpd
Permeare How, average gpd Lpd

Nores: TFC = thin flm composite
CA = cellose acerare

CTA = cellulose triacerare

25
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Table B.1 RO/NF system(s) (continued)

Units of Measurement

If US Customary if Metric
Description Units Units Dara

Feed channel space or spacer (if applicable): thickness il mm
Module operating limitations:

P'ressure range psi bar

Temperature range “F "

pH range Standard units  Srandard units

Maximum teed wirbidity nre net

Maximum feed SDl;5 SDL unies SO units

Chlorine tolerance (and related conditions) mg/L hr mg/L hr

Ovther oxidant tolerance (and related condirions) Describe Describe

Ocher limitations {and related condirions) Describe Describe
Module cleaning limirations:

Pressure range psi bar

Temperature range °F G

pH range Standard units  Standard units

Maximum feed turbidicy neu neu

Chlorine wlerance (and related conditions) mg/l, hr mg/L hr

Other oxidant wlerance (and refated conditions) Describe Describe

Other limitations {and related condirions) Describe Describe
DESIGN DESCRIPTION — = -—
Number of trains:

Online

Standby
Daily ner production of permeate Average—gpd  Average md

Permearte warer quality:
TDS
Other required paramerters

Flux ar ambicent temperature:”
Maximum membrane element Aux
Average stage Hux
Average overall svstem Hux

Flux. remperature corrected to 25°C:”

Maximum instantaneous Hux

Average—mg/L

Average-—mg/L
efd
ghd
gfd

gfd

Average—mg/L

Average—mg/L

Linh
Lmh

Limh

Lmh

“1here may be a ditferene ser ob values, Le. pressures, for cach st of feed conditions, such as remperatre or

concentration.,

(Table continued next page!
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Table B.1 RO/NF system(s) (continued)

Units of Measurement

[f US Customary If Metric
Description Units Units Darta
Reference temperature used for previous line "R °C
Recovery %o %

DESCRIPTION OF EACH TRAIN
Number of modules (i.e.. pressure vessels)

Number of hvdraulic stages

Arrangements (ie., number of vessels or stacks in each stage,
such as 20:1{1:5)
Number of elements per vessel
Pressure
Feed pressure, pump design
Feed pressure, clean
Feed pressure, typical (3 years)
Feed pressure, just before CIP, approximate
Feed-concentrate pressure drop, design conditions
Permeate pressure, design basis
Maximum allowable feed pressure
Maximum allowable feed-concentrate pressure drop
Describe control system
Unit dimensions:
Widch
Length
Height
Wer weight

Enter value

Enrter value

Describe

Enter value

psi
psi
pst
psi
psi
psi
psi
psi

Drescribe

i,
1.

.

Enter value
Enter value

Describe
Enter value

bar
bar
bar
bar
bar
bar
bar
bar

Describe

min
mm
mm

kg
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