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NSF INTERNATIONAL

Mission Statement:

NSF International (NSF), an independent, not-for-profit organization, is dedicated to public hedth
safety and protection of the environment by developing stlandards, by providing education and providing
superior third party conformity assessment services while representing the interests of al stakeholders.

NSF Purpose and Organization

NSF International (NSF) is an independent not-for-profit organization. For more than 52 years, NSF
has been in the business of developing consensus standards that promote and protect public hedth and
the environment and providing testing and certification services to ensure manufacturers and users dike
that products meet those standards. Today, millions of products bear the NSF Name, Logo and/or
Mark, symbols upon which the public can rely for assurance that equipment and products meet trict
public hedth and performance criteria and standards.

Limitations of use of NSF Documents
This protocol is subject to revison; contact NSF to confirm this revison is current.
The testing againgt this protocol does not constitute an NSF Certification of the product tested.

U.S. ENVIRONMENTAL PROTECTION AGENCY

Throughout its higtory, the U.S. Environmental Protection Agency (EPA) has evduated technologies to
determine thelr effectivenessin preventing, controlling, and cleaning up pollution. EPA is now expanding
these efforts by indituting a new program, the Environmenta Technology Verification Program:---or
ETV---to verify the performance of alarger universe of innovative technical solutions to problems that
threaten human hedlth or the environment. ETV was created to substantially accelerate the entrance of
new environmenta technologies into the domestic and internationd marketplace. 1t supplies technology
buyers and devel opers, consulting engineers, sates, and U.S. EPA regions with high quality data on the
performance of new technologies. This encourages more rgpid availability of approaches to better
protect the environment.

ETV Drinking Water Systems Center:

Concern about drinking water safety has accelerated in recent years due to much publicized outbresks
of waterborne disease and information linking ingestion of arsenic to cancer incidence. TheU.S. EPA is
authorized through the Safe Drinking Water Act to set numerical contaminant standards and trestment
and monitoring requirements that will ensure the safety of public water supplies. However, smal
communities are often poorly equipped to comply with al of the requirements; less costly package
treatment technologies may offer asolution. These package plants can be designed to ded with specific
problems of a particular community; additiondly, they may be inddled an Ste more efficently---
requiring less dart-up capitd and time than traditionaly condructed water trestment plants. The
opportunity for the sales of such systemsin other countriesis dso subgtantid.

The EPA has partnered with NSF, a nonprofit tesing and cetification organization, to verify
performance of smdl drinking water systems that serve small communities. 1t is expected that both the
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domestic and international markets for such systems are subgtantial. The EPA and NSF have formed
an oversght stakeholders group composed of buyers, sellers, and states (issuers of permits), to assst in
formulating consensus testing protocols. A god of verification tegting is to enhance and facilitate the
acceptance of small package drinking water trestment equipment by state drinking water regulatory
officias and consulting engineers while reducing the need for testing of equipment a each location where
the equipment use is contemplated. NSF will meet this goa by working with equipment manufacturers
and other agencies in planning and conducting equipment verification testing, evauaing data generated
by such testing and managing and disseminating information. The manufacturer is expected to secure the
appropriate resources to support their part of the equipment verification process, including provison of
equipment and technica support.

The verification process established by the EPA and NSF is intended to serve as a template for
conducting water treatment verification tests that will generate high quality deata for verification of
equipment performance. The verification process is a model process that can help in moving smdl
drinking water equipment into routine use more quickly. The verification of an equipment's performance
involves five sequentia steps:

1. Development of a verification/Product- Specific Test Plan;

2. Execution of verification testing;

3. Datareduction, analysis, and reporting;

4. Performance and cost (Iabor, chemicals, energy) verification;
5. Report preparation and informeation transfer.

This verification testing program is being conducted by NSF Internationd with participation of
manufacturers, under the sponsorship of the EPA Office of Research and Development (ORD),
Nationd Risk Management Research Laboratory, Water Supply and Water Resources Divison
(WSWRD) - Cincinnati, Ohio. NSF's role is to provide technicd and administrative leadership and
support in conducting the testing. It is important to note that verification of the equipment does not
mean that the equipment is “certified” by NSF or EPA. Rather, it recognizes that the performance of
the equipment has been determined and verified by these organizations.

Partner ships:

The U.S. EPA and NSF International (NSF) cooperatively organized and developed the ETV Drinking
Water Systems Center to meet community and commercia needs. NSF and the Association of State
Drinking Water Adminigtrators have an underdanding to asss each other in promoting and
communicating the benefits and results of the project.
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ORGANIZATION AND INTENDED USE OF PROTOCOL AND TEST PLANS

NSF encourages the user of this protocol to dso read and understand the policies related to the
verification and testing of drinking water treetment systems and equipment.

The firs Chepter of this document describes the Protocol required in al dudies verifying the
performance of equipment or systems removing inorganic condituents, the public hedth god of the
Protocol. The remaining chapters describe the additional requirements for equipment and systemsusing
gpecific technologies to atain the goas and objectives of the Protocol: the remova of inorganic
condtituents.

Prior to the verification testing of a drinking water treatment systems, plants and/or equipment, the
equipment manufacturer and/or supplier must select an NSF-qudified Field Tegting Organization. This
desgnated Fidd Tedting Organization must write a “Product- Specific Test Plan”.  The equipment
manufacturer and/or supplier will need this protocol and the test plans herein ad other ETV Protocols
and Test Plans to develop the Product- Specific Test Plan depending on the treatment technol ogies used
in the unit processes or trestment train of the equipment or system. More than one protocol and/or test
plan may be necessary to address the equipment’ s capabilities in the treatment of drinking water.

Testing shal be conducted by an NSF-qudified Fidd Tegting Organization that is sdected by the
Manufacturer. Water quaity andytica work to be completed as a part of an ETV Testing Plan shdl be
contracted with a state-certified or third party- or EPA-accredited laboratory. For information on a
liging of NSqudlified field testing organizations and date-certified or third party- or EPA-accredited
laboratories, contact NSF Internationd.
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CHAPTER 1

EPA/NSF ETV
PROTOCOL FOR EQUIPMENT VERIFICATION TESTING
FOR REMOVAL OF INORGANIC CONSTITUENTS

REQUIREMENTSFOR ALL STUDIES
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NSF International
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1.0 INTRODUCTION

This document is the protocol to be used for Verification Testing of equipment designed to achieve
remova of inorganic condtituents. This protocol may be applicable to various types of water trestment
equipmernt capable remova of inorganic condituents.  Equipment testing might be undertaken to verify
the inorganic condtituent removal capabilities and performance of drinking water trestment equipment
employing processes that may include but are not limited to membrane filtration (reverse osmoss), ion
exchange, dectrodidysseectrodidyss reversd, dumina adsorption, softening, etc. The specific
inorganic condtituents to be targeted for remova during Verification Testing shdl be dearly identified in
the Product-Specific Test Plan (PSTP) prior to the initiation of testing by the Field Testing Organization
(FTO). The PSTP may include the testing requirements of more than one Testing Plan; however, the
FTO mug adhere to the specific minimum requirements o each protocol in developing a PSTP. The
find submisson of the PSTP shll:

. include the information requested in this protocol;
. conform to the format identified herein; and

. conform to the specific NSF International (NSF) Equipment Verification Testing Plan or Plans
related to the statement or statements of objectives that are to be verified.

The teding of new technologies and materids that are unfamiliar to the NSF/EPA will not be
discouraged. It is recommended that resins or membranes or any other materid or chemicd in the
equipment conform to NSF International/American Nationd Standards Inditute (NSF/ANS)
Standard 60 and 61.

This protocol document is presented in two fonts. The noritdicized font provides the rationae for the
requirements and background information that the FTO may find useful in preparation of the PSTP.
The italicized text indicates specific study protocol deliverables that are required of the FTO or
of the Manufacturer and that must be incorporated in the PSTP.

The following glossary terms are presented here for subsequent reference in this protocol:

. Didribution System - a system of conduits by which a primary potable water supply is
conveyed to consumers, typicaly by anetwork of pipelines.

. EPA - The United States Environmenta Protection Agency, its daff or authorized
representatives.

. Equipment - Testing equipment for use in the Veification Testing Program which may be
defined as either a package plant or modular system.

. Field Teding Organization (FTO) - An organization qudified to conduct studies and testing of

equipment in accordance with protocols and test plans. The role of the FTO is to complete the
ETV Teding gpplication on behdf of the Manufacturer, to enter into contracts with NSF, as
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discussed herein, to operate or supervise operation of a system during the study testing period
and to complete the tasks required by the protocol.

. Manufacturer - a business that assembles and/or sdlls package plant equipment and/or modular
sysems. The role of the Manufacturer is to provide the package plant and/or modular system
and technicd support during the Veification Testing Program. The Manufecturer is aso
responsible for providing assistance to the third party FTO during operation and monitoring of
the package plant or modular system in the Verification Testing Program.

. Modular System - A package functiond assembly of components for use in a drinking water
treatment system or package plant, that provides a limited form of treatment of the feed water(s)
and which is discharged to another package plant module or in the find step of treatment to the

digribution system.
. NSF - NSF International, its Saff, or other authorized representatives.
. Package plant - acomplete water treatment system including al components from connection to

the raw water(s) through discharge to the ditribution system.

. Plant Operator - the person working for a small water system who is responsible for operating
package water treatment equipment to produce treated drinking weter. This person may dso
collect samples, record data and attend to the daily operations of equipment throughout the
testing period(s).

. Product- Specific Test Plan (PSTP)- A written document of procedures for on-gtefin-line
testing, sample collection, preservation, and shipment and other on-Ste activities described in
the EPA/NSF ETV Protocol(s) and Test Plan(s) that apply to a specific make and modd of a
package plant/modular system.

. Protocol -A written document that clearly states the objectives, gods, and scope of the study
as well as the test plan(s) for the conduct of the sudy. Protocol will be used for reference
during Manufacturer participation in Verification Testing Program.

. Report - A written document tha includes data, test results, findings, and any pertinent
information collected in accordance with a protocol, analytica methods, procedures, etc., in the
as=ssment of a product whether such information is preliminary, draft or find form.

. Testing Laboratory - An organization certified by a third- party independent organization, federd
agency, or a pertinent state regulatory authority to perform the testing of drinking water samples.
The role of the testing laboratory in the Verification Testing of package plants and/or modular
sysems is to andyze the water samples in accordance with the methods and meet the pertinent
qudity assurance and quality control requirements described in the protocol, test plan and
PSTP.

. Tegting Plan - A written document that describes the procedures for conducting atest or study
for the gpplication of water treatment technology. At a minimum, the test plan will include
detailed ingtructions for sample and data collection, sample handling and sample preservation,
accurecy, precison, datidica uncetanty, and qudity assurance and qudity control
requirements.
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. Veificaion - to establish the evidence on the range of performance of equipment and/or device
under specific conditions following a predetermined study protocol.

. Verification Statement - A written document that summarizes a find report reviewed and
approved by NSF on behaf of the EPA or dire.

. Water System - The water system that employs water trestment equipment to provide potable
water to its customers.

1.1  Objectives

The specific objectives of Verification Testing may be different for each system, depending upon the
satement of objectives of the specific equipment to be tested. The objectives developed by each
Manufacturer will be defined and described in detall in the PSTP developed for each piece of
equipment.  The objectives of the Equipment Verification Testing Program may include but are not
limited to the following:

. Generation of field data appropriate for verifying the performance of the equipment;
. Evduation of new advances in equipment and equipment design.

An important agpect in the development of Verification Testing is to describe the procedures that will be
used to verify the Statement of Performance Objectives made for water trestment equipment. A
Veification Teding plan document shal incorporate the quadity assurance/quaity control (QA/QC)

elements needed to provide data of appropriate quality sufficient to reach a defensible position regarding
the equipment performance. A Quality Assurance Project Plan (QAPP) shal be described in detail and
provided as part of the PSTP.

1.2  Scope

This protocol outlines the Verification process for equipment designed to achieve remova of inorganic
condituents. This protocol can be used in conjunction with a number of different testing plans for
drinking weter treatment systems designed to achieve remova of inorganic congtituents.

An overview of the Verification process and the elements of the PSTP to be developed by the FTO are
described in this protocol. Specificdly, the PSTP shdl define the following dements of the Verification
Teding:

. Roles and responghilities of Verification Testing participants,

. Procedures governing Verification Testing activities such as equipment operation and process
monitoring; sample collection, preservation, and analys's, and data collection and interpretation;

. Experimenta design of the Field Operations Procedures,

. Quadlity assurance (QA) and quality control (QC) procedures for conducting the Verification
Testing and for ng the qudity of the data generated from the Verification Testing; and
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. Hedth and safety measures relaing to chemicd hazard, biohazard, dectrica, mechanica and
other safety codes.

Content of PSTP Regarding Verification Testing Objectives and Scope:

The structure of the PSTP must conform to the outline below: The required components of the
Document will be described in greater detail in the sections below.

. TITLE PAGE
. FOREWORD

. TABLE OF CONTENTS - The Table of Contents for the PSTP should include the
headings provided in this document although they may be modified as appropriate for a
particular type of equipment to be tested.

. EXECUTIVE SUMMARY - The Executive Summary describes the contents of the PSTP
(not to exceed two pages). A general description of the equipment and the Statement of
Performance Objectives which will be verified during testing shall be included, as well as
the testing locations, a schedule, and a list of participants.

. ABBREVIATIONS AND ACRONYMS - A list of the abbreviations and acronyms used in

the PSTP should be provided.

. EQUIPMENT VERIFICATION TESTING RESPONSIBILITIES (described in the sections
below)

. EQUIPMENT CAPABILITIESAND DESCRIPTION (described in the sections below)

. EXPERIMENTAL DESIGN (described in the sections below)

. FIELD OPERATIONS PROCEDURES (described in the section below)

. QUALITY ASSURANCE TESTING PLAN (described in the section below)
. DATA MANAGEMENT AND ANALYS S (described in the section below)
. SAFETY PLAN (described in the section below)

20 EQUIPMENT VERIFICATION TESTING RESPONSIBILITIES
2.1  Verification Testing Organization and Participants

The required content of the PSTP and the responsbilities of participants are listed a the end of each
section.  In the development of a PSTP, Manufacturers and their designated FTO shall provide atable
including the name, affiliation, and mailing address of each participant, a point of contact, description of
participant’ s role, telephone and fax numbers, and e-mail address.
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The equipment provided by the Manufacturer shdl explicitly meet dl requirements of Occupationd
Safety and Hedth Association (OSHA), Nationd Electricd Manufacturers Association (NEMA),
Underwriters Laboratory (UL), NSF International and other appropriate agencies in order to ensure
operator safety during Verification Testing.

2.2 Organization

The organizationd dructure for the Verification Testing showing lines of communication shdl be
provided by the FTO in its gpplication on behdf of the Manufacturer.

2.3  Verification Testing Site Name and L ocation

This section discusses background information on the Verification Testing Ste(s), with emphasis on the
qudity of the feedwater, which in some cases may be the source water a the ste. The PSTP must
provide the dte names and locations a which the equipment will be tested. In some cases, the
equipment will be demondrated a more than one ste. Depending upon the Verification Testing
requirements stipulated in the Testing Plan employed, testing of the equipment may be recommended
under different conditions of feedwater quaity (or source water qudity) that alow evauation of system
performance over arange of seasond climate and weether conditions. However, only one, one-month
Verification Testing period is required for Equipment Verification Testing.

24 Site Characteristics

The PSTP mugt include a description of the test ste. This shdl include a description of where the
equipment will be located. If the feedwater to the equipment is the source water for an existing water
treatment plant, the FTO shal describe the raw water intake, the opportunity to obtain raw water
without the addition of any chemicals, and the operationd pattern of raw water pumping at the full-scae
fadlity. The FTO shdl address the issue of whether the operation of the system will be continuous or
intermittent. The source water characteristics shall be described and documented. The PSTP shdl aso
describe facilities to be used for handling the treated water and wastes (i.e., residuals) produced during
the Veification Testing. Can the required water flows and waste flows produced be dedt with in an
acceptable way? Are water pollution discharge permits needed?

25 Responsbilities

The PSTP ghdl identify the organizations involved in the testing and describes the primary
respongbilities of each organization. Multiple Manufacturer testing for remova of inorganic congtituents
may be conducted concurrently, and be fully in compliance with the ETV Tedting Program. The
respongbilities of the Manufacturer will vary depending on the type of Verification Testing. However, a
aminimum, the Manufacturer shdl be responsible for:

*  Providing the equipment to be evduated during Verification Testing. The equipment must be in
complete working order a ddivery to thetest Ste;

*  Providing equipment that explicitly meets al requirements of OSHA, NEMA, UL, NSF and other
gppropriate agenciesin order to ensure operator safety during Verification Testing.
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The FTO shdl be responsible for:

Providing needed logistical support, establishing a communication network, and scheduling and
coordinating the activities of dl Verification Testing participants;

Advisng the Manufacturer on feedwater qudity and test Ste sdection, such that the selected
test Stes have feedwater qudity congstent with the objectives of the Verification Testing (The
Manufacturer may recommend a Ste for Verification Testing);

Managing, evauating, interpreting, and reporting on data generated by the Verification Testing;

Evauating and reporting on the performance of technologies applied to achieved removd of
inorganic condtituents.

Content of PSTP Regarding Equipment Verification Testing Responsibilities:

The FTO shall be responsible for including the following elements in the PSTP:

Definition of the roles and responsibilities of appropriate Verification Testing
participants.

A table that includes the name, affiliation and mailing address of each participant, a
point of contact, their role, telephone and fax numbers, and e-mail address.

Organization of operational and analytical support.
List of the testing site with name(s) and location(s).

Description of the testing site(s), the site characteristics and location of equipment on
testing site.

Manufacturer Responsgibilities:

3.0

31

Provision of complete, field-ready equipment for Verification Testing;
Provision of logistical, and technical support, as required; and

Provision of technical assistance to the qualified testing organization during operation
and monitoring of the equipment undergoing Verification Testing.

EQUIPMENT CAPABILITIESAND DESCRIPTION

Equipment Capabilities

For this Veification Testing, the Manufacturer and their desgnated FTO shdl identify in a Statement of
Performance Objectives the specific performance criteria to be verified and the specific operationa
conditions under which the Verification Testing shdl be performed. The performance objectives are
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used to establish data quality objectives (DQOs) in order to develop the experimentd design of the
veification tes. The broader the performance objectives, the more comprehensive the PSTP must
become to achieve the DQOs. In conjunction with a Statement of Performance Objectives, the FTO
shdl the date the pertinent detection limits for the specific inorganic anayticd method. Statements
should be made regarding the gpplications of the equipment, the known limitations of the equipment and
under what conditions the equipment is likely b fail or underperform. The FTO on behdf of the
Manufacturer shal dso provide information as to what advantages the Verification Testing equipment
provides over exiging equipment. The Statement of Performance Objectives must be specific and
verifidble by agatistical andyss of the data. Examples of two Satements are:

1. “This systemis capable of achieving 90% fluoride removal during operation at a flux of 30
gallons per sguare foot per day (gfd) (75% recovery; temperature less than 20 <C) in feedwaters
with fluoride concentrations less than 10 mg/L and total dissolved solids concentrations less than
500 mg/L."

2. "Thissystemis capable of producing a product water with less than 4 mg/L fluoride
concentration during operation at a flux of 30 gfd (75% recovery; temperature less than 20 <C)
in feedwaters with fluoride concentrations less than 20 mg/L and total dissolved solids
concentrations less than 500 mg/L.”

For each Statement of Performance Objectives proposed by the FTO and the Manufacturer in the
PSTP, the following information shdl be provided: percent remova of the targeted inorganic
congtituent, rate of treated water production (i.e., flux); product water recovery; feed stream water
qudity regarding pertinent water qudity parameters, temperature; concentration of target inorganic
condtituent; and other pertinent water quality and operationd conditions. During Verification Testing,
the FTO must demondrate that the equipment is operating at a steady-tate prior to collection of datato
be usad in verificaion of the Statement of Performance Objectives. The following equation may be
used to determine percent remova of the specific inorganic congtituent targeted for remova:

AN

: s -C, ..U
% condtituen t remova =100 & feed finished >

8 Cru g

where:  CyiSthe concentration of the selected inorganic congtituent in the feedwater in mg/L; and
Crinisned IS the concentration of the selected inorganic congtituent in the finished water in mg/L.

The FTO on behdf of the Manufacturer shal be responsible for identification of which specific inorganic
congtituents shall be monitored and recorded for testing under the Statement of Performance Objectives
in the PSTP. The analyss of inorganic condtituent concentrations in the feed water, treated water and
wastewater streams shdl be performed by a state-certified or third party or EPA-accredited laboratory
using an approved Standard or EPA Method.

The Statement of Performance Objectives prepared by the FTO (in collaboration with the
Manufacturer) shal adso indicate the range of water quaity under which the equipment can be
chalenged while successfully treating the feed water. Statements of performance objectives that are too
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eadly met may not be of interest to the potential user, while performance objectives that are overstated
may not be achievable. The Statement of Performance Objectives forms the bads of the entire
Equipment Verification Testing Program and must be chosen appropriately. Therefore, the design of the
PSTP should include a sufficient range of feedwater qudity to permit verification of the Statement of
Performance Objectives.

It should be noted that many of the drinking water trestment systems participating in the Inorganics
Removd Verification Testing Program will be cgpable of achieving multiple water trestment objectives.
Although this Inorganics Remova Protocol and the associated Verification Testing Plans are oriented
towards remova of inorganic condtituents from feedwaters, the Manufacturer may want to look at the
trestment system’s remova capabilities for additiona water quality parameters.

3.2  Equipment Description

Description of the equipment for Verification Testing shdl be included in the PSTP. Data plates shdl be
permanent and securely attached to each production unit. The data plate shall be easy to read in English
or the language of the intended user, located on the equipment where it is readily accessble, and contain
a leadt the fallowing information:

a. Equipment Name

b. Model #

¢. Manufacturer’s name and address

d. Electrical requirements - volts, amps, and Hertz

e. Equipment size and weight

f. Shipping requirements and specid handling precautions

0. Equipment maintenance requirements

h. Seria Number

i. Warning and Caution statementsiin legible and easily discernible print sze
J. Capacity or output rate (if applicable)

In addition, the equipment shall be provided by the Manufacturer with all OSHA required safety devices
(if applicable).

Content of PSTP Regarding Equipment Capabilities and Description:

The PSTP shall include the following documents:

. Description of the equipment to be demonstrated including photographs from several
per spectives;

. Brief introduction and discussion of the engineering and scientific concepts on which the
inorganics removal capabilities of the water treatment equipment are based;

. Description of the system and each process included as a component in the modular

systemincluding all relevant schematics of treatment and pretreatment systems;
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. Brief description of the physical construction/components of the equipment, including the
general environmental requirements and limitations, required consumables, weight,
transportability, ruggedness, power and other needed, etc.

. Statement of typical rates of consumption of chemicals, a description of the physical and
chemical nature of wastes, and rates of waste (concentrates, residues, waste products,
required regeneration frequencies, materials replacement frequencies; etc.);

. Definition of the performance range of the equipment;

. Identification of any special licensing requirements associated with the operation of the
equipment;

. Description of the removal capabilities of the equipment to be evaluated during

Verification Testing, with comparisons to conventional water treatment equipment.
Comparisons shall be provided in such areas as. treatment capabilities, requirements for
chemicals and materials, power, labor requirements, suitability for process monitoring
and oper ation from remote locations, ability to be managed by part-time operators;

. Discussion of the known limitations of the equipment. The following operational details
shall be included: the range of feed water quality suitable for treatment with the
equipment, the upper limits for concentrations of contaminants that can be removed,
level of operator skill required to successfully use the equipment.

Manufacturer Responsibilities:

. Provision of complete, field-ready equipment with the following information explicitly
provided: Equipment Name, Model #, Manufacturer’s name and address, electrical
requirements (e.g., volts, amps, and Hertz), equipment size and weight, shipping
requirements and special handling precautions, equipment maintenance requirements,
serial number, warning and caution statements in legible and easily discernible print size,
capacity or output rate (if applicable);

. Provision of equipment complete with all OSHA required safety devices (e.g., safety
shields or shrouds, emergency shut-off switches, etc.) for Verification Testing.

40 EXPERIMENTAL DESIGN

This ection discusses the objectives of the Verification Testing, factors that must be considered to meet
the performance objectives, and the datiicd andysis and other means that the FTO will use to
evauate the results of the Verification Testing.

4.1  Objectives

The objectives of this Verification Tedting are to evduae equipment in the following areas 1)
peformance reative to the Manufecturer’s stated range of condituent remova objectives and
equipment operation; 2) performance relative to variations in feedwater quality (such as concentrations
of the sdected inorganic condtituent[s], total dissolved solids [TDS], temperature, pH, akalinity,
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turbidity etc.); 3) logistical, human, and economic resources necessary to operate the equipment; and
4) reiability, ruggedness, cog, range of usefulness, safety and ease of opertion.

The PSTP provided by the FTO shdl include those trestment tests listed in ETV test plans that are most
gopropriate to chdlenge the removad capabilities of the equipment for the sdected inorganic
condituents. For example, if equipment is only intended for remova of fluoride (or another inorganic
condtituent), there would be no need to conduct testing to eva uate the remova of sulfate, hardness ions
or dkdinity, or other inorganic congtituents that are not directly applicable. However, it should dso be
noted that many of the drinking water treatment systems participating in the Inorganics Remova
Veification Tegting Program will be capable of achieving multiple water treatment objectives. The
Veification Testing Program may for example be undertaken to demondrate equipment remova
cgpabilities for a wide number of inorganic condtituents (an example list will be provided later). In
addition, the FTO and the Manufacturer may wish to congtruct the PSTP o that Verification Testing
may aso demondrate the treatment system’'s remova capabilities and treatment operations for
additiona water qudity parameters. The incorporation of additiona trestment objectives may adso
necessitate attention to the other applicable protocol and test plan documents in the development of the
PSTP.

4.2  Equipment Characteristics

This section discusses factors that will be consdered in the design and implementation of the Equipment
Verificaion Tegting Program. The following equipment characteristics will be included in discusson of
the Verification Testing Program: ease of operation, degree of operator attention required, response of
equipment and treatment process to changes in feedwater quality, eectrica requirements, system
reliability features including redundancy of components, feed flow requirements, discharge requirements,
gpatid requirements of the equipment (footprint), unit processes included in trestment train, chemicas
needed, chemical hazards associated with equipment operation, and response of treatment process to
intermittent operation.

Verification testing procedures shal smulate routine conditions as much as possible and in most cases
testing may be done in the field. Under such circumstances, smulation of field conditions would not be

necessary.
4.2.1 Qualitative Factors

Some factors, while important, are difficult or impossible to quantify. These are conddered
quditative factors. Important factors that cannot easily be quantified are the modular nature of
the equipment, the safety of the equipment, the portability of equipment, the ease of operation of
the testing equipment and the logistical requirements necessary for using it.

Typicd quditative factors to be discussed are listed below, and others may be added. The
PSTP shdll discuss those factors that are appropriate to the test equipment.

. Rdiability or susceptibility to environmenta conditions
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. Equipment safety

. Effect of operator experience on results
. Effect of operator’s technica knowledge on system performance and robustness of
operation

4.2.2 Quantitative Factors

Many factors of the equipment characterigics can be quantified by various means in this
Veification Teding Program. Some can be measured while others cannot be controlled.
Typicd quantitative factors to be discussed are listed below, and others may be added. The
PSTP shall discuss those factors that are appropriate to the test equipment.

. Power and consumable supply (such as chemicd and materids) requirements
. Cost of operation, expendables, and waste disposal

. Hydrodynamics of system

. Length of operating cycle

. Daily labor hours required for operation and maintenance

These quantitative factors will be used as an initia benchmark to assess equipment performance.
4.3  Water Quality Condderations

The primary trestment god of the equipment employed for Verification Testing through this protocol is
to achieve remova of designated inorganic condtituents found in feedwaters (or raw waters) such that
product waters are of acceptable water qudity. Depending upon the goas of the equipment
Manufacturer, the driving force for Verification Testing of inorganic condituent remova may be to
demondirate a certain removal of the designated inorganic congtituent under a specific set of operating
and feedwater qudity conditions. The objectives of Verification Testing may aso be to assure
production of water with pdatable, hedthful and conastent water quality. The experimenta design and
Statement of Performance Objectives in the PSTPs shall be developed so the relevant questions about
water trestment equipment capabilities can be answvered.

Manufacturers should carefully consder the capabilities and limitations of their equipment and prepare
PSTPs that sufficiently chalenge their equipment. The FTO on behdf of the Manufacturer should adopt
an experimenta gpproach to Verification Testing that would provide a broad market for their products,
while recognizing the limitations of the equipment. The FTO should not adopt an experimenta gpproach
to Verification Testing for remova of inorganic congtituents that would be beyond the capabilities of the
equipment. A wide range of contaminants or water quaity problems that can be addressed by water
treatment equipment varies, and some treatment equipment can address a broader range of problems
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than other types. Manufacturers shal use Verification Testing Plans prepared by NSF as the basis for
the development of the experimenta plan in each specific PSTP.

4.3.1 Feedwater Quality

One of the key aspects rdlated to demonstration of equipment performance in the Verification
Tedting isthe range of feedwater quality that can be treated successfully. The Manufacturer and
FTO should condder the influence of feedwater quaity on the qudity of trested waters
produced by the equipment, such that treated waters meet the criteria stipulated by the FTO in
the Statement of Performance Objectives. For example, if desired by the Manufacturer the
Statement of Performance Objectives may be tailored to demonstrate production of treated
waters that reduce contaminants to under a certain concentration. As the range of feedwater
qudity that can be treated by the equipment broadens, the potentia applications for trestment
equipment with verified performance objectives will aso increase.

The FTO shdl provide alist of inorganic condtituents in the PSTP that may be pertinent in the
Equipment performance for remova of inorganic chemicd contaminants. This list may indude
(but should not be limited to) some of the inorganics evauated for remova during the
Veification Teging Program: barium, cadmium, cacium, chloride, chromium, fluoride, iron,
megnesum, manganese, nitrate, nitrite, phosphate, slica, sodium, drontium, sulfate, pH,
dkalinity, tota dissolved solids (TDS), conductivity, turbidity.

One of the questions often asked by regulatory officids in gpprova of water treatment
equipment is "Has it been shown to work on the water where you propose to put it?" By
covering a large range of water qudities, the Verification Testing is more likely to provide an
affirmative answer to that question.

4.3.2 Treated Water Quality

Remova of inorganic condituents shal be the primary god of the water trestment systems
included in this Equipment Verification Testing Program. If a FTO dates that water trestment
equipment can be used to treat water to meet specified regulatory requirements for a selected
inorganic condituent, the Verification Testing must provide data that support such a statement of
remova objectives, as appropriacte.  Where desired by the Manufacturer, the Statement of

Performance Objectives provided by the FTO shdl be related to percent remova capabilities
or to cgpabilities to reduce contaminants concentrations to a certain level. The FTO on behalf

of the Manufacturer shal be responsible for identification of the specific inorganic species that
shdl be monitored during the Equipment Verification Testing Program. Laboratory andysis for
the inorganic condtituents stipulated by the FTO shal be performed by a sate-certified or third
party- or EPA-accredited |aboratory.
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The FTO may dso wish to make a statement about performance objectives for removad of
other unregulated contaminants, or regulated contaminants that are not directly related to
remova of inorganic condituents. For example, some water trestment equipment can be used
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to meet aesthetic and digtribution system goals. Removad gods for some of these parameters
may aso be presented in the PSTP as additiona statements of performance objectives.

44  Recording Data

For dl verification experiments targeted to demongtrate removal of inorganic condtituents, water quaity
data on the following parameters pH, hardness, dkainity, concentration of the sdected inorganic
condtituent(s), tota dissolved solids, and temperature should be monitored for the feedwater, finished
water, and wastewater a a minimum. The specific water quality parameters to be monitored and with
what frequency shdl be stipulated by the FTO in the test plan employed for development of the PSTP
prior to initiation of the Verification Testing Program. As gppropriate, some water quality parameters
(e.g., temperature, pH) may be monitored on-ste, as designated by the FTO in the PSTP. At a
minimum, the following items of information and operationd conditions shdl aso be maintained for eech
experiment:

. Water type (raw water, pretreated feedwater, finished water, waste water);

. Experimenta run (eg. 1% run, 2" run, 3 run, etc.);

. Type of chemicd addition, dose and chemica combination, where gpplicable;

. Rate of flow through system, volume waste production as percent finished water flow,
cumulative flow through system in terms of bed volumes (where applicable);

. Transmembrane pressure, membrane flux and eement recovery (for membrane processes,
where gpplicable)

. Chemicd cleaning frequency or regeneration frequency (where gpplicable);

. Voltage requirements, current draw and power consumption at specific operating conditions.

45  Recording Statistical Uncertainty

For the analytical data obtained during Verification Testing, 95% confidence intervals shdl be caculated
by the FTO for concentrations of selected inorganic congtituents and for other water quality parameters
(e.g., TDS, hardness, dkalinity, dissolved organic carbon) that are stipulated by the test plan employed
in which eight or more samples were collected. The FTO shall ensure in the PSTP that sufficient weater
quality data and operational data are collected to dlow estimation of satistical uncertainty. The specific
testing plans that may be employed with the Protocol stipulate only a minimum frequency for monitoring
of sdected inorganic condituents. The FTO shal therefore ensure that sufficient water quaity and
operaiond data are collected during Verification Testing for the Satistical andys's described herein.

The FTO shdl specify which water qudity parameters shdl be subjected to the satistical confidence
interva caculations. Data qudity objectives and the vendor’s performance objectives shdl be used to
assess which water qudity parameters are critical and thus require confidence interva datitics.
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As the name implies, a confidence interva describes a population range in which any individud
population measurement may exist with a specified percent confidence. The following formula shdl be
employed for confidence interva caculation:

Confidence Interval =X+t éaeig
“'11'3e«/ﬁ 2
where. X isthe sample mean;
Sisthe sample standard deviation;
n isthe number of independent measurements included in the data set; and
tisthe Student’ st digtribution vaue with n-1 degrees of freedom;
a isthe sgnificance leve, defined for 95% confidenceas: 1 - 0.95 = 0.05.

According to the 95% confidence interva approach, the g term is defined to have the vaue of 0.05,
thus smplifying the equation for the 95% confidence interva in the following manner:

xS0

n-1,0.975 gﬁé

With input of the andyticd results for pertinent water qudity parameters into the 95% confidence
interva equation, the output will appear as the sample mean vaue plus or minus the second term. The
results of this statisticd cdculaion may aso be presented as a range of vdues fdling within the 95%
confidence interva. For example, the results of the confidence interva caculation may provide the
following information: 520 +/- 38.4 mg/L, with a 95% confidence interva range described as (481.6,
558.4).

95% Confidence Interval = X +t

Calculation of confidence intervas shdl not be required for equipment performance results (eg., filter
run length, flow rate, overflow rate, cleaning efficiency, in-line turbidity or in-line particle counts, etc.)
obtained during the equipment Verification Testing Program. However, as specified by the FTO,
cdculaion of confidence intervals may be required for such andyticd parameters as concentration of
sdlected inorganic condituents, TDS concentration, hardness, dkalinity, etc. In order to provide
aufficient andyticd datafor satistica anadyss, the FTO shdl collect discrete water samples a one st of
operationa conditions for each of the specified water quality parameters during a designated testing
period. The procedures, sampling requirements and frequency of monitoring shal be provided in detall
in the Verification Testing Plan.

4.6  Veification Testing Schedule
Veification tesing activities include equipment set-up, initial operation, verification operation, and

sampling and andysis. Initid operations shdl be conducted so that equipment can be tested and to be
aure it is functioning as intended. If feedwater (or source water) quadity influences operation and
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performance of equipment being tested, the initid operations period serves as the shake-down period
for determining appropriate operating parameters. The schedule of testing may aso be influenced by
coordination requirements with a utility.

For water treatment equipment involving remova of inorganic condtituents, an initid period of bench
scae testing of feedwater followed by trestment equipment operation may be needed to determine the
gopropriate operationa parameters for testing equipment. A number of operationd parameters may
require adjustment to achieve successful functioning of the processtrain. These parameters may include
but are not limited to: process flow rates, recovery rates, feedwater pH, chemica dosages, chemica
types (where appropriate), cross-flow velocity and other parameters that may result n successful
functioning of the processtrain.

It is required under this protocol that one, one-month Verification Testing period be conducted under
the sdlected Testing Plan. It is recommended however, that more than one testing period be conducted
in ader to demondrate equipment performance over a seasond range of climatic conditions that may
produce substantia variability in feedwater qudity. It may aso be appropriate to conduct Verification
Teding under different feedwater temperature conditions due to the potentid impact on equipment
performance and remova capabilities from changesin water viscosity and diffusiona processes.

Content of PSTP Regarding Experimental Design:

The PSTP shall include the following el ements:

Identification of qualitative and quantitative measures of equipment operation addressed
in the Verification Testing Program.

. Identification and discussion of the particular water treatment issues and concentrations
of selected inorganic constituents, pH and TDS concentrations that the equipment is
designed to address, how the equipment will solve the problem, and who would be the
potential users of the equipment.

. Identification of the range of key water quality parameters, given in applicable ETV
Testing Plans, which the equipment is intended to address and for which the equipment is
applicable.

. |dentification of the key parameters of treated water quality and analytical methods that

will be used for evaluation of equipment performance during the removal of selected
inorganic constituents. Parameters of significance for treated water quality were listed
above in Sections 4.3.2 and 4.3.2. aswell asin applicable ETV Testing Plans.

. Description of data recording protocol for equipment operation, feedwater quality
parameters, and treated water quality parameters.

. Description of the confidence interval calculation procedure for selected water quality
parameters.

. Detailed outline of the Verification Testing schedule, with regard to the timing of the

Verification testing period relative to any pertinent annual climatic conditions, (i.e.,
different temperature conditions, seasonal differences between rainy and dry conditions).
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5.0 FIELD OPERATIONS PROCEDURES
51  Equipment Operationsand Design

The ETV Tesing Plan specifies procedures that shal be used to ensure the accurate documentation of
both equipment performance and treated water quality. Careful adherence to these procedures will

result in definition of verifiable performance of equipment. The specific reporting techniques, methods of
datigtical analyss and the QA/QC of reporting inorganics remova data shal be stated explicitly by the
FTO in the PSTP before initiation of the Verification Testing Program. (Note that this protocol may be
associated with a rumber of different ETV Tegting Plans for different types of process equipment
cgpable of achieving remova of inorganic congtituents.)

The design aspects of water treatment process equipment often provide a basis for gpprova by state
regulaory officdds and can be used to determine if equipment evauated in the Verification Testing
Program can be employed under higher or lower flow rate conditions. The field operations procedures
and testing conditions provided by the FTO shdl therefore be specified to demondrate treatment
capabilities over a broad range of operationa conditions and feedwater qualities.

Initid operations of the inorganics remova equipment will dlow FTOs to refine the equipment operating
procedures and to make operationad adjustments as needed to successfully treat the feedwater.
Information generated through this period of operation may be used to revise the PSTP, if necessary. A
falure a this point in the Verification Testing could indicate alack of cgpability of the process equipment
and the Verification Testing might be canceled.

5.2  Communications, Documentation, L ogistics, and Equipment

The successful implementation of the Verification Testing will require detailed coordination and congtant
communication between dl Verification Testing participants.

All fidd activities shdl be thoroughly documented. Feld documentation will include field logbooks,
photographs, field data sheets, and chain-of-custody forms. The qudified FTO shal be responsible for
mantaining dl field documentation. Field notes shdl be kept in a bound logbook. Each page shdl be
sequentidly numbered and labeled with the project name and number. Field logbooks shal be used to
record al water treatment equipment operating data. Completed pages shdl be signed and dated by
the individua respongble for the entries.  Errors shdl have one line drawn through them and this line
shdl beinitided and dated.

All photographs shdl be logged in the fidd logbook. These entries shadl include the time, date,
orientation, subject of the photograph, and the identity of the photographer. Any deviations from the
goproved find PSTP shdl be thoroughly documented in the field logbook at the time of ingpection and
in the Verification Testing report.

Origind fidd sheets and chain-of-custody forms shdl accompany al samples shipped to the andytical
laboratory. Copies of field sheets and chain-of-custody forms for dl samples shdl be provided at the
time of the QA/QC ingpection and included in the Verification Testing report.
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As avallable, dectronic data storage and retrieva capabilities shdl be employed in order to maximize
data collection and minimize labor hours required for monitoring. The guiddines for use of data-loggers,
laptop computers, data acquidition systems etc., shdl be detailed by the FTO in the PSTP.

5.3  Equipment Operation and Water Quality Sampling for Verification Testing

All field activities shdl conform to requirements provided in the PSTP that was developed and NSF
approved for the Verification Testing being conducted. All sampling and sample andys's conducted
during the Verification Testing Program shall be performed according to the procedures detailed by the
FTO in the PSTP. As necessary for Verification anadyss, sate-certified or third party- or EPA-
accredited laboratories certified for anadyds of inorganic congtituents and other water quality parameters
shdl be sdected to perform andyticd sarvices The andyss of inorganic condituents shdl be
peformed by a state-cetified or third party- or EPA-accredited laboratory usng an approved
Standard Method.

If unanticipated or unusud Situations are encountered that may ater the plans for equipment operation,
water qudity sampling, or data qudity, the FTO must discuss the Stuation and planning modifications
with the NSF technica lead. Any deviaions from the approved find PSTP shdl be thoroughly
documented.

During routine operation of water trestment equipment, the total number of hours during which the
equipment is operated each day shall be documented. In addition, the number of hours each day during
which the operator was working at the trestment plant performing tasks related to water trestment and
the operation of the treatment equipment shal be documented. Furthermore, the tasks performed
during operation of the testing equipment shal be described by the FTO or the Plant Operator.

Content of PSTP Regarding Field Operations Procedures:

The PSTP shall include the following e ements:

. A table summary of the proposed time schedule for operating and testing,

. Field operating procedures for the equipment and performance testing, based upon the
ETV Testing Plan with listing of operating parameters, ranges for feedwater quality, and
the sampling and analysis strategy.

Manufacturer Responsibilities:

. Provision of all equipment needed for field work associated with this Verification
Testing;

. Provision of a complete list of all equipment to be used in the Verification Testing. A
table format is suggested,

. Provision of field operating procedures.
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6.0 QUALITY ASSURANCE PROJECT PLAN (QAPP)

The QAPP for this Verification Testing specifies procedures that shal be used to ensure data qudity
and integrity. Careful adherence to these procedures will ensure that data generated from the
Verification Testing will provide sound anaytical results that can serve as the bass for performance
veification.

6.1  Purposeand Scope

The purpose of this section is to outline steps that shal be taken by operators of the equipment and by
the andyticd laboratory to ensure that data resulting from this Verification Testing are of known qudity
and that a sufficient number of critical measurements are taken.

6.2  Quality Assurance Responsibilities

A number of ndividuads may be responsible for monitoring the operating parameters for the testing
equipment and for the sampling and andyss QA/QC throughout the Verification Testing. Primary
respongibility for ensuring that both equipment operation and sampling and andys's activities comply
with the QA/QC requirements of the PSTP (Section 6) shal rest with the FTO.

QA/QC activities for the date-certified or third party- or EPA-accredited andytica |aboratory that
andyzes samples sent off-dte shdl be the respongbility of that andyticd laboratory's supervisor. If
problems arise or any data gppear unusud, they shdl be thoroughly documented and corrective actions
shdl be implemented as specified in this section. The QA/QC measurements made by the off-gte
andyticd |aboratory are dependent on the andytica methods being used.

6.3  DataQuality Indicators

The data obtained during the Verification Testing must be of sound quality for conclusions to be drawn
on the equipment. For al measurement and monitoring activities conducted for equipment Verification
Testing, the NSF and EPA require that data quaity parameters be established based on the proposed
end uses of the data. Data quaity parameters include three indicators of data quality: accuracy,
precison, and Satigtica uncertainty.

Treatment results generated by the equipment and by the laboratory andyses must be verifiable for the
purposes of this program to be fulfilled. High qudity, well-documented andytica laboratory results are
essential for meeting the purpose and objectives of this Verification Testing. Therefore, the following
indicators of data qudity shal be closdy evaluated to determine the performance of the equipment when
measured againgt data generated by the andytica |aboratory.

6.3.1 Representativeness

Representativeness refers to the degree to which the data accurately and precisely represent the
conditions or characterigtics of the parameter represented by the data.  In this verification
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testing, representativeness will be ensured by mantaning consgent sample collection
procedures, including sample locations, timing of sample collection, sampling procedures,
sample preservation, sample packaging, and sample shipping, and by executing random DBP
spiking procedures. Representativeness dso will be ensured by usng each method a its
optimum capability to provide results that represent the most accurate and preci se measurement
it is capable of achieving. For equipment operaing data, representativeness entails collecting a
aufficient quantity of data during operation to be able to detect a change in operations.

6.3.2 Accuracy

For water qudity andyses, accuracy refers to the difference between a experimentdly
determined sample result and the accepted reference vaue for the sample. Andytica accuracy
is a measure of andytica bias due to systematic errors. Loss of accuracy can be caused by
such processes as errors in stlandards preparation, equipment calibrations, loss of target anayte
in the extraction process, interferences, and systematic or carryover contamination from one
sample to the next.

In this Veification Teding, the FTO will be responsble for mantaining consastent sample
collection procedures, including sample locations, timing of sample collection, sampling
procedures, sample preservation, sample packaging, and sample shipping to maintain a high
level of accuracy in syssem monitoring. In addition, analytical accuracy shdl be quantified by
executing random spiking procedures for the specific inorganic congtituents chosen for testing.
The FTO shdl discuss the gpplicable ways of determining the accuracy of the chemicd and
microbiologica sampling and anaytica techniques in the PSTP.

For equipment operating parameters, accuracy refers to the difference between the reported
operating condition and the actua operating condition. For equipment operating data,
maintaining a high leve of accuracy will require collecting a sufficient quantity of data during
operation to be able to detect a change in operations. For water flow, accuracy may be the
difference between the reported flow indicated by a flow meter and the flow as actudly
measured on the basis of known volumes of water and carefully defined times (bucket and
stopwatch technique) as practiced in hydraulics laboratories or water meter calibration shops.
For mixing equipment, accuracy is the difference between an eectronic readout for equipment
RPMs and the actuad measurement based on counted revolutions and measured time. Accuracy
of head loss measurement can be determined by using measuring tapes to check the calibration
of piezometers for gravity filters or by checking the cdlibration of pressure gauges for pressure
filters. Meters and gauges must be checked periodically for accuracy, and when proven to be
dependable over time, the time interval between accuracy checks can be increased. In the
PSTP, the FTO shdl discuss the applicable ways of determining the accuracy of the operationa
conditions and procedures.

From an andytica perspective, accuracy represents the deviaion of the anadytica vaue from
the known vaue. Since true vaues are never known in the field, accuracy measurements are
made on andyss of QC samples analyzed with fidd samples. QC samples for anadysis gdl be
prepared with laboratory control samples, matrix spikes and spike duplicates. It is
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recommended for Verification Testing that the PSTP include laboratory performance of one
matrix spike for determination of sample recoveries. Recoveries for spoiked samples are
cdculated in the following manner:

100 XSSR- SR)
SA

%Recovery =

where  SSR = spiked sample result
SR =sampleresult
SA = gpike amount added

Recoveriesfor [aboratory control samples are caculated asfollows:

100 xfound concentration)
true concentrat ion

%Recovery =

For acceptable andytica accuracy under the Verification Testing Program, the recoveries
reported during andlysis of the Verification Testing samples must be within control limits, where
contral limits are defined as the mean recovery plus or minus three times the standard devition.

6.3.3 Precision

Precison refers to the degree of mutua agreement among individual measurements and provides
an edimae of random eror. Anaytica precison is a measure of how far an individud
measurement may be from the mean of replicate measurements. The standard deviation and the
relative standard deviation recorded from sample analyses may be reported as a means to
quantify sample precison. The percent relative sandard deviation may be cdculated in the
following manner:

Sx100

% Rddive Standard Deviaion =

average

whee S = standard deviation
Xaeae = the arithmetic mean of the recovery values

Standard Deviation is calculated as follows:

Standard Deviation =
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where  X; =theindividua recovery vaues
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X =thearithmetic mean of the recovery vaues
n = the number of determinations

For acceptable andytica precison under the Verification Testing Program, the percent relative
dandard deviation for drinking water samples must be less than 30%.

6.3.4 Statistical Uncertainty

Statigicd uncertainty of the water qudity parameters andyzed shdl be evduated through
cdculation of the 95% confidence interval around the sample mean. Description of the
confidence interva caculation is provided in Section 4.5 - Recording Statistica Uncertainty.

6.4  Water Quality and Operational Control Checks

This section describes the QC requirements that apply to both the treatment equipment and the on-Ste
measurement of water quaity parameters. It aso contains a discussion of the corrective action to be
taken if the QC parametersfal outsde of the eva uation criteria

The qudity control checks provide a means of measuring the qudity of data produced. The
Manufacturer may not need to use al the ones identified in this section. The selection of the gppropriate
quaity control checks depends on the equipment, the experimental design and the performance gods.
The sdection of qudity control checks will be based on discussons among the Manufacturer and the
NSF.

6.4.1 Quality Control for Equipment Operation

This section will explain the methods to be used to check on the accuracy of equipment
operating parameters and the frequency with which these quality control checks will be made.
If the quality of the equipment operating data cannot be verified, then the water quality andytica
results may be of no vaue. Because water cannot be treated if equipment is not operating
within specifications, obtaining vaid equipment operdting data is a prime concern for
Verification Tedting.

An example of the need for QC for equipment operations is an incident of Sate rgection of test
data because the treatment equipment had no flow meter to use for determining engineering and
operating parameters related to flow.

6.4.2 Water Quality Data

After treetment equipment is operating within specifications and water is being treeted, the
results of the treetment are interpreted in terms of water qudity. Therefore the qudlity of water
sample andytica results is just as important as the qudity of the equipment operating data.
Therefore, the QAPP must emphasi ze the methods to be employed for sampling and andyticd
QA. Theimportant aspects of sampling and andytica QA are given below:
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6.4.2.1 Duplicate Analysis of Selected Water Quality Parameters. Duplicate samples
shal be andyzed for sdected water qudity parameters at pecified intervas in order to
determine the precison of analyss. The procedure for determining samples to be andyzed in
duplicate shal be provided in each Verification Testing Plan with the required frequency of
andyss and the gpproximate number. The duplicate anadlyss shdl be performed according to
the requirements for calculation of 95% confidence intervass, as presented in Section 4.5.

6.4.2.2 Method Blanks. Method blanks are used for selected water quality parameters to
evauate andytica method-induced contamination, which may cause false postive results.

6.4.2.3 Spiked Samples. The use of soiked samples will depend on the testing program, and
the contaminants to be removed. For evauation of anaytical accuracy, the FTO must specify
the procedure and frequency of spiking, as well as acceptance criteria, and actions if criteriaare
not met.

6.4.2.4 Travel Blanks. Travel blanksfor sdlected water quaity parameters shdl be provided
to the analytica laboratory to evauate trave-related contamination.

6.425 Performance Evaluation Samples for On-Site Water Quality Testing.
Performance evaluation (PE) samples are samples whose composition is unknown to the
andys. Anayss of PE samples shal be conducted for sdected water qudity parameters
before equipment testing is initiated by submisson of samples to the andytica laboratory.

Control limits for the PE samples will be used to evduate the sampling method and anayticd
performance of the equipment testing organization and anaytica laboratory, respectively. One
kind of PE sample that would be used for on-ste QA in most studies done under this protocol
would be PE conductivity sample.

A PE sample comes with datigtics that have been derived from the analyss of the sample by a
number of laboratories usng EPA-approved methods. These statistics include a true value of
the PE sample, a mean of the laboratory results obtained from the andysis of the PE sample,
and an acceptance range for sample values. The andytical laboratory is expected to provide
results from the analyss of the PE samples that meet the performance objectives of the
Verification Testing.

6.5 Data Reduction, Validation, and Reporting

To maintain good data qudity, specific procedures shal be followed during data reduction, vaidation,
and reporting. These procedures are detailed below.

6.5.1 Data Reduction
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Data reduction refers to the process of converting the raw results from the equipment into
concentration or other datain aform to be used in the comparison. The procedures to be used
will be equipment dependent. The purpose of this step is to provide data that will be used to
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6.6

verify the Statement of Performance Objectives. These data shdl be obtained from logbooks,
instrument outputs, and computer outputs as appropriate.

6.5.2 Data Validation

The operator shdl verify the correctness of data acquisition and reduction. The fidd team
supervisor or another technica person shdl review caculations and inspect laboratory logbooks
and data sheets to verify accuracy of data recording and sampling. Information on data
acquistion and andyticd QA/QC will be examined by andyticd technicians and by the
laboratory supervisor. Laboratory and project managers shdl verify tha al ingrument systems
are correctly calibrated and that QA/QC objectives for accuracy, precison, and method
detection limits have been met.

Andytica outlier data are defined as those QC data lying outsde a specific QC objective
window for accuracy and precison for a given anayticad method. Should QC data be outside
of contral limits, the anaytica |aboratory or field team supervisor will investigate the cause of the
problem. If the problem involves an anaytica problem, the sample will be reanalyzed. If the
problem can be atributed to the sample matrix, the result will be flagged with a data qudifier.
This data qudifier will be indluded and explained in the find andytica report.

6.5.3 Data Reporting

The data reported during the Verification Testing Program shdl be explicitly defined by the FTO
in the PSTP. At a minimum, the data tabulation shdl list the results for feedwater and treated
water qudity andyses, the results of inorganic condtituent removad andyses and equipment
operating data. All QC information such as cdibrations, blanks and reference samples are to be
included in an appendix. All raw andyticd data shal aso be reported in an gppendix. All data
shall be reported in hardcopy and electronically in a common spreadsheet or database format.

System Ingpections

On-dte system ingpections for sampling activities, field operations, and |aboratories may be conducted
as oecified by the ETV Testing Plan. These ingpections will be performed by the Verification Testing
entity to determine if the ETV Tedting Plan is being implemented as intended. Separate inspection
reports will be completed after the ingpections and provided to the participating parties.

6.7

Reports
6.7.1 StatusReports

The FTO shdl prepare periodic reports for distribution to pertinent parties, e.g., manufacturer,
EPA, the community. These reports shall discuss project progress, problems and associated
corrective actions, and future scheduled activities associated with the Verification Testing. Each
report shdl include an executive summary a the beginning of the report to introduce the salient
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6.8

issues of the testing period. When problems occur, the Manufacturer and FTO project
managers shdl discuss them, and estimate the type and degree of impact, and describe the
corrective actions taken to mitigate the impact and to prevent a recurrence of the problems.
The frequency, format, and content of these reports shall be outlined in the PSTP.

6.7.2 Inspection Reports

Any QA ingpections that take place at the field testing Site or at the andyticd |aboratory during
Veificaion Tegting shdl be formdly reported by the FTO, the Verification entity, and the
Manufacturer.

Corrective Action

Each PSTP mugt incorporate a corrective action plan. This plan must include the predetermined
acceptance limits, the corrective action to be initiated whenever such acceptance criteria are not met,
and the names of the individuds respongble for implementation.

Routine corrective action may result from common monitoring activities, such as:

Performance eva uation inspections
Technicd sysems ingpections

Content of PSTP Regarding Quality Assurance Project Plan:

The PSTP shall include the following e ements:

Description of methodol ogy for reporting of accuracy.
Description of methodology for reporting of precision.
Description of methodology for reporting of statistical uncertainty.

Description of the methodology for use of blanks, the materials used, the frequency, the
criteria for acceptable method blanks and the actionsif criteria are not met.

Description of any specific procedures appropriate to the analysis of the PE samples.

Outline of the procedure for determining samples to be analyzed in triplicate, the
frequency and approximate number .
Description of the procedures used to assure that the data are correct.

Listing of techniques and/or equations used to quantify any necessary data quality
indicator calculations in the analysis of water quality parameters. These include:
accuracy, precision, and statistical uncertainty (e.g., confidence interval calculation).

Outline of the frequency, format, and content of reportsin the PSTP.

Development of a corrective action plan in the PSTP.
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Field Testing Organization Responsibilities:

. Provision of all QC information such as calibrations, blanks and reference samplesin an
appendix. All raw analytical data shall also be reported in an appendix.

. Provision of all data in hardcopy and electronic form in a common spreadsheet or
database format.

7.0 DATA MANAGEMENT AND ANALYSIS, AND REPORTING
7.1  Data Management and Analysis

The responghilities of the Feld Tesing Organization for data management and andyss have been
provided in the Responsibilities Summary Sheet, the Project Guidance Manud, and/or the Terms and
Conditions cited earlier in this protocol.

A variety of data will be generated during a Verification Testing. Each piece of data or information
identified for collection in the ETV Testing Plan will need to be provided in the report. The data
management section of the PSTP shdl describe what types of data and information need to be collected
and managed, and shdl aso describe how the data will be reported to the NSF for evauation.

Laboratory Analyses: The raw data and the validated data must be reported. These data shal be
provided in hard copy and in dectronic format. As with the data generated by the innovative
equipment, the dectronic copy of the laboratory data shall be provided in a spreadsheet. In addition to
the sample results, dl QA/QC summary forms must be provided.

Other items that must be provided include:

. field notebooks;
. photographs, dides and videotapes (copies);
. results from the use of other fidd andyticd methods.

7.2  Report of Equipment Testing

The Fed Testing Organization shdl prepare a draft report describing the Verification Testing that was
carried out and the results of that testing. This report shdl include the following topics

. Introduction

. Executive Summary

. Description and Identification of Product Tested
. Procedures and Methods Used in Testing
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. Results and Discussion

. Conclusions and Recommendations
. References

. Appendices

. Manufacturer PSTP

. QA/AC Reallts

Content of PSTP Regarding Data M anagement and Analysis, and Reporting:
The PSTP shall include the following:

. Description of what types of data and information need to be collected and managed

. Description of how the data will be reported

80 HEALTH AND SAFETY MEASURES

The safety procedures shdl address safety congderations, including the following as applicable:

. gorage, handling, and disposd of hazardous chemicas including acids, caudtic and oxidizing
agents

. conformance with dectrica code
. chemica hazards and biohazards

. ventilation of equipment or of trailers or buildings housing equipment, if gases generated by the
equipment could present a safety hazard

Content of PSTP Regarding Safety:

The PSTP shall address safety considerations that are appropriate for the equipment being
tested and for the chemicals employed in the Verification Testing.

April 2002 Page 1-29



-
<
L
=
-
O
o
(@
L
>
—
- -
O
o
<
<
o
Ll
2
=

CHAPTER 2

EPA/NSF ETV
EQUIPMENT VERIFICATION TESTING PLAN
FOR THE REMOVAL OF INORGANIC CHEMICAL CONTAMINANTS
BY REVERSE OSMOSIS OR NANOFILTRATION

Prepared by:
NSF International
789 Dixboro Road
Ann Arbor, Michigan 48105

Copyright 2002 NSF International 40CFR35.6450.

Permission is hereby granted to reproduce all or part of this work, subject
to the limitation that users may not sdll al or any part of the work and
may not create any derivative work therefrom. Contact ETV Drinking
Water Systems Center Manager at (800) NSF-MARK with any
questions regarding authorized or unauthorized uses of this work.
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1.0 APPLICATION OF THISEQUIPMENT VERIFICATION TESTING PLAN

This document is the ETV Tedting Plan for evaduation of reverse osmoss (RO) or nancfiltration (NF)
membrane equipment to be used within the structure provided by the ETV document “EPA/NSF ETV
Protocol For Equipment Verification Testing For Remova Of Inorganic Condtituents  Requirements
For All Studies’. This Testing Plan is to be used as a guide in the development of a Product- Specific
Test Plan (PSTP) for testing of RO or NF process equipment to achieve remova of inorganic
condtituents. It should be noted that this Equipment Verification Plan is only applicable to RO, NF or
other high- pressure membrane processes.

In order to participate in the equipment verification process for membrane processes, the equipment
Manufacturer and their designated Fidd Testing Organization (FTO) shal employ the procedures and
methods described in this test plan and in the above-referenced ETV Protocol document as guidelinesin
the development of a PSTP. The FTO shdl clearly ecify in its PSTP the inorganic condituents
targeted for removd and the sampling program that shal be followed during Verification Testing. The
PSTP should generdly follow the Verification Testing Tasks outlined herein, with changes and
modifications made for adaptations to specific membrane equipment. At a minimum, the format of the
procedures written for each Task in the PSTP should consst of the following sections:

Introduction
Objectives

Work Plan
Andytica Schedule
Evduation Criteria

The primary trestment god of the equipment employed in this Verification Testing Program isto achieve
remova of inorganic chemica condtituents present in feedwater supplies. The Manufacturer may wish
to establish a Statement of Performance Objectives (see Generd Approach below) that is based upon
remova of target inorganic condituent(s) from feedwaters. For example, the Manufacturer could
include in the PSTP a Statement of Performance Objectives that would achieve reduction of specific
water quality parameters (such asfluoride, nitrate, nitrite, cadmium, etc). The experimenta design of the
PSTP shall be developed to address the specific Statement of Performance Objectives established by
the Manufacturer. Each PSTP shdl include dl of the included tasks, Tasks 1 to 5.

20 INTRODUCTION

Reverse osmogs, nandfiltration and other deminerdization membrane processes are currently in use for
anumber of water trestment gpplications ranging from removd of inorganic congtituents, tota dissolved
solids (TDYS), total organic carbon (TOC), synthetic organic chemicas (SOCs), and other congtituents.

In order to establish gppropriate operations conditions such as permesate flux, recovery, cross-flow
velocity, the Manufacturer may be able to gpply some experience with his equipment on asmilar water
source. This may not be the case for suppliers with new products. In this casg, it is advisable to require
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a pre-test optimization period so that reasonable operating criteria can be established. Thiswould ad in
preventing the unintentiona but unavoidable optimization during the Verification Testing. The need of
pre-test optimization should be carefully reviewed with NSF, the FTO and the Manufacturer early in the
Process.

Pretrestment processes ahead of RO or NF systems are generdly required to remove particulate
materia and to ensure provison of high qudity water to the membrane systems. For example, RO and
NF membranes cannot generaly be applied for treatment of surface waters without pretrestment of the
feedwater to the membrane system. For surface water applications, appropriate pretreatment primarily
for remova of particulate and microbiologica species must be applied as specified by the Manufacturer.
In the design of the PSTP, the Manufacturer shal dipulate which feedwater pretrestments are
appropriate for application upstream of the RO or NF membrane process. The stipulated feedwater
pretreatment process(es) shal be employed upstream of the membrane process a dl times during the
Equipment Verification Testing Program. The definition of pretreatment processes shdl NOT include
scding control, corrosion control, and trestment for stabilization of RO-treated or NF-treated waters,
as these treatments may be considered integral to the operation of the RO or NF systems.

3.0 GENERAL APPROACH

Testing of equipment covered by this Verification Testing Plan will be conducted by an NSFqudlified
FTO that is selected by the equipment Manufacturer. Andytical water quaity work to be carried out as
a pat of this Verification Testing Plan will be contracted with a laboratory certified by a date or
accredited by a third party organization (i.e, NSF) or the EPA for the appropriate water quality
parameters.

For this Veification Testing, the Manufacturer shdl identify in a Statement of Performance Objectives
the specific performance criteria to be verified and the specific operationa conditions under which the
verification testing shdl be performed. The Statement of Performance Objectives must be specific and
verifiable by adaidtica andyss of the data. Statements should aso be made regarding the gpplications
of the equipment, the known limitations of the equipment and under what conditions the equipment is
likely to fal or underperform. Two examples of Statements of Performance Objectives that may be
veified inthistesting ares

1. “This systemis capable of achieving 90% fluoride removal during operation at a flux of 30
gallons per sguare foot per day (gfd) (75% recovery; temperature less than 20 <C) in feedwaters
with fluoride concentrations less than 10 mg/L and total dissolved solids concentrations less than
500 mg/L."

2. "Thissystemis capable of producing a product water with less than 4 mg/L fluoride
concentration during operation at a flux of 30 gfd (75% recovery; temperature less than 20 <C)
in feedwaters with fluoride concentrations less than 20 mg/L and total dissolved solids
concentrations less than 500 mg/L.”
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For each Statement of Performance Objectives proposed by the FTO and the Manufacturer in the
PSTP, the following information shdl be provided: percent remova of the targeted inorganic
condtituent, rate of treated water production (i.e., flux); recovery; feedwater quality regarding pertinent
water quality parameters, temperature; concentration of target inorganic condtituent; and other pertinent
water qudity and operationd conditions. During Verification Testing, the FTO must demondirate that
the equipment is operating at a Steady-state prior to collection of data to be used in verification of the
Statement of Performance Objectives.

ThisETV Testing Plan is broken down into 5 tasks, as shown in the Overview of Tasks section below.
These Tasks shdl be performed by any Manufacturer wanting performance verification for their
equipment through ETV. The Manufacturer’s designated FTO shdl provide full detail of the procedures
to be followed in each Task in the PSTP. The FTO shal specify the operationd conditions to be
verified during the Veification Teging Plan. All permegte flux vaues for Verification Testing shdl be
reported in terms of temperature-corrected flux values, as either gallons per square foot per day (gfd) at
68 °F or liters per square meter per hour (L/(-hr) at 20 °C. Temperature-correction may aso be
normalized to 25 °C (77 °F) depending upon the recommendation of the equipment Manufacturer.

4.0 DEFINITION OF OPERATIONAL PARAMETERS
Permeate: Water produced by the RO or NF membrane process.
Feedwater: Water introduced to the membrane ement.

Permeate Flux: The average permeste flux is the flow of permeate divided by the surface area of the
membrane. Permesate flux is caculated according to the following formula:

Qp

‘Jt = ? (41)

where J = permeateflux a timet (gfd, L/(h-nT))

Q, = permesteflow (gpd, L/h)
S =membrane surface area (ft?, n¥)

It should be noted that only gfd and L/(h-n) shall be considered acceptable units of flux for this testing
plan.

Temperature Adjusment for Flux Calculation: Temperature corrections to 20°C (or 25°C) for
permeate flux and specific flux shal be made to correct for the variation of water viscosity with
temperaure.  The following empiricaly-derived equation may be used to provide temperature
corrections for specific flux cdculaions
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Qp * @ 0023%T- 20)

J, (@20 C)= (4.2)

S

where J = permeateflux a timet (gfd, L/(h-nT))
Qp = permesteflow (gpd, L/h)
S =membrane surface area (ft?, nv)
T  =temperature of the feedwater (°C)

Net Driving Pressure: The Net Driving Pressure is the pressure available to drive water through the
membrane, equd to the average feed pressure (average of feed pressure and concentrate pressure)
minus the differentid osmotic pressure, minus the permegte pressure:

_eéFR +P)u
NDP = & _"¢2-- P - Dp (4.3)

g 2 H

where  NDP = net driving pressure for solvent transport across the membrane (pd, bar)
P =feedwater pressure to the feed side of the membrane (pg, bar)
P. = concentrate pressure on the concentrate side of the membrane (ps, bar)
P, = permeate pressure on the treated water sde of the membrane (ps, bar)
Dp = osmotic pressure (ps)

Osmotic Pressure Gradient: The term osmotic pressure gradient refers to the difference in osmotic
pressure generated across the membrane barrier as aresult of different concentrations of dissolved sdts.
The following equation provides an estimate of the osmotic pressure across the semi-permesble
membrane through generic use of the difference in total dissolved solids (TDS) concentrations on either
Sde of the membrare:

( o g 08 108

a&(TDS, +TDS, )u 6S 1ps
Dp = ée - G- DS, D¢ pf‘ng ; (4.4)

e a 2 §100— I

L &

where  TDS; = feedwater total dissolved solids (TDS) concentration (mg/L)
TDS:= concentrate TDS concentration (mg/L)
TDS, = permesate TDS concentration (mg/L)

Note that the different proportions of monovaent and multivaent ions composing the TDS will influence
the actuad osmoatic pressure, with lower unit pressures resulting from multivalent species. The asmotic
pressure ratio of 1 ps per 100 mg/L is based upon TDS largely composed of sodium chloride. In
contragt, for TDS compaosed of multivalent ions, theratio is closer to 0.5 ps per 100 mg/L TDS.

Specific Flux: The term specific flux is used to refer to permeste flux that has been normalized for the
net driving pressure. The equation used for cdculation of specific flux is given by the formula provided
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below. Specific flux is usudly discussed with use of flux vaues that have been temperature-adjusted to
20 °C or 25 °C:

), (4.5)

‘Jtm =
NDP

where:  NDP = net driving pressure for solvent transport across the membrane (ps, bar)
J = permeste flux at time t (gfd, L/(h-n¥)). Temperature-corrected flux values should be
employed.

Water Recovery: Therecovery of feedwater as permeste water is given as the ratio of permesate flow
to feedwater flow:

eQ u
% System Recovery =100 @g—pg (4.6)
exr

where Qf = feedwater flow to the membrane (gpm, L/h)
Qp = permeste flow (gpm, L/h)

Recycle Ratio: The recycle ratio represents the ratio of the recycle flow from the membrane
concentrate to the totd flow of water that is used as feedwater flow to the membrane. This ratio
provides an idea of the recirculation pumping thet is gpplied to the membrane system to reduce
membrane fouling and specific flux decline.

éQ u
Recyde Ratio = <" (4.7)

0

where Q¢ =totd feedwater flow to the membrane (gpm, L/h)
Q: =recycde hydraulic flow as concentrate to the feed sde of the pump (gpm, L/h)

Solute Regection:  Solute rgection is controlled by a number of operaiond variables that must be
reported a the time of water sample collection. Bulk reection of a targeted inorganic chemical
contaminant may be caculated by the following equation:

-C_u
% Solute Rejection —100>‘e7u (4.8)

e C g

where C; =feedwater concentration of specific condtituent (mg/L)
C, = permeate concentration of specific condtituent (mg/L)

Solvent and Solute Mass Balance: Cdculation of solvent mass baance shal be performed during
Task 1 in order to verify the rdiability of flow measurements through the membrane. Cdculation of
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solute mass baance across the membrane system shdl be performed as part of Task 3 in order to
edimate the concentration of limiting sdts at the membrane surface.

Q =Q, +Q, (4.9)
Q:C; =Q,C, +Q.C, (4.10)

where Q; =feedwater flow to the membrane (gpm, L/h)
Q, = permeste flow (gpm, L/h)
Q. = concentrate flow (gpm, L/h)
Ci =feedwater concentration of specific congtituent (mgy/L)
C, = permeste concentration of specific constituent (mg/L)
Cs = concentrate concentration of specific congtituent (mg/L)

Solubility Product: Cdculation of the solubility product of sdected sparingly soluble sdts will be
important exercise for the test plan in order to determine if there are operationd limitations caused by
the accumulation of limiting sats a the membrane surface. Text book equilibrium vaues of the solubility
product should be compared with solubility vaues caculated from the results of experimenta
Verification Tedting, as determined from use of the following equation:

Ky =gilar ['alB ] (4.11)

where: Ky = solubility product for the limiting salt being considered
= freeion activity coefficient for theion considered (i.e., A or B)
[A] =mold solution concentration of the anion A for sparingly soluble salt A,B,
[B] = solution concentration of the anion B
X,y = giochiometric coefficients for the precipitation reaction of A and B

Mean Activity Coefficient: The mean activity coefficients for each of the sdt condtituents may be
esimated for the concentrated solutions as a function of the ionic srength:

log g, s = - 0.509%Z ,Z /M (4.12)

where: g  =freeionativity coefficient for theion considered (i.e, A or B)
Z,n =ionchageof anion A
Zs =ionchargeof cation B
m  =ionic strength

lonic Strength: A Imple gpproximation of the ionic strength can be calculated based upon the
concentration of the total dissolved solids in the feedwater stream:

mE (2.50°°) X(TDS) (4.13)
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where m  =ionic strength
TDS = totd dissolved solids concentration (mg/L)

5.0 OVERVIEW OF TASKS

The following section provides a brief overview of the tasks that shall be included as components of the
Verificaion Testing Plan and PSTP for remova of inorganic chemica contaminants.

51 Task 1: Membrane Operation

The objective of this task is to evauate RO or NF membrane operation. The system performance shall

be evduated rlative to the stated water quality goals and other performance characteristics specified by
the Manufacturer. For Verification Testing purposes, the equipment shall be operated for aminimum of
one, one-month testing period (see Testing Periods section below). Membrane productivity, rate of

specific flux decline, and rejection capabilitieswill be evauated at one set of operating conditions for the
testing period. Membrane operations performance will dso be evaluated in reation to feedwater quality
and changes in qudity resulting from seasond or climatic changes. The impact of scae formation on

gpecific flux may aso be evduated via addition of different pretrestment chemicals.

5.2 Task 22 Cleaning Efficiency

An important aspect of membrane operation is the restoration of membrane productivity after specific
flux decline has occurred. The objective of this task is to evauate the efficiency of the membrane
cleaning procedures recommended by the Manufacturer. At the concluson of the required one-month
testing period, the membrane sysem will be cleaned chemicaly according to the Manufacturer’s
recommended procedures. The fraction of specific flux that is restored following chemica deaning will
be determined and recorded.

53 Task 3: Finished Water Quality

The objective of thistask is to evauate the quality of water produced by the membrane system and the
remova of inorganic chemicd contaminants achieved by the membrane sysem a the specified
operationa conditions. Multiple water qudity parameters will be monitored during the one-month
testing period, as specified by the FTO on behdf of the Manufacturer in the PSTP. At a minimum,
monitoring of the water quality parameters shdl include the following: pH, feedwater temperature,
conductivity, totd dissolved solids (TDS), dkdinity, Langlier Saturation Index (LS), turbidity, totd
suspended solids (TSS), dlica (totd & dissolved), tota organic carbon (TOC) and st dengty index
(SDI). Other water quaity parameters that may include individud inorganic chemica contaminant
concentrations will be sdlected and included in the PSTP & the discretion of the FTO and the
Manufacturer. Water qudity produced will be evauated in relation to feedwater quality and operationd
conditions. Mass baances for sdected inorganic congituents shal be caculaied as needed to
determine the accumulation of limiting sdts on the membrane surface. Post-treatment capatilities of the
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equipment shall also be evaluated for pH adjustment, corrosion control, remova of carbon dioxide and
hydrogen sulfide (if present) from the permesate stream.

An overview of the equipment operational and production characteristics to be evauated for each task
of the Verification Testing Plan is provided in Table 1.

Table1l: Summary of Equipment Operational Characteristicsto be Evaluated in Each
Verification Testing Task

Equipment Operational Characteristic to be Task
Evaluated

Feedwater flow rate

Permeate flow rate

Concentrate flow rate

Inlet and Outlet pressures to membrane eement

Permesate pressure

Feedwater temperature

Recycle Rdtio

Power consumption

Permesate stream characterization

10. Cdculaion of limiting sdt concentrations

11. Waste stream characterization and range of waste
stream flow rates

©o0o~NOOhA~WDNE
WWRRRRPRRRRR

=
w

54  Task 4. DataHandling Protocol

The objective of this task is to establish an effective fidd protocol for data management at the fied
operations Site and for data transmission between the FTO and NSF during Verification Testing. Prior
to the beginning of field testing, the database or preadsheet desgn must be devel oped by the FTO and
reviewed and approved by NSF. This will insure that the required data will be collected during the
testing, and that results can be effectivdy transmitted to NSF for review. Reevant data will be
prepared for incluson in afind report a the concluson of the Verification Testing Program.

55  Task 5: Quality Assurance Project Plan
An important aspect of Verification Testing is the Quality Assurance Project Plan (QAPP) developed

for quality assurance and qudlity control. The objective of this task is to assure accurate measurement
of operational and water quality parameters during membrane equipment Verification Testing.
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6.0 TESTING PERIODS

The required tasks of the ETV Testing Plan (Tasks 1 through 5) are designed to be completed during
the one-month testing period, not including mobilization, shakedown and gtart-up. The Verification
Tegting Program requires that one testing period be performed for Verification Testing; however, it is
recommended that additiona testing periods be conducted in order to verify equipment performance
under different conditions of feedwater qudity and temperature. The schedule for equipment monitoring
during the one-month testing period shal be gipulated by the FTO in the PSTP, and shal meet or
exceed the minimum monitoring requirements included under Task 1 of thistegting plan. The FTO shdll
enaure in the PSTP that sufficient water quality data and operationd data will be collected to alow
esimation of datigtical uncertainty in the Verification Testing data, as described in the “Protocol for
Equipment Verification Tegting of for Removad of Inorganic Congtituents’, Section 4.5. The FTO shdll
therefore ensure that sufficient water qudity and operationd data are collected during Verificaion
Tedting for the datistical analys's described herein.

The recommendation for Verification Testing beyond the required one-month testing period is based on
evaduation of equipment performance under different feedwater qudity conditions that may be
experienced annualy. For example, climatic changes between rainy and dry seasons may produce
ubgtantid varidbility in feedwater turbidity and TOC for surface water sources. In addition, seasond
changes may aso affect groundwater source quality by introducing variability in feedwater pH and
vaiaions in concentrations of TDS and specific inorganic chemicd condituents. Cold weather
operations can be an important component of seasond water quaity testing because of the impact of
cold temperatures (1°C to 5°C) on water viscosity, membrane permeability and diffusional processes.
In particular, for membrane process trestment equipment, factors that can influence trestment
performance include:

. feedwaters with high seasond concentrations of inorganic condtituents and TDS.  These
conditions may increase finished water concentrations of inorganic chemica contaminants and
may promote precipitation of inorganic materids in the membrane;

. feedwaters with variable pH; increases in feedwater pH may increase the tendency for
precipitation of sparingly soluble sdts in the membrane dement and may require varigble
strategies in anti-scalant addition and pH adjustment;

. cold water, encountered in winter or at high dtitude locations;

. high concentrations of natura organic matter (measured as TOC), which may be higher in some
waters during different seasons;

. high turbidity, often occurring in spring, as a result of high runoff resulting from heavy rains or
showmelt.

It is highly unlikely that al of the above problems would occur in a water source during a Sngle one-
month period. Therefore, additiond testing beyond the required one month of testing may be used for
fine-tuning of membrane performance or for evauation of additional operationa conditions. During
each testing period, Tasks 2 and 3 (evduation of cleaning efficiency and finished water qudity) can be
performed concurrent with Task 1, the membrane operation testing procedures.
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7.0 TASK 1: MEMBRANE OPERATION
7.1 Introduction

Membrane operation will be evduated in Task 1, with quantification of temperature-corrected rate of
specific flux decline and water recoveries. The rates of specific flux decline will be used to demondtrate
membrane performance at the specific operating conditions to be verified. The operationd conditionsto
be verified shdl be specified by the FTO in terms of a temperature-corrected flux value (eg., gfd at
68°F or L/[n?-hr] a 20°C) before the initiation of the Verification Testing Program,

Monitoring in Task 1 shdl be focused on determination of the operationa characteritics such as those
indicated in Table 2 (eg.: flux, temperature-corrected specific flux, recovery, etc.). The actud
operationa parameters monitored will depend upon the type of Statement of Performance Objectives
made in the PSTP, or other factors applicable to the technology which provide effective trestment of the
feedwater. The FTO shdl establish the testing conditions to be evaluated for Task 1 in the PSTP. An
NSF fidd ingpection of equipment operations and sampling and fidd analys's procedures may be
caried out during theinitid test runsin Task 1.

Rate of temperature-corrected specific flux decline is a function of water qudity and operationd
drategy. Many additiona factors may influence specific flux decline with RO or NF membranes
incdluding membrane compaction, inorganic scaing, particulate or organic fouling, biofouling, and other
factors. In this task, specific flux decline shdl be monitored to evauate operationa trends. Chemical
characterization of the feedwaters and permegte water stream with calculation of membrane rgection
capabilities will be performed as part of Task 3. In addition, caculation of the operationd limitations
caused by limiting sat concentrations will be performed in Task 3. The testing runs conducted under
Task 1 shdl be performed in conjunction with Tasks 2 and 3. With the exception of the additiona
testing periods conducted at the FTO's discretion, no additiona membrane test runs are required for
performance of Tasks 2 and 3.

Any pretreatment included in an RO, NF or other treatment system designed for inorganic contaminant
remova shdl be consdered to be an integrd part of the membrane trestment system and shdl not be
tested independently. In such cases, the system shdl be considered as a single unit and the pretreatment
process shdl not be separated for optional evaluation purposes. The definition of pretrestment
processes shal NOT include scaing control, corrosion control, and treatment for stabilization of RO-
treated or NF-treated waters, as these treatments may be considered integral to the operation of the
RO or NF systems.

7.2  Experimental Objectives

The objectives of Task 1 are to demondrate the following: 1) the appropriate operationa conditions for
the membrane equipment; 2) the feedwater recovery achieved by the membrane equipment a the
designated operationd conditions, and 3) the rate of specific flux decline observed over extended
membrane filtration operation during the one-month testing period. Thistask isadso intended to provide
in operational power consumption information that can be used to develop cost estimates for operation
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and maintenance of the equipment. Complete chemica and physica characterization of the feedwaters
and treated waters produced by the system, with caculation of limiting st concertrations, will be
performed as part of Task 3.

It should be noted that the objective of this task is not process optimization, but rather verification of
membrane operation at the operating conditions specified by the FTO, as pertains to permeste flux and
transmembrane pressure.  Verification of membrane operation under the conditions specified in the
Statement of Performance Objectives shal aso gpply to conditions that are considered less challenging
to the RO or NF system. Examples of conditions consdered less chdlenging may include lower
permeste fluxes, lower system recoveries and higher cross-flow velocities.

7.3 Work Plan

Mobilization and dart-up of equipment shdl be performed prior to the initiation of Task 1 testing.
Furthermore, the RO or NF membrane trestment system shdl have achieved a condition of Steady-<tate
operation prior to the start of Task 1 testing. The FTO shdl clearly describe in the PSTP the protocol
for start-up of the membrane system, as well as operations and maintenance issues that may arise during
mohbilization and Sart-up.

After sat-up and shakedown of the membrane equipment, RO or NF operation should be established at
the operational conditions established by the Statement of Performance Objectives. The membrane
system shdl be operated as shown schematicdly in Figure 1 for aminimum of one month. A summary
of the operationa parameters to be recorded during Task 1 and the minimum frequency of monitoring
are presented in Table 2. The FTO shal provide in the PSTP the necessary methods for monitoring of
the operationd parameters presented in Table 2. Additional monitoring of feedwater chemistry shall be
performed during Verification Testing, as described below in Table 2.

Determination of optima membrane operating conditions for a particular water could potentiadly require
as long as one year of operation. For Task 1 however, each set of operating conditions shdl be
maintained for the one-month testing period (continuous 24-hour operation). At a minimum, te
membrane shdl be chemically cleaned according to Manufacturer’s specifications a the concluson of
the one-month tesing period. At this time, the deaning efficiency shdl be determined per the
requirements outlined in Task 2.

If subgtantid specific flux decline occurs at the specified operating conditions before the one-month
operating period is complete, adjustments to the operational strategy shal be made (such as a decrease
in nomind flux or recovery). Decisons on which adjusments should be made shal be based upon the
Manufacturer's experience and consultation with the FTO conducting the study. Adjustments in
chemicd addition (such as anti-scalant addition and pH adjustment) shal not be considered to congtitute
changes in the overdl operationa dSrategy, as mentioned above. The FTO shdl dso specify the run
termination criteriafor the particular RO or NF membrane equipment being tested under the Verification
Tedting Program.  For example, the termination criteria may be defined as a 10% or 20% decline in
gpecific flux, a drop in the percent solute rgection, or an increase in transmembrane pressure to a
specific vadue. In the case that fouling and specific flux decline occurs in a shorter time than the one-
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month testing period, the membrane shdl be chemicdly cleaned and the operaing or pretrestment
conditions shall be adjusted. After these conditions are changed, the system would be operated until the
completion of the one-month testing period. Because only one testing period shdl be required in this
Verificaion Teding Plan, the FTO shdl specify the primary permesate flux at which the equipment isto
be verified.

Table2: Task 1 Required Minimum Operating Data

Operational Parameter Action, Monitoring Frequency

Feedwater, permeate and concentrate flow rates | Check and record twice daily. Adjust when 10%

(for each stage of the RO or NF system) above or below target. Record both before and
after adjustment.

Membrane Element Inlet and Outlet Pressures Check and record twice daily.
(for each stage of the RO or NF system)

Permesate Pressure (for each stage of the RO or Check and record twice daily
NF system)

Recovery (for each stage of the RO or NF Check and record twice daily. Adjust when 10%

system) above or below target.

Recycle Rdio Check and record twice daily. Adjust when 10%
above or below target.

Total Dissolved Solids Concentration in Cdculation of osmotic pressure gradient on daily

Feedwater, Concentrate, Permeate (for each stage | basis. (Calculation per Eqn. 4.4, Section 4).
of the RO or NF system)

Feedwater Temperature Record twice daily

Horsepower and efficiency of motors, and Provide record of pumping requirements, current
consumed amperage for RO or NF treatment (at | draw to motors on cumulative bas's, power factor.
each sat of operationa conditions)

Concentrate composition for disposa Sample waste stream once during the minimum
one-month testing period.
Concentrate flow rate for disposal Check and record waste flow streams (if

gpplicable) twice dally.

Concentrate streams and other waste streams generated by the membrane equipment must be fully
characterized during Task 1 testing. The FTO shdl fully describe and provide genera characterization
of the waste streams that are generated by the RO or NF membrane trestment system in the PSTP,
including pH, temperature, conductivity, TDS, akdinity, turbidity, TSS, TOC and disnfectant residud.
The FTO shdl dso discuss the applicable potentia waste stream disposd issues in the PSTP, including
disposal to the sewer or receiving weters.

Tedting of additiond operationa conditions may be included in the Verification Testing Program & the
discretion of the Manufacturer and their designated FTO. Testing of dternate operationa conditions
shdl be performed by induding additiona one-month testing period beyond the one-month testing
period required by the Verification Testing Program. Additional testing periods may be included to
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demonstrate membrane performance at different operationa conditions or under different feedwater
quality conditions. The FTO on behdf of the Manufacturer shal perform testing with as many different
water quality conditions as desired for verification satus.

This Membrane ETV Testing Plan has been written with the am to baance the codts of verification with
the benefits of testing the RO or NF process over a wide range of operating conditions. Given that it
may take more than one month to observe a sgnificant specific flux decline in high- pressure membrane
systems as RO or NF, examination under a wide range of operating conditions would be prohibitively
expendve for the membrane Manufecturer. Therefore, this Verification Testing Plan requires that one
set of operating conditions be tested during the one-month testing period. It shal be furthermore
understood that beyond the single set of verification operating conditions, membrane operation that
occurs at alower flux, alower recovery, or a higher cross-flow veocity shdl dso conditute a verifigble
condition.

7.4  Analytical Schedule
7.4.1 Operational Data Collection

Measurement of membrane performance parameters shdl be monitored a minimum of 2 times
per day, asindicated in Table 2. Monitoring shall be performed for each stage in the RO or NF
sysem. Temperature measurements shall be made on a daily basisin order to provide data for
temperature correction of specific flux and for reporting of solute rgection (addressed in Task
3).

In an atempt to caculate costs for operation of membrane equipment, power costs for
operation of the membrane equipment shal aso be closely monitored and recorded by the FTO
during the one-month testing period, asindicated in Table 2. Furthermore, the costs of chemical
addition shdl be edtimated by measurement of chemica usage through recording the day tank
concentration, daily volume consumption and unit cost of chemicas.

7.4.2 Feedwater Quality Limitations

The characteristics of feedwaters used during the one-month testing period (and any additiona
testing periods) shdl be explicitly reported with the compiled results from membrane flux,
gpecific flux and recovery monitoring. Accurate reporting of such feedwater characteristics as
pH, temperature, conductivity, TDS, dkainity, turbidity, TSS, slica, TOC concentration and
SDI is criticd for the Verification Testing Program, as these parameters may substantialy
influence the range of achievable membrane performance and trested water quality under
variable raw water quality conditions. The TDS concentrations in the feedwater, permeste and
concentrate streams shall be used to caculate the osmotic pressure gradient (Equation 4.4)
across the membrane on a dally bass. Osmotic pressure gradient vaue shal then be used for
caculation of net driving pressure and specific flux on a daly bass. Specific monitoring
requirements for feedwater quaity shal be Sipulated in Task 3.
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7.5 Evaluation Criteriaand Minimum Reporting Requirements

Generd operationd performance

p Graph of specific flux normdized to 20°C or 25°C (Equation 4.5) vs. time over the one-month
testing period. Grgphs showing time-dependent change of experimenta parameters will be
defined as tempord profiles. One tempord profile graph of specific flux shal be provided for
each set of operational conditions and/or water qualities evauated during Verification Testing.

p Tempord profile of net driving pressure normaized to 20°C or 25°C (Equation 4.3) over the
one-month testing period. One tempora profile graph shall be provided for each st of
operationa conditions and/or water qudities evaluated during Verification Testing.

p Tempord profile of water recovery (Equation 4.6) over the one-month testing period. One
tempord profile graph shdl be provided for each set of operationa conditions and/or water
qudities eva uated.

p Tempord profile of the concentrate flow and other waste stream flows produced during the
one-month testing period.

Power consumption

p Provide table of horsepower requirements, motor efficiency and consumed amperage for the
testing period(s), as measured for each set of operational conditions.

Concentrate stream characterization

p Provide table of concentrate stream quality parameters measured during the one-month testing

period.

8.0 TASK 2: CLEANING EFFICIENCY
8.1 Introduction

During and following the test runs of Task 1, the membrane equipment may require chemica cleaning to
restore membrane productivity. At aminimum, one cleaning shdl be performed a the concluson of the
one-month period of required testing. In the case that the membrane does not fully reach termination
criteria as specified by the Manufacturer in Task 1, chemical cleaning shdl be performed after the one-
month testing period. Measurement of membrane performance parameters a one set of operational
conditions shdl be made before and after cleaning.

8.2  Experimental Objectives

The objective of this task is to evauate the effectiveness of chemica cleaning for restoring the specific
flux of the membrane sysem. Evauation of the chemica cleaning procedure will be useful in confirming
that standard Manufacturer-recommended cleaning practices are sufficient to restore membrane
productivity. Furthermore, such testing may determine if the chemica cleaning procedure degrades the
membrane in terms of its rgection capabilities for inorganic chemicad contaminants. Cleaning chemicals
and cleaning routines shdl be adopted from the recommendations of the Manufacturer; this task is
congdered a "proof of concept” effort, not an optimization effort. It should be noted that selection of a
chemica cleaning procedure is typicaly dependent upon the specific feedwater quality. The testing plan
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should permit evauation of cleaning solutions that are consdered optimal for the selected feedwaters. If
the Manufacturer determines that a pre-sdected deaning formulation is not effective, the testing plan
should dlow the Manufacturer to modify it.

8.3 Work Plan

The membrane systems may experience specific flux decline during the membrane test runs conducted
for Task 1. At the conclusion of the one-month testing period, these membranes shdl be utilized for the
cleaning assessments. No additiona experiments shdl be required to produce specific flux decline such
that chemica deaning evauaions will be performed. Each system shdl be chemicaly deaned using the
recommended cleaning solutions and procedures specified by the Manufacturer.  After each chemical

cleaning of the membranes, the sysem shal be restarted and the initid conditions of specific flux,
recovery and inorganics rejection capabilities shall be tested.

The Manufacturer and their designated FTO shal specify in detall the procedure(s) for chemica
cleaning of the membranes. At aminimum, the following shdl be specified:

ceaning chemicds

quantities and costs of cleaning chemicds

hydraulic conditions of cleaning

time duration of each cleaning Step

initia and find temperatures of chemica deaning solution

quantity and characteritics of residua waste volume to be disposed
recommended methods and considerations for disposa of resdud cleaning waste

In addition, detailed procedures describing the methods for pH neutralization of the used acid or akaine
cleaning solutions should be provided dong with information on the proper disposal method for
regulated chemicas. A description of al ceaning equipment and its operation shdl be included in the
PSTP prepared by the FTO.

84  Analytical Schedule
8.4.1 Operational Data Collection

Flow rates, pressures, recovery, and temperature data shdl be collected during the cleaning
procedure if possble and shdl be recorded immediately preceding system shutdown. At the
concluson of each chemicd cleaning event and immediatedly upon return to membrane
operation, the initia operaing conditions of net driving pressure, flow rate, recovery, and
temperature shal be recorded and the specific flux calculated.

The efficacy of chemicd deaning shdl be evauated by the recovery of temperature-adjusted
gpecific flux after chemica cleaning as noted below, with comparison drawn from the cleaning
efficacy achieved during previous cleaning evaluaions. Comparison between chemicd cleanings
shdl dlow evduation of the potentid for irreversble loss of specific flux and projections for
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usable membrane life. Andyss of feedwater and permeate qudity in subsequent runs shdl dso
be used to evauate any loss in membrane rgjection capabilities caused by chemica cleaning.

Two primary indicators of cleaning efficiency and restoration of membrane productivity will be
examined in this task:

1) The immediate recovery of membrane productivity, as expressed by the ratio between the
find specific flux vaue of the current filtration run (Jy;) and theinitid specific flux (J.;) measured
for the subsequent filtration run:

é J, U
% Recovery of Spedfic Hux =100xél- Jt ~( (8.1)
e tm;

where:  J,y = Find Spedific flux (gfd/psi, L/(h-n)/bar) a end of the previous run
Jm = Initid Spedific flux (gfd/pd, L/(h-f)/bar) at the beginning of the current run.

2) The loss of specific flux capabilities, as expressed by the ratio between the initid specific
flux for any given filtration run (J,) divided by the origind specific flux measured a the initiation
of operation for the fird filtration run in a series (dm,):

e J.u
% Lossof Origind Spedific Alux =100%&l- —— (8.2)
é Jtmio Q
where.  Jno = Origind Specific flux (gfd/ps, L/(h-nf)/bar) messured a the initiation of
membrane testing.
8.4.2 Sampling

The temperature, pH, conductivity, TDS, TOC and turbidity of each cleaning solution shdl be
measured and recorded during various periods of the chemical cleaning procedure. 1n addition,
in the case tha the cleaning solution employs an oxidant, such as chlorine, the concentration of
the oxidant both before and at the end of the cleaning should be measured. Notes recording the
visud observations (color, degree of suspended matter present) shal adso be provided by the
FTO. No other water qudity sampling shall be required.

8.5  Evaluation Criteria and Minimum Reporting Requirements

The minimum reporting requirements shall include presentation of the following results:
Specific flux recovery

b Provide table of post cleaning specific flux recoveries during the one-month period of operation
Cleaning efficiency
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b Provide table of cleaning efficiency indicators described above for chemica cleaning procedures
performed during the one-month period of operation

Assessment of irreversble loss of specific flux and estimation of usable membrane life for costing
puUrposes.

9.0 TASK 3: FEEDWATER AND TREATED WATER QUALITY MONITORING
9.1 Introduction

The water qudity data for the feedwater, the membrane permeate and concentrate streams shdl be
collected during the membrane test runs conducted as part of Task 1. No additiond test runs shall be
performed for Task 3 to acquire data on feedwater and treated water quality. The requirements for
monitoring of water quality parameters in the feedwater, permeate and concentrate streams shal be
clearly specified by the FTO in the PSTP according to the objectives of the Verification Testing
program and the Statement of Performance Objectives. The specific water qudity gods and the target
remova gods for the membrane equipment shdl dso be recorded in the PSTP. A lig of the minimum
number of water quality parameters to be monitored during equipment Verification Teding in this
Teding Plan is provided in Table 3 in the Andytical Schedule section below. A ligt of the potentia
water quaity parameters for additiond monitoring is provided in Table 4 for the feedwater, the
membrane permeate and concentrate streams.  The actua water quaity parameters selected for testing
and monitoring during equipment Verificaion Testing shdl be explicitly stipulated by the FTO in the
PSTP.

9.2  Experimental Objectives

The objective of this task is to assess the ability of the membrane equipment to demondtrate the
treatment and/or regjection capabilities indicated in the PSTP Statement of Performance Objectives.
Mass baances shall be performed as part of Task 3 in order to evauate the concentration of rgected
gpecies a the membrane surface during membrane operation. Caculation of the recovery limitation
caused by limiting sdts will be performed to determine the impact of feedwater qudity on membrane
operation. Statisticd andyss, as dexcribed in the “EPA/NSF ETV Protocol For Equipment
Verificaion Testing For Remova Of Inorganic Condtituents:  Requirements For All Studies’ (Section
4.5: Recording Statistica Uncertainty) is only required for those water quality parameters that shall be
monitored on aweekly basis during each Verification Testing period.

9.3 Work Plan

The Manufacturer through their desgnated FTO shdl identify the equipment rejection capabilities for
selected inorganic chemica contaminants in the Statement of Performance Objectives provided in the
PSTP. The Statement of Performance Objectives shdl dearly establish the specific performance
criteria to be verified and the specific operationa conditions under which the Verification Testing shdll
be performed. For each Statement of Performance Objectives proposed by the FTO, the following
information shal be provided: percent remova of the targeted inorganic condituent, rate of treated
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water production (i.e, flux); recovery; feedwater quality regarding pertinent water quaity parameters;
temperature; concentration of target inorganic condituent; and other pertinent water qudity and
operationd conditions. Two examples of acceptable Statements of Performance Objectives are
provided in Section 3.0. The Statement of Performance Objectives prepared by the Manufacturer and
their designated FTO shdl dso indicate the range of water quality under which the equipment can be
chalenged while successfully treeting the feedwater, as indicated by examplesin Section 3.0.

Monitoring of water quality parameters in the feedwater, permeete and concentrate water streams shall
dlow cdculation of percent rgection of the measured parameters and targeted inorganic chemica
contaminants for the specific operationa conditions evauated. Estimation of the percent rejection of
sdected inorganic water quality parameters shdl be based upon the equation for solute rgection
provided in the section titled Definition of Operational Parameters, Equation 4.8.

Many of the water qudity parameters described in this task shall be measured on-site by the NS
qudified FTO. Andyss of the remaning water quality parameters shdl be performed by a Sae
certified or third party- or EPA-accredited anaytica laboratory. The methods to be used for
measurement of water quality parameters are identified in Tables 3 and 4. Where appropriate, the
Standard Methods reference numbers and EPA method numbers for water quality parameters are
provided for both the field and laboratory andytica procedures. A number of the andyticad methods
utilized in this dudy for on-site monitoring of feedwater and permeste water qudities are further
described in Task 5, Qudity Assurance Project Plan.

For the water qudity parameters requiring analysis a a state-certified or third party- or EPA-accredited
laboratory, water samples shdl be collected in appropriste containers (containing necessary
preservatives as applicable) prepared by the State-certified or third party- or EPA-accredited
laboratory. These samples sl be preserved, stored, shipped, and analyzed in accordance with
gppropriate procedures and holding times, as specified by the andyticd 1ab.

It should be noted that the membrane equipment participating in the Verification Testing Program for
inorganics remova may be capable of achieving multiple water trestment objectives.  Although this
Tedting Plan is oriented towards remova of inorganic chemicd contaminants, the Manufacturer may
want to look at the treatment system’ sremoval capabilities for additional water quaity parameters.

9.4  Analytical Schedule
9.4.1 Feadwater, Permeate and Concentrate Characterization

During the one-month testing period, the feedwater, permeste and concentrate water streams
shdl be characterized a a single set of operating conditions indicated in the Statement of
Peaformance Objectives. The minimum waer quaity monitoring requirements for this
Verification Tegting plan are provided in Table 3.
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Table3: Minimum Required Water Quality Sampling

Parameter Sampling | Test Streamtobe | Standard EPA
Freguency Sampled Method Method
pH 1/Day Feed, Perm. 4500- H+B 1501
150.2
Temperature 2/Day Feed 2550
Conductivity 2/Day Feed, Perm., Conc. 2510B 120.1
TDS 1/Day Feed, Perm., Conc. 2540C
Alkalinity 1/Month Feed, Perm., Conc. 2320B
Langlier Saturation Index (LSI) 1/Month Feed, Perm., Conc.
Turbidity 1/Month Feed, Perm., Conc. 2130B 180.1
Method 2
TSS 1/Month Feed, Perm., Conc. 4500-NH; G 2540
D
Silica (total and dissolved) 1/Month Feed, Perm., Conc. 3500 S 200.7
4500-S D
4500-S E
4500-S F
3120B
TOC 1/Month Feed, Perm., Conc. 5310C
Silt Density Index (SDI) 1/Month Feed ASTM D4189-95
Selected Inorganic Constituents 1/Week Feed, Perm., Conc.
(see Table4)

In addition, the FTO (on behdf of the Manufacturer) shal indicate in the PSTP the specific
target inorganic chemica contaminants that shal be monitored in the Veification Testing
Program per the Statement of Performance Objectives. A lig of the potentid inorganic
chemica contaminants that may be induded in this Verification Testing program is included in
Table 4. The recommended monitoring frequency for these inorganic chemica contaminants
shal be aminimum of once per week.

9.4.2 Water Quality Sample Collection

Water quality data shall be collected at the specified intervas during esch testing period. The
minimum monitoring frequency for the minimum required water qudity parametersis provided in
Table 3. A minimum monitoring frequency of once per week shal be adopted for additiord
inorganic chemica contaminants to be included in the Verification Tegting Program. At the
discretion of the Manufacturer and the designated FTO, the water quality sampling program
may be expanded to include any number of water quality parameters and an increased
frequency of water qudity parameter sampling. Sample collection frequency and protocol shall
be defined explicitly by the FTO in the PSTP. To the extent possible, analyses for inorganic
water quality parameters shall be performed on water sample diquots obtained smultaneoudy
from the same sampling location, in order to ensure the maximum degree of comparability
between water quality anaytes.
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Table4: Lig of Inorganic Chemical Contaminantsfor Verification Testing

Parameter Standard M ethod EPA Method
Aluminum 3500 Al 200.7, 200.8, 200.9
Baium 3500 Ba 200.7, 200.8
Cadmium 3500 Cd 200.7, 200.8, 200.9
Cdcium 3500 Ca 200.7
Chloride 4500 CI 300.0
Chromium 3500 Cr 200.7, 200.8, 200.9
Fuoride 4500 F 300.0
Iron 3500 Fe 200.7, 200.9
Manganese 3500 Mn 200.7, 200.8, 200.9
Magnesum 3500 Mg 200.7
Nitrate 4500 NO;3? 300.0, 353.2
Nitrite 4500 NO,? 300.0, 353.2
Ortho-Phosphate 365.1, 300.0
Sodium 3500 NaB 200.7
Strontium 3500 Sr 200.7
Sulfate 4500 SO, 300.0, 375.2
Other  Inorganic  Chemicd TBD*

Contaminants

Optional:

UV absorbance 5910 B

Totd Trihdomethanes 502.2, 524.2, 551
Hdoacetic Acids 552.1

Tota Coliform Bacteria 9221 B or Colilert 300.0B
Heterotrophic Pate Count 9215B 300.0B
Bacteria

* TBD - to be determined

The TDS concentrations in the feedwater, permeate and concentrate streams shall be used to
cdculate the ionic strength of the feedwater and concentrate streams, as well as osmotic
pressure gradient across the membrane on a daily basis. Osmotic pressure gradient value shdl
then be used for cadculation of net driving pressure and specific flux on a dally bass. Mass
baances for pecified water qudity parameters shdl aso be cdculated at a frequency (minimum
of once weekly) designated by the FTO. Cdculation of the potentia for recovery limitation
based upon limiting sat concentrations shal aso be performed at a frequency (minimum of once
weekly) designated by the FTO.
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9.5

10.0

10.1

Evaluation Criteriaand Minimum Reporting Requirements

Percent removd of inorganic chemica condituents

Provide tempora plot of concentrations of target inorganic condituents and TDS in the
feedwater, permeate and concentrate water streams over the one-month period of operation.
Reevant inorganic condituents for monitoring shal be specified by the FTO on behdf of the
Manufacturer in the PSTP.

Provide table with weekly vaues of percent remova of target inorganic congtituents and other
pertinent water quaity parameters for the one-month period of operation. The equation shown
in the section titled Definition of Operationd Parameters shal be used to determine percent
remova of al pertinent water quality parameters for Verification Testing by the FTO and
Manufacturer.

Conduct mass badances through the membrane testing sysem for specific water quaity
condituents (minimum of once weekly) as identified by the FTO in the PSTP. The mass
balance equation presented in the section titled Definition of Operationd Parameters shdl be
used to the mass of concentration of inorganic condtituents in different water streams.

Cdculate limiting sat concentrations (via solubility product caculation Equation 4.11) for
specific water qudity condituents (minimum of once weekly) as identified by the FTO in the
PSTP. The eguaion for solubility product cdculation as presented in the section titled
Definition of Operationa Parameters (Equation 4.11) shdl be used to compare with standard
Solubility Product vaues to determine if the sdt concentration is posing a limitation to
operationd system recovery.

Individud water quaity and remova gods specified by the Manufacturer

Provide feed, permeate and concentrate concentrations of any measured water quality
parametersin tabular form for the one-month period of operation.

Removd of Totd Suspended Solids and Turbidity

Plot tempora graph of feedwater and permeate measurements for tota suspended solids during
the one-month period of operation.

Plot tempord graph of feedwater and permeste turbidity measurements during the one-month
period of operation.

TASK 4. DATA HANDLING PROTOCOL

I ntroduction

The data management system used in the Verification Testing program shdl involve the use of computer
gpreadsheets and manual (or on-line) recording of operationa parameters for the membrane equipment
onadally bass.

10.2

Experimental Objectives

The objectives of thistask are. 1) to establish a viable structure for the recording and transmission of
fied tesing data such that the FTO provides sufficient and reliable data to NSF for verification
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purposes, and 2) to develop a datistica andyss of the data, as described in the document “EPA/NSF
ETV Protocol For Equipment Verification Teding For Removad Of Inorganic Condituents
Requirements For All Studies.”

10.3 Work Plan

The following protocol has been developed for data handling and data verification by the FTO. Where
possible, a Supervisory Control and Data Acquisition (SCADA) system should be used for automatic
entry of teding data into computer databases. Specific parcels of the computer databases for
operationa and water quality parameters should then be downloaded by manua importation into Exce
(or smilar spreadsheet software) as a comma ddimited file. These specific database parcels shdl be
identified based upon discrete time spans and monitoring parameters.  In spreadsheet form, the data
ghdl be manipulated into a convenient framework to alow analyss of membrane equipment operation.
At aminimum, backup of the computer databases to diskette should be performed on amonthly basis.

In the case when a SCADA system is not available, fied testing operators shal record data and

caculations by hand in laboratory notebooks. (Daly measurements shal be recorded on specidly-
prepared data log sheets as appropriate.) The laboratory notebook shal provide carbon copies of each
page. The origind notebooks shall be stored on-Site; the carbon copy sheets shal be forwarded to the
project engineer of the FTO at least once per week during the one-month testing period. This protocol
will not only ease referencing the origina data, but offer protection of the origind record of results.

Operating logs shdl include a description of the membrane equipment (description of test runs, names of
vigtors, description of any problems or issues, etc.); such descriptions shdl be provided in addition to
experimentd cdculations and other items.

The database for the project shal be set up in the form of custom-designed spreadsheets. The
spreadsheets shdl be cgpable of storing and manipulating each monitored water quaity and operationa
parameter from each task, each sampling location, and each sampling time. All data from the laboratory
notebooks and data log sheets shdl be entered into the appropriate spreadsheet. Data entry shall be
conducted on-dte by the designated field testing operators. All recorded caculations shdl dso be
checked at thistime. Following data entry, the spreadsheet shdl be printed out and the print-out shal
be checked againgt the handwritten data sheet. Any corrections shal be noted on the hard-copies and
corrected on the screen, and then a corrected verson of the spreadsheet shdl be printed out. Each step
of the verification process shdl be initided by the field testing operator or engineer performing the entry
or verification step.

Each experiment (e.g., each membrane test run) shdl be assigned a run number that will then be tied to
the data from that experiment through each step of data entry and analysis. As samples are collected
and sent to state-certified or third party- or EPA-accredited |aboratories, the data shal be tracked by
use of the same system of run numbers. Data from the outside laboratories shal be received and
reviewed by the fidd testing operator. These data shdl be entered into the data preadsheets,
corrected, and verified in the same manner as the field data.
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As avallable, dectronic data storage and retrieva capabilities shdl be employed in order to maximize
data collection and minimize labor hours required for monitoring. The guiddines for use of data:loggers,
lap-top computers, data acquisition systems etc., shal be detailed by the FTO in the PSTP.

11.0 TASK 5 QUALITY ASSURANCE PROJECT PLAN (QA/QC)
11.1 Introduction

Quality assurance and qudity control of the operation of the membrane equipment and the measured
water quality parameters shdl be mantained during the Verification Testing program. A Qudity
Assurance Project Plan detailing the QA/QC procedures to be followed during Verification Testing shall
be provided by the FTO as part of the PSTP.

11.2 Experimental Objectives

The objective of this task is to maintain strict QA/QC methods and procedures during the Equipment
Veificaion Teding Program.  Maintenance of strict QA/QC procedures is important, in that if a
question arises when andyzing or interpreting data collected for a given experiment, it will be possible to
verify exact conditions at the time of testing.

11.3 Work Plan

Equipment flowrates and associated signals should be documented and recorded on a routine basis. A
routine daily walk through during testing shall be established to verify that each piece of equipment or
ingrumentation is operating properly. Particular care shdl be taken to confirm that any chemicds are
being fed at the defined flowrate into a flowstream that is operating a the expected flowrate, such that
the chemica concentrations are correct. 1n-line monitoring equipment such as flowmeters, etc. shdl be
checked to confirm that the readout matches with the actual measurement (i.e. flowrate) and that the
sgna being recorded is correct. The items listed are in addition to any specified checks outlined in the
andytica methods.

11.3.1 Daily QA/QC Verifications.

Chemicd feed pump flowrates (verified volumetrically over a specific time period)
. Flow rates to online andyticad equipment (eg., pH meter, conductivity meter,
turbidimeter), if any (verified volumetricaly over a specific time period).

11.3.2 Monthly QA/QC Verifications:

In-line flowmeters/rotameters (clean equipment to remove any debris or biologica buildup
and verify flow volumetricaly to avoid erroneous readings);

Ontline pH meters, conductivity meters, turbidimeters etc. (clean out reservoirs and re-
cdibrate, if employed)
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Differentid pressure tranamitters (verify gauge readings and eectrica sgnd using a pressure
meter);
Tubing (verify good condition of dl tubing and connections, replace if necessary)

11.4 Analytical Methods and Sample Collection

The andyticd methods utilized in this Equipment Verification Testing Plan for on-Ste monitoring of
feedwater, permeate and concentrate water quality are described in the section below. Use of ether
bench-top or on-line fidd andytica equipment will be acceptable for the Verification Testing; however,
on-line equipment is recommended for ease of operation. Use of on-line equipment is dso preferable
because it reduces the introduction of error and the variability of anayticd results generated by
incons stent sampling techniques.

11.4.1 pH

Andyses for pH shdl be performed according to Standard Method 4500-H*. A three-point
cdibration of the pH meter usad in this study shal be performed once per day when the
indrument isin use. Certified pH buffers in the expected range shal be used. The pH probe
shdll be stored in the gppropriate solution defined in the instrument manud.

11.4.2 Conductivity

Anayses for conductivity shdl be performed according to Standard Method 2510 B. A three-
point cdibration of the conductivity meter used in Veification Testing shal be performed once
per day when the indrument is in use. Certified conductivity solutions in the expected range
shall be used. The probe shdl be stored in the appropriate solution defined in the instrument
manudl.

11.4.3 Turbidity

Turbidity anayses shall be performed according to Standard Method 2130 with either an on
line or benchrtop turbidimeter. During each testing period, the online and bench-top
turbidimeters shal be left an continuoudy. Once each turbidity measurement is complete, the
unit shal be switched back to its lowest setting. All glassware used for turbidity measurements
shdl be cdleaned and handled using lint-free tissues to prevent scratching. Sample vids sl be
stored inverted to prevent deposits from forming on the bottom surface of the cell.

The FTO shdl be required to document any problems experienced with the turbidity monitoring
ingruments, and shdl dso be required to document any subsequent modifications or
enhancements made to monitoring insgruments.
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On-line Turbidimeters. On-line turbidimeters may be used for measurement of turbidity during
Veificaion Testing, and must be calibrated as specified in the instrument manufacturer’s
operation and maintenance manud. It will be necessary to periodicaly verify the on-line
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readings using a bench-top turbidimeter; dthough the mechanism of anayss is not identica
between the two instruments, the readings should be comparable. Should the comparison
suggest inaccurate readings, then dl on-line turbidimeters should be re-cdibrated. 1n addition to
cdibration, periodic deaning of the lens should be conducted using lint-free paper, to prevent
any paticle or microbiologicd build-up that could produce inaccurate readings. Periodic
veification of the sample flow shdl dso be peformed usng a volumetric measurement.
Instrument bulbs shall be replaced on an as-needed basis. It should aso be verified that the
LED read-out matches the data recorded by the data acquistion system, if the laiter is
employed.

Bench-Top Turbidimeters. Grab samples of feedwater and oxidized/disinfected water may be
andyzed usng a bench-top turbidimeter. Readings from this instrument shal serve as reference
measurements throughout the study. The bench-top turbidimeter shdl be cdibrated within the
expected range of sample measurements a the beginning of equipment operation and on a
weekly basis usng primary turbidity standards of 0.1, 0.5, and 5.0 Nephlometric Turbidity
Units (NTU). Secondary turbidity standards shall be obtained and checked against the primary
dandards. Secondary standards shdl be used on a dally bass to verify cdibration of the
turbidimeter and to re-cdibrate when more than one turbidity range is used.

The method for collecting grab samples shal be performed according to the following protocol:
1) running a dow, seady stream from the sample tap, 2) triple-rinang a dedicated sample
besker in this sream, 3) dlowing the sample to flow down the side of the beaker to minimize
bubble entrainment, 4) double-rinang the sample vid with the sample, 5) carefully pouring from
the beaker down the sde of the sample vid, 6) wiping the sample vid clean, 7) inserting the
sample vid into the turbidimeter, and 8) recording the measured turbidity. For the case of cold
water samples that cause the vid to fog preventing accurate readings, the via shal be dlowed to
warm up by partial submersion in awarm water bath for gpproximately 30 seconds.

11.4.4 Analyssfor Inorganic Chemical Contaminants

Methods to be employed for andyss of specific andyticd parameters shdl be explicitly
identified by the FTO in the PSTP. The methods sdected for andyss of al inorganic
condtituents shal comply with those described in the most recent edition of Standard Methods
or should be considered a comparable EPA Method.

120 OPERATION AND MAINTENANCE

The following are recommendations for criteria to be included in Operation and Maintenance (O&M)
Manuas for RO/NF membrane systems that are designed to achieve remova of inorganic chemica
condtituents. Descriptions of the membrane equipment unit process shal be developed by the FTO on
behdf of the Manufacturer and included in the PSTP. Appropriate parameters for system description
shdl include but not be limited to the following dements.  standard design criteria, membrane eement
and process characteristics, pre-trestment requirements and post-treatment concerns. An overview of
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the pertinent membrane plant design information that may be required for the PSTP is provided in Table
5. A lig of rdevant membrane ement characteristics is provided in Table 6. Table 7 provides an
overview of the chemicd addition detalls that are pertinent to operation and design of pretreatment
systems ahead of RO/NF. The following sections provide lists of maintenance and operations criteria
that may be helpful for development of O & M Manuas for RO membrane systems.

12.1 Maintenance

The Manufecturer shdl provide readily understood information on the recommended or required
mai ntenance schedule for each piece of operating equipment such as.

pumps

vaves, including detailed information on the vave configuration for cross-flow operation

pressure gauges

flow meters

alr compressors

chemica feeder sysems

mixers

motors

instruments, such as sreaming current monitors or turbidimeters

water meters, if provided

The Manufacturer shdl provide readily understood information on the recommended or required
maintenance for non-mechanica or non-electrica equipment such as.

tanks and basins

in-line satic mixers

tubing and hoses

12.2 Operation

The Manufacturer should provide readily understood recommendations for procedures related to
proper operation of the equipment. Among the operating aspects that should be discussed are the
following issues.

Membrane Filtration:
control of feed flow to the membrane system and individud stages
measurement of inlet/outlet pressures and permeete flows
measurement of transmembrane pressure changes during membrane test run
feed flow control in response to temperature changes
measurement/caculation of cross-flow velocity

Chemicd deaning:
selection of proper chemical washing sequence
proper procedures for dilution of chemicas
monitoring of pH through chemicd deaning cyde
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ringng of membrane sysem following chemical dean
return of membrane system to service

Chemica feeders (in the case that chemicad pretreatment is gpplied):
cdibration check on flow meters and dosing pumps
settings and adjustments -- how they should be made
dilution of chemicas-- proper procedures

Intermittent Operation:
proper procedures for system shut-down and start-up
safety checks of chemica concentrations prior to system shut-down
safety checks of potentia contaminant concentrations prior to system shut-down and start-up
proper procedures for ringng and disinfection of system following shut-down

Monitoring and Sampling Procedures:
observation of feedwater or pretreated water turbidity
observation of transmembrane pressure increase
proper monitoring procedures for measurement of permeate conductivity
proper safety procedures

The Manufacturer should provide a troubleshooting guide; a smple check-list of what to do for avariety
of problems including:
. no raw water (feedwater) flow to plant
can't control rate of flow of water through equipment
poor permesate quality
failed test for membrane integrity
low pressure at feedwater pump
automatic operation (if provided) not functioning
transmembrane pressure builds up excessvey rapidly
reduced permeste flux
reduced percent solute rejection
machine will not start and "Power On” indicator off
machine will not start and "Power On” indicator on
pump cavitation
vave stuck or won't operate
no electric power
no chemica feed for pH adjustment
no antiscalant addition

12.3  Operability

The following are recommendations regarding operability aspects of systems that are designed to
achieve remova of inorganic chemica contaminants. These aspects of plant operation should be
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included if possible in reviews of historicd data, and should be included to the extent practica in reports
of equipment testing when the testing is done under the ETV Program.

During Veificatiion Tegting and during compilation of historica equipment operating data, attention shall
be given to equipment operability aspects. Among the factors that should be consdered are:

fluctuation of flow rates and pressures through membrane unit -- thetime interva a which resetting
is needed (i.e., how long can feed pumps hold on a set vaue for the feed rate?)
. presence of devicesto ad the operator with flow control adjustment and chemica dosage selection:
b are continuous turbidimeters provided for monitoring of feedwater and permesate turbidity?
continuous particle counter provided for monitoring of membrane permegte?
. doesplant have multiple feed points for chemicas:
p for pH adjustment?
b for antiscalant addition?
is transmembrane pressure measurement provided?
israte of flow of raw water measured?
are chemica feeds paced with raw water flow?

Both the reviews of historical data and the reports on Verification Testing should address the above
questions in the written reports.  The issues of operability should be dedt with in the portion of the
reportsthat are written in responseto Tasks 1 & 2 of the Verification Testing Plan.

Table5: Membrane Plant Design Criteria Reporting Items

Parameter Value
Number of Stages

Number Pressure Vesselsin Stage 1

Number Pressure Vesselsin Stage 2

Number Membrane Elements per Pressure Vessel
Recovery per Stage (%)

Recovery for System (%)

Design Hux (gfd)

Initial Specific Hux (gfd/ps) at 20 °C or at 25 °C
Maximum Flow Rate to an Element (gpm)
Minimum Fow Reate to an Element (gpm)
Pressure Loss per Element (ps)

Pressure Lossin Stage Entrance and Exit (ps)
Feed Stream TDS (mg/L)

TDS Reection (%)

Regection of Specific Inorganic Congtituent (%)
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Table6: Membrane Element Char acteristics

Parameter Value
Membrane Manufacturer

Membrane Element Modd Number

Size of Element Used in Study (e.g., 4"x40")

Active Membrane Surface Area per Element (ft%, nv)

Active Surface Area of Equivalent 8'x40” Element (ft?, n)

Sdes Price for an Equivaent 8'x40" Element ($)
Molecular Weight Cut- Off (Datons)

Membrane Materia Construction

Membrane Hydrophobicity Hydrophilic/Hydrophobic
Reported Membrane Charge Negetive/Neutra/Positive

Spacer Thickness (ft)

Scroll Width (ft)

Design Pressure (ps)

Design Hux at Design Pressure (gfd)

Variability of Desgn FHux (%)

Desgn Specific Flux (gfd/ps) a 20 °C at 25 °C

Standard Testing Recovery (%)

Standard Testing pH

Standard Testing Temperature (°C)

Design Cross-How Ve ocity (ft/s)

Maximum How Rate to an Element (gom)

Minimum How Reate to an Element (gpm)

Required Feed Flow to Permeate Flow Ratio
Maximum Element Recovery (%)

Rejection of Reference Solute and Conditions of Test
(e.g., Solute type and concentration)

Variability of Reection of Reference Solute (%)

Acceptable Range of Operating Pressures (ps, bar)

Acceptable Range of Operating pH Values

Typica Pressure Drop across a Single Element (ps)
Maximum Permissble SDI

Maximum Permissible Turbidity

Chlorine/Oxidant Tolerance

Suggested Cleaning Procedures
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Table 7: Pretreatment Processes Used Ahead of Rever se Osmosis or Nanofiltration

Parameter Value

Pre-Flter Excluson Size (nfn)

Type of Acid used

Acid Concentration

Volume Acid added (mL) per L of Feedwater
Type of Scae Inhibitor Used

Scale Inhibitor Concentration

Volume Scale Inhibitor added (mL) per L of Feedwater
Type of Coagulant used

Coagulant Dose (mg/L)

Type of Polymer used during Coagulation
Polymer Dose (mg/L)
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CHAPTER 3
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1.0 APPLICATION OF THISVERIFICATION TESTING PLAN

This document is the ETV Teding Plan for dectrodidysis and eectrodidyss reversd (ED/EDR). It
should be noted that this Equipment Verification Plan is only gpplicable to dectricdly driven membrane
processes.

In order to participate in the equipment verification process for ED/EDR, the Field Testing Organization
(FTO) must adhere to the procedures and methods described in this study protocol and in the
referenced ETV Protocol Document as guiddines for the development of a Product- Specific Test Plan
(PSTP). The Procedures should generdly follow those Tasks outlined herein, with changes and
modifications made for adaptations to specific ED/EDR equipment. At a minimum, the format of the
procedures written for each Task in the PSTP should consst of the following sections:

Introduction
Objectives

Work Plan
Andytica Schedule
Evduation Criteria

The primary trestment god of the equipment employed in this Verification Testing Program isto achieve
remova of inorganic or radioactive chemicd condituents present in feedwater supplies. The
Manufacturer may wish to establish a Statement of Performance Objectives (see Generd Approach
below) that is based upon remova of target inorganic congtituent(s) from feedwaters. The experimenta
design of the PSTP shal be developed to address that specific Statement of Performance Objectives
edablished by the Manufacturer. Each PSTP shdl include dl of the included tasks, Tasks 1 to 5 as
outlined below.

20 INTRODUCTION

Electrodidyss (ED) and Electrodialyss Reversd (EDR) are dectricaly driven membrane processes that
are used for a broad number of water treatment gpplications ranging from sea water desdting
processing, brackish water desdting, ultrgpure water production and other specidized industrid
goplications. The most common application of ED/EDR is the production of potable weater or
deminerdized industria process water from brackish water sources. ED and EDR reduce the tota
dissolved solids in brackish water by dectricdly removing contaminants that exceed acceptable levels
for drinking or process water.

ED/EDR is an eectrochemica separation process in which ions are trandferred through membranes
from a diluting stream to a more concentrated solution as a result of direct eectric current flow. Water
flows through flow spacers between cation and anion selective membranes with the direct current
between the anode and cathode serving as the driving force for the migration of ions. The membranes
ae “dacked’, dternating the cation and anion permesble membranes thus dlowing the ions to be
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removed or concentrated in the aternate water passages depending on the sdectivity of the membrane.
Cations are attracted to the negative electrode (cathode) and anions to the positive eectrode (anode).

In order to establish appropriate operating conditions, the Manufacturer may be able to apply some
experience with his equipment on a Smilar water source. This may not be the case for suppliers with
new products. In this case, it is advisable to require a pre-test optimization period so that reasonable
operating criteria can be established prior to Verification Testing. The need of pre-test optimization
should be carefully reviewed with NSF, the FTO and the Manufacturer early in the process.

3.0 GENERAL APPROACH

Tedting of equipment covered by this Verification Testing Plan will be conducted by an NSFqudified
FTO that is selected by the equipment Manufacturer. Anaytical water quality work to be carried out as
pat of this Verification Testing Plan will be contracted with a laboratory certified by a date or
accredited by a third partly organization (i.e. NSF) or the US Environmental Protection Agency
(USEPA) for the appropriate water quality parameters.

For this Veification Tegting, the Manufacturer shdl identify in a Statement of Performance Objectives
the specific performance criteria to be verified and the specific operationd conditions under which the
verification testing shall be performed. The Statement of Performance Objectives must be specific and
verifidble by agatisticd andyss of the data. Statements should dso be made regarding the applications
of the equipment, the known limitations of the equipment and under what conditions the equipment is
likely to fall or under perform. There are different types of Statements of Performance Objectives that
may be verified in thistesting. Examples of two datements are:

1. “ This system is capable of achieving 90% fluoride removal during the operation using three
electrical and three hydraulic stages at 90% water recovery in feedwater where fluoride levels
are less than 10 mg/L and total hardness is less than 100 mg/L as CaCQO; for water temperature
ranging between 10° and 45°C.”

2. “This system is capable of producing a product water with less than 4 mg/L fluoride
concentration during operation at recovery of 90 % (3-stage EDR) in feedwater with fluoride
concentrations less than 10 mg/L and total hardness levels less than 100 mg/L as CaCO; for
water temperature ranging between 10° and 45°C.”

For each Statement of Performance Objectives proposed by the FTO and the Manufacturer in the
PSTP, the following information shdl be provided: percent remova of the targeted inorganic congtituent;
rate of trested water production; recovery; feedwater qudity regarding pertinent water qudity
parameters, temperature; concentration of target inorganic congtituent; and other pertinent water quality
and operationa conditions. During Verification Tegting, the FTO must demondtrate that the equipment
IS operating at a steady-gate prior to collection of data to be used in verification of the Statement of
Performance Objectives. A mass balance using feed, product and waste stream concentrations must be
used to confirm that steedy state has been obtained and that none of the contaminant being removed is
retained by the ED/EDR membrane stack(s).
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This ETV Tedting Plan is broken down into eight tasks, as shown in the Overview of Tasks section
below. As noted above, Tasks 1 to 5 shdl be performed by any manufacturer wanting to achieve
verification of their equipment by NSF. The manufecturer shdl provide full detail of the procedures to
be followed in each Task in the PSTP. The Manufacturer shal specify the operationd conditions to be
verified during the Verification Testing Plan and provide water quaity and performance data as needed
to verify performance.

4.0 DEFINITION OF OPERATIONAL PARAMETERS

Faraday's Law (Equation 4.1): The passage of 96,500 amperes of eectric current for one second
will trandfer one gram equivdent of sdt. The quantity of 96,500 amperes-secondsis called a Faraday.
Faraday’s law is the bass for caculating the amount of eectric current needed in a ED/EDR system for
trandferring a specific quantity of sdts.

| = FxQyx (Equation 4.1)

Direct dectric current in amperes

F = Faraday’s constant (96,500 ampere-seconds/equivalent)

Q4 = How rate of the demineralized stream through the membrane stack (L/sec).

DN = Change in normdity of deminerdized sream between the inlet and outlet of
membrane stack (equivalents/L)

e = Current efficiency

n = Number of cdl pairs

Ohm’s Law (Equation 4.2): Ohm’'s Law dates that the potentia (E) of an eectrica sysem isequd to
the product of current (1) and the system resistance (R).

E=IxR (Equation 4.2)

Resistance in Series Model (Equation 4.3): Severd components make-up the resstance in an
ED/EDR system in order to use Ohm’'s Law. The following resistiance components must be included in
cadculaing the system resstance using the gpplied voltage and amperage as sown in Equation 4.2 for a
given sdt remova and temperature condition.

Rp =R+ R+ Re + Ry (Equetion 4.3)
where: resistance per unit area of one cell (chmven)
resistance per unit area of cation membrane (ohm/cn)
resistance per unit area of anion membrane (ohm/en)
resistance per unit area of concentrate stream (ohm/cn)
resstance per unit area of deminerdized stream (ohm/cnt)

LLLLL
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Electrical Resistance (Equation 4.4): The dectricad resstance of an ED/EDR system is done using
the initid resstance cdculated usng Equation 4.3. Thisis based on the initid water quaity conditions,
percent sat removas and water temperature. During operation of the ED/EDR system, the total stack
electrical resstance is caculated usng Equation 4.3 and normalized for feed water quality conditions,
sdt removas and temperature according to the manufacturer’s normdization criteria. The change in
electrica resstance during the demongration program will be presented as follows and plotted against
time

Ri=R R (Equation 4.4)
= resistance change per unit ED/EDR stack (chrm/cn)
R = resistance of ED/EDR stack at time “t” (ohm/cn)

resistance of ED/EDR stack a start-up (chrm/cn)

Current Efficiency (Equation 4.5): The efficiency of the current being used to transfer sdts acrossthe
membrane can be calculated using the following equation:

e=F x Qyx N x 100 (Equation 4.5)
Ixn
where: | = Direct dectric current (amperes)
F = Faraday’sconstant (96,500 ampere-sec./equivaent)
Qs = How rate of the demineraized stream through the membrane stack (L/sec).
o\ = Change in normdity of deminerdlized stream between the inlet and outlet of
membrane stack (equivaent/L)
e = Current efficiency
n = Number of cdl pairs

Feed stream: Thisisthe water quaity that is fed into the membrane stack. Most of the feed stream is
fed into the dilute stream (the stream that the sdlts are being removed from) and alesser amount into the
concentrate stream.

Dilute stream: Stream in the membrane stack that the sdts are being removed from and eventudly
becomes the product water from the ED/EDR process.

Concentrate stream: Stream in membrane stack into which ions are transferred into and concentrated.
Thisisdso referred to as the brine stream. A portion of the concentrate stream istypicaly re-circulated
through the membrane stack to maintain crossflow velocities through the membrane stack and increase
water recovery.

Water Recovery (Equation 4.6): Tota amount of water produced from the tota amount of water
used. Recovery can be cdculated from the following equation:
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Recovery = Qred — Qprou X 100% (Equation 4.6)
Qe

Solute Rgection (Equation 4.7): Solute rgection is controlled by a number of operationd varigbles
that must be reported at the time of water sample collection. Bulk rgection of a targeted inorganic
chemica contaminant may be caculated by the following equation.

éc, - C U
% Solute Rejection :100><@%(J (Equation 4.7)
e & @

where C; =feedwater concentration of specific congtituent (mg/L)
C, = product concentration of specific condtituent (mg/L)

Water and Solute Mass Balance (Equation 4.8): Cdculation of solvent (water) mass balance shdl
be peformed during Task 1 in order to verify the rdiability of flow measurements through the
membrane. Caculation of solute mass balance across the membrane system shdl be performed as part
of Task 3 in order to estimate the concentration of limiting sdts at the membrane surface.

Qi =Q, +Q. (Equation 4.8)
Qf Cf = QpCp +QCCC

whee Q; =feedwater flow to the membrane (gpm, L/h)
Qp = product flow (gpm, L/h)
Q. = concentrate flow (gpm, L/h)
Ci =feedwater concentration of specific condtituent (mg/L)
C, = product concentration of specific constituent (mg/L)
Ci = concentrate concentration of specific condituent (mg/L)

Solubility Product (Equation 4.9): Cdculation of the solubility product of sdected sparingly soluble
sdts will be required for the test plan in order to determine operationd limitations caused by the
accumulation of limiting sdts a the membrane surface. Text book equilibrium vaues of the solubility
product should be compared with solubility vaues caculated from the results of experimenta
Veification Testing, as determined from use of the following equation:

Kep = Qi[Ay- ]ngy [BX+ ]y (Equation 4.9)

where: Ky = solubility product for the limiting salt being considered
= freeion activity coefficient for theion considered (i.e., A or B)
[A] =mold solution concentration of the anion A for sparingly soluble sat A,B,
[B] =mola solution concentration of the anion B for sparingly soluble salt A,B,
X,y = diochiometric coefficients for the precipitation reaction of A and B
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Mean Activity Coefficient (Equation 4.10): The mean activity coefficients for each of the st
condituents may be estimated for the concentrated solutions as a function of the ionic srength:

109 g, = - 0.509%Z,Z /M (Equation 4.10)

where g  =freeionativity coefficient for theion considered (i.e, A or B)
Zn =ionchargeof anion A
Zs =ionchargeof cation B
m = ionic strength (crmf/sec-volt-equivaent)

lonic Strength (Equation 4.11): A smple gpproximation of the ionic strength can calculated based
upon the concentration of the total dissolved solids in the feedwater stream:

M= (2.5X107°) XTDS) (Equation 4.11)

where | =ionic drength (crmf/sec-volt-egiuvaent)
TDS = totd dissolved solids concentration (mg/L)

5.0 OVERVIEW OF TASKS

The following section provides a brief overview of the tasks that shall be included as components of the
Verification Testing Plan and PSTP for the remova of inorganic and radionuclide contaminates.

51 Task 1: Membrane Operation

The objective of this task is to evauate ED/EDR membrane operation. The system performance shdl
be evaduated relaive to the stated water quality goas and other performance characteristics specified by
the Manufacturer. For Verification Testing purposes, the equipment shal be operated for a minimum of
one, two-month testing period (see Testing Periods section below). Membrane productivity, rate of
performance decline, and rejection capabilities will be evauated at one set of operating conditions for
the testing period. Membrane operations performance will also be evaluated in relation to feedwater
quality and changes in quality resulting from seasond or climatic changes. Theimpact of scae formation
may aso be addressed via addition of different pretrestment chemicals.

5.2 Task 22 Cleaning Efficiency

Materials are deposited on the membrane's surface and can create “hot spots’ and cause loss of

performance. Changes in feed water quaity can cause increased fouling as well as operationa changes.
Chemica cleaning is used to recover the ED/EDR systems performance and remove foulants from the
membrane's surface. The efficiency of the cleantin-place process determines how well the foulants are
removed from the membranes and the long term performance of the system.
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5.3 Task 3: Finished Water Quality

The objective of this task is to evauate the quaity of water produced by the membrane system and the
remova of inorganic chemica contaminants achieved by the membrane sysem a the pecified
operaiond conditions. Multiple water qudity parameters will be monitored during the two-month
testing period, as specified by the FTO an behdf of the Manufacturer in the PSTP. At a minimum,
monitoring of the water qudity parameters shdl include the following: pH, feedwater temperature,
conductivity, total dissolved solids (TDS), dkdinity, Langlier Saturation Index (LS), turbidity, totd
suspended solids (TSS), sulfae, sulfide, hardness, cdcium, iron, manganese, duminum, total organic
carbon (TOC) and UV-254. Other water quaity parameters that may include individua inorganic
chemica or radionuclide contaminant concentrations will be selected and included in the PSTP at the
discretion of the FTO and the Manufacturer. Water quality produced will be evaluated in relation to
feedwater qudity and operationa conditions. Mass baances for selected inorganic congtituents shal be
caculated as needed to determine the accumulation of limiting sdts on the membrane surface. Pogt-
treatment capabilities of the equipment shal dso be evauated for pH adjustment and corroson control
in the product stream.

An overview of the equipment operationa and production characteristics to be evauated for each task
of the Verification Testing Plan is provided in Table 1.

Tablel: Summary of Equipment Operational Characteristicsto be Evaluated
in Each Verification Testing Task

2

Equipment Operational Characteristic to be
Evaluated
1. Feedwater flow rate
2. Dilute sream flow rate
3. Concentrate flow rate
4. Off-Spec operationd period
5. Inlet and Outlet pressures to membrane stack
6
7
8
9

. Applied Stack Voltage
. Applied Stack Amperage
. Feedwater temperature
. Electrode flush flow rate
10. Feed Water Conductivity
11. Feed Stream characterization
12. Product Water Conductivity
13. Power consumption
14. Current efficiency
15. Dilute stream characterization
16. Cdculaion of limiting sdt concentrations
17. Waste stream characterization and range of waste
stream flow rates

WWRRRRPRRPRRRPRPRRREPRRERR
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5.4 Task 4. Data Handling Protocol

The objective of this task is to establish an effective fidd protocol for data management at the fied
operations Site and for data transmission between the FTO and the NSF during Verification Testing.
Prior to the beginning of field testing, the database or soreadsheet desgn must be developed by the
FTO and reviewed and approved by NSF.  This will insure that the required data will be collected
during the testing, and that results can be effectively transmitted to NSF for review. Relevant data will
be prepared for incluson in afind report at the conclusion of the Verification Testing Program.

5.5 Task 5: Quality Assurance Project Plan

An important aspect of Verification Testing is the Quaity Assurance Project Plan (QAPP) developed
for qudity assurance and qudity control. The objective of this task is to assure accurate measurement
of operationa and water qudity parameters during membrane equipment Verification Testing.

6.0 TESTING PERIODS

The required tasks of the ETV Plan (Tasks 1 through 5) are designed to be completed during the two-
month testing period, not including mobilization, shakedown and dart-up. The Verification Testing
Program requires that one testing period be performed for Verification Testing; however, it is
recommended that additiona testing periods be conducted in order to verify equipment performance
under different conditions of feedwater quality and temperature. The schedule for equipment monitoring
during the two-month testing period shdl be stipulated by the FTO in the PSTP, and shdl meset or
exceed the minimum monitoring requirements included under Task 1 of thistegting plan. The FTO shdl
ensure in the PSTP that sufficient water quality data and operational data will be collected to alow
edimation of statistical uncertainty in the Verification Testing data, as described in the “EPA/NSF ETV
Protocol For Equipment Verification Testing For Remova Of Inorganic Condituents.  Requirements
For All Studies’, Section 45. The FTO shdl therefore ensure that sufficient water quaity and
operationa data are collected during Verification Testing for the satistical andys's described herein.

The recommendation for Verification Testing beyond the required two-month testing period is based on
evaduation of equipment performance under different feedwater qudity conditions that may be
experienced annualy. For example, climatic changes between rainy and dry seasons may produce
substantid variability in feedwater turbidity and TOC for surface water sources. In addition, seasond
changes may aso affect groundwater source quality by introducing variability in feedwater pH and
vaiations in concentrations of TDS and specific inorganic chemical condtituents.  Cold weather
operations can be an important component of seasond water quaity testing because of the impact of
cold temperatures (1°C to 5°C) on water viscosity, membrane sdectivity and sdt diffusion process. In
particular, for membrane process treatment equipment, factors that can influence trestment performance
include:
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= feedwaters with high seasond concentrations of inorganic congtituents and TDS. These conditions
may increase finished water concentrations of inorganic chemica contaminants and may promote
precipitation of inorganic materids in the membrane;

= feedwaters with variable pH; increases in feedwater pH may increase the tendency for precipitation
of sparingly soluble sdtsin the membrane eement and may require variable operationd drategies.

= excessve leves of hydrogen sulfide, iron, manganese and duminum must be removed prior to the
ED/EDR unit;

= cold water, encountered in winter or a high atitude locations,

= high concentrations of natural organic matter (measured as TOC), which may be higher in some
waters during different seasons;

= high turbidity, often occurring in spring, as a result of high runoff resulting from heavy rains or
snowmelt.

It is highly unlikely that dl of the above problems would occur in a water source during a single two-
month period. Therefore, additiond testing beyond the required two months of testing may be used for
fine-tuning of membrane performance or for evauation of additional operationa conditions. During
each testing period, Tasks 2 and 3 (evaluation of cleaning efficiency and finished water quality) can be
performed concurrent with Task 1, the membrane operation testing procedures.

7.0 TASK 1: MEMBRANE OPERATION
7.1 Introduction

Membrane operation will be evduated in Task 1, with quantification of electrica resstance, current
efficiency and differentid pressure. Therate of dectrica resistance increase will be used to demonsgtrate
membrane performance at the specific operating conditions to be verified. The operationa conditionsto
be verified shdl be specified by the FTO in terms of atemperature and salt removal corrected eectrical
resstance vaue (eg., eectrical resstance for % sdt rgection a 20 °C per number of cel pairs) before
the initiation of the Verification Testing Program.

Monitoring in Task 1 shdl be focused on determining the operationa characterigtics such as those
indicated in Table 2 (e.g.: current efficiency, electrical resstance, recovery, etc.). The actua operationa
parameters monitored will depend upon the type of Statement of Performance Objectives made in the
PSTP, or other factors applicable to the technology that provide effective treatment of the feedwater.
The FTO shdl establish the testing conditions to be evauated for Task 1 in the PSTP. An NSF fied
inspection of equipment operations and sampling and fidd andyss procedures may be carried out
during theinitid test runsin Task 1.
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The rate of the electrical resstance increase is a function of water quaity and operational Strategy.
Many factors may influence performance decline with ED/EDR membranes including inorganic scaing,
particulate or organic fouling, biofouling, and other factors. In Task 1, dectricd resstance increase shdl
be monitored to evauate operationd trends. Chemicd characterization of the feedwater and dilute
water stream with caculation of membrane rgjection capabilitieswill be performed as part of Task 3. In
addition, cdculaion of the operaiond limitations caused by limiting st concentrations will be
performed in Task 3. The testing runs conducted under Task 1 shdl be performed in conjunction with
Tasks 2 and 3. With the exception of the additiona testing periods conducted at the FTO's discretion,
no additiond membrane test runs are required for performance of Tasks2 and 3.

Any pretreatment included in an ED/EDR or other trestment system designed for inorganic contaminant
remova shdl be consdered to be an integra part of the membrane treetment system and shdl not be
tested independently. In such cases, the system shall be consdered as a single unit and the pretrestment
process shal not be separated for optional evauation purposes. The definition of pretreatment
processes shdl NOT include scaling control, corroson control, and trestment for stabilization of
ED/EDR-trested waters, as these treatments may be considered integral to the operation of the
ED/EDR system.

7.2  Experimental Objectives

The objectives of Task 1 are to demongtrate the following: 1) the appropriate operationa conditions for
the membrane equipment; 2) the feedwater recovery achieved by the membrane equipment a the
designated operationd conditions, and 3) the rate of eectrical resstance increase observed over
extended ED/EDR membrane system operation during the two-month testing period. Task 1 is dso
intended to provide in operational power consumption information that can be used to develop cost
edimates for operation and maintenance of the equipment. Complete chemicad and physicd
characterization of the feedwater, concentrate stream and trested waters produced by the system, with
cdculation of limiting salt concentrations will be performed as part of Task 3.

It should be noted that the objective of this task is not process gptimization, but rather verification of
membrane operation a the operatiing conditions specified by the FTO, as pertans to power
consumption and sdt removas per sage. Verification of membrane operation under the conditions
gpecified in the Statement of Performance Objectives shall dso gpply to conditions that are considered
less chdlenging to the ED/EDR system. Examples of conditions considered less chdlenging may include
lower st rgections and lower system recoveries.

7.3 Work Plan

Mobilization and start-up of equipment shal be performed prior to the initigtion of Task 1 testing.
Furthermore, the ED/EDR membrane trestment system shal have achieved a condition of steady-state
operation prior to the sart of Task 1 testing. The FTO shdl clearly describe in the PSTP the protocol
for start-up of the membrane system, as well as operations and maintenance issues that may arise during
mobilization and start-up.
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After set-up and shakedown of the membrane equipment, ED/EDR operation should be established at
the operational conditions established by the Statement of Performance Objectives. The membrane
system shall be operated for aminimum of two months. A summary of the operationd parametersto be
recorded during Task 1 and the minimum frequency of monitoring are presented in Table2. The FTO
shdl provide in the PSTP the necessary methods for monitoring of the operationd parameters presented
in Table 2. Additiona monitoring of feedwater chemisiry shal be performed during Verification Testing,
as described below in Table 2.

Table2: Task 1 Required Minimum Operating Data

Operational Parameter Action, Monitoring Frequency

Dilute-in, electrode flush and concentrate make-up | Check and record twice daily. Adjust when 5%

flow rates above or below target. Record both before and
after adjustment.

Membrane Stack Inlet and Outlet Pressures Check and record twice daily.

(for each ED/EDR system)

Voltage and Amperage for + and - operational (for | Check and record twice daily
each electrica stage of the ED/EDR system)

Voltage drop per inch of stack Check and record weekly.

Recycle Ratio to obtain target Recovery Check and record twice daily. Adjust when 2%
above or below target.

Total Dissolved Solids Concentration in Feedwater, | Calculation of sat normality gradient on daily basis.

Concentrate, Product (for each stack of the (Calculation per Equation 4.4, Section 4).

ED/EDR system)

Feedwater Temperature Record twice daily

Concentrate composition for disposal Sample waste stream once during the minimum
two-month testing period.

Concentrate and product flow rate Check and record flow streams twice daily.

Determination of optima membrane operating conditions for a particular water could potentidly require
as long as one year of operation. For Task 1 however, each set of operating conditions shall be
maintained for the two-month testing period (continuous 24-hour operation). At a minimum, the
membrane shdl be chemically cleaned according to Manufacturer’ s specifications at the concluson of
the two-month testing period. At this time, the cleaning efficiency shdl be determined per the
requirements outlined in Task 2.

If substantial electrica resistance increase occurs at the specified operating conditions before the two-
month operating period is complete, adjustments to the operationd srategy shal be made. Decisons
on which adjusments should be made shdl be based upon the Manufacturer’s experience and
consultation with the FTO conducting the sudy. Adjustments in chemicd addition (such as pH
adjusment) shdl not be consdered to conditute changes in the overdl operationa Strategy, as
mentioned above. The FTO shdl dso specify the run termination criteria for the particular ED/EDR
membrane equipment being tested under the Verification Testing Program.  For example, the
termination criteria may be defined as a 5% or 10% increase in dectricd resstance, a drop in the
percent solute rgjection, or an increase in stack differentia pressure to a specific value. In the case thet
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fouling and eectrical resstance increase occurs in a shorter time than the two-month testing period, the
membrane shdl be chemicadly cleaned and the operating or pretrestment conditions shal be adjusted.
After these conditions are changed, the system would be operated until the completion of the two-
month testing period. Because only one testing period shdl be required in this Verification Testing Plan,
the FTO shdl specify the primary sdt rgection leves a which the equipment isto be verified.

Concentrate streams and other waste streams generated by the membrane equipment must be
completely characterized during Task 1 testing. The FTO shal completely describe and provide generd
characterization of the waste streams that are generated by the ED/EDR membrane treatment systemin
the PSTP, including pH, temperature, cacium, sulfate, TDS, dkdinity, TSS, disnfectant resdua and
any other parameter regulated in the waste stream. The FTO shal dso discuss the applicable potential
waste stream disposal issuesin the PSTP, including disposal to the sewer or receiving waters.

Tedting of additiona operationa conditions may be included in the Verification Testing Program & the
discretion of the Manufacturer and their designated FTO. Tegting of aternate operationd conditions
shdl be performed by including one or more one-month testing period beyond the two-month testing
periods required by the Verification Testing Program. Additiona testing periods may be included to
demongtrate membrane performance at different operational conditions or under different feedwater
quality conditions. The FTO on behdf of the Manufacturer shdl perform testing with as many different
water quality conditions as desired for verification Satus.

This Membrane ETV Testing Plan has been written with the aim to balance the costs of verification with
the benefits of testing the ED/EDR process over awide range of operating conditions. Given that it may
take more than one month to observe a sgnificant eectrical resstance increase in ED/EDR systems,
examination under a wide range of operating conditions would be prohibitively expengve for the
membrane Manufacturer. Therefore, this Verification Testing Plan requires that one set of operating
conditions be tested during the two-month testing period. It shal be furthermore understood that
beyond the single sat of verification operating conditions, membrane operation that occurs at lower st
rglections or alower recovery shall dso condtitute a verifiable condition.

7.4  Analytical Schedule
7.4.1 Operational Data Collection

Measurement of membrane performance parameters shdl be monitored a minimum of 2 times
per day, asindicated in Table 2. Monitoring shdl be performed for each stage in the ED/EDR
sysem. Temperature measurements shdl be made on a daily basis in order to provide data for
temperature correction of electrica resstance and for reporting of solute rgjection (addressed in
Task 3).

In an atempt to caculate cogts for operation of membrane equipment, power costs for
operation of the membrane equipment shall also be monitored and recorded by the FTO a
minimum of 2 times per day, as indicated in Table 2. Furthermore, the costs of chemica
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7.5

addition shal be estimated by measurement of chemica usage through recording the day tank
concentration, daily volume consumption and unit cost of chemicas.

7.4.2 Feedwater Quality Limitations

The characterigtics of feedwater used during the two-month testing period (and any additiona
testing periods) sl be explicitly reported with the compiled results from eectrical resstance,
sack pressure drop and recovery monitoring.  Accurate reporting of such feedwater
characteridtics as pH, temperature, conductivity, TDS, dkdinity, turbidity, sulfide, sulfate, iron
manganese, auminum cacium, hardness, TSS, and TOC concentraion is criticd for the
Veification Tesing Program, as these parameters may subgtantidly influence the range of
achievable membrane performance and trested water quaity under variable raw water quality
conditions. The TDS concentrations in the feedwater, product and concentrate streams shall be
used to cdculate the st (Equation 4.4) removals through the membranes on adally bass. Sdt
remova vaue shal then be used for caculation of current efficiency on a daly bass  Specific
monitoring requirements for feedwater qudity shal be stipulated in Task 3.

Evaluation Criteria and Minimum Reporting Requirements

Genera operationd performance

b

Graph of change in dectricd resstance (Equation 4.4) normaized to 20°C or 25°C and
corrected for salt removals vs. time over the two-month testing period. Grgphs showing time-
dependent change of experimental parameters will be defined as tempord profiles. One
tempord profile graph of dectrica resstance shal be provided for each set of operationa
conditions and/or water qudities evaluated during Verification Testing.

Tempord profile of differentid pressure across each membrane stack over the two-month
testing period. One tempora profile graph shall be provided for each set of operationd
conditions and/or water qudities evaluated during Verification Testing.

Tempord profile of water recovery (Equation 4.6) over the two-month testing period. One
tempord profile graph shall be provided for each set of operationa conditions and/or water
qudities evauated.

Power consumption

b

Provide table of energy requirements, DC current efficiency, motor efficiency and consumed
amperage for the testing period(s), as measured for each set of operational conditions.

Concentrate stream characterization

b

Provide table of concentrate stream quity parameters measured during the two-month testing
period.
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8.0 TASK 2: CLEANING EFFICIENCY
8.1 Introduction

During and following the test runs of Task 1, the membrane equipment may require chemica cleaning to
restore membrane productivity. At a minimum, one cleaning shdl be performed a the conclusion of the
two-month period of required testing. In the case that the membrane does not fully reach termingtion
criteria as oecified by the Manufacturer in Task 1, chemica cleaning shdl be performed after the two-
month testing period. Measurement of membrane performance parameters a one set of operationa

conditions shal be made before and after dleaning.

8.2  Experimental Objectives

The objective of Task 2 is to evaduate the effectiveness of chemicd cleaning for restoring the eectrica

resstance of the membrane sysem. Evaduation of the chemica cleaning procedure will be useful in
confirming that standard Manufacturer-recommended cleaning practices are sufficient to restore
membrane productivity. Furthermore, such testing may determine if the chemica cleaning procedure
degrades the process in terms of its reection cgpabilities for inorganic and radionuclide chemica

contaminants. Cleaning chemicas and cleaning routines shdl be adopted from the recommendations of
the Manufacturer; this task is congdered a "proof of concept” effort, not an optimization effort. It
should be noted that selection of a chemica cleaning procedure is typicaly dependent upon the specific
feedwater qudity. The testing plan should permit evauation of cleaning solutions that are considered
optimal for the sdected feedwaters. If the Manufacturer determines that a pre-sdected cleaning
formulation is not effective, the testing plan should alow the Manufacturer to modify it.

8.3 Work Plan

The membrane systems may experience dectricad resstance increase during the membrane test runs
conducted for Task 1. At the concluson of the two-month testing period, the equipment shal be
utilized for the cleaning assessments. Each system shdl be chemicaly cleaned using the recommended
cleaning solutions and procedures specified by the Manufecturer.  After each chemica deaning of the
equipment, the system shall be restarted and the initia conditions of operation, eectrical resistance, st
rejection percentage, recovery and specific inorganic and radionuclide contaminant rejection capabilities
shdl be tested.

The Manufacturer and their designated FTO shal specify in detall the procedure(s) for chemica
cleaning of the membranes. At aminimum, the following shal be specified:
. deaning chemicds

quantities and codts of cleaning chemicds

hydraulic conditions of dleaning

time duration of each cleaning Step

initial and find temperatures of chemica deaning solution

quantity and characteristics of resdua waste volume to be disposed

recommended methods and congderations for disposa of resdua cleaning waste
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procedure for tearing down and rebuilding ED/EDR membrane stack

In addition, detailed procedures describing the methods for pH neutraization of the used acid or akdine
cleaning solutions should be provided dong with information on the proper disposd method for
regulated chemicads. A description of dl deaning equipment and its operation shdl be included in the
PSTP prepared by the FTO.

84  Analytical Schedule
8.4.1 Operational Data Collection

Flow rates, pressures, voltage, amperage, recovery, and temperature data shall be collected
during the cleaning procedure if possble and shal be recorded immediately preceding system
shutdown. At the conclusion of each chemica cleaning event and immediately upon return to
membrane operation, the initid operating conditions of st rgjection, ectrica power, flow rate,
recovery, ED/EDR stack voltage probe readings, and temperature shal be recorded and the
electrical resstance calculated.

The efficacy of chemicd cdeaning shdl be evaduaed by the recovery of temperature-adjusted
electrical resstance after chemica cleaning as noted below, with comparison drawn from the
cleaning efficacy achieved during previous deaning evduations (if avalable). Comparison
between chemicad deanings shdl dlow evauation of the potentid for irreversble loss of
peformance. Anayss of feedwater and dilute stream qudity in subsequent runs shdl dso be
used to evauate any loss in membrane rejection capabilities caused by chemica cleaning.

Two primary indicators of cleaning efficiency and restoration of membrane productivity will be
examined in Task 2. These are conditional on the temperature and ionic strength remaining
constant or gppropriately adjusted for changes in these two parameters.

1) The immediate recovery of membrane performance, as expressed by the ratio between the final
electrical resstance vaue (Ry) and the initid dectricd resstance (R;) measured for the subsequent
operaiond run:

% Increase of Origind Electricd Resistance=100* [ 1- (R R)]

where R = resigtance of ED/EDR stack at prior to cleaning (ohmvcn)
R = resistance of ED/EDR stack at start-up (ohm/cn)
2) The reduction in differentid pressure across the membrane stack(s), as expressed by the ratio
between the initid differentid pressure for any given run (dP) divided by the find differentid
pressure measured a the initiation of operation for the find run in a series (dP):
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% Increese of Origind Differential Pressure=100* [ 1—(dP; = dPy)]

where:  dP; = differentia pressure of ED/EDR stack at prior to cleaning (psid)
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dP, = differentid pressure of ED/EDR stack at start-up (psid)
8.4.2 Sampling

The temperature, pH, conductivity, TDS, TOC, duminum, cacium, sulfate, iron, manganese,
and turbidity of each cleaning solution shall be measured and recorded during various periods of
the chemicd cleaning procedure. In addition, in the case that the cleaning solution employs an
oxidant, such as chlorine, the concentration of the oxidant both before and at the end of the
cleaning should be measured. Notes recording the visud observations (color, degree of
suspended matter present) shall also be provided by the FTO.

8.5  Evaluation Criteria and Minimum Reporting Requirements

The minimum reporting requirements shal include presentation of the following results:

Electricd Resstance recovery
o) Provide table of post cleaning eectrica resistance recoveries during the two-month period of
operation

Differential Pressure recovery
p Provide table of differentiad pressure recovery described above for chemicd cleaning
procedures performed during the two-month period of operation

Assessment of irreversible increase of dectrical resstance and estimation of usable membrane life
for costing purposes.

9.0 TASK 3: FEEDWATER AND TREATED WATER QUALITY MONITORING
9.1 Introduction

Water quality data for the feedwater, the membrane product and concentrate streams shdl be collected
during the membrane test runs conducted as part of Task 1. No additiona test runs shal be performed
for Task 3 to acquire data on feedwater and trested water qudity. The requirements for monitoring of
water quality parameters in the feedwater, product and concentrate streams shal be clearly specified by
the FTO in the PSTP according to the objectives of the Verification Testing program and the Statement
of Performance Objectives. The specific water quaity goas and the target remova goas for the
membrane equipment shdl adso be recorded in the PSTP. A ligt of the minimum number of water
quality parameters to be monitored during equipment Verification Testing in this Testing Plan is provided
in Table 3. A lig of the potentia water qudity parameters for additiona monitoring is provided in
Table 4 for the feedwater, the membrane product and concentrate streams. The actua water quaity
parameters sdlected for testing and monitoring during equipment Verification Testing shdl be explicitly
dtipulated by the FTO in the PSTP.
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9.2  Experimental Objectives

The objective of this task is to assess the ability of the membrane equipment to demondtrate the
treatment and/or rgjection capabilities indicated in the PSTP Statement of Performance Objectives.
Mass baances shdl be performed as part of Task 3 in order to evauate the concentration of removed
gpecies during membrane system operation. Caculation of the recovery limitation caused by limiting
sdtswill be performed to determine the impact of feedwater quality on membrane operation. Statistica
andyss, as described in the “EPA/NSF ETV Protocol For Equipment Verification Testing For
Remova Of Inorganic Congtituents: Requirements For All Studies’ (Section 4.5: Recording Stetistical
Uncertainty) is only required for those water quality parameters that shal be monitored on a weekly
basis during each Verification Testing period.

9.3 Work Plan

The Manufacturer through their desgnated FTO shdl identify the equipment rejection capabilities for
selected inorganic chemica and radionuclide contaminants in the Statement of Performance Objectives
provided in the PSTP. The Statement of Performance Objectives shdl clearly establish the specific
performance criteria to be verified and the specific operationa conditions under which the Verification
Tegting shall be performed. For each Statemert of Performance Objectives proposed by the FTO, the
following information shall be provided: percent remova of the targeted inorganic congtituent per stage,
rate of trested water production; recovery; feedwater qudity regarding pertinent water qudity
parameters, temperature; concentration of target inorganic or radionuclide condtituent; and other
pertinent water qudity and operationd conditions. Two examples of acceptable Statements of
Performance Objectives are provided in Section 3.0. The Statement of Performance Objectives
prepared by the Manufacturer and their designated FTO shdl aso indicate the range of water quaity
under which the equipment can be chalenged while successtully treeting the feedweter, as indicated by
examplesin Section 3.0.

Monitoring of water quality parameters in the feedwater, product and concentrate water streams shall
dlow cdculaion of percent rgection of the measured parameters and targeted inorganic chemicd or
radionuclide contaminants for the specific operationd conditions evaluated. Estimation of the percent
rgjection of selected inorganic water qudity parameters shdl be based upon the equation for solute
rglection provided in the section titled Definition of Operational Parameters, Equation 4.7.

Many of the water quaity parameters described in this task shall be measured on-site by the NS
qudified FTO. Andyss of the remaning water quaity parameters shdl be performed by a Sae
certified or third paty- or EPA- accredited, anadytica laboratory. The methods to be used for
measurement of water quaity parameters are identified in Tables 3 and 4. Where appropriate, the
Standard Methods reference numbers and EPA method numbers for water quality parameters are
provided for both the field and laboratory andytica procedures. A number of the andyticd methods
utilized in this sudy for on-Site monitoring of feedwater and product water qualities are further described
in Task 5, Quality Assurance Project Plan.
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For the water qudity parameters requiring andyss a a date-cetified or third party- or EPA-
accredited laboratory, water samples shal be collected in appropriate containers (containing necessary
preservatives as applicable) prepared by the, off-Ste laboratory. These samples shdl be preserved,
stored, shipped, and analyzed in accordance with appropriate procedures and holding times, as
specified by the andyticd lab. Required information will be included on the “chain-of-custody”
provided by the laboratory for al samples.

It should be noted that the membrane equipment participating in the Verification Testing Program for
inorganic or radionuclide contaminant remova may be cgpable of achieving multiple water trestment
objectives.  Although this Tegting Plan is oriented towards remova of inorganic and radionuclide
contaminants, the Manufacturer may want to look at the trestment system’s remova capabilities for
additional water quaity parameters.

9.4  Analytical Schedule
9.4.1 Feedwater, Product and Concentrate Char acterization
During the two-month testing period, the feedwater, product and concentrate water streams
shdl be characterized a a sngle sat of operating conditions indicated in the Statement of
Peformance Objectives. The minimum water qudity monitoring requirements for this
Verification Tegting plan are provided in Table 3.

Table3: Minimum Required Water Quality Sampling

Parameter Sampling | Test Streamtobe | Standard Method | EPA Method
Frequency Sampled

pH 1/Day Feed, Product 4500 H+ 150.1/150.2

Temperature 2/Day Feed 2550 B

Conductivity 2/Day Feed, Prod., Conc. 2510B

TDS 1/Week Feed, Prod., Conc. 2540 C

Alkdinity 1/Month Feed, Prod., Conc. 2320B

Langlier Seturation I/Month Feed, Prod., Conc. cdculated

Index (LS)

Turbidity 1/Month Feed, Prod., Conc. 2130 B 180.1

TSS 1/Month Feed, Prod., Conc. 4500-NH; G

TOC 1/Month Feed, Prod., Conc. 5310 C

Sdlected Inorganic 3/Week Feed, Prod., Conc.

Congtituents (see

Table 4)

In addition, the FTO (on behdf of the Manufacturer) shdl indicate in the PSTP the specific
target inorganic chemicad contaminants that shdl be monitored in the Veification Testing
Program per the Statement of Performance Objectives. A lig of the potentid inorganic
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chemicd contaminants that may be included in this Verification Testing program isinduded in
Table 4. The recommended monitoring frequency for these inorganic chemica contaminants

shdl be aminimum of three times per week didtributed evenly through the week period.

Table4: Lig of Inorganic Chemical Contaminantsfor Verification Testing

Parameter Standard M ethod EPA
Method

Aluminum 3500 Al 202.2
Baium 3500 Ba 208.1
Cadmium 3500 Cd 213.2
Cdcium 3500 Ca 215.2
Chloride 4500 Cr 325.1
Chromium 3500 Cr 218.2
Fluoride 4500 F 340.1
Iron 3500 Fe 236.1
Manganese 3500 Mn 243.1
Magnesum 3500 Mg 242.1
Nitrate 4500 NO5™* 352.1
Nitrite 4500 NO,? 354.1
Sodium 3500 NaB 273.1
Strontium 3500 Sr 200.7
Sulfate 4500 SO, 375.4
Sulfide 4500 §* 376.1
Other  Inorganic  Chemicd TBD* TBD
Contaminants
Optional:
UV absorbance 5910 B -
Totd Trihdomethanes 5710 524.2
Hdoacetic Acids 5710 552.1

* TBD - to be determined

9.4.2 Water Quality Sample Collection

Water quality data shall be collected at the specified intervas during each testing period. The
minimum monitoring frequency for the minimum required water quality parametersis provided in
Table 3. A minimum monitoring frequency of three per week shdl be adopted for additiona
inorganic chemica contaminants to be included in the Verification Testing Program. At the
discretion of the Manufacturer and the designated FTO, the water quality sampling program
may be expanded to include any number of water quality parameters and an increased
frequency of water quaity parameter sampling. Sample collection frequency and protocol shal
be defined explicitly by the FTO in the PSTP. To the extent possible, anadlyses for inorganic
water qudity parameters shdl be performed on water sample diquots obtained smultaneoudy
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from the same sampling location, in order to ensure the maximum degree of comparability
between water quality anaytes.

The TDS concentrations in the feedwater, product and concentrate streams shall be used to
caculate the ionic strength of the feedwater and concentrate streams, as well as st rgections
by the membrane stack on a daily basis. Sdlt rgjection gradient value shdl then be used for
cdculation of eectrica resstance and current efficiency on a daily bass Mass baances for
specified water quaity parameters shall dso be caculated a afrequency (minimum of once
weekly) desgnated by the FTO. Cdculation of the potentid for recovery limitation based upon
limiting sdt concentrations shdl aso be peformed a a frequency (minimum of once weekly)
designated by the FTO.

9.5 Evaluation Criteriaand Minimum Reporting Requirements

Percent remova of inorganic chemica condtituents

p Provide tempora plot of concentrations of target inorganic congituents and TDS in the
feedwater, product and concentrate water streams over the two-month period of operation.
Rdevant inorganic condtituents for monitoring shal be specified by the FTO on behdf of the
Manufacturer in the PSTP.

p Provide table with weekly vaues of percent remova of target inorganic congtituents and
other pertinent water quaity parameters for the two-month period of operation. The
equation shown in the section titled Definition of Operationa Parameters shdl be used to
determine percent remova of dl pertinent water quality parameters for Verification Testing
by the FTO and Manufacturer.

b Conduct mass balances through the membrane testing system for specific water quality
condtituents (minimum of once weekly) as identified by the FTO in the PSTP. The mass
balance equation presented in the section titled Definition of Operationd Parameters shdl be
used to the mass of concentration of inorganic condtituents in different water streams.

o) Cdculate limiting salt concentrations (via solubility product calculation Equetion 4.9) for
gpecific water quality condtituents (minimum of once weekly) as identified by the FTO in the
PSTP. The equation for solubility product cdculation as presented in the section titled
Definition of Operationa Parameters (Equation 4.9) shal be used to compare with standard
Solubility Product values to determine if the sdt concentration is posing a limitation to
operationd system recovery.

b Provide voltage readings obtained from ED/EDR stack probing in Table form.

o) Provide temporal plot of polarity readings for amps and volts applied to each stage over
the two-month period.

o) Develop and provide power consumption plotted in kWhr/1,000 galons produced
veraus time for the two-month testing period.

o) Provide chemica usage and other ED/EDR stack parts replacement costs over the two-
month period.

Individua water quality and remova goals specified by the Manufacturer

b Provide feed, product and concentrate concentrations of any measured water quaity

parametersin tabular form for the two-month period of operation.
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100 TASK 4: DATA HANDLING PROTOCOL
10.1 Introduction

The data management system used in the Verification Testing program shdl involve the use of computer
gpreadsheets and manual (or on-line) recording of operationa parameters for the membrane equipment
onadally bass.

10.2 Experimental Objectives

The objectives of Task 4 are: 1) to establish a viable structure for the recording and transmission of
fiedd teding data such that the FTO provides sufficient and reliable data to NSF for verification
purposes, and 2) to develop a satistical andysis of the data, as described in the document “EPA/NSF
ETV Protocol For Equipment Verification Teding For Removad Of Inorganic Condituents:
Requirements For All Studies.”

10.3 Work Plan

The following protocol has been developed for data handling and data verification by the FTO. Where
possible, a Supervisory Control and Data Acquisition (SCADA) system should be used for automatic
entry of testing data into computer databases. Specific parcels of the computer databases for
operationd and water quality parameters should then be downloaded by manua importation into Excel
(or smilar spreadsheet software) as a comma delimited file. These specific database parcels shall be
identified based upon discrete time spans and monitoring parameters.  In preadsheet form, the data
ghdl be manipulated into a convenient framework to alow analyss of membrane equipment operation.
At aminimum, backup of the computer databases to diskette should be performed on a monthly basis.

In the case when a SCADA system is not available, fidd testing operators shall record data and
caculations by hand in laboratory notebooks. (Daily measurements shdl be recorded on specidly-
prepared data log sheets as appropriate.) The laboratory notebook shall provide carbon copies of each
page. The origind notebooks shall be stored on-Site; the carbon copy sheets shal be forwarded to the
project engineer of the FTO at least once per week during the one-month testing period. This protocol
will not only ease referencing the origind data, hut offer protection of the origind record of results.
Operating logs shdl include a description of the membrane equipment (description of test runs, names of
vigitors, description of any problems or issues, etc.); such descriptions shal be provided in addition to
experimenta caculaions and other items.

The database for the project shdl be st up in the form of custom-designed spreadsheets. The
gpreadsheets shal be capable of storing and manipulating each monitored water quality and operationa
parameter from each task, each sampling location, and each sampling time. All data from the laboratory
notebooks and data log sheets shal be entered into the appropriate spreadsheet. Data entry shal be
conducted on-dte by the designated field testing operators. All recorded caculations shdl aso be
checked at thistime. Following data entry, the spreadsheet shal be printed out and the print-out shal
be checked againgt the handwritten data sheet. Any corrections shal be noted on the hard-copies and
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corrected on the screen, and then a corrected verson of the spreadsheet shdl be printed out. Each step
of the verification process shdl be initided by the field testing operator or engineer performing the entry
or verification step.

Each experiment (e.g., each membrane test run) shdl be assigned a run number that will then be tied to
the data from that experiment through each step of data entry and analyss. As samples are collected
and sent to state-certified or third party- or EPA- accredited laboratories, the data shall be tracked by
use of the same sysem of run numbers usng chain-of-custody forms. Data from the outsde
laboratories shdl be received and reviewed by the field testing operator. These data shdl be entered
into the data spreadshests, corrected, and verified in the same manner asthe field data.

As avallable, dectronic data storage and retrieva capabilities shal be employed in order to maximize
data collection and minimize labor hours required for monitoring. The guideines for use of data-loggers,
laptop computers, data acquisition systems etc., shall be detailed by the FTO in the PSTP.

11.0 TASK 5 QUALITY ASSURANCE PROJECT PLAN
11.1 Introduction

Quadlity assurance and qudity control of the operation of the membrane equipment and the measured
water quaity parameters shdl be maintained during the Verification Tesing program. A Qudity
Assurance Project Plan detailing the qudity assurance/qudity control (QA/QC) procedures to be
followed during Verification Testing shal be provided by the FTO as part of the PSTP.

11.2 Experimental Objectives

The objective of this task is to maintain strict QA/QC methods and procedures during the Equipment
Verification Testing Program. Maintenance of grict QA/QC procedures is important, in that if a
question arises when andyzing or interpreting data collected for a given experiment, it will be possible to
verify exact conditions at the time of testing.

11.3 Work Plan

Equipment flowrates and associated signds should be documented and recorded on a routine basis. A
routine daily walk through during testing shall be established to verify that each piece of equipment or
ingrumentation is operating properly. Particular care shal be taken to confirm that any chemicds are
being fed at the defined flowrate into a flowstream thet is operating at the expected flowrate, such that
the chemical concentrations are correct.

In-line monitoring equipment such as flowmeters, etc. shdl be checked to confirm that the readout
matches with the actuad measurement (i.e. flowrate) and that the signa being recorded is correct. The
items listed are in addition to any specified checks outlined in the andytica methods and include volt and
amperage reading equipment.
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11.3.1 Daily QA/QC Verifications.

Chemicd feed pump flowrates (verified volumetrically over a specific time period)
Flow rates to ontline andyticad equipment (eg., pH meter, conductivity meter,
turbidimeter), if any (verified volumetricaly over a specific time period).

11.3.2 Monthly QA/QC Verifications:

In-line flowmeters/rotameters (clean equipment to remove any debris or biologica buildup
and verify flow volumetricaly to avoid erroneous readings);

Ontline pH meters, conductivity meters, turbidimeters etc. (clean out reservoirs and re-
cdibrate, if employed)

Differentid pressure tranamitters (verify gauge readings and eectrica sgnd using a pressure
meter);

Tubing (verify good condition of al tubing and connections, replace if necessary)

Volt and amperage meters (verify gauge readings and sgnd using cdibrated hand-held
meters).

11.4 Analytical Methods and Sample Collection

The andyticd methods utilized in this Equipment Verification Testing Plan for on-Ste monitoring of
feedwater, product and concentrate water quality are described in the section below. Use of ether
bench-top or on-line fidd anayticd equipment will be acceptable for the Verification Testing; however,
on-line equipment is recommended for ease of operation. Use of on-line equipment is dso preferable
because it reduces the introduction of error and the variability of andytica results generated by
incons stent sampling techniques.

11.4.1 pH

Andyses for pH shdl be peformed according to Standard Method 4500-H" and include
temperature compensation. A three-point cdibration of the pH meter used in this sudy shdl be
performed once per day when the indrument is in use. Certified pH buffers in the expected
range shdl be used. The pH probe shdl be stored in the gppropriate solution defined in the
ingrument manud.

11.4.2 Conductivity

Analyses for conductivity shall be performed according to Standard Method 2510 B. A three-
point cdibration of the conductivity meter used in Verification Testing shdl be performed once
per day when the instrument is in use. Certified conductivity solutions in the expected range
ghdl be used. The probe shdl be stored in the appropriate solution defined in the instrument
manudl.
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11.4.3 Turbidity

Turbidity analyses shdl be performed according to Standard Method 2130 with either an on-
line or benchrtop turbidimeter. During each testing period, the online and bench-top
turbidimeters shal be left on continuoudy. Once each turbidity measurement is complete, the
unit shal be switched back to its lowest setting. All glassware used for turbidity measurements
shdl be cleaned and handled using lint-free tissues to prevent scratching. Sample vids shdl be
stored inverted to prevent deposits from forming on the bottom surface of the cell.

The FTO shdl be required to document any problems experienced with the turbidity monitoring
insruments, and shdl dso be required to document any subsequent modifications or
enhancements made to monitoring insruments.

On-line Turbidimeters. On-line turbidimeters may be used for measurement of turbidity during
Verificaion Testing, and must be calibrated as specified in the instrument manufecturer’s
operation and maintenance manua. It will be necessary to periodicdly verify the on-line
readings using a bench-top turbidimeter; dthough the mechanism of andyss is not identica
between the two instruments, the readings should be comparable. Should the comparison
suggest inaccurate readings, then al on-line turbidimeters should be re-cdlibrated. In addition to
cdibration, periodic deaning of the lens should be conducted using lint-free paper, to prevent
any paticle or microbiologicd build-up that could produce inaccurate readings. Periodic
veification of the sample flow shdl dso be peformed usng a volumetric measurement.
Instrument bulbs shall be replaced on an as-needed basis. It should aso be verified that the
LED read-out matches the data recorded by the data acquistion system, if the latter is
employed.

Bench-Top Turbidimeters. Grab samples of feedwater and oxidized/disinfected water may be
andyzed usng a bench-top turbidimeter. Readings from this instrument shal serve as reference
measurements throughout the study. The bench-top turbidimeter shdl be cdibrated within the
expected range of sample measurements at the beginning of equipment operation and on a
weekly basis usng primary turbidity standards of 0.1, 0.5, and 5.0 Nephlometric Turbidity
Units (NTU). Secondary turbidity standards shall be obtained and checked against the primary
dandards.  Secondary standards shall be used on a dally basis to verify cdibration of the
turbidimeter and to re-cdibrate when more than one turbidity range is used.

The method for collecting grab samples shdl be performed according to the following protocal:
1) running a dow, steady stream from the sample tap, 2) triple-rinang a dedicated sample
begker in this stream, 3) dlowing the sample to flow down the Sde of the besker to minimize
bubble entrainment, 4) double-ringng the sample via with the sample, 5) carefully pouring from
the beaker down the sde of the sample vid, 6) wiping the sample vid clean, 7) inserting the
sample vid into the turbidimeter, and 8) recording the measured turbidity. For the case of cold
water samplesthat cause the vid to fog preventing accurate readings, the via shal be dlowed to
warm up by partid submersion in awarm water bath for gpproximately 30 seconds.
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11.4.4 Analyssfor Inorganic Chemical Contaminants

Methods to be employed for andyss of specific andyticd parameters shdl be explicitly
identified by the FTO in the PSTP. The methods sdected for andyss of al inorganic
condtituents shal comply with those described in the most recent edition of Standard Methods
or should be considered a comparable EPA Method.

120 OPERATION AND MAINTENANCE

The following are recommendations for criteria to be included in Operation and Maintenance (O&M)
Manuds for ED/EDR membrane systems that are designed to achieve remova of inorganic chemica
condtituents. Descriptions of the membrane equipment unit process shdl be developed by the FTO on
behdf of the Manufacturer and included in the PSTP. Appropriate parameters for system description
shdl indude but not be limited to the following ements. standard design criteria, membrane process
characterigtics, pre-trestment requirements and post-treatment concerns. An overview of the pertinent
membrane plant design information that may be required for the PSTP is provided in Table 5. A list of
relevant membrane dement characteristics is provided in Table 6. The following sections provide lists
of maintenance and operations criteria that may be helpful for devedopment of O&M Manuds for
ED/EDR membrane systems.

Table5: Membrane Plant Design Criteria Reporting Items

Par ameter Value
Number of Membrane Stacks

Number Electricd Stages per Stack

Number Hydraulic Stages per Stack

Number Membrane Cdl Pairs per Hydraulic Stage
Recovery per Stack (%)

Recovery for System (%)

Design Product Flow (gpm)

Initial Electrica Resstance (ohms) at 20 -C
Maximum How Rate to a Stack (gpm)

Minimum Fow Rate to a Stack (gpm)

Pressure Loss per Stack (ps)

Feed Stream TDS (mg/L)

TDS Regection (%)

Reection of Specific Inorganic Congtituent (%)
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Table6: Membrane Element Char acteristics

Parameter Value
Membrane Manufacturer

Membrane Element Modd Numbers (anion & cetion)
Size of Element Used in Study (e.g., 18"x40")

Sales Pricefor 18"x40" cation membrane (%)

Sdes Pricefor 18"x40” anion membrane ($)
Membrane Materid of Construction (cation)
Membrane Materid of Condruction (anion)

Spacer Thickness (in)

Sdes Price for Electrode ($)

Electrode Materid of Congtruction

Electrode Thickness (in)

Design differential Pressure (ps)

Design SaAlt Reections per Stage (%)

Variability of Desgn SdAt Reections (%)

Desgn Electrical Resistance at 20 °C

Design Recovery (%)

Design Stack Feed FHlow Vel ocity (ft/s)

Maximum Flow Rate to Stack (gpm)

Minimum FHow Rate to a Stack (gpm)

Required Feed Flow to Electrode Flush Stream (gpm)
Maximum System Recovery (%)

Regection of Reference Solute and Conditions of Test (eg.,
Solute type and concentration)

Variability of Rgection of Reference Solute (%)
Acceptable Range of Operating Pressures (ps, bar)
Acceptable Range of Operating pH Values

Typical Pressure Drop across a Single Stack (ps)
Maximum Permissble Turbidity

Chloring/Oxidant Tolerance

Average voltage drop for new cell

Suggested Cleaning Procedures

12.1 Maintenance

The Manufacturer shdl provide readily understood information on the recommended or required
maintenance schedule for each piece of operating equipment such as.

pumps
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vaves, including detailed information on the vave configuration for cross-flow operation
pressure gauges

flow meters

air compressors

chemicd feeder systems

mixers

motors

ingruments, such as streaming current monitors or turbidimeters

water meters, if provided

electrodes

The Manufacturer shdl provide readily understood informetion on the recommended or required
maintenance for non-mechanica or non-electrica equipment such as.

tanks and basins

in-line gatic mixers

tubing and hoses

12.2 Operation

The Manufacturer should provide readily understood recommendations for procedures related to
proper operation of the equipment. Among the operating aspects that should be discussed are the
following issues:
ED/EDR System:
. control of feed flow and recycle flows to the membrane system and individua stages

measurement of inlet/outlet pressures and product flows

measurement of power usage for + and — polarity operation

measurement of voltage probing in membrane stacks

measurement/caculation of power and water flow operational parameters

maintenance of proper stack weeping

Chemicd cleaning:

. Sdection of proper chemica washing sequence
proper procedures for dilution of chemicas
monitoring of pH through chemica deaning cyde
ringng of membrane system following chemicd dean
return of membrane system to service

Chemical feeders
cdibration check on flow meters and dosing pumps
settings and adjustments -- how they should be made
dilution of chemicas-- proper procedures
proper dosage and control for ECIP and brine re-circulation feeds (if used)

Intermittent Operation:
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proper procedures for system shut-down and start-up
safety checks of chemica concentrations prior to system shut-down
safety checks of potentid contaminant concentrations prior to system shut-down and start- up
proper procedures for rinsing and disinfection of system following shut-down
Monitoring and Sampling Procedures:
observation of feedwater or pretreated water salt rejection
observation of power use increase
proper monitoring procedures for measurement of product conductivity
proper safety procedures

The Manufacturer should provide a troubleshooting guide; a smple check-list of what to do for avariety
of problemsinduding:
. no raw water (feedwater) flow to plant
can't control rate of flow of water through equipment
poor product quality
identification of “hot spots” in membrane stack
automatic operation (if provided) not functioning
reduced percent solute rejection
machine will not start and "Power On” indicator off
machine will not start and "Power On” indicator on
pump cavitation
valve stuck or won't operate
no electric power
no chemicd feed for ECIP or brine re-circulation
membrane flow spacer plugged

12.3  Operability

The following are recommendations regarding operability aspects of systems that are designed to
achieve removad of inorganic chemica and radionuclide contaminants. These agpects of plant operation
should be included if possiblein reviews of historical data, and should be included to the extent practica
in reports of equipment testing when the testing is done under the ETV Program.

During Verification Testing and during compilation of historica equipment operating deta, attention shdl
be given to equipment operability aspects. Among the factors that should be consdered are:

fluctuation of flow rates and pressures through membrane unit - thetime interva at which resgtting is

needed (i.e., how long can feed pumps hold on a set vaue for the feed rate?)

fluctuation of applied dectrica volts and amps gpplied to each stage.

presence of devices to aid the operator with flow control adjustment and chemica dosage sdlection:
p are continuous flow meters provided for monitoring of feedwater, product and

concentrate re-circulaion flows?
Conductivity provided for monitoring of ED/EDR System product?
does plant have multiple feed points for chemicas

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

April 2002 Page 3-31



b for ECIP

o) for concentrate recycle
are eectrica current measurements provided?
is rate of flow of raw water measured?
are chemica feeds paced with water flow?

Both the reviews of higtoricad data and the reports on Verification Testing should address the above
guestions in the written reports.  The issues of operability should be dedt with in the portion of the
reports that are written in response to Tasks 1 & 2 of the Verification Testing Plan.
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