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U.S.ENVIRONMENTAL PROTECTION AGENCY

Throughout its higory, the United States Environmental Protection Agency (EPA) has evauated
technologies to determine their effectiveness in preventing, controlling, and cleaning up pollution. EPA is
now expanding these efforts by indituting a new program, the Environmenta Technology Verificaion
Program---or ETV---to verify the performance of a larger universe of innovative technica solutions to
problems that threaten human hedlth or the environment. ETV was created to accelerate the entrance of
new environmenta technologies into the domestic and international marketplace. It supplies technology
buyers and developers, consaulting engineers, states, and EPA regions with high qudity data on the
performance of new technologies. This encourages more rapid availability of gpproaches 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. The EPA is
authorized through the Safe Drinking Water Act (SDWA) to sat 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 dl of the requirements; less costly package
trestment technologies may offer asolution. These package plants can be designed to ded with specific
problems of a particular community; additiondly, they may be indaled on dte more eficiently---
requiring less dart-up capital and time than traditionally constructed water treatment plants. The
opportunity for the sdles of such sysemsin other countriesis also substantidl.

The EPA has partnered with NSF International (NSF) to verify performance of smdl drinking water
systems that serve smal communities. It is expected that both the domestic and internationad markets
for such systems are substantial. The EPA and NSF have formed an oversght stakeholders group
composed of buyers, sdlers, and states (issuers of permits), to assst in formulating consensus testing
protocols. A god of verification testing is to enhance and facilitate the acceptance of smal drinking
water treatment equipment by gtate drinking water regulatory officias and consulting engineers while
reducing the need for testing of equipment at each location where the equipment use is contemplated.
NSF will meet this god by working with equipment manufacturers and other agencies in planning and
conducting equipment verification testing, evauating data generated by such testing, and managing and
disssminaing information. The manufacturer is expected to secure the gppropriate resources to support
its part of the equipment verification process, including provision of equipment and technical support.

The verification process established by the EPA and NSF is intended to serve as a template for
conducting water trestment verification tedts that will generate high qudity data for verification of
equipment performance. The verification process can hep in moving smal drinking water equipment
into routine use more quickly. The verification of an equipment’s performance involves five sequentid
steps:

1. Development of a Product Specific Test Plan (PSTP);
2. Execution of verification testing;
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3. Datareduction, anayss, and reporting;
4. Performance and cost factor (Iabor, chemicas, energy) verificaion; and
5. Report preparation and information trandfer.

This verification testing program is being conducted by NSF with participation of manufacturers, under
the sponsorship of the EPA Office of Research and Development (ORD), National Risk Management
Research Laboratory (NRMRL), Water Supply and Water Resources Divison (WSWRD) -
Cincinnati, Ohio. NSF's role is to provide technical and adminigtrative leadership and support in
conducting the testing. It is important to rote 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 EPA and NSF cooperatively organized and developed the ETV Drinking Water Systems (DWS)
Center to meet community and commercia needs. NSF and the Association of State Drinking Water
Adminigrators (ASDWA) have an understanding to assst each other in promoting and communicating
the benefits and results of the project.

NSF INTERNATIONAL

Mission Statement

NSF, an independent, non-governmenta organization, is dedicated to being the leading globa provider
of public hedth and safety-based risk management solutions while representing the interest of dl
stakeholders.

NSF Purpose and Organization

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 health 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 rdy for assurance that equipment and products meet gtrict public hedth and
performance criteriaand 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 congtitute an NSF Certification of the product tested.

January 2004 Pageiii



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

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 treatment systems and equipment.

The firs chepter of this document describes the protocol required in dl dudies verifying the
performance of equipment or systems removing synthetic organic chemicd contaminants (SOCs). The
remaining chapters, or Technology Specific Test Plans (TSTPs), describe the additiona requirements
for equipment and systems using specific technologies to attain the goas and objectives of the protocoal:
the removal of (SOCs).

Prior to the verificaion testing of drinking water trestment systems, plants, and/or equipment, the
equipment manufacturer and/or supplier must sdect an NSF-qudified Fidd Teding Organization
(FTO). Thisdesgnated FTO must write a PSTP to define the testing plan specific to the product. The
equipment manufacturer and/or supplier will need this protocol and the TSTP(s) contained herein and
possbly other ETV protocols and TSTPs to develop the PSTP, depending on the treatment
technologies used in the unit processes or treatment train of the equipment or system. More than one
protocol and/or TSTP may be necessary to address the equipment’s capabilities in the treatment of
drinking water.

Testing shdl be conducted by an NSF-qudified FTO that is selected by the manufacturer. Water
qudity andytical work to be completed as a part of a TSTP shdl be contracted with a laboratory that is
certified, accredited or approved by a state, a third-party organization (i.e., NSF), or the EPA. For
information on aliging of NSFquaified FTOs, contact NSF.
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1.0 INTRODUCTION

This document is the protocol that will be used for verification testing of equipment designed to achieve
remova of synthetic organic chemicd contaminants (SOCs). This protocol may be gpplicable to
various types of water trestment equipment capable of removing SOCs.  Equipment testing may be
undertaken to verify performance of drinking water trestment systems employing processes that may
include but are not limited to coagulation/clarification, oxidation or mixed oxidation processes,
adsorption, granular activated carbon biologicd filtration, encgpsulation, and/or membrane processes
for removd of SOCs. The specific SOC to be targeted for remova during verification testing shdl be
clearly identified in the Product Specific Test Plan (PSTP) prior to the initiation of testing by the Fed
Teding Organization (FTO). The PSTP may include more than one Technology Specific Test Plan
(TSTP); however, the FTO mugt adhere to the specific minimum requirements of each protocol in
developing a PSTP.

The tegting of new technologies and materids that are unfamiliar to NSF International (NSF) and/or the
Environmenta Protection Agency (EPA) will not be discouraged. It is recommended that resins or
membranes or any other materid or chemica in the equipment conform to NSF /American Nationd
Standards Ingtitute (NSF/ANSI) Standard 60 and 61.

The find submission of the PSTP shdll:

Include the information requested in this protocol;

Conform to the format identified herein; and

Conform to the specific Environmental Technology Verification (ETV) TSTP(S) related to the
manufacturer’ s statement(s) of performance capabilities that are to be verified.

This protocol document is presented in two fonts. The nortitaicized 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 protocol deliverables that are required of the FTO or the
manufacturer and that must be incor porated in the PSTP.

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

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

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

Equipment - Testing equipment for use in the verification test, which may be defined as ether a
package plant or modular system.

Feld Testing Organization (FTO) - An organization qudified to conduct studies and testing of
drinking weter trestment systems in accordance with protocols and test plans. The role of the
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FTO is to ensure preparation of an acceptable PSTP; to enter into contracts with NSF, as
discussed herein; arrange for or conduct the skilled operation of a system during the intense
periods of testing during the study, and to perform 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 technical support during the verification test.  The manufacturer is aso responsible for
providing assstance to the third party FTO during operation and monitoring of the package
plant or modular system during the verification test.

Modular System - A packaged functiona assembly of components for use in a drinking water
treatment system or packaged plant that provides alimited form of trestment of the feedwater(s)
and which is discharged to another packaged plant or the find step of treatment to the
digribution system.

NSF - NSF Internationd, its staff, or other authorized representatives.

Package Plant - A complete water treatment system including al components from the
connection to the raw water(s) intake through discharge to the ditribution system.

Plant Operator - The person working for a smal water syslem who is responsible for operating
water treatment equipment to produce treated drinking water. This person may aso collect
samples, record data and attend to the daily operations of equipment throughout the testing
periods.

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

Protocol - A written document that clearly states the objectives, goals and scope of the study as
well as the TSTP(s) for the conduct of the study. The protocol shall be used for reference
during manufacturer participation in verification testing.

Report - A written document that includes data, test results, findings, and any pertinent
information collected in accordance with a protocol, andytica methods, procedures etc., in the
assessment of a product whether such information isin preiminary, draft or find form.

Technology Specific Test Plan (TSTP) - A written document that describes the procedures for
conducting a test or study for the gpplication of water treetment technology. At a minimum, the
TSTP will include detailed ingructions for sample and data collection, sample handling and
sample presarvation, precison, accuracy, reproducibility gods, and qudity assurance/qudity
control (QA/QC) requirements.
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Tegting Laboratory - An organization certified by a third- party independent organization,
Federd agency, or a pertinent Sate regulatory authority to perform the testing of drinking water
samples. The role of the testing laboratory in the verification testing of equipment is to andyze
the water samples in accordance with the methods and meet the pertinent QA/QC requirements
described in the protocol, TSTP, and PSTP.

Verificaion - To establish the evidence on the range of performance of equipment and/or device
under specific conditions following a predetermined protocol(s) and TSTH(S).

Veificaion Statement - A written document that summarizes a find report reviewed and
approved by NSF on behdf of the EPA or directly by the EPA.

Water System - The water system that operates water treatment equipment to provide trested
water to its customers.

1.1  Objectives

The specific objectives of verification testing may be different for each system, depending upon the
gtatement of performance objectives of the specific equipment to be tested. The objectives developed
by each manufacturer will be defined and described in detail in the PSTP developed for each piece of
equipment.  The manufacturer’s performance objectives are used to establish data qudity objectives
(DQOs) to deveop the experimentd design of the verification test. The broader the performance
objectives, the more comprehensive the PSTP must be to achieve the DQOs. The objectives of
equipment verification tesing may include but are not limited to the following:

Generation of fidld data appropriate for verifying the performance of the equipment;

Generation of operation and maintenance (O&M) information to assst users and potentia
operators of equipment; and

Evauation of new advances in equipment and equipment design.

An important aspect 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 treatment equipment. A PSTP
document shdl incorporate the QA/QC elements needed to provide data of appropriate quality
aufficient to reach a defensible position regarding the equipment performance.  Although verification
testing conducted a a sngle Ste may not represent every environmentd Stuation, which may be
acceptable for the equipment tested, it will provide data of sufficient quality to make a judgment about
the gpplication of the equipment under conditions Smilar to those encountered in the verification 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.
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1.2  Scope

This protocol outlines the verification process for equipment designed to remove SOCs. This protocol
can be usad in conjunction with a number of different TSTPs for drinking water treatment systems
designed to achieve remova of SOCs. This protocol is not an NSF or third-party consensus standard
and it does not endorse the equipment or technologies described herein.

An overview of the verification process and the e ements of the PSTP to be developed by the FTO are
described in this protocol. Specificaly, the PSTP shdl define the following dements of the verification
test:

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. The field operations procedures will
identify recommended equipment maintenance and cleaning methods;

QA/QC procedures for conducting the verification test and for assessing the qudity of the data
generated from the verification test; and

Hedth and safety measures relating to biohazard (if present), dectrical, mechanica and other
safety codes.

Content of PSTP:

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.

LIST OF DEFINITIONS- A list of key terms used in the PSTP should be provided
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 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 RESPONSBILITIES (described in the sections
below)

EQUIPMENT CAPABILITIESAND DESCRIPTION (described in the sections below)
EXPERIMENTAL DESGN (described in the sections below

FIELD OPERATIONS PROCEDURES (described in the sections below)

QUALITY ASSURANCE PROJECT PLAN (described in the sections below)

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

January 2004 Page 1-7




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

DATA MANAGEMENT AND ANALYS S (described in the sections below)
SAFETY PLAN (described in the sections below)

2.0 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, a manufacturer and its designated FTO shdl provide a table
induding:

The name, afiliation, and mailing address of each participant;
A point of contact;

Description of participant’ srole;

Telephone and fax numbers;, and

E-mall address.

2.2  Organization

The organizationd dructure for the verification testing showing lines of communications shdl be
provided by the FTO in its application on behdf of the manufacturer.

2.3  Verification Testing Site Name and L ocation

This section discusses background information on the verification esting site(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 ste names and locations a which the equipment will be tested. In most cases, the
equipment will be demondrated a more than one Ste.  Depending upon the verification testing
requirements stipulated in the TSTP employed, testing of the equipment may be required under different
conditions of feedwater qudity (or source water quality) that alow evduation of system performance
over arange of seasond climate and weether conditions.

24 Site Characteristics

The PSTP shdl include an area location map showing access from maor streets and highways and a
gte layout drawing with equipment footprints and dimensions. The drawing should indicate the location
of exigting facilities, the source of the feedwater, and where the treated water will be discharged and the
waste streams disposed. The PSTP shdl aso indicate if any facilities other than the equipment would
be required to perform the test such as additiond trailers or temporary structures for sample collection
and preparation, electrical power, concrete pads, drainage, easements, etc. The location of SOC waste
treatment, disposd and discharge facility or method of remova shdl be dearly identified in the Site plan.
The PSTP must include a description of the test gte. 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, describe:
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Theraw water intake;

The opportunity to obtain raw water without the addition of any chemicals, and

The operationd paitern of rawv water pumping at the full-scae facility (is it continuous or
intermittent?).

The source water characteristics shal be described and documented. The PSTP shall aso describe
facilities to be used for handling the treated water and wastes (i.e., resduas) produced during the
verificaion test. The PSTP will state whether the required water flows and waste flows produced are
dedt with in an acceptable way, and whether any water pollution discharge permits are needed.

25 Responsbilities

The PSTP dhdl identify the organizations involved in the testing and describes the primary
responshilities of each organization. Multiple manufacturers testing for remova of SOCs may be
conducted concurrently.  The responghilities of the manufacturer will vary depending on the type of
verification testing. However, a aminimum, the manufacturer shal be responsible for:

Providing the equipment to be evaluated during verification testing. The equipment must be in
complete working order a ddivery to thetest Ste;

Providing logigtical and technica support, as required; and

Providing equipment that explicitly meets dl requirements of the Occupationd Safety and Hedlth
Adminigration (OSHA), Nationa Electrica Manufacturers Association (NEMA), Underwriters
Laboratory Inc. (UL), NSF, and other appropriate agencies to ensure operator safety during
verificaion testing.

The FTO shdl be respongblefor:

Preparation of the PSTP,

Providing needed logigtical support, establishing a communication network, and scheduling and
coordinating the activities of al verification testing participants,

Enauring that locations sdected as test dStes have feedwater quality consstent with the
objectives of the verification testing (the manufacturer may recommend a Ste(s) for verification
testing.);

Managing, evauaing, interpreting, and reporting on data generated by the verification testing;
and

Evauating and reporting on the performance of the technologies gpplied to achieve remova of
SOCs.

Content of PSTP Regarding Verification Testing Responsibilities:

The FTO shall be responsible for including the following elementsin the PSTP:
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Definition of the roles and responsibilities of appropriate verification testing participants,
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A table, which 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 site name(s) and location(s); and

Description of the test site(s), the site characteristics and identification of where the
equipment will be located.

The manufacturer shall be responsible for:

3.0

31

Provision of complete, field-ready equipment for verification testing;

Provision of logistical, and technical support, as required;

Provision of assistance to the qualified FTO during operation and monitoring of the
equipment during the verification testing;

Reviewing the PSTP; and

Reviewing the verification report.

EQUIPMENT CAPABILITIESAND DESCRIPTION

Equipment Capabilities

The manufacturer and its designated FTO must identify in a Satement of performance objectives the
specific performance criteria to be verified and the specific operational conditions under which the
verification testing shdl be performed. In conjunction with a statement of performance objectives, the
FTO shal date the pertinent detection limits for the specific analyticad method. Statements should be
made regarding the applications of the equipment, the known limitations of he equipment and under
what conditions the equipment is likdy to fal or underpeform. The satement of performance
objectives must be specified and verifidble by a datiicd andyss of the data Examples of two
different types of statements of performance objectives that may be verified in this testing are;

1. “This system is cgpable of achieving 98% removd of the SOC chlordane 60-day operation
period a aflux of 15 gpm/sf (75% recovery; temperature between 20 and 25°C) in feedwaters
with chlordane concentrations less than 0.1 mg/L and totd dissolved solids (TDS)
concentrations less than 500 mg/L.”

2. “This gystem is capable of producing a product water with a chlordane concentration less
than 2 ngy/L during a 60-day operation period a a flux of 15 gpm/st (75% recovery;
temperature between 20 and 25°C) in feedwaters with chlordane concentrations less than 0.1
mg/L and TDS concentrations less than 500 mg/L.”

An example of astatement of performance objectives that would not be acceptable is presented bel ow:

“This system will achieve remova of SOCs in accordance with the Safe Drinking Water Act
(SDWA) on aconsistent and dependable basis.”
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The statement of performance objectives shdl identify the water quality objectives to be achieved by the
equipment and evauated in the verification testing. For each statement of performance objectives
proposed by the FTO and the manufacturer in the PSTP, the following information shal be provided:

Applications of the equipment;

Known limitations of the equipment;

Advantagesit provides over existing equipment;

Percent removal of the targeted SOC;

Rate of treated water production (i.e, flux);

Product water recovery;

Feed stream water qudity regarding pertinent water quality parameters,
Temperature,

Concentration of targeted SOC; and

Other pertinent water quality and operational conditions.

During verification testing, the FTO must demonstrate that the equipment is operating at a Seady-tate
prior to collection of data to be used in verification of the statement of performance objectives. The
following equation shall be used to determine percent remova of the SOC investigated:

5 Finished Water SOC Concentrat ion
Percent SOC Removd = %1- i Uy 100%
Feed Water SOC Concentration H

The FTO, on behdf of the manufacturer, shal be responsible for identification of which SOC shdl be
monitored and recorded for testing under the statement of performance objectives in the PSTP. The
andyss of SOCs in the feedwater, trested water and wastewater streams shall be performed by a
state-certified, third-party accredited or EPA-accredited laboratory using an approved Standard
Method.

The statement of performance objectives prepared by the FTO (in collaboration with the manufacturer)
shdl dso indicate the range of water qudity under which the equipment can be chdlenged while
successfully treating the feedwater. Statements of performance objectives that are not too easily met
may not be of interest to the potential user, while performance objectives that are overstated may not be
achievable. If a manufacturer relies on integrated physio-chemicd processes for SOC removal, the
gatement of performance objectives must include the overall water trestment system SOC remova
performance. The statement of performance objectives forms the basis of the entire verification test 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 verifying SOC
remova might be capable of achieving multiple water trestment objectives. Although this protocol and
the associated TSTPs are oriented towards remova of SOCs from feedwaters, the manufacturer may
want to look at the treatment system’s remova capabilities for additional water quaity parameters.
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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 ble, and contain
a leadt the fallowing information:

Equipment Name;

Mode Number;

Manufacturer’ s name and address,

Electrica requirements - volts, amps, hertz and phasg;

Equipment sze and weight;

Shipping requirements and specid handling precautions,

Equipment maintenance requirements,

Serid Number;

Warning and Caution statements in legible and easily discernible print sze; and
Capacity or output rate (if gpplicable).

In addition, the manufacturer must provide the equipment with dl OSHA required safety devices (if
gpplicable).

Content of PSTP Regarding Equipment Capabilities and Description:

The PSTP shall include the following el ements:

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
SOC removal capabilities of the water treatment equipment are based;

Description of the treatment equipment and each process included as a component in the
modular systemincluding all relevant schematics of treatment and pretreatment systems,
Brief description of the physical construction/components of the equipment, including the
general environment requirements and limitations, required consumables;, weight,
transportability, ruggedness, power and other pertinent information needed, etc.;
Satement of typical rates of consumption of chemicals, a description of the physical and
chemical nature of wastes, and the rates of waste generation (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 applications of the equipment and the removal capabilities of the
treatment system relative to existing equipment. Comparisons shall be provided in such
areas as. treatment capabilities, requirements for chemicals and materials, power, labor
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requirements, suitability for process monitoring and operation from remote locations,
ability to be managed by part-time operators; and

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

40 EXPERIMENTAL DESIGN

This section discusses the objectives of the verification testing, factors that must be considered to meet
the performance objectives, and the datistical andysis and other means that the FTO will use to
evauate the results of the verification testing.

4.1  Objedives

The objectives of verification testing are to evauate equipment in the following aress.

Performance relative to the manufacturer’s stated range of SOC remova objectives and
equipment operation;

The impacts of variations in feedwater qudity (such as dissolved organic carbon (DOC),
temperature, turbidity, microbia concentration, pH, akadinity, etc.) on equipment performance;
The logistica, human, and economic resources necessary to operate the equipment; and

The reliability, ruggedness, cost factors, range of usefulness, and ease of operation.

The manufacturer shal be responsible for selection of those trestment challenges listed in the TSTPs that
are most gppropriate for their equipment. For example, if equipment were only intended for removal of
SOCs, there would be no need to conduct testing to evaluate the remova of hardness ions or meta ion
species. However, it should be noted that many of the drinking water treatment systems participating in
verifying SOC remova might be capable of achieving multiple water treatment objectives. The
verificaion test may for example be undertaken to demondtrate equipment remova capabilities for a
wide number of condituents. In addition, the FTO and the manufacturer may wish to congtruct the
PSTP so that verification testing may aso demondrate the treatment system’s remova capabilities and
trestment operations for additiond water quaity parameters. The incorporation of additiond treatment
objectives may aso necessitate attention to the other applicable protocol and TSTPs in the devel opment
of the PSTP.

4.2  Equipment Characteristics

This section discusses equipment characteristics or factors that will be congdered in the design and
implementation of verification testing. These factors include:

Ease of operation;
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Degree of operator attention required;

Response of equipment and treatment process to changes in feedwater qudity;
Electrica requirements,

System rdiability features including redundancy of components;
Feed flow requirements;

Discharge requirements,

Spatid requirements of the equipment (footprint);

Unit processes included in trestment train;

Chemicals needed;

Chemica hazards associated with equipment operation; and
Response of trestment process to intermittent operation.

Verification testing procedures shdl 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 impractica to quantify. These are considered
quditative factors. Important factors that cannot easly be quantified are the modular nature of
the equipment, ease of operation, the safety of the equipment, the portability of equipment, and
the logigtica requirements necessary for usng it.

Typica qudlitative factors to be discussed are listed below, and others may be added. The
PSTP shall discuss those factors that are gppropriate to the test equipment that may include:

Rdiahility or susceptibility to environmenta conditions:

Equipment safety:

Effect of operator experience on results; and

Effect of operator's technica knowledge on system performance and robustness of
operation.

4.2.2 Quantitative Factors

Many factors of the equipment characteristics can be quantified by various means during
verification tesing. 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 shdl
discuss those factors that are appropriate to the test equipment that may include:

Power and consumable supply (such as chemica and materids) requirements,
Productivity and performance of equipment;

Monitoring requirements for pressure, flow, and temperature;

Codt factors of operation, expendables and waste disposdl;

Hydrodynamics of system;
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Chemica equivaents of process streams;
Safety features of equipment;

Length of operating cycle and

Daily labor hours required for O& M.

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

The primary trestment god of the equipment employed in verification testing through this protocal is to
achieve remova of SOCs found in feedwaters (or raw waters) such that finished waters are of
acceptable water quaity. The objectives of verification testing may dso be to assure production of
water with paatable, hedthful and consgtent water quality. The experimental design and statement of
performance objectives in the PSTPs shal be developed so the relevant questions about water
treatment equipment capabilities can be answered.

Manufacturers should carefully consder the capabilities and limitations of their equipment and have their
gtatement of performance objectives 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
a verification experimenta gpproach to remova of SOCs that would be beyond the capabilities of the
equipment. A wide range of contaminants or water quaity problems that can be addressed by water
trestment equipment varies, and some trestment equipment can address a broader range of problems
than other types. Manufacturers shdl use TSTPs as the basis for the development of the experimenta
plan in each specific PSTP.

4.3.1 Feedwater Quality

One of the key aspects related to demonstration of equipment performance in verification testing
is the range of feedwater qudity that can be treated successfully, resulting in trested water
qudity that meets water qudity gods or regulatory requirements. The manufacturer and FTO
should consider the influence of feedwater quaity on the quality of treated waters produced by
the equipment, such that product waters meet the designated water quality gods dated in the
PSTP. As the range of feedwater qudity that can be treated by the equipment becomes
broader, the potentid applications for trestment equipment with verified performance
cgpabilities might dso increase.

The FTO dhdl provide a lig of SOCs in the PSTP that may be pertinent in equipment
performance for removal of SOCs. Characterigtics of feedwater qudity that may be important
for trestment equipment intended to remove SOCs should be identified in the gpplicable PSTP.

One of the quedtions often asked by regulatory officids in approva of water trestment
equipment is. “Has it been shown to work on the water where it is proposed to be used?” By
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covering a large range of waer qudities, verification testing is more likely to provide an
affirmative answer to that question.

4.3.2 Treated Water Quality

Production of treated water of a high quality, having no trace of SOC shal be the primary god
of the water treatment systems included in verification teding. If an FTO dates that water
treatment equipment can be used to treat water to meet specified regulatory requirements for
remova of SOCs, verification testing must provide data that support such a statement of
performance objectives, as appropriate.

The FTO, on behdf of the manufacturer, shal be responsble for identification of the specific
SOCs that shall be monitored during verification testing. A date-cetified, third-party
accredited or EPA accredited laboratory shal perform water qudity analyss for the specific
SOCs identified in water samples provided by the FTO. Thisissue shdl be discussed further in
Section 5.2.

In addition, the FTO may wish to make a statement about performance objectives of the
equipment for removal of other contaminants that are not directly related to SOC removal. For
example, some water trestment equipment can be used to meet aesthetic gods. Remova gods
for some of these parameters may aso be presented in the PSTP as additional statements of
performance objectives.

4.4  Synthetic Organic Chemical Contaminants Testing

Because of the numerous varieties of SOCs, andytical procedures must be approved or proven
techniques. Many methods for SOC andysis are outlined in Standard or EPA Methods and shdl be
employed in verification testing and evaluaion of SOCs. Should an approved method be non-existent
for an individual SOC, then a proposed method may be dlowed after at least three labs have
successfully demondrated the method to achieve a standard degree of uncertainty in analyss. The
manufacturer would be required to document and submit details of anadytical procedures used to
measure the specific SOC.

Frequency of sampling and SOC andysis shdl be specified by the individud TSTPs used for the
verificaion test and shal dso be stipulated in the PSTP.

45  Recording Data

For al SOC experiments targeted towards removal of SOCs, water quality data on feedwater, finished
water, and wastewater should be maintained & a minimum on the identified SOCs and other water
quaity parameters identified by the FTO. The specific water quaity parameters to be monitored and
with what frequency shdl be stipulated in the TSTP(s) employed for development of the PSTP prior to
initiation of the verification test. At aminimum, the following conditions shal aso be maintained for each
experiment:
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Water type (raw water, pretreated feedwater, product water, waste water);

Experimentd run (eg., 15t run, 219 run, 3 run, etc.);

Type of chemicd addition, dose and chemicd combination, where gpplicable (eg., dum,
caionic polymer, anionic polymer, ozone, monochloramine, scale inhibitor, etc.);

Rate of flow through system, volume waste production as percent finished water flow,
cumulative flow through system in terms of bed volumes (BV) (where gpplicable);
Transmembrane pressure, membrane flux and eement recovery (for membrane processes
where gpplicable);

Chemica cleaning frequency or regeneration frequency (where gpplicable); and

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

4.6  Recording Statistical Uncertainty

For the analytica data dotained during verification testing, 95% confidence intervas shdl be caculated
by the FTO for water quaity parameters in which eight or more samples are collected. The FTO shdl
ensure in the PSTP that sufficient water qudity data and operationa data are collected to dlow
esimation of gatistical uncertainty for critical parameters. The specific TSTP(s) that may be employed
with the protocol stipulate only a minimum frequency for monitoring of SOCs. The FTO shdl therefore
ensure that sufficent water quality and operationa data is collected during verification testing for the
datistical analyss described herein. The specific TSTP(s) shall specify which water quality parameters
shdl be subjected to the requirements of confidence interva cadculation. The specific TSTH(s) shdl
specify which water quaity parameters shdl be subjected to the requirements of confidence interva
caculation. DQOs and the vendor's performance objectives shal be used to assess which water
qudity parameters are critical and thus require confidence interva datigics.  As the name implies, a
confidence interval describes a population range in which any individua population measurement may
exig with a specified percent confidence.  The following formula shal be employed for confidence
interval caculation:

&S 0o

Confidence Interval = x +t Nl
2én g

where: X = sample mean;
S = sample standard deviation;
n = number of independent measurements included in the data ;
t = Student’ st digtribution vaue with n-1 degrees of freedom; and
a = dgnificance leved, defined for 95% confidenceas 1 - 0.95 = 0.05.

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

LSO
n—1,0.975e'\/ﬁg

With input of the andytica results for pertinent water quality parameters into the 95% confidence
interva equation, the output will appear as the sample mean vaue plus or minus the confidence term.

95% Confidence Interval = x +
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The results of this gatigticd caculation may aso be presented as arange of vaues faling within the 95%
confidence interva. For example, the results of the confidence interva caculation may provide the
fallowing information: 520 + 38.4 mg/L, with a 95% confidence interva range described as (482, 558).

Cdculation of confidence intervas shal not be required for equipment performance results (e.g., filter
run length, deaning efficdency, in-line turbidity or in-line particle counts, etc.) obtained during the
equipment verification testing. However, as specified by the FTO, cdculation of confidence intervas
may be required for andyticd parameters such as SOC and non-purgesble dissolved organic carbon
(NPDOC). To provide sufficient andytical data br satitica analyss, the FTO shdl collect three
discrete water samples at one set of operationd conditions for each of the specified water quality
parameters during a designated testing period. The procedures and sampling requirements shdl be
provided in detail in the PSTP.

4.7  Veification Testing Schedule

Veification tedting activities include equipment sat-up, initid operation, verification operation, and
sampling and andlysis. Initid operations are to be conducted so that equipment can be tested to be sure
it is functioning as intended. If feedwater (or source water) qudity influences operation and
performance of the equipment being tested, the initia operations period serves as the shakedown period
for determining gppropriate operating parameters. The schedule of testing may aso be influenced by
coordination requirements with a utility.

For water trestment equipment involving remova of SOCs, an initid period of bench-scale testing of
feedwater followed by treatment equipment operation may be needed to determine the appropriate
operationa parameters for testing equipment. A number of operational parameters may require
adjusment to achieve successful functioning of the processtrain. These parameters may include but are
not limited to the following: process rates, feedwater pH; chemicd dosages, chemica types (where
gopropriate) and other parameters that may result in successful functioning of the process train.
Chemicd type, chemicd dosages, and other operations that result in successful functioning of the
process should be included.

It is recommended under this protocol that a minimum of one 60-day test period of verification testing
be conducted to dlow testing over a period of time to collect representative data.  The specific
operating and water quality parameters shdl be stipulated by the selected TSTP(s) under this protocol
and shdl be used in development of the experimenta plan and the preparation of the PSTP.

Content of PSTP Regarding Experimental Design

The PSTP shall include the following € ements:

Identification of the qualitative and quantitative factors of equipment operation to be
addressed in the verification testing;
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Identification and discussion of the particular water treatment issues and SOC
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 TSTPs,
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 SOCs.
Parameters of significance for treated water quality are listed in applicable TSTPs,
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; and

Detailed outline of the verification testing schedule, with regard to annual testing periods
that will cover an appropriate range of annual climatic conditions, (i.e., different
temperature conditions, seasonal differences between rainy and dry conditions).

50 FIELD OPERATIONS PROCEDURES
51  Equipment Operationsand Design

The TSTP specifies procedures that shall be used to provide accurate documentation of both equipment
performance and treated water quaity. Careful adherence to these procedures will result in definition of
verifiable performance of equipment. The specific reporting techniques, methods of datistica andysis
and the QA/QC of reporting SOC remova data shdl be stated explicitly by the FTO in the PSTP
before initiation of the verification test. (Note that this protocol may be associated with a number of
different TSTPsfor different types of process equipment capable of achieving remova of SOCs).

The design aspects of water treatment process equipment often provide a basis for approval by state
regulatory officids and can be used to ascertain if process equipment intended for larger or smdler
flows involves the same operating parameters that were relevant to the verification testing. The fied
operations procedures and testing conditions provided by the FTO shal therefore be specified to
demondtrate trestment capabilities over abroad range of operationa conditions and feedwater qualities.

Initid operations of the SOC removd equipment will dlow FTOs to refine the equipment operating
procedures and to make operationd 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
failure a this point in the verification test could indicate alack of capability of the process equipment and
verification testing might be cancelled. Specific design aspects to be included in the PSTP are provided
in detall, in the Manufacturer Responghilities section below.
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5.2  Sdection of Analytical Laboratory and Field Testing Organization

To assess the performance of the equipment, the qudity of the trested water produced using the
equipment shal be determined by andlyss at a Sate-certified, third-party accredited or EPA-accredited
andytica laboratory with proven experience in detection and measurement of SOCs. In al cases,
current EPA Standard Methods procedures shdl be used in analyss of specified water qudity
parameters. Because of the variability of acceptance of laboratories from state to state, use of anaytical
[aboratories certified in a large number of states is recommended. Furthermore, the selected andytica
laboratory must be certified by the state in which the verification testing is being performed. Andytica
results from the laboratory are to be provided directly to the NSF to maintain data integrity.

For fidd testing operations, the manufacturer shal employ an NSF-qudified FTO; the lis of qudified
FTOs may include engineering conauting firms, univergties, or other qudified scientific organizations
with experience operating drinking water treatment equipment. If a particular SOC does not have an
accepted standard method procedure, then an andytica testing plan describing the procedure shall be
submitted to NSF for gpproval.

5.3  Communications, Documentation, L ogistics, and Equipment

NSF shal communicate regularly with the verification testing participants to coordinate al fidd activities
associated with the verification test and to resolve any logistical, technical, or QA/QC issues that may
arise as the verificaion tesing progresses. The successful implementation of the verification test will

require detailed coordination and constant 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 shdl be responsble for maintaining dl fidd documentation. The field logbook shall
have at least the following requirements.

Field notes shdl be kept in a bound logbook;

Each page shdl be sequentialy numbered and |abeled with the project name and number;
Field logbooks shdl be used to record all water trestment equipment operating data;
Completed pages shal be signed and dated by the individua responsible for the entries; and
Errors shdl have one line drawn through them and thisline shdl be initided and dated.

All photographs shdl be logged in the field logbook. These entries shall include the time, date, direction,
subject of the photograph, and the identity of the photographer. Deviations from the approved find
PSTP shdl be thoroughly documented in the fied logbook at the time of ingpection and in the
verification report.
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Origind fidd sheets and chain-of-custody forms shdl accompany al samples shipped to the andyticd
laboratory. Copies of field sheets and chain-of-custody forms for al samples shdl be provided at the
time of the QA/QC ingpection and included in the verification report.

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

54  Initial Operations

Initid operations will dlow equipment manufacturers to refine their operating procedures and to make
operationa 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 failure a this point in the
verification testing could indicate a lack of capability of the process equipment and the verification test
might be canceled.

55  Equipment Operation and Water Quality Sampling for Verification Testing

All field activities shdl conform to requirements provided in the PSTP that was developed and NSH
approved for the verification test being conducted. All sampling and sample analyses conducted during
the verification test shdl be performed according to the procedures detailed by the FTO in the PSTP.
As necessxry for verification andyses, sae-cetified, third-party or EPA-qudified laboratories are
selected to perform andytica services using approved Standard or EPA Methods. If unanticipated or
unusua Stuations are encountered that may dter the plans for equipment operation, water qudity
sampling, or data qudlity, the Situation must be discussed with the NSF technica lead. Any deviations
from the approved find PSTP shall be thoroughly documented.

During routine operation of water treatment 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 treatment and
the operation of the treatment equipment shall be documented. The qudified FTO, the water system, or
the plant operator shall describe the tasks performed during equipment operation.

Content of PSTP Regarding Field Operations Procedures

The PSTP shall include the following el 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
TSTP, including:

- listing of operating parameters,

- ranges for feedwater quality, and

- sampling and analysis strategy;

Provision of all equipment needed for field work associated with this verification testing;
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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; and

At a minimum, a table(s) showing all parameters to be analyzed, the analytical methods,
the laboratory reporting limits or quantification limits, sample volume, bottle type,
preservation method, and holding times.

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; and

Provision of field operating procedures.

6.0 QUALITY ASSURANCE PROJECT PLAN

Every PSTP for verification testing must include a Quality Assurance Project Plan (QAPP) that specifies
procedures that shal be used to ensure data qudity and integrity. Careful adherence to these
procedures will ensure that data generated from verification testing will provide sound anaytica results
that can serve asthe bass for performance verification.

6.1  Purposeand Scope

The purpose of this section is to outline steps that shall be taken by operators of the equipment and by
the analytical laboratory to ensure that data resulting from verification testing is of known quality and that
asufficient number of critical measurements are taken.

6.2  Quality Assurance Responsibilities

The FTO project manager is responsble for coordinating the preparation of the QAPP for the
verification test and for its gpprova by NSF. The FTO project manager, with oversght from NSF,
ghdl dso ensure that the QAPP isimplemented during al verification testing activities.

The manufacturer and NSF must approve the entire PSTP including the QAPP before the verification
test can proceed. NSF must review and either approve the QAPP or provide reasons for rejection of
the QAPP. NSF should aso provide suggestions on how to modify the QAPP to make it acceptable,
provided that the FTO has made a good faith effort to develop an acceptable QAPP (i.e., the QAPPis
75 to 80% acceptable with only minor changes needed to produce an acceptable PSTP. NSF will not
write QAPPs for manufacturers.).

A number of individuas may be respongble for moritoring equipment operating parameters and for
sampling and analyss QA/QC throughout the verification testing. Primary responghility for ensuring thet
both equipment operation and sampling and andysis activities comply with the QA/QC requirements of
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the PSTP shdl rest with the FTO. QA/QC activities for the equipment shall include those activities
recommended by the manufacturer and those required by NSF to assure the verification testing will
provide data of the necessary qudity.

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

6.3  Data Quality Indicators

The data obtained during verification testing must be of sound quality for conclusons to be drawn on the
equipment. For al measurement and monitoring activities conducted for equipment verification, NSF
and the EPA require that data quality parameters be established based on the proposed end uses of the
data Data qudity parametersinclude four indicators of data qudity:

Accuracy;

Precison;
Completeness,
Representativeness, and
Satigicad Uncertainty.

Trestment results generated by the equipment and by the laboratory andyses must be verifigble for the
purposes of the verificaion testing program to be fulfilled. High qudity, wel-documented andyticd
laboratory results are essentid for meeting the purpose and objectives of verification testing. Therefore,
the following indicators of data quality shdl be closely evauated to determine the performance of the
equipment when measured againgt data generated by the andytical |aboratory.

6.3.1 Accuracy

For water quaity analyses, accuracy refers to the difference between a sample result and the
reference or true vaue for the sample. Loss of accuracy can be caused by such processes as.

Errorsin standards preparation,

Equipment cdibrations;

Loss of target analyte in the extraction process;

Interferences; and

Systematic or carryover contamingation from one sample to the next.

In verification testing, accuracy will be ensured by:

Maintaining cons stent sample collection procedures, including sample locetions,
Timing of sample collection;
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Sampling procedures;

Sample preservetion;

Sample packaging;

Sample shipping; and

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
microbiological sampling and andyticad techniques in the PSTP.

For water quality analysis, accuracy is usualy expressed as the percent recovery. Percent
recovery is the amount recovered during andyss. In genera percent recovery can be
cdculated by dividing the measured amount added by the amount actualy added.

Percent Recovery = MO e ™ MEASIE s ?100% = %%OO%
é Actud g 7 é Actud g 5

For equipment operating parameters, accuracy refers to the difference between the reported
operating condition and the actual operating condition. For equipment operating data, accuracy
entalls 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 actualy 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 cdibration shops. For mixing equipment, accuracy is the difference
between an dectronic readout for equipment rotations per minute (rpms) and the actud
measurement based on counted revolutions and measured time.  Accuracy of head loss
measurement can be determined by using measuring tapes to check the cdibration of
piezometers for gravity filters or by checking the cdibration of pressure gauges for pressure
filters. Meters and gauges must be checked periodicaly 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 gpplicable ways of determining the accuracy of the operationa
conditions and procedures.

6.3.2 Precison

Precison refers to the degree of mutua agreement among individual measurements and provides
an edimate of random error. The sandard deviation and the relative percent deviation
recorded from sample analyses may be reported as a means to quantify sample precison.

Precison measures the repeatability of measurement. It is usualy expressed as the percent
reative standard deviation (percent RSD). In generd percent RSD can be calculated by

dividing the standard deviation by the average. The methods to be employed for use of
deviation shal be described by the FTO in the PSTP.
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Percent RSD = aStandard Deviation (_+)100% _
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y, = sample measuremen t
n = number of samples

For acceptable andytica precison under the verification testing program, the percent RSD for
drinking water samples must be less than 30%. If the data generated during the ETV test does
not meet the DQOs defined in this QA/QC section, additiond testing and sampling will be
required. If the DQOs are till not met through additiond testing and the collection of additiona
samples, then aretest will be required.

6.3.3 Completeness

Completeness refers to the amount of data collected from a measurement process compared to
the amount that was expected to be obtained. Completeness refers to the proportion of valid,
acceptable data generated using each method. This portion of the required data for the selected
test plan will be reported at the conclusion of each testing period.

The completeness objective for data generated during verification testing is based on the number
of samples collected and andyzed for each parameter and/or method. The test plans will likely
require a large number of samples to be collected for key and most important parameters
and/or methods. The following chart illustrates the completeness objectives for performance
parameter and/or method based on the sample frequency:

Number of Samples Per Per cent Completeness
Parameter and/or Method
0-10 80%
11-50 90%
>50 95%

Completenessiis defined as follows for dl measurements.
%C = (VIT) X 100
where: %C = percent completeness,

V = number of measurements judged vdid; and
T = tota number of measurements.
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Additiona testing and collection of additiona sample will be required if the percent
completeness objectives are not met. If the completeness objectives are fill not met through
the collection of additiona samples, then aretest will be required.

The following are examples of instances that might cause a sample analysis to be incomplete:

Indrument failure;
Cdlibration requirement not being met; and
Elevated andyte levelsin the method blank.

6.3.4 Representativeness

Representativeness refers to the degree to which the data accurately and precisely represent the
conditions or characteristics of the parameter represented by the data.  In verification testing,
representativeness will be ensured by maintaining consstent sample collection procedures,
induding:

Samplelocations,

Timing of sample collection;

Sampling procedures;

Sample preservation;

Sample packaging;

Semple shipping;

Sample equipment decontamination; and
Blind spikes.

Using each method at its optimum capability to provide results that represent the most accurate
and precise measurement that it is capable of achieving aso will ensure representativeness. For
equipment operating data, representativeness entails collecting a sufficient quantity of data during
operation to be able to detect a change in operations.

6.3.5 Statistical Uncertainty

Satidicd uncertainty of the water qudity parameters andyzed shdl be evauated through
cdculation of the 95% confidence interval around the sample mean. Description of the
confidence interval caculation is provided in Section 4.6 — Recording Statistical Uncertainty.

6.4  Quality Control Checks

This section describes the QC requirements that apply to both the trestment equipment and the on-sSite
measurement of water quaity parameters. It dso contains a discussion of the corrective action to be
taken if the QC parametersfal outsde of the evauation criteria
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The QC checks provide a means of measuring the quality of data produced. The FTO may not need to
use dl of the checks identified in this section. The sdlection of the appropriate QC checks depends on
the fallowing:

Equipment;
Experimenta design; and
Performance gods

The sdection of QC checks will be based on discussions between the FTO and NSF.  Some types of
QC checks applicable to operating water treatment equipment were described in Section 6.3.

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 QC checks will be made. A key
aspect of verification testing is to provide operating results that will be widely accepted by state
regulatory officids. If the quality of the equipment operating data cannot be verified, then the
water qudity andytica results may be of no vaue. Because water cannot be treated if
equipment is not operating within specification, obtaining valid equipment operaing deta is a
prime concern for verification testing.

An example of the need for QC for equipment operationsis an incident of 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 treatment are interpreted in terms of water qudity. The qudity of water sample
andyticd resultsis just as important as the qudity of the equipment operating data. Therefore,
the QAPP must emphasize the methods to be employed for sampling and anaytical QA.
Anaytica methods for on-site and off-ste monitoring are presented within each TSTP. If new
methods are published and gpproved or current methods updated, the most current methods
shdl be used. Theimportant aspects of sampling and anadytica QA are given below:

6.4.2.1 Duplicate Samples. Duplicate samples shdl be andyzed for selected water quality
parameters at specified intervals to determine the precison of analyss. The procedure for
determining samples to be andyzed in duplicate shdl be provided in the PSTP with the required
frequency of anadyss and the approximate number. Duplicate samples must include fied
duplicates and laboratory duplicates. Fidd duplicates measure the precison of the overal
sampling and andysis procedures. Laboratory duplicates measure the precision associated only
with the lab procedures.
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6.4.2.2 Method Blanks. Method blanks are used for selected water quality parameters to
evduate andytica method-induced contamination, which may cause fase postive results.

6.4.2.3 Spiked Samples. The use of spiked samples will depend on the testing program,
and the contaminants to be removed. If spiked samples are to be used, specify the procedure,
frequency, acceptance criteria, and actions if criteria are not met.

6.4.24 Travel Blanks. Trave blanks for sdected water quality parameters shal be
provided to the andyticd |aboratory to evauate trave-related contamination.

6.4.25 Performance Evaluation Samples for On-Site Water Quality Testing.
Performance evduation (PE) samples are samples of unknown concentration prepared by an
independent performance evaluation lab and are provided as unknowns to an andyst to evauate
his or her andytica performance. Andyss of PE samples shdl be conducted ondgte by the
FTO and by the offgte laboratory before testing is initiated. If recent PE reports from the
laboratory are not available, PE samples shdl be submitted by the FTO to the andytica
laboratory. The contral limits for the PE samples shdl be used to evauate the FTO's and
andyticd laboratory’s method performance. One kind of PE sample that would be used for
on-site QA in most studies performed under this protocol would be an SOC PE sample.

A PE sample comes with datigtics that have been derived from the analysis of the sample by a
number of Bboratories usng EPA-approved methods. These statistics include a true vaue of
the PE sample, a mean of the laboratory results obtained from the analyss of the PE sample,
and an acceptance range for sample values. The analytica laboratory is expected to provide
results from the andyss of the PE samples that meet the performance capabilities of the
veificaion testing.

6.5  Data Reduction, Validation, and Reporting

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

6.5.1 Data Reduction

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
verify the satement of performance objectives. These data shall be obtained from logbooks,
instrument outputs, and computer outputs as appropriate.

6.5.2 Data Validation

The operator shal confirm the completeness of the appropriate data forms and the
completeness and correctness of data acquisition and reduction. The field team supervisor or
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6.6

ancther technicd person shdl review cdculations and inspect laboratory logbooks and data
sheets to confirm precision, accuracy and completeness. The individuad operators and the
laboratory supervisor shal examine caibration and QC data. Laboratory and project managers
ghdl confirm that dl instrument systems are in control and those QA objectives for precison,
accuracy, completeness, and method detection limits have been met.

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

6.5.3 Data Reporting

The data reported during verification testing shdl be explicitly defined by the FTO in the PSTP.
At a minimum, the data tabulation shdl list the results for feedwater and treasted water quality
andyses, the results of SOC removd andyses, and equipment operating data.  All QC
information such as cdibrations, blanks and reference samples are to be included in an
gopendix. All raw andytica data shdl aso be reported in an gppendix. All data shdl be
reported in hardcopy and eectronically in a common spreadsheet or database format.

Calculation of Data Quality Indicators

The equations for any data qudity indicator calculations employed shal be provided. These include:
precision, relative percent deviation, standard deviation, accuracy, and completeness.

6.7

System Inspections

On-gte system inspections for sampling activities, field operations, and laboratories shal be conducted
as ecified by the TSTP. These inspections will be performed by the verification entity to determine if
the TSTP and PSTP are being implemented as intended. At a minimum, NSF shdl conduct one
ingoection of the sampling activities, field operations program and laboratories during the verification
test. Separate ingpection reports will be completed after the inspections and provided to the
participating parties.

6.8

Reports

6.8.1 StatusReports

The FTO shdl prepare periodic reports for distribution to pertinent parties, e.g., manufacturer,
EPA, and the community. These reports shal discuss project progress, problems and
associated corrective actions, and future scheduled activities associated with the verification
testing. When problems occur, the manufacturer and FTO project managers shal discuss them
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6.9

and egtimate the type and degree of impact, and describe the corrective actions taken to
mitigete the impact and to prevent a recurrence of the problems. The frequency, format, and
content of these reports shall be outlined in the PSTP.

6.8.2 Inspection Reports

Any QA inspections tha take place in the fidd or a the anaytica |aboratory while the
verification testing is being conducted shdl be formaly reported by the FTO to the verification
entity and 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 individuas respongible for implementation.

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

Routine site performance eva uation audits and
Routine technica systems audits.

Content of PSTP Regarding the QAPP

The PSTP shall include the following el ements:

Description of methodol ogy for measurement of accuracy;

Description of methodology for measurement of precision;

Description of the methodology for use of blanks, the materials used, the frequency, the
criteria for acceptable method blanks and the actionsiif 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, precison, and completeness (e.g., relative percent deviation, standard
deviation, and confidence interval calculation);

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

Development of a corrective action plan in the PSTP.

The FTO shdl be responsible for the following:

Provison of dl QC information such as cdibraions, blanks and reference samples in an
gopendix. All raw analytica data shdl aso be reported in an gppendix;
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Provison of al data in hardcopy and eectronic form in a common spreadsheet or database
format.

7.0 DATA MANAGEMENT, ANALYSISAND REPORTING
7.1  Data Management and Analysis

The responghbilities of the FTO for data management and analyss have been provided in the
Responsibilities Summary Sheet, the Project Guidance Manud, and/or the Terms and Conditions cited
earlier in this protocol. The manufacturer, FTO, and NSF each have distinct responshilities for
managing and andyzing verification testing data. The FTO s respongible for managing dl the data and
information generated during verification testing. The FTO will dso be responsble for andyzing and
reporting the data in the verification report. The manufacturer is responsible for furnishing those records
generated by the equipment FTO. NSF will be responsible for verification of the data.

A vaigty of data will be generaied during verification testing. Each piece of data or information
identified for collection in the approved PSTP shdl be provided in the report. The data management
section of the PSTP shall describe what types of data and information needs to be collected and
managed, and shall aso describe how the datawill be reported for evauation.

The raw data and the validated data must be reported. These data shdl be provided in hard copy and
in dectronic format. As with the data generated by the innovative equipment, the eectronic copy of the
laboratory data shall be provided in aspreadsheet and a data dictionary shal be provided. In addition
to the sample reaults, dl QA/QC summary forms must be provided.

Other items that must be provided include:

Field notebooks;
Photographs, dides and videotapes (copies); and
Results from the use of other fidld anaytica methods.

7.2  Report of Equipment Testing

The FTO shal prepare a draft report describing the verification testing that was carried out and the
results of that testing. Thisreport shdl include the following topics:

Introduction;

Executive Summary;

Description and Identification of Product Tested;

Procedures and Methods Used in Testing;

Results and Discussion (discussion of results should be kept & a minimum to a avoid
conclusions and recommendations);

References,

Appendices;
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QA/QC Results, and
Inspection Report.

Content of PSTP Regarding Data Management and Analysis, and Reporting

The PSTP shall include the following:

8.0

Description of what types of data and information needs to be collected and managed
and
Description of how the data will be reported.

SAFETY AND MAINTENANCE CONSIDERATIONS

The safety procedures shdl address safety consderations and include adherence to dl locd, sate and
Federd regulations relative to safety and operationa hazards. The safety procedures shall address
safety congderations, which relate to the hedth and safety of personne required to work on the site of
the test equipment and persons visting the Ste. Many of these items will be covered by Ste ingpections
and congtruction and qperating permits issued by responsible agencies. The safety procedures shall

address safety congderations, including the following as gpplicable:

Regulations covering the transport, storage, handling and disposd of hazardous chemicals
including acids, caudtic and oxidizing agents;

Chemical hazards and biohazards,

Conformance with the Nationa Electric Code;

Provison of and accessto fire extinguishers,

Provison of sanitary fadilities;

Regulations covering Ste security;

Conformance to any building permit requirements, such as provison of handicap access or
other hedlth and safety requirements; and

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

For additiona information on pilot plant and laboratory safety, please refer to:

Pdluzi, R. P. Pilot Plant and Laboratory Safety. New Y ork: McGraw-Hill, 1994.
Fuscddo, A. A., et d. Laboratory Safety, Theory and Practice. New Y ork: Academic Press.
1980.

Content of PSTP Regarding Safety

The manufacturer shall be responsible for:

Provisions of required written material (such as Material Data Safety Sheets);
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Compliance with all safety requirements of local, state and Federal laws and regulators,
and

Provisions of maintenance information and troubleshooting guidelines and instructions
relative to the equipment to be verified.

The PSTP shall include the following:

Address safety considerations that are appropriate for the equipment being tested and for
the chemicals employed in the verification test.
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CHAPTER 2

EPA/NSFETV
EQUIPMENT VERIFICATION TESTING PLAN

FOR THE REMOVAL OF SYNTHETIC ORGANIC CHEMICAL CONTAMINANTS

BY MEMBRANE FILTRATION PROCESSES

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

Copyright 2002 NSF International 40CFR35.6450.

Permisson is hereby granted to reproduce dl or part of this work,
subject to the limitation that users may not sdl dl 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.

April 2002

This TSTP has not been validated in the field or reviewed for editorial clarity.
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10 APPLICATIONOF THISEQUIPMENT VERIACATION TESTING PLAN

This document is the ETV Testing Plan (Plan) for evauation of membrane processes to be used within
the structure provided by the “EPA/NSF ETV Protocol For Equipment Verification Testing For The
Remova Of Synthetic Organic Chemicad Contaminants Requirements For All Studies’. ThisPlanisto
be used as a guide in the devdopment of the Product-Specific Test Plan (PSTP) for testing of
membrane process equipment to achieve remova of synthetic organic chemica contaminants (SOCs).

In order to participate in the equipment verification process for membrane processes, the equipment
Manufacturer and their designated Field Testing Organization (FTO) shal employ the procedures and
methods described in this test plan and in the referenced ETV Protocol Document as guiddines for the
development of aPSTP. The FTO shadl clearly specify in its PSTP the SOCs targeted for remova and
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 aminimum, the format of the procedures written for each Task inthe
PSTP should cons& 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 is to remove
SOCs present in water supplies. Therefore, experimental design of the PSTP shal be developed so
that relevant performance specifications for membrane process related to SOC removal are addressed.
The Manufacturer shdl edtablish a Statement of Performance Objectives (Section 3.0 Generd
Approach) that is based upon remova of target SOCs from feedwaters. The experimental design of the
PSTP shdl be developed to address the specific Statement of Performance Objectives established by
the Manufacturer. Each PSTP shdl include al of the included tasks, Tasks 1 to 9.

20 INTRODUCTION

Membrane processes are currently in use for a number of water trestment gpplications ranging from
remova of inorganic congituents, tota dissolved solids (TDS), total organic carbon (TOC), synthetic
organic chemicas (SOCs), radionuclides and other congtituents.

In order to establish appropriate operations conditions such as permesate flux, recovery, cross-flow
velocity, the Manufacturer may be able to apply 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
a pre-test optimization period so that reasonable operating criteria can be established. Thiswould adin
preventing the unintentiona but unavoidable optimization during the Verification Testing. The need of
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pre-test optimization should be carefully reviewed with NSF, the FTO and the Manufacturer early in the
Process.

Pretreatment processes ahead of RO systems are generaly required to remove particulate materid and
to ensure provison of high qudity water to the membrane systems. For example, RO membranes
cannot generaly be applied to treatment of surface waters without pretrestment of the feedwater to the
membrane system. For surface water applications, gppropriate pretreatment, primarily for remova of
particulate and microbiologica species, must be gpplied 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 membrane process. The stipulated feedwater pretreatment process(es)
shdl be employed for upstream of the membrane process at dl times during the Equipment Verification
Tedting Program.

30 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 part of this Verification Testing Plan will be contracted with a laboratory certified by a State or
accredited by a third-party organization (i.e, NSF) or the EPA for the appropriate water quaity
parameters.

For this Verification 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 shal be performed. The Statement of Performance Objectives must be specific and
verifidble by adatisticd andyss of the data. Statements should dso be made regarding the applications
of the equipment, the known limitations of the equipment and under what condiitions the equipment is
likely to fal or underperform. Two examples of Statements of Performance Objectives that may be
veified in thisteding are:

1 This system is capable of achieving 98 percent removal of the SOC chlordane 60-day
operation period at a flux of 15 gpnvsf (75 percent recovery; temperature between 20 and 25
°C) in feedwaters with chlordane concentrations less than 0.1 mg/L and total dissolved solids
concentrations less than 500 mg/L.

2. This system is capable of producing a product water with a chlordane concentration less
than 2 ng/L during a 60-day qoeration period at a flux of 15 gpnVsf (75 percent recovery;

temperature between 20 and 25 °C) in feedwaters with chlordane concentrations less than 0.1
mg/L and total dissolved solids concentrations less than 500 mg/L.

During Veification Teding, the FTO must demongtrate that the equipment is operating at a Seady-State
prior to collection of data to be used in verification of the Statement of Performance Objectives. For
each Statement of Performance Objectives proposed by the FTO and the Manufacturer in the PSTP,
the following information shal be provided:

percent removal of the targeted SOCs;
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rate of treated water production (i.e., flux);

recovery;

feedwater quality regarding pertinent water quality parameters,
temperature;

concentration of target SOC; and

other pertinent water quaity and operationd conditions.

This ETV Tedting Plan is broken down into 9 tasks, as shown in the Section 6.0, Overview of Tasks.
These Tasks shdl be performed by any Manufacturer wanting the performance of their equipment
verified under the ETV Program. The Manufacturer’s designated FTO shdl provide full detail of the
procedures to be followed in each Task in the PSTP. The FTO shall specify the operationa conditions
to be verified during the Verification Testing Plan. All permesete flux values shdl be reported in terms of
temperature- corrected flux values, as either gallons per square foot per day (gfd) at 77 °F or liters per
square meter per hour (L/(nP-hr)) at 25 °C.

40 BACKGROUND

This section provides an overview of the literature review related to SOC regulations, hedth effects and
contaminant remova by membrane processes and membrane system design. These items will assigt in
recognizing the vast number of SOC contaminants, identifying the ability to remove SOCs from water
supplies usng membrane processes, defining membrane systems and describing the mechanisms that will
help in qudifying and quantifying the removd efficiency of the membrane process tested.

4.1 Regulatory and Health Effects

Since the passage of the Safe Drinking Water Act of 1974 (SDWA) requiring the establishment of

recommended maximum contaminant levels (MCLS) for compounds that are deemed undesirable for
consumption in public water supplies. Since that time there has been a growing awareness of the need
for the control and removad of organic and inorganic contaminants from potable drinking water supplies.
At the time of the passage of the SDWA of 1974, there were more than 12,000 chemical compounds
known to be in commercid use. Many of these synthetic compounds are finding their way into potable
water sources and ultimately into finished drinking water.

Within the past decade, severd hundred specific organic chemicas have been identified in minute
amounts in various drinking water supplies in the United States and abroad.  Although at the present
time the specific cause(s) of cancer are little understood, many of these commercidly used organic
compounds have been found to cause both acute and chronic adverse hedth effects in humans a
various exposure levels. Therefore, in order to minimize risks to human hedlth, the exposure levels to
these compounds must be reduced to the lowest level posshle that is both technologicaly and
economicaly feasble.

April 2002 This TSTP has not been validated in the field or reviewed for editorial clarity. Page 2-8
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The chronic hedth hazards associated with the presence of SOCs in drinking water have become a
mgor concern of United States governmental agencies in more recent times.  Consequently,
contamination of potable water by SOCs is a dgnificant nationd problem. Phase Il and V of the
SDWA have promulgated MCLs for 32 SOCs, of which 15 have been identified as carcinogenic.
Appendix A ligs the MCL, source of contamination and potential hedlth effects for each regulated
SOC. In addition, Appendix B lists the 46 SOCs proposed in the Drinking Weter Regulations and
Hedth Advisories and the Federad Register to be considered for regulation (USEPA 1996, 1997).

4.2  SOC Removal by Membrane Processes

ThisETV Tedting Plan is goplicable to any pressure-driven membrane process used to achieve remova
of SOCs. Furthermore, this testing plan is applicable to spira-wound (SW) and hollow-fiber (HF)
membrane configurations.

Membrane processes have been shown to be highly effective for the removd of SOCs. However,
remova is a function of membrane mass transfer coefficients (MTCs), flux, recovery and feed
concentration and will be expected to vary by membrane type. RO is ds0 effective in producing a
better overal qudity of water.

Some advantages to the use of membrane processes for the remova of SOCs include:
asmal space requirement;
remova of contaminant ions, dissolved solids, bacteria, and particles; and
relaive insengtivity to flow and TDS levels, and low effluent concentration.

Disadvantages include:
higher capital and operating costs,
higher leve of pretreatment required;
possible membrane fouling; and

large reject streams.

Pressure-driven membrane processes are currently in use for a broad number of water treatment
gpplications including the remova of pedticides and herbicides (i.e. SOCs), naturd organic matter
(NOM) which contributes to disinfection by-product formation, dissolved mineras, radionuclides and
microbid contaminants such as Giardia and Cryptosporidium. Typicaly, higher pressure membrane
gpplications such as nancfiltration (NF) and reverse osmosis (RO) are capable of removing SOCs, as
well asions contributing to hardness.

In contrast, low- pressure membrane processes, such as microfiltration (MF) and ultrefiltration (UF) are
typicaly employed to provide a physical barrier for remova of microbia and particulate contaminants
from drinking waters. However, the MF and UF membrane processes have not been shown to be
effective for removal of SOCs unless another unit operation such as granular activated or powdered
activated carbon is employed.

April 2002 This TSTP has not been validated in the field or reviewed for editorial clarity. Page 2-9
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Suppliers of drinking water are subject to stringent government regulations for potable water quaity
regarding alowable pedticide and herbicide (i.e. SOCs) concentrations. In particular, European
standards require less than 0.1 ng/L for any one particular pesticide or herbicide and no greater than
0.5 ng/L for tota pedticides and herbicides in drinking water. Many investigators have shown that
RO/NF are effective techniques for pesticide and herbicide remova (Duranceau 1992, Camp 1995,
Takigawa et.d. 1995, and Kruithof et.d. 1995). However, specific mechanisms underlying SOC
rgection are largely unknown. In the paragraphs to follow, results from published accounts of peticide
reduction and the inferences regarding suspected mechanisms for remova are presented.

It has been demongtrated that membrane processes are effective for SOC remova (Duranceau and
Taylor 1992, and Hofman et.d. 1993). However the mechanisms for SOC remova are ill under
investigation and are a subject of research. Intensive research efforts have investigated the associated
rejection mechanisms for various pesticides and herbicides. Included among these mechanisms are:

Szeexcduson,

gteric hindrance (shape)
electrogtatic repulson
adsorption

meatrix effects

In general, uncharged pesticide and herbicide regjection by RO/NF has been observed to decrease with
decreasing molecular Size (i.e. molecular weight or molecular cross-sectiond areq) (Kruithof et.a 1995,
Chen et.d 1997, and Berg and Gimbe 1997). Since molecular weight and molecular cross-sectiond
aea ae not dways directly related, distinguishing between these two parameters is an important
congderation for determination of a size exclusion reection mechanism for uncharged SOCs (Berg and
Gimbed 1997).

A study where NF treatability of a mixture of Elbe River (Germany) water and ground water with high
sulfate and hardness content spiked with trace amounts of severd SOCs (Crey » 1ny/L) was conducted
with both flat-shest membrane films and spird wound eements.  Simazine, arazine, terbutylazine,
diuron, metazachlorine, TCA, and mecoprop composed the pesticide “cocktall” with which the surface
water was spiked. Reection of uncharged species terbutylazine, atrazine and s mazine were reported to
be in order of increasing sze (Berg and Gimbd 1997). With the only difference between these species
being the number of methyl groups, terbutylazine, with three methyl groups, was the highest rejected.
Atrazine being the next largest in Size was better rgected than smazine. Charged organic species were
found to be sgnificantly more regjected (predominately >85% for al membranes) by the negatively
charged membranes than the polar SOCs despite substantia size differences. However, a combination
of both dectrodatic repulson and size was suspected to influence rejection as demondtrated by higher
rgjection of the SOC mecoprop as compared to its smaler charged counterpart TCA. By adjusting the
feed pH to 3, added ingght was provided by anayzing the rejections of mecoprop in its dissociated and
undissociated form. These results showed grester rgjection for the dissociated form of mecoprop. The
rgection of the undissociated form was less than in its dissociated form and was comparable to the
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rejection of uncharged diuron, which suggested a remova mechanism for these non-polar speciesto be
that of eric hindrance.

Additiond flat-sheet testing has been performed to evauate the effects of matrix conditions upon
pesticide rejection as gpplied to different membrane polymers. Reported evaluations (Chen et.d. 1997)
have demongrated generd pegticide rgection in order of highest to lowest by membrane film to be
polyamide, amine, and cellulose acetate based polymers. This concluson resulted from an overdl
assessment of pesticides commonly used in both the U.S and Europe and their rgection in separate
didtilled, inorganic, organic and inorganic-organic matrices. These pedticidesincluded smazine, arazine,
cyanazine, bentazone, diuron, DNOC, pirimicarb, metamitron, metribuzin, MCPA, mecoprop, and
vinchlozolin at feed concentrations of gpproximately 10 ng/L. These investigators dso demondtrated
that solvent properties, inorganic versus organic in particular, did not have a large influence upon SOC
rgection. The order of pesticide rejection by matrix listed in order of increasing to decreasing rejection
of pesticides was reported to be inorganics, organics, digtilled water and combination of inorganic and
organic. Among dl four matrices, overal rgection varied by less than 10%. While the flat-shedt film
tests were able to detect sgnificant performance differences among cellulose acetate versus thin-film
composite membranes, “finite differences (using Smilar types of membranes) were not detected using
cdl tests because of variationsin membrane films due to manufacturing or andytica limitations”

SOC remova has aso been the focus of atention for severa Dutch Utilities. The PWN Water Supply
Company of North Holland has studied cdlulose acetate membrane polymers as applied to surface
water for over 15 years (Camp 1995). Joint research between PWN and KIWA has shown thin-film
composite (TFC) membranes to have better rgection properties than cellulose acetate (CA)
membranes, but have the disadvantage of being more prone to fouling when surface water sources are
used. Asasdngle barrier, CA membranes were demonstrated to be inadequate for pesticide remova
and they recommend granular activated carbon (GAC) post treatment (Kruithof et.a. 1995). However,
a PWN, TFC membranes were shown to reject 90 to 95% of applied pesticide cocktails while CA
membranes offered, as expected, less rgjection of the SOCs. Moreover, chlorophenols were removed
25 to 90% with CA membranes. Experiments conducted in Leiduin, the Netherlands aso showed
sgnificant pedticide rglection. Using a 4-2-1 array equipped with six 4” single elements, Toray SU 710
L type membranes achieved 97 to greater than 99% rgection for al pesticides except 24
dichlorophenol (50%) and diuron (87%). Specificdly, the highly rgjected SOCs in this mixture were
arazine (99%), bentazone (>99%), DNOC (97%), and isoproturon (97%) with feed concentrations
ranging from 51 to 6.3 ny/lL. Bench-scde experiments conducted a PWN, which compared
Hydranautics CPA2 and Toray SU 710 L, reveded comparable pesticide rgection for the two
composite membranes. The least rgected SOCs were diuron and sSimazine of the trace concentration
SOC mixture that included atrazine, bentazone, and DNOC. Hwever, each individud SOC was
rejected at or greater than 96% by both membranes except for diuron as treated by the Toray SU 710
L sngle dement.

4.3  Membrane System Design Consider ations

Conventiond NF or RO membrane systems consst of pretreatment, membrane processing and post-
treatment. These processes are discussed in the following sections.
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4.3.1 Prereatment

The purpose of pretrestment is to control and minimize membrane fouling and reduce flux
decline. The conventiond pretreatment process conasts of scae inhibitor (anti-scalant) and/or
acid addition in combination with microfiltration. These pretrestment process are used to
control scaing and protect the membrane eements; they are required for conventiona RO or
NF membrane systems. The membranes can be fouled or scaled during operation. Fouling is
caused by particulate materias such as colloids and organics that are present in the raw water
attaching to the membrane surface, and will reduce the productivity of the membrane. Scdingis
caused by the precipitation of a sparingly soluble sat within the membrane because of the solute
concentration exceeding solubility. If araw water is excessively fouling, additiona or advanced
pretreatment is required.

Flux decline indicated by a reduction in membrane process productivity can be a result of
scding, colloidd fouling, microbiologica fouling and organic chemicd fouling. Scaling can be
goproximated by chemicd andyss and equilibrium caculations  Fouling indices can
goproximate colloidd fouling. Microbiologicd and organic chemicd fouling can only be
goproximated at this time by pilot testing. These mechanisms should be recognized and
understood, and are presented below in order to develop Strategies to control flux decline.

4311 Scaling. In an RO/NF membrane process, sdts present in the feedwater are
concentrated on the feed sde of the membrane. This concentration process continues until
saturation and sat precipitation (scaling) occurs. Scaling will reduce membrane productivity,
and consequently, will limit the rate of water that may be recovered as permeste on a sustained
bass. The maximum recovery isthe recovery a which the limiting st first beginsto precipitate.

Limiting sdts can be identified from the solubility products of potentid limiting sdts in the raw
feedwater. Since ionic strength increases on the feed sSde of the membrane, the effect of ionic
strength upon the solubility products must dso be considered and taken into account for these
cdculations. Some limiting sdts may be controlled via the addition of acid or scae inhibitor or
both to the feedwater prior to membrane treatment. Typicad sparingly soluble sdts that may
limit recovery in pressure-driven membrane processes include, but are not limited to, CaCOs,
CaS0,, BaSO,, SrSO,, CaF, and SO..

As the feedwater passes through the membrane ement from the feed side to the concentrate
end of the membrane system, and the permesate water is removed, the feedwater salts become
more concentrated. For instance, in a 75% recovery membrane System, the concentrate
contains dmost four times the concentration of salts that were present in the feedwater. Thisis
caled concentration polarization. Concentration polarization is the term used to describe the
increased salt concentration that occurs at the surface of the membrane dements. As the
permeste water passes through the membrane, the concentration of the regjected sdts build up
on the high-pressure side of the membrane surface. The amount of increased salt concentration
over the bulk stream depends on how quickly the sdts diffuse back into the bulk stream.
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A high sdt concentration a the membrane surface results in an increase in sdt passage through
the membrane. The increase in locd sdt concentration can lead to saturation of solution
components resulting in precipitation on the membrane surface.

4.3.1.2 Colloidal Fouling. Colloidd fouling results from particles that exig in the influent
which buildup on the surface of the membrane. The build-up forms a cake, which eventudly is
compressed and reduces flow through the membrane. Initidly, cake formation does not
ggnificantly reduce productivity. However, after the cake compresses, the productivity
decreases and the compressed cake must be removed. MF or UF membranes can be
backwashed to remove the cake. However, spira-wound RO and NF membranes require
chemica cleaning to remove the cake. Advanced pretrestment processes such as cross-flow
MF and multi-media filtration should control colloidd fouling.

4.3.1.3 Microbiological Fouling. Microbiologica fouling results from biologica growth in
the membrane dement, which results in a reduction in membrane productivity or an increase in
pressure drop through an dement. No reliable methods have been demonstrated for prediction
of biofouling. Microbiologicd growth can occur in the feed gpacers or on the membrane
surface. Microbiologica growth will occur in membranes but this growth does not aways result
in ggnificant productivity loss. Advanced pretrestment processes may aid in the control of
microbiologica fouling.

4314  Chemical Fouling. Chemicd fouling results from the interaction of dissolved

solutes in the feed stream with the membrane surface, which results in a reduction in membrane
productivity. Chemica interaction between solute and the membrane surface will occur to some
degree, but membrane productivity may not be reduced. Advanced pretreatment processes
may ad in the control of chemicd fouling.

4.3.2 Advanced Pretreatment

Advanced pretreatment would include unit operations that precede scaling control and cartridge
filtration. By definition, unit operations that precede conventiond pretrestment would be
advanced  pretreatment. Exanples of advanced pretreatment would be
coagulationv/flocculatior/sedimentation, oxidation followed by greensand filtration, continuous
cross-flow micrdfiltration, multi-media filtration, and granular activated carbon (GAC) filtration.

4.3.3 Membrane Processes

The membrane process follows pretrestment. The mgority of dissolved contaminants are
removed in the membrane process. If the membrane scales or fouls, the productivity of the
membrane system declines and eventudly the membranes must be chemicaly cleaned to restore
productivity. Cleaning frequencies for RO or NF systems average about 6 months when
treating ground waters (Taylor et.d. 1990) and can be as low as 1 to 2 weeks when treating
surface water with integrated membrane systems (IMSs).
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UF or MF membranes as a stand done process cannot remove SOCs. However, powdered
activated carbon (PAC) can used for SOC adsorption followed by UF or MF to remove the
PAC from the flow stream. MF and UF membranes are sieving controlled and do not have a
low enough molecular weight cut-off (MWCO) range to reject many of the known SOCs or
inorganic compounds (I0Cs). RO and NF membranes can achieve sgnificant SOC rgection
because the MWCO of these membranes are low and many SOCs cannot pass (Duranceau
1992). Thisis dso the case with I0Cs and radionuclides. Although RO and NF have been
shown to be among the most promising processes for SOC and 10C remova, not dl SOCs or
|OCs are regjected by these processes. RO and NF membranes use both sieving and diffusion
mechanisms to regject SOCs and 10Cs from drinking water and rgection will incresse as the
MW and charge of the contaminant increases. Typicaly, charged solutes and solutes with
MWCOs greater than 200 mg/mmol are highly rejected by RO and NF.

UF and MF membranes do not affect corrosvity because inorganic ions are not removed,
however, RO and NF do remove inorganic solutes from water, and this can impact the
corrosvity of the permegate water.

4.3.4 Post-Treatment

Typicd podt-treatment unit operations can conds of disnfection, agration, stabilization and
gorage. Aeration may be required to strip dissolved gases (Duranceau 1993). Stabilization
may be required to produce a non-corrosive finished water since membrane permesate can be
corrogive. Alkalinity recovery is an effective process for recovering dissolved inorganic carbon
(DIC) in the permeate. Alkdinity can be recovered by lowering the pH prior to membrane
filtration converting the dkdinity to CO,, and then raising the pH of the permeate in a closed
system to recover dissolved CO, as dkdinity. Bypasing feedwater and blending it with
membrane permeete is another way of stabilizing the finished water; however, blending would
negate the benefit of the membrane treatment system to act as a physicd barrier aganst
microbia contaminants.

435 Waste Disposal

In addition to post treatment, the concentrate stream from the membrane processes must be
treated and/or disposed of in some manner. Although membrane processes are at present often
technicaly and economicaly well suited to produce drinking water, the disposal of membrane
concentrate will become more difficult and more expensive because of increased regulation.

Effective concentrate dispos methods depend on the concentrate water quality, locd
regulations and dte-specific factors (AWWARF 1993). The handling and disposal of the
wadtes generated by trestment technol ogies removing SOCs from drinking water pose concerns
to the water supplier, to local and State governments and to the public a large. The potentid
handling hazards associated with SOCs warrant the development of a viable membrane
concentrate disposa method. Information regarding concentrate disposa options can be found
in Membrane Concentrate Disposal (AWWARF 1993). The document investigates the
goplication of regulations to the digposd of membrane concentrate.  The document firgt
addresses membrane concentrate and its characterigtics, including the definitions and natures of
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the wastes that are being generated. Then the disposa methods thet are being regulated are
addressed, including descriptions of how to dispose of the concentrate. Findly, the regulations
and permits that gpply to the various disposa options are addressed.  The following are
disposal options that must be approved by the State or locad government prior to
implementation of awaste disposd program.

Liguid Waste Disposal

Direct discharge into storm sewers or surface water.

Discharge into sanitary sewer.
Deep well injection.
Drying or chemicd precipitation.
Solid Waste Disposal
Temporary lagooning (surface impoundment).
Digposd in landfill.
Disposd without prior treatment.
a) With prior temporary lagooning.
b) With prior mechanica dewatering.
c) Application to land (soil soreading/conditioning).

Disposdl a State licensed waste fadility.

50 DEFNITION OF OPERATIONAL PARAMETERS
The following terms are presented here for subsequent reference in thistest plan:

Array — An array is the series flow stream configuration of pressure vessds through a train defined by
stages (4:2:1 array).

Bulk Regection - Percent solute concentration retained by the membrane reldive to the bulk stream

) C
concentration. 1- =2
Cf

where:
C¢ = feedwater concentration of specific congtituent (mg/L)
C, = permeate concentration of specific congtituent (mg/L)

Bulk Solution - The solution on the high-pressure sde of the membrane that has a water quality
between that of the influent and concentrate streams.
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Cleaning Frequency - The loss or decrease of the mass transfer coefficient (MTC) for water
measures membrane productivity over time of production. Membranes foul during operation. Congtant
production is achieved in membrane plants by increasing pressure. Cleaning is done when the pressure
increases by 10 to 15 percent. Cleaning frequency (CF) and a measurement of productivity can be
determined from the MTC decline.

WK
dK,,
dt

w

CF =

where:
CF = cleaning frequency (days)
W = acceptable rate of MTC loss
dK/dt = rate of MTC decline (gsfd/psi-d)

Concentrate (Q., &) - One of the membrane output streams that has a more concentrated water
quality than the feed stream.

Conventional RO/NF Process - A treatment system congsting of acid and/or scde inhibitor addition
for scae control, cartridge filtration, RO/NF membrane filtration, aeration, chlorination and corroson
control.

Feed (Qf, C) - Input stream to the membrane process after pretrestment.
Feedwater - Water introduced to the membrane module.

Fied Testing Organization (FDO) - An organization qudified to conduct studies and testing of
drinking water treatment systems in accordance with protocols and test plans. The role of the field
testing organization is to complete the gpplication on behaf of the Company; to enter into contracts with
NSF, as discussed herein; and arrange for a conduct the skilled operation of equipment during the
intense periods of testing during the study and the tasks required by the Protocol.

Flux (Fy) - Mass (Ib/ft?>-day) or volume (ga/ft>-day, gsfd, gfd) rate of transfer through membrane
surface.

F, = K, [DP- DP] = %

where:
Fu = water flux (M/L>4)
K. = global water mass transfer coefficient ()
DP = transmembranic pressure gradient (M/Lz)
DP = osmotic pressure gradient (M/Lz)
Q, = permeste flow (L/t)
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A = membrane surface area(Lz)

Fouling - Reduction of productivity measured by a decrease in the temperature normalized water
MTC.

Fouling Indices - Fouling indices are ample measurements that provide an estimate of the required
pretrestment for membrane processes.  Fouling indices are determined from membrane tests and are
amilar to mass transfer coefficients for membranes used to produce drinking water. Fouling indices can
be quickly developed from sample filtration tests, are used to quditatively estimate pretrestment
requirements and possibly could be used to predict membrane fouling.  The slt-dengty index (SDI),
modified fouling index (MH) and mini plugging factor index (MPFI) are the most common fouling
indices. The SDI, MFI and the MPH are defined using the basic resstance modd, and are
quantitatively rdated to water qudity and NF membrane fouling.

Some gpproximations for required indices prior to conventionad membrane treatment are given below
(Sung et. d. 1994).

Fouling Index Approximations for NF

Fouling I ndex Range
SDI <3
MFI <10§L2

Sit-Dengty Index (SDI): The SDI isthe most commonly used test to predict a water's potentid to
foul a membrane by colloidd particles smdler than 0.45 microns. SDI is only a guide for
pretrestment and is not an indication of adequate pretreatment. The SDI is a static measurement of
resstance, which is determined by samples taken at the beginning and the end of the test. The SDI
test is performed by timing the anaerobic hydraulic flow through a 47 mm diameter, 0.45 micron
membrane filter a a constant pressure of 30 ps. The time required for 500 mL of the feedwater to
pass through the filter is measured when the test is fird initiated, and is dso measured at time
intervas of 5, 10, and 15 minutes after the start of the test. The vaue of the SDI isthen calculated
asfollows (ASTM D-4189-82).

tl ¥

> (D~

D>

f
t;

[y ey e

(100%)

;
[

s
s

D> D>
o C

where:
t =timeto collect initidd 500 mL sample
tr =timeto collect 500 mL sampleat timet=T
tr = totd running time of thetest; 5, 10, or 15 minutes.
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If the index is below avaue of 3 then the water should be suitable for reverse oamosis. If the SDI
isbeow 3, theimpact of colloidd fouling is minimized.

Modified Fouling Index (MFI): The MH is determined using the same equipment and procedure
used for the SDI, except that the volume is recorded every 30 seconds over a 15 minute filtration
period (Schippers and Verdouw 1980). The development of the MF is consstent with Darcy’s
Law in tha the thickness of the cake layer formed on the membrane surface is assumed to be
directly proportiond to the filtrate volume. The total resstance is the sum of the filter and cake
resstance. The MH is defined graphicaly as the dope of an inverse flow verses cumulative volume
curve as shown in the following equations

v _DP A

dat m (R +R,)

_mVR,  m/
DPA  2DPA’

é:®+MHw

where:
R: = resstance of the filter
R« = resistance of the cake
| = measure of the fouling potentia
Q = average flow (liters/second)
a= condtant
Typicdly the cake formation, build-up and compaction or falure can be seen in three didinct

regionson aMF plot. The regions corresponding to blocking filtration and cake filtration represent
productive operation, whereas compaction would be indicative of the end of a productive cycle.

Hollow-Fiber — Fine hollow fibers of membrane neterial are extruded in ether a cdllulose triacetate or
a polyamide. The ends of the fibers are seadled in an epoxy bock connected with the outside of the
housing. The epoxy block is cut to dlow the flow from the insde of the fine fibers to the other sde of
the epoxy block, where it is collected. The pressurized feedwater passes across the outside of the
fibers. Pure water permeates the fibers and is collected at the end of the element.

The hollow-fiber housings are cgpable of holding a large quantity of fibers, thisdlowing asngle dement
to produce a large permeate flow rate. Hollow-fiber eements are typicaly used for seawater
desdination, and for brackish-water applications

Influent - Input stream to the membrane array after the recycle stream has been blended with the feed
gream. If thereis no concentrate recycle then the feed and influent streams are identical.
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Mass Transfer Coefficient (MTC) (K,) - Mass or volume unit transfer through membrane based on
Q

driving force (gfd/ps). K, =——m—
ng (ofd/psi) w A(?P- ??)

where:
K. = global water mass transfer coefficient ()
DP = transmembranic pressure gradient (M/LZ)
DP = osmotic pressure gradient (M/Lz)
Q, = permeste flow (L /t)

A = membrane surface area(Lz)

Membrane Element - A sngle membrane unit containing a bound group of spira wound or hollow-
fiber membranes to provide a nomina surface areafor treatment.

Membrane Molecular Weight Cutoff Determination - The membrane molecular weight cutoff
(MWCO) of membranes a commonly used to characterize membrane rgection cagpability. Membrane
MWCO is typicdly determined by measuring the rgection of different molecular weight nonionic
polymers. Solute rgection is defined as.

.. & C)9
% Solute Rejection= g1- 53(100%)
f @

Given the narrow molecular weight bands of polyethylene glycol (PEG) solutions, these nonionic
random coil polymers can be gpplied to membranes for MWCO estimation. Although the percent PEG
rgjection varies by manufacturer, 80 to 90 percent PEG regjection has been used. Neither the percent
rglection nor the materid is fixed except by membrane manufacturer. The standard molecular weight
solutions can be measured as TOC and correlated to PEG concentration.  This correlation can then be
gpplied for assessment of PEG rgection by the membrane and subsequent MWCO determination.

Membrane Productivity - Membrane productivity will be assessed by the rate of mass transfer
coefficient (MTC,,) decline over time of operation. As flux declines, a constant product can be
achieved by increasing pressure to maintain a congtant flux.

Net Driving Pressure (NDP): The net driving pressure (NDP) is cdculated usng the influent,
concentrate and permeste pressure.

Ve P +P AY
NDP = ggg P - 2?2
€ 2 0

where:
NDP = net driving pressure for solvent transport across the membrane (ps, bar)
Pr = feedwater pressure to the feed side of the membrane (ps, bar)
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P. = concentrate pressure on the rgject Sde of the membrane (ps, bar)

P, = permeate pressure on the trested water Sde of the membrane (pg, bar)

Dp = osmotic pressure (ps)
Osmotic Pressure Gradient (Dp)::  The term osmotic pressure gradient refers to the difference in
osmotic pressure generated across the membrane barrier as a result of different concentrations of

dissolved sdts. In order to determine the NDP, the osmotic pressure gradient must be estimated
from the influent, concentrate and permeate TDS.

e 0

R .(; .=

o :aé(TDSf +TDS, )u. TDSp%} lps
gg 2 H ﬁlooﬂi

L o

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

Mass Trandfer Coefficient (MTC,)): The MTC,, is cdculated by dividing the permesate flow by the
membrane surface area.

F = % =(MTC,, ) NDP)

w

From this the MTC,, can be caculated. However, given the relationship between temperature and
the viscogty of water, flux should be normalized to a standard temperature condition (25°C).
These rdationships should be provided by the membrane manufacturer and used to normalize the
flux data set as shown below.

F .
— w,25C
IVI-I-C:W,25°C - NDP

Temperature Adjustment for Hux Cdculation If manufacture does not specify a temperature
correction equation the following egquation may be used so that water production can be compared
on an equivadent basis.

F —_

w,25C FW,T"C

(1_03(25° Cc-T° C))
Recovery: Recovery should aso be caculated using the permeste and influent flow.
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Using the above equations the MTC,,, normalized flux and recovery for each stage and the system can
be calculated for each set of operationd data and plotted as a function of cumulative operating time.

Package Plant - A complete water trestment system including al components from the connection to
the raw water(s) intake through discharge to the ditribution system.

Permeate (Q,, Cp) - The membrane output stream that has convected through the membrane.
QpCp = Qf Cf - QcCc
Permeate - Water produced by the membrane process.

Permeate Flux - The average permeate flux is the flow of permesate divided by the surface area of the
membrane. Permeate flux is calculated according to the following formula:

where:
J = permeste flux at timet (gfd, L/(h-nf))
Qp = permeate flow (gpd, L/h)

S = membrane surface area (ft?, nf)

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

Pressure Vessel - A singletube or housing that contains severd membrane eementsin series.

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

Raw - Input stream to the membrane process prior to any pretreatment.

Recovery - The recovery of feedwater as permeste water is given as the ratio of permesate flow to

€Q,u
feedwater flow: % System Recovery = eQ—Q(100%)
evr U

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

Recycle Ratio (r) - The recycle ratio represents the ratio of the totd flow of water that is used for
cross-flow and the net feedwater flow to the membrane. Thisratio provides an idea of the recirculation
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pumping that is applied to the membrane system to reduce membrane fouling and specific flux decline.

_ €Q. u
Recycle Ratio = g

e u
where:
Qs = feedwater flow to the membrane (gpm, L/h)
Q: = recyde hydraulic flow in the membrane dement (gpm, L/h)
Regection (mass) — The mass of a specific solute entering a membrane system that does not pass
through the membrane.
& QPCP 9
QG o

Scaling Control - Controlling precipitation or scading within the membrane dement requires
identification of alimiting sdt, acid addition for prevention of CaCOs; and/or addition of ascaleinhibitor.
The limiting sdt determines the amount of scade inhibitor or acid addition. A diffuson controlled
membrane process will concentrate salts on the feed Sde of the membrane. If excessive water is
passed through the membrane, this concentration process will continue until a sdt precipitates and
scaing occurs. Scaling will reduce membrane productivity and consequently recovery is limited by the
dlowable recovery just before the limiting sdt precipitates. The limiting sdt can be determined from the
solubility products of potentid limiting salts and the actual feed stream water qudity. lonic strength must
adso be consdered in these caculations as the natural concentration of the feed stream during the
membrane process increases the ionic strength, alowable solubility and recovery.

Cdcium carbonae scaing is commonly controlled by sulfuric acid addition however sulfate sdts are
often the limiting sAlts Commercidly available scale inhibitors can be usad to control scding by
complexing the meta ions in the feed stream and preventing precipitation.  Equilibrium congtants for
these scale inhibitors are not available which prevents direct caculation. However some manufacturers
provide computer programs for estimating the required scale inhibitor dose for a given recovery, water
quality and membrane. The following are generd equations for the solubility products and ionic strength
gpproximations.

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 operationa 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 cdculated from the results of
experimenta Verification Testing, as determined from use of the following equetion:

Ko =2l 2l
where:

K s = solubility product for the limiting sdt being considered
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g = freeion activity coefficient for the ion consdered (i.e,, A or B)

[A] = mold solution concentration of the anion A for sparingly soluble sdt AB,
[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 congtituents may be
edimated for the concentrated solutions as a function of the ionic strength:

log?, 5 = - 0.509Z,Z, L

where:

g = freeion activity coefficient for theion consdered (i.e,, A or B)

Z, =ion charge of anion A

Zg =ion charge of cation B

m= ionic strength
lonic Strengthr A smple approximation of the ionic strength can caculated based upon the
concentration of the total dissolved solidsin the feedwater stream:

1= (25%0°°)(TDS)

where:

m= ionic strength

TDS = totd dissolved solids concentration (mg/L)

Solute - The dissolved congtituent (mg/L) in a solution or process stream.

Solute Rejection - Solute rgection is controlled by a number of operationa variables that must be
reported a the time of water sample collection. Bulk rgection of a targeted inorganic chemicd
contaminant may be caculated by the following equation.

. . &f - Cp y
% Solute Rejection = &~ {100%)
e G 0
where:

C; = feedwater concentration of specific congtituent (mg/L)
C, = permeste concentration of specific constituent (mg/L)

Solvent - A substance, usudly aliquid such as water, cgpable of dissolving other substances.

Solvent and Solute Mass Balance - Cdculation of solvent mass baance is performed to verify the
religbility of flow measurements through the membrane. Cdculation of solute mass balance across the
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membrane system is performed to estimate the concentration of limiting sats a the membrane surface.
Q =Q, +Q,
QG =Q.C,+Q.C,
where:
Qs = feedwater flow to the membrane (gpm, L/h)
Qp = permeste flow (gpm, L/h)
Q. = concentrate flow (gpm, L/h)
C; = feedwater concentration of specific condtituent (mg/L)
C, = permeste concentration of specific constituent (mg/L)
C = concentrate concentration of specific congtituent (mg/L)

Specific Flux - At the concluson of each chemicd cleaning event and upon return to membrane
operation, the initia condition of transmembrane pressure shdl be recorded and the specific flux
cadculated. The efficiency of chemicd cleaning shal be evauated by the recovery of specific flux after
chemica cleaning as noted below, with comparison drawn from the cleaning efficiency achieved during
previous cleaning evauations. Comparison between chemicd deanings shdl alow an evauation of
irrevergble fouling. Two primary indicators of cleaning efficiency and restoration of membrane
productivity will be examined in this task.

Percent Recovery of Specific Flux: The immediate recovery of membrane productivity, as
expressed by the ratio between the fina specific flux (F¢) and theinitia specific flux (Fs) measured
for the subsequent run.

" é F.u
% Recov ery of Specific Hux = gl- F—“u(lOO%)
é S

where:
Fs = Spedific flux (gfd/ps, L/(h-nf)/bar) at end of run (find)
Fs = Spedific flux (gfd/pd, L/(h-n)/bar) a beginning of run (initial).
Percent Loss of Origind Specific Flux: The loss of origina specific flux capabilities, as expressd

by the raio between the initid specific flux for any given filtration run (Fy) divided by the origind
specific flux (Fso), 8 messured at the initigtion of the firgt filtration run in a series.

. - e F U
% Loss of Origind Specific Hux :él-F—S't'hOO%)
é siolj

Spiral-Wound - Spiral-wound membrane e ements are constructed of flat sheet membranes folded and
glued on three edges to create several membrane envelopes. The open edge of the each envelope is
glued to a centrd collection pipe with perforations to dlow water from insde the envelope to pass into
the pipe. The envelopes are spun around the central collection pipe. Layered insgde each envelopeisa
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thin layer of fabric that prevents the envelope from sedling itsdf off when the outside of the envelope is
exposed to high pressure. The fabric dlows the passage of permeate water to the center collection tube.

The feed water enters the end of the spird-wound eement and moves across the surface of the rolled-
up membrane envelopes. Spacers between the envelopes promote turbulence so that pure water
permegtes the enveopes, any sdts left behind will diffuse back into the bulk solution. Insde the
envelope the pressure is near atmospheric, whereas the pressure on the feedwater Sde can be as high
as 1,000 ps. The pressure differentid drives the pure water into the membrane envelope. In the
envelope the permesate passes through fabric materia and finds its way into the centra collection pipe.
The water in the collection pipe travels to the end where it either enters the collection tube of another
element, or istransferred to the permeate port of the end cap of the housing.

Stage — A sage isthe configuration of an array.

Train — A tran is a padld flow dream through the membrane sysem. For ingance a 5 MGD
membrane system may be comprised of five 1 MGD trains.

Verification Statement - A written document that summarizes a fina report reviewed and gpproved
by NSF on behalf of the USEPA or directly by the USEPA.

Water System - The water system that operates using water treatment equipment to provide potable
water to its customers.

6.0 OVERVIEW OF TAKS

This Plan is gpplicable to the testing of water trestment equipment utilizing membrane processes.
Testing of membrane processes will be conducted by a NSF-qudified Fied Testing Organization thet is
sdected by the Manufacturer. Water quality analyses will be performed by a sate-certified or third
party-, or EPA-qudified anaytica laboratory. This Plan provides objectives, work plans, schedules,
and evaluation criteria for the required tasks associated with the equipment testing procedure.

The following is a brief overview of the tasks that shal be included as components of the Verification
Tegting Program and PSTP for remova of SOCs.

Task 1. Characterization of Raw Water — Obtan chemicd, biologicd and physicd
characterization of the raw water. Provide a brief description of the watershed that provides the
raw water to the water treatment plant.

Task 22 Membrane Productivity - Demondrate operationa conditions for the membrane
equipment; permeate water recovery achieved by the membrane equipment; and rate of flux decline
observed over an extended membrane process operation.

Task 3: Finished Water Quality — Evauate the water quality produced by membrane processes
asit relates to raw water quality and operationa conditions.
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Task 4: Cleaning Efficiency — Evaduate the effectiveness of chemicd cleaning to the membrane
system and confirm that the Manufacturer-recommended cleaning practices are sufficient to restore
membrane productivity.

Task 5: Operations and Maintenance (O& M) - Develop an O&M manud for each system
submitted. The O&M manud shdl characterize membrane process design, outline a membrane
process cleaning procedure or procedures, and provide a concentrate disposal plan.

Task 6: Data Collection and Management — Edablish an effective field protocol for data
management between the Field Testing Organization and NSF.

Task 7: Quality Assurance / Quality Control (QA/QC) — Develop a QA/QC protocol for
Veification Testing. Thisis an important item that will asss in obtaining an accurate measurement
of operational and water quality parameters during membrane equipment Verification Teding.

Task 8: Cost Evaluation - Develop capitd and O&M costs for the submitted NF membrane
technology and equipment.

70  TESTING PERIODS

The required tasks of the ETV Testing Plan (Tasks 1 through 9) are designed to be completed over a
60-day period, not including mohilization, sheakedown and dart-up. The schedule for equipment
monitoring during the 60-day testing period shall be stipulated by the FTO in the PSTP, and shal meet
or exceed the minimum monitoring requirements of this testing plan. The FTO shdl ensure in the PSTP
that sufficient water quality data and operationa data will be collected to dlow estimation of datistical
uncertainty in the Verification Testing data, as described in the “EPA/NSF ETV Protocol For
Equipment Veification Tegting For The Removd Of Synthetic Organic Chemicd Contaminants:
Requirements For All Studies’. The FTO shdl therefore ensure that sufficient water qudity and
operationd datais collected during Verification Testing for the Satistical andys's described herein.

For membrane process treatment equipment, factors that can influence treatment performance include:

Feedwaters with high seasona concentrations of inorganic condtituents and TDS. These
conditions may increase finished water concentrations of inorganic chemica contaminants
and may promote precipitation of inorganic materias in the membrane;

Feedwaters with variable pH; increases in feedwater pH may increase the tendency for
precipitation of sparingly soluble sdts in the membrane module and may require variable
drategies 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 seasond periods,

High turbidity, often occurring in soring, as aresult of high runoff resulting from heavy rains
or snowmelt.
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It is highly unlikely that dl of the above problems would occur in awater source during a Sngle 60-day
period during the Verification Testing Program. Membrane testing conducted beyond the required 60-
day testing may be usad for fine-tuning of membrane performance or for evauation of additiond
operationa conditions. During the testing periods, evauation of cleaning efficiency and finished water
qudity can be performed concurrent with membrane operation testing procedures.

During the time intervals between equipment verificaion runs, the water trestment equipment may be
used for production of potable water. If the equipment is being used for the production of potable
water, routine operation for water production is expected. The operating and water quality data
collected and furnished to the locd regulatory agency should dso be supplied to the NSFqudified
FTO.

80 TAK 1 CHARACTERIZATION OF RAW WATER
8.1 I ntroduction

A characterization of raw water qudity is needed to determine if the concentrations of SOCs or other
raw water contaminants are gppropriate for the use of NF membrane processes. The feedwater qudity
can influence the performance of the egquipment as well as the usefulness of testing results to readers of
the verification report.

8.2 Objectives
One reason for performing a raw water characterization is to obtain at least one-year of hitoricd raw
water quality data from the raw water source. The objectiveisto:

demonstrate seasond effects on the concentration of SOCs; and

develop maximum and minimum concentrations for the contaminant.

If historicdl raw water qudity is not available, a raw water qudity analysis of the proposed feedwater
ghdl be performed prior to equipment Verification Testing.

8.3 Work Plan

The characterization of raw water qudity is best accomplished through the performance of laboratory
testing and the review of historica records. Sources for historical records may include municipalities,
laboratories, USGS (United States Geographica Survey), USEPA, and locd regulatory agencies. If
historical records are not available preiminary raw water quaity testing shal be performed prior to
equipment Verification Testing. The specific parameters of characterization will depend on the NF
membrane process that is being tested. The following characterigtics should be reviewed and
documented:

Specific SOC - True Color - Nitrate
Temperature - Chloride - Sodium
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pH . Huoride - Potassium

TDSConductivity - Sulfate - Strontium
Total Hardness - Ammonia - Phosphate
Calcium Hardness - lron - SDI

Total Organic Carbon - Manganese - MH

Totd Alkalinity - Slica

Turbidity - Barium

Data collected should reflect seasond variations in the above data if gpplicable. This will determine
varidions in water quality parameters that will occur during Veification Tesing. The data thet is
collected will be shared with NSF so that the FTO can determine the significance of the datafor usein
developing a test plan. If the raw water source is not characterized, the testing program may fail, or
results of atesting program may not be considered acceptable. A description of the raw water source
should aso be included with the feedwater characterization. The description may include items such as:

Sze of watershed;

topography;

land use;

nature of the water source; and

potentia sources of pollution.
84  Schedule

The schedule for compilation of adequate water quality data will be determined by the availability and
accesshility of historical data. The historica water qudity data can be used to determine the suitability
of NF membrane processes for the treatment for the raw source water. If raw water quaity datais not
available, a prdiminary raw water qudity testing should be performed prior to the Verification Testing of
the NF membrane equipment.

85 Evaluation Criteria

The feedwater quality shall be evauated in the context of the Manufacturer’ s Statement of Performance
Objectives for the remova of SOCs. The feedwater should chalenge the capabilities of the chosen
equipment, but should not be beyond the range of water quaity suitable for treatment by the chosen
equipment. For NF membrane processes, a complete scan of water qudity parameters may be
required in order to determine limiting sdt concentrations, necessary for establishing pretrestment
criteria
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90 TAXK 2 MEMBRANE PRODUCTIVITY
91 I ntroduction

The remova of SOCs from drinking water supplies is accomplished by NF membrane filtration. The
effectiveness of NF membrane processes for SOC remova will be evauated in this task. Membrane
meass trandfer coefficient, flux and recovery will be evduated in this task. After ingdlation of a NF
membrane, compaction and ripening of the membrane will cause a characteridtic flux decline with time
until the membrane gabilizes. After this initid flux decline, the rate of flux decline will be used to
demongrate membrane performance for the specific operating conditions to be verified. The
operaiond conditions to be verified shal be specified by the Manufacturer in terms of a temperature-
corrected flux (normalized flux) vaue (eg., gsfd at 77°F or L/(nrthr) a 25°C) before the initiation of the
Program.

Flux declineis a function of water quaity, membrane type, configuration and operationa conditions. In
establishing the range of operaion for the membrane performance evaduations, limiting sdt information
should be used to define the run scenarios. The run conditions should include operating scenarios,
which gpproach and exceed these projected limits.  Subsequent water qudity anayss will alow for
assessment of the degree of saturation of the sparingly soluble sdtsin the find concentrate. The degree
of saturation of the salts should then be compared to resulting membrane productivity decline. Table
9.1 presents an example of membrane pretrestment data required to provide baseline conditions and
assis in evauating membrane productivity.

Some Manufacturers may wish to employ the NF membrane process with a pretrestment process in
order to reduce flux decline and improve remova of SOCs. Any pretrestment included in the
membrane treatment system that is designed for remova of SOCs shdl be considered an integral part of
the membrane treatment system and shdl not be tested independently. In such cases, the system shdll
be consdered as a sngle unit and the pretreatment process shal not be separated for optiona
evaluation purposes.

9.2  Experimental Objectives

The objectives of thistask are to demongtrate:

Operationd conditions for the membrane equipment;

Permesate water recovery achieved by the membrane equipment; and

Rate of flux decline observed over extended membrane process operation.
Raw water quality shall be measured prior to system operation and then monitored every two weeks
during the 60-day testing period a a minimum. 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 Manufacturer, as it pertains to permesate flux and transmembrane pressure, and SOC removal.
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9.3 Work Plan

Determination of ideal membrane operating conditions for a particular water may require as long as one
year of operation. For this task the Manufacturer shall specify the operating conditions to be evauated
in this Verification Testing Plan and shdl supply written procedures on the operation and maintenance of
the membrane trestment systlem. The Manufecturer shdl evauate flux decline. The Manufacturer shall
aso determine the limiting sdt and identify possible foulants and scdants, and use this for performance
evauation for ther particular membrane equipment. The set of operating conditions shdl be maintained
for the 60-day testing period (24-hour continuous operation). The Manufacturer shal specify the
primary permeste flux a which the equipment is to be verified. Additional operating conditions can be
verified in separate 60-day testing periods.

After set-up and “shakedown” of membrane equipment, membrane operation should be established at
the flux condition to be verified. Testing of additiona operationa conditions could be performed by
extending the number of 60-day testing periods beyond the initid 60-day period required by the
Verification Testing Program at the discretion of the Manufacturer and their designated FTO.

Additional 60-day periods of testing may dso be included in the Verification Testing Plan in order to
demongrate membrane performance under different feedwater quaity conditions. For membrane
processes, extremes of feedwater quality (eg., low temperature, high TOC concentration, variable
SOC concentrations, high SDI and high turbidity) are the conditions under which membranes are most
prone to fouling and subsequent failure. At aminimum the performance of the NF membrane equipment
relaive to SOC remova shal be documented during those periods of variable feedwater conditions.
The Manufacturer shdl perform testing with as many different water qudity conditions as desired for
verification satus. Testing under each different water quality condition shdl be performed during an
additional 60-day testing period, as required above for each additiona set of operating conditions.

The testing runs conducted under this task shdl be performed in conjunction with finished water quaity
and if gpplicable, deaning efficiency. With the exception of additiona testing periods conducted & the
Manufacturer’s dscretion, no additional membrane test runs are required for performance of cleaning
efficency and finished water quaity. A continuous yearlong evauation, dthough not required, may be
of benefit to the Manufacturer for verification of long term trends.

9.3.1 Operational Data Collection

Measurement of membrane feedwater flow and permeste flow (recycle flow where gpplicable)
and system pressures shdl be collected at a minimum of 3 eight-hour shifts per day. Table 9.2 is
an example of a daily operaiond data sheet for a two-sage membrane syssem. Thistableis
presented for informationa purposes only. Figure 9.1 presents the sample locations for the
daily operational data sheet. The actud forms will be submitted as part of the test plan and may
be site-specific. Measurement of feedwater temperature to the membranes shall be made along
with these three daily measurements in order to provide data for normaizing flux with repect to
temperature
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Water qudity should be andyzed from the same locations identified for TDSin Table 9.2 prior
to dart-up and then twice a month for the parameters identified in Table 9.3, except for each
SOC, which will be monitored weekly. Power cogts for operation of the membrane equipment
(pumping requirements, chemica usage, etc.) shall aso be closdly monitored and recorded by
FTO during the 60-day testing period. Power usage shdl be estimated by inclusion of the
following details regarding equipment operation requirements. pumping requirements;, sze of
pumps, name-plate; voltage, current draw; power factor; peak usage; etc. In addition,
measurement of power consumption and chemica consumption shal be quantified by recording
such items as day tank concentration, daily volume consumption and unit cost of chemicals.

9.3.2 Feedwater Quality Limitations

The characteristics of feedwaters used during the 60-day testing period (and any additiona 60-
day testing periods) shal be explicitly stated in reporting the membrane flux and recovery data
for each period. Accurate reporting of such feedwater characterigtics are criticd for the
Veification Teging Program, as these parameters can substantidly influence the range of
achievable membrane performance and treated water quaity under variable raw water quaity
conditions. The following criteria and trends should aso be presented in the Verification Testing
Program:

Evduation criteria and minimum reporting requirements.

Pot graph of SOC removed over time for each 30-day period of operation.
Plot graph of NDP over time for each 30-day period of operation.

Plot graph of TDS over time for each 30-day period of operation.

Plot graph of F,2s-c over time for each 30-day period of operation.

Plot graph of MTC,, over time for each 30-day period of operation.

Plot graph of recovery over time for each 30-day period of operation.
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TABLE 9.1: NF Membrane Pretreatment Data

Foulants and Fouling I ndices of the Feedwater Prior to Pretreatment

Alkalinity (mg/L of CaCOx)

CaHardness (mg/L of CaCQOg)

LS

Dissolved iron (mg/L)

Total iron (mg/L)

Dissolved aluminum (mg/L)

Tota duminum (mg/L)

Fluoride (mg/L)

Phosphate (mg/L)

Sulfate (mg/L)

Cacium (mg/L)

Barium (mg/L)

Strontium (mg/L)

Reactive silica(mg/L as SO,)

Turbidity (NTU)

SDI

Pretreatment Processes Used Prior t

o Nanofiltration or Reverse Osmosis

Pre-filter listed pore size (um)

Type of acid used

Acid concentration (units)

mL of acid per L of feed

Type of scale inhibitor used

Scale inhibitor concentration (units)

mL of scale inhibitor per L of feed

Type of coagulant used

Coagulant dose (mg/L)

Type of polymer used during coagulation.

Polymer dose (mg/L)

April 2002

This TSTP has not been validated in th
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TABLE 9.2: Daily OperationsL og Sheet for a Two-Stage Membrane System
Date:
Par ameter Shift 1 Shift 2 Shift 3
Time
Initial
Feed

Qrest (9PM)
TDSie (before pretreatment) (mg/L)

TDSieu (after pretreatment) (mg/L)
Preed (PS)
PHie (before pretrestment)
PHre (after pretreatment)
Tieed (°C)
Permeate - Stage 1
Qps1 (9pM)
TDS, <1 (MglL)
Pos: (pSi)
Concentrate - Stage 1
Qcs1 (gpm)
TDScs1 (Mg/L)
Pesi (psi)
Tes1(°C)
Permeate - Stage 2
Qps2 (9pM)
TDSys2 (Mg/L)
Pos2 (pS)
Concentrate - Stage 2
Qcs2 (gPM)
TDS; s (Mg/L)
Pes2 (ps)
Finished
Qin (GPM)
TDSiin (Mg/L)
Recovery (Qfin/Qrea) (%0)
Recycle

Qrecycte (GPM)
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FIGURE 9.1: Sample Locationsfor a Two-Stage M embrane Process
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TABLE 9.3: Operating and Water Quality Data Requirementsfor Membrane Processes

Parameter Frequency and I mportance for
Sampling
Feedwater Flow 3* Daily (1)
Permeate Water Flow 3* Daily (1)
Concentrate Water Flow 3* Dally (1)
Feedwater Pressure 3* Daily (1)
Permeate Water Pressure 3* Dally (1)
Concentrate Water Pressure 3* Daily (1)
List Each Chemical Used, And Dosage Daily Data Or Monthly Average (1)
Hours Operated Per Day Daily (1)
Hours Operator Present Per Day Monthly Average (2)
Power Costs (Kwh/Million Gallons) Monthly (2)
Independent check on rates of flow Weekly (1)
Independent check on pressure gages Weekly (2)
Verification of chemical dosages Monthly (1)
SOCs 1, Weekly
Temperature 3* Dally (1)
pH 3* Daily (1)
TDS/Conductivity 3* Daily (1)
Turbidity Every two weeks (1)
True Color Every two weeks (1)
Total Organic Carbon Every two weeks (1)
UV Absorbance (254 nm) Every two weeks (1)
Totd Alkainity Every two weeks (1)
Total Hardness Every two weeks (1)
Calcium Hardness Every two weeks (1)
Sodium Every two weeks (1)
Chloride Every two weeks (1)
Iron Every two weeks (1)
Manganese Every two weeks (1)
Sulfate Every two weeks (1)
Fluoride Every two weeks (1)
Silica Every two weeks (1)
Ammonia Every two weeks (1)
Potassium Every two weeks (1)
Strontium Every two weeks (1)
Barium Every two weeks (1)
Nitrate Every two weeks (1)
TTHM Every two weeks (2)
THAA Every two weeks (2)
TOX Every two weeks (2)

1=Required 2= Desired But Not Necessary
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100 TAX 3 FINISHED WATER QUALITY
10.1 Introduction

Water qudity data shal be collected for the raw and finished water as provided previoudy in Table 9.3.
(Note, in some instances sampling concentrate water quality may be required because detection limits
may be too low for a specified parameter.) At aminimum, the required sampling shdl be one sampling
at dart-up and two sampling events per month while raw water samples are collected. Water qudity
gods and target remova gods for the membrane equipment should be proved and reported in the
PSTP.

10.2 Objectives

The objective of thistask isto verify the Manufacturer’ s performance objectives. Table 9.3 presented a
lig of the minimum number of water qudity parameters to be monitored during equipment Verification
Tedting has been provided in this document. The actud water qudity parameters sdected for testing
and monitoring shdl be stipulated in the PSTP.

10.3 Work Plan

The PSTP shdl identify the treated water qudity objectives to be achieved in the Statement of
Performance Objectives of the equipment to be evauaed in the Verification Testing Program. The
PSTP shdl dso identify in the Statement of Performance Objectives the specific SOCs that shdl be
monitored during equipment testing. The Statement of Performance Objectives prepared by the PSTP
shdl indicate the range of water qudities and operating conditions under which the equipment can be
chdlenged while successfully treating the contaminated weater supply.

It should be noted that many of the drinking water treestment systems participating in the SOC Removd
Verificaion Testing Program will be cgpable of achieving multiple water treetment objectives. Although
the SOC Verification Testing Plan is oriented towards remova of SOCs, the Manufacturer may want to
look at the trestment system’s remova capabilities for additiona water quality parameters.

Many of the water quality parameters described in this task shal be measured on-gite by the NSF-
qudified FTO. A date-certified or third-party- or EPA-qudified andyticd laboratory shal perform
andyds of the remaining water quality parameters. Representative methods to be used for measurement
of water quaity parameters in the field and lab are identified in Table 10.1. The andyticd methods
utilized in this sudy for on-sSte monitoring of raw and finished water qudities are described in Qudity
Assurance/ Quality Control (QA/QC). Where appropriate, the Standard Methods reference numbers
and EPA method numbers for water quality parameters are provided for both the field and |aboratory
anaytical procedures.
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TABLE 10.1: Water Quality Analytical M ethods

Par ameter Standard Method * EPA Method *
Phasell SOCs
2,4,5-TP (Slvex) 6640 B 515.1; 515.2; 555
2,4-D (Formula 40, Weedar 64) 6640 B 515.1; 515.2; 555
Acrylamide
Alachlor (Lass0) 505; 507; 525.2; 508.1
Aldicarb 6610 B 5311
Aldicarb sulfone 6610 B 531.1
Aldicarb sulfoxide 6610 B 531.1
Atrazine 505; 507; 508.1; 525.2
Carbofuran (Furdan 4F) 6610 B 531.1
Chlordane 6410 B; 6630 B,C 505; 508; 508.1; 525.2
Dibromochloropropane (DBCP, Nemafume)) 6210 C,D; 6230 D; 6231 B 504.1; 551
Ethylene dibromide (EDB, Bromofume) 504.1; 551

Heptachlor (H-34, Heptox)

6410 B; 6630 B, C

505; 508; 508.1; 525.2

Heptachlor epoxide 6410 B; 6630 B, C 505; 508; 508.1; 525.2
Lindane 6630 B 505; 508; 508.1; 525.2
Methoxychlor (DMDT, Marlate) 6630 B 505; 508; 508.1; 525.2
Pentachl orophenol 6410 B; 6420 B; 6640 B 515.1; 515.2; 525.2; 555
Polychlorinated biphenyls (PCBs, Aroclor) 6410 B; 6630 C 505; 508; 508A

Toxaphene 6410 B; 6630 B, C 505; 508; 525.2
PhaseV SOCs

Adipate (diethylhexyl) 506; 525.2
Ddapon 6640 B 515.1; 552.1
Dichloromethane

Dinoseb 6640 B 515.1; 515.2; 555
Dioxin 1613

Diquat 549.1

April 2002
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TABLE 10.1: Water Quality Analytical Methods (Cont.)

Par ameter Standard Method * EPA Method ?
Endothall 548.1
Endrin 6410 B, 6630 B, C 505; 508; 508.1; 525.2
Glyphosate 6651 B 547
Hexachlorobenzene 6040 B; 6410B 505; 508; 508.1; 525.2
Hexachlorocyclopentadiene 6410 B 505; 508; 508.1; 525.2
Oxamyl (Vydate) 6610 B 531.1
Phathdate 506; 525.2
Phenanthrene (PAH) 6040 B; 6410 B; 6440 B 525.1; 550; 550.1
Picloram 6640 B 515.1; 515.2; 555
Smazine 505; 507; 508.1; 525.2
Trichlorobenzene (1,2,4-) 6040 B; 6210 D; 6220 C; 6230

D;6410B

Trichloroethane (1,1,2,-)

6040 B; 6210 B, C, D; 6220

C; 6230B,C,D

Physical Parameters
Temperature 2550B
pH 4500-H" B 150.1; 150.2
Conductivity 2510B 120.1
Totd Dissolved Solids 2540 C
Tota Suspended Solids 2540D
Turbidity 2130 B; Method 2 180.1
Dissolved Oxygen 4500-O B
Organics
True color 2120 B
Tota Organic Carbon 5310C
UV 254 absorbance 5910 B
Totd Trihdomethanes (TTHMS) 6232 B 524.3
Totd Haloacetic Acids (THAAS) 6251 B 552.1
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TABLE 10.1: Water Quality Analytical Methods (Cont.)

Par ameter Standard Method * EPA Method *
Totd Organic Haogens (TOX) 5320B
| nor gani
Totd Alkdinity 2320B
Total Hardness 2340C
Cacium Hardness 3500-Ca"™” D
Sodium 3111 B 200.7
Chloride 4110 B; 4500-CI' D 300.0
Iron 3111 D; 3113 B; 3120 B 200.7; 200.8; 200.9
Manganese 3111 D; 3113 B; 3120 B 200.7; 200.8; 200.9
Sulfate 4110 B; 4500-SO,* C, D, F | 300.0; 375.2
Fluoride 4110 B; 4500-F B, C, D, E 300.0
Silica (total and dissolved) 3120 B; 4500-S D, E, F 200.7
Ammonia, NH; 4500-NH; B, C, D 350.3
Potassum 3111 B; 3500-K C, D, E 200.7
Strontium 3111 B; 3500-Sr C,D,E 200.7
Baium 3111 D; 3113 B; 3120 B 200.7; 200.8
Nitrate 4110 B; 4500-NO3 D, F 300.0; 353.2

1) AWWA, Standard Methods for the Examination of Water and Wastewater, 20" Edition, 1999.
2) EPA, Methods and Guidance for Analysis of Water, EPA 821-C-97-001, April 1997.

For the water qudity parameters requiring andyss a an off-gte laboratory, water samples shdl be
collected in appropriate containers (containing necessary preservatives as gpplicable) prepared by the
state-certified or third-party- or EPA-qudlified laboratory. These samples shall be preserved, stored,
shipped and andyzed in accordance with gppropriate procedures and holding times, including chain-of
custody requirements, as specified by the andytica lab.

10.4 Analytical Schedule

10.4.1 Removal of SOCs
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During the steady-state operation of each membrane testing period, SOC mass baances shall
be performed on the membrane feed, permeate and concentrate water in order to determine the
SOC remova capabilities of the membrane system.

April 2002 This TSTP has not been validated in the field or reviewed for editorial clarity. Page 2-39



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

10.4.2 Feed and Permeate Water Char acterization

At the beginning of each membrane testing period, the raw water, permeate and in some cases
concentrate water shal be characterized at a Sngle set of operating conditions by measurement
of the water quaity parameters identified in Table 9.3.

10.4.3 Water Quality Sample Coallection

Waer qudity data shdl be collected at regular intervals during each period of membrane
equipment testing. The minimum monitoring frequency for the required water quality parameters
is once at dtart-up and weekly for SOCs and every two weeks for the remaining water quality
parameters. The water quaity sampling program may be expanded to include a greater number
of water quality parameters and to require a greater frequency of parameter sampling. Analyses
for aganic water quality parameters shall be performed on water sample diquots that were
obtained smultaneoudy from the same sampling location, in order to provide the maximum
degree of comparability between water qudity anadytes.

No monitoring of microbial populaions shal be required in this Equipment Verification Testing
Pan. However, the Manufacturer may include optiona monitoring of indigenous microbia
populations to demongtrate removal capabilities.

10.4.4 Raw Water Quality Limitations

The characteristics of feedwaters encountered during each 60-day testing period shdl be
explicitly stated. Accurate reporting of such raw water characteristics such as those identified in
Table 9.3 are criticad for the Verification Testing Program, as these parameters can substantialy
influence membrane performance.

10.5 Evaluation Criteriaand Minimum Reporting Requirements

Remova or reduction of SOCs.
Water quaity and removal goa's specified by the Manufacturer.

110 TASXK 4 CLEANING EFFICIENCY

11.1 Introduction

There are certain types of foulant scaes that pose an immediate threet to the operationd integrity of a
membrane process. Examples of scae include calcium carbonate scale and silica or sulfate scae.

Should scding or fouling occur during or following the test runs, the membrane equipment shall require
chemica cleaning to restore membrane productivity. The number of cleaning efficiency evauations shall
be determined by the fouling frequency of the membrane during each specified test period. Inthe case
where the membrane does not fully reach the operaiond criteria for fouling as specified by the
Manufacturer, chemica cleaning shdl be performed after the 30 days of operation, with a record made
of the operationd conditions before and after deaning.
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The membrane treatment process will be optimized for sustained production under high product water
recovery and solvent flux. Productivity goas shdl be sated in the PSTP in terms of productivity decline
and/or operationd time.

Either normalized flux decline or solvent mass transfer (MTCw) reduction will determine productivity
decline. The use of the normdized MTC,, for productivity decline would eiminate the need for congtant
system pressure for productivity decline determination. Chemical deaning of the membranes will be
performed as necessary for the remova of reversble foulants per Manufacturer specifications. These
cleaning events are to be documented and used as an ad in determining the nature of the fouling or
scaing conditions experienced by the sysem. The cleaning solutions should dso be analyzed to
determine which condtituents may have adsorbed or precipitated onto the membrane surface during
cleaning. Thismay dso prove useful for establishing the mechanism of removal for some SOCs.

11.2 Experimental Objectives

The objective of thistask is to evauate the effectiveness of chemica cleaning to the membrane systems.
The intent of this task is to confirm that standard Manufacturer-recommended cleaning practices are
aufficient to restore membrane productivity for the sysslems under consderation. Cleaning chemicas and
cleaning routines shal be based on the Manufacturer recommendations. This task is consdered a
"proof of concept” effort, not an optimization effort.

11.3 Work Plan

The membrane systems may become fouled during the membrane test runs. These fouled membranes
shdl be utilized for the cleaning assessments herein. Each sysem shdl be chemicdly deaned using the
recommended cleaning solutions and procedures specified by the Manufacturer, which will vary
according to identified foulants or scae. After each chemicd cleaning of the membranes, the system
shall be restarted and then returned to the flux condition being tested.

The Manufacturer shal specify in detail the procedure(s) for chemical cleaning of the membranes. At a
minimum, the following shdl be specified:

cleaning chemicds

quantities and codts of cleaning chemicds

hydraulic conditions of cleaning

duration of each cleaning step

chemicd cdeaning solution

quantity and characteristics of resdua waste volume to be disposed

11.4 Recommended Disposal Procedures

Methods of disposa of membrane concentrate include, but are limited to the following:
Public works wastewater plant;
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Deep wdll injection; or
Discharge to a surface water with accordance to the Nationd Pollutant Discharge
Elimination Sysem (NPDES) Program.

However SOCs are consdered a potentially hazardous waste and the effluent must be monitored since
it is concentrated. The concentrate digposd may require other State and/or Federal permits. In
addition, a description of dl cleaning equipment and its operation shall be described and included in the
O&M manud.

11.5 Analytical Schedule
11.5.1 Sampling

The pH of each cleaning solution shall be determined and recorded during various periods of the
chemicd cleaning procedure. Conductivity and turbidity should dso be used to monitor flush
periods.

11.5.2 Operational Data Collection

Flow and pressure data shall be collected before system shutdown due to membrane fouling;
flow and pressure data shdl aso be collected after chemical cleaning.

120TAXK 5 OPERATIONSAND MAINTENANCE MANUAL

An operations and maintenance (O&M) manud for the membrane system to be tested for SOC
remova shdl be included in the Verification Testing evauation.

12.1 Objectives
The objective of thistask isto provide an O&M manud that will assst in operating, troubleshooting and
maintaining the membrane system performance. The O&M manud shdl:

characterize the membrane process design;

outline amembrane process cleaning procedure or procedures,; and

provide a concentrate disposal plan.
The concentrate digposa plan must be approved by the State in question for permanent ingtdlation. A
fully developed concentrate disposa plan would be required because of the SOCs that have been
concentrated in the waste stream.  Criteria for evauation of the equipment’s O&M Manud shall be

compiled and then evauated and commented upon during verification by the FTO. An example is
provided in Table 12.1.

Each specific test plan will include a ligt of criteria for evduating O&M information. This shdl be
compiled and submitted for evauation by EPA, NSF and technica peer reviewers. An example is
provided in Table 12.2. The purpose of this O&M informétion isto alow utilities to effectively choose
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atechnology that their operators are capable of operating, and provide information on how many hours
the operators can be expected to work on the system. Information about obtaining replacement parts
and ease of operation of the system would aso be vauable.

TABLE 12.1: OPERATIONS & MAINTENANCE MANUAL CRITERIA -
NF M embrane Process Systems

MAINTENANCE:

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

flow meters

pressure gauges

pumps

motors

valves

chemicd feeders

mixers
The manufecturer should provide readily understood information on the recommended or required
maintenance for non-mechanical or non-electrica equipment such as.

membranes

pressure vessels

piping

OPERATION:

The manufacturer should provide readily understood recommendation for procedures related to proper
operation of the equipment. Among the operating aspects that should be discussed are;
Chemical feeders.

cdibration check

settings and adjustments - how they should be made

dilution of chemicas and scde inhibitors - proper procedures

Monitoring and observing operation:
mass balance caculations

recovery caculation
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TABLE 12.1: OPERATIONS& MAINTENANCE MANUAL CRITERIA -
NF Membrane Process Systems (continued)

OPERATION (continued):

Monitoring and observing operation (continued):

pressure losses
The manufacturer should provide a troubleshooting guide; a Smple check-list of what to do for avariety of
problemsinduding:

flux decline

no raw water (feedwater) flow to plant;

when the water flow rate through the equipment can not be measured;

no chemical feed;

automatic operation (if provided) not functioning;

no electric power; and

sand or st entrainment (such as plugging of prefilters).
The following are recommendations regarding operability aspects of membrane processes. These aspects
of plant operation should be included if possible in 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
Veification Testing and during compilation of historica equipment operating data, attention shall be given to
equipment operability aspects.

are chemica feed pumps cdibrated?

are flow meters present and have they been cdlibrated?

are pressure gauges calibrated?

are pH meters calibrated?

are TDS or conductivity meters calibrated?

can cleaning be done automaticaly?

can membrane sedls be easily replaced?

does remote notification occur (dlarm) when pressure increases > 15% or flow drops > 15%?

The reports on Verification Testing should address the above questions in the written reports. The issues of operability should be dealt with
in the portion of the reports that are written in response to Operating Conditions and Treatment Equipment Performance, in the
Membrane Process Test Plan.
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TABLE 12.2: Requirementsfor M aintenance and Oper ability of
NF Membrane Process Systems

MAINTENANCE INFORMATION

Equipment M aintenance Frequency Replacement Frequency

Membranes

Pumps

Vaves

Motors

Mixers

chemica mixers

water meters

pressure gauges

cartridge filters

Seds

Piping

OPERABILITY INFORMATION: (rank from 1 (easy) to 3 (difficult), or N/A)

Operation Aspect Response

Chemical feed pumps cdibration

Flow meters calibration

Pressure gauges calibration

pH meters calibration

TDS or conductivity meters cdibration

Cleaning

Replacement of membrane sedls

Measurement and control of flux decline

Notes:
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122 O&M Work Plan

Descriptions for pretreatment, membrane process, and post-trestment to characterize the membrane
system unit process design shdl be developed. Membrane processes shdl include the design criteria
and membrane dement characteridics. Examples of information required relative to the membrane
design criteria and element characteristics are presented in Tables 12.3 and 12.4, respectively.

TABLE 12.3: NF Membrane Plant Design Criteria Reporting Items

Parameter Value

Number of trains
Number of stages

Stage configuration

Number of pressure vessalsin stage 1

Number of pressure vessalsin stage 2

Number of elements per pressure vessel
Recovery per stage (%)

Recovery for system (%)

Desgn flow (gpm)

Design temperature (°C)

Design flux (gsfd)

Surface area per dement (ft?)

MTCy (gfd/ps)

Maximum flow rate to an eement (gpm)

Minimum flow rate to an element (gpm)

Pressure loss per dement (ps)

Pressure loss in stage entrance and exit (ps)
Feed stream TDS (mg/L)
SOC rgjection (%) *

* Specify SOC name(s), chemical and trade name(s).
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TABLE 12.4: NF Membrane Element Characteristics
Membrane manufacturer

Membrane module model number
Size of dement used in study (e.g. 4" x 40”)
Active membrane area of element used in study

Active membrane area of an equivalent 8" x 40”
element

Purchase price for an equivalent 8" x 40"
element ($)

Molecular weight cutoff (Daltons)

Membrane material / construction
Membrane hydrophobicity (circle one) Hydrophilic Hydrophobic
Membrane charge (circle one) Negative Neutral Postive

Design pressure (psi)

Design flux at the design pressure (gfd)
Variability of design flux (%)

MTCuw (gfd/ps)

Standard testing recovery (%)
Standard testing pH

Standard testing temperature (°C)
Design cross-flow velocity (fps)

Maximum flow rate to the element (gpm)

Minimum flow rate to the element (gpm)

Required feed flow to permesate flow rate ratio

Maximum element recovery (%)

Rejection of reference solute and conditions of
test (e.g. solute type and concentration)

Variability of rgection of reference solute (%)
Spacer thickness (ft)

Scroll width (ft)

Acceptable range of operating pressures

Acceptable range of operating pH values

Typica pressure drop across a single element

Maximum permissible SDI
Maximum permissible turbidity (NTU)
Chlorine/oxidant tolerance
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Suggested cleaning procedures
Note: Some of this information may not be available, but this table should be filled out as completely as possible for
each membrane tested.
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The membrane treatment process will be optimized for sustained production under high product water
recovery and solvent flux. Productivity gods shdl be stated in the PSTP.

Productivity decline will be indicated and sgnded by ether normdized flux decline or normdized
solvent mass transfer (MTC,,) reduction. Normalized means that the flux has been adjusted for
temperature and pressure. The use of the normaized MTC,, for productivity decline would diminate
the need for congtant system pressure for productivity decline determination.

Chemicd deaning of the membranes will be peformed as necessary for the remova of reversble
foulants per manufacturer specifications. These cleaning events are to be documented and used as an
ad in determining the nature of the fouling or scaling conditions experienced by the system. The
cleaning solutions could dso be analyzed for determining which congtituents may have adsorbed or
precipitated onto the membrane surface. Anayss of cleaning solutions can be coupled with mass
balances on the same solutes monitored during operation to determine solute accrua in membrane
edements. Thismay prove useful for establishing the mechanism of removd for some SOCs. A deaning
efficiency evauation is described in Section 11.0.

The potential handling hazards associated with SOCs warrant the development of a viable membrane
concentrate disposal method and safety program. Provisions for concentrate disposal from the system
must be devel oped as part of the work plan.

130 TASK 6. DATA COLLECTION AND MANAGEMENT
13.1 Introduction

The data management system used in the Verification Testing Program shdl involve the use of computer
Spreadshests, in addition to manua recording of operationd parameters for the membrane processes on
adaly bass.

132 Objectives

The objective of this task is to establish a viable structure for the recording and transmisson of field
testing data such that the FTO provides sufficient and religble operational data for verification purposes.
Chain-of-Custody protocols will be devel oped and adhered to.

13.3 Work Plan
13.3.1 DataHandling Work Plan

The following protocol has been developed for data handling and data verification by the FTO.
In addition to dally operationa data sheets, a Supervisory Control and Data Acquisition
(SCADA) system could be used for automatic entry of testing data into computer databases.
Specific parcels of the computer database for operationa and water quaity parameters should
then be downloaded by manud importation into eectronic spreadsheets. These specific
database parcels shdl be identified based upon discrete time spans and monitoring parameters.
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In spreadsheet form, the data shdl be manipulated into a convenient framework to alow
anadysis of membrane process operation. At a minimum, backup of the computer databases to
diskette should be performed on amonthly basis.

Field testing operators shal record data and calculations by hand in laboratory notebooks for
three eght-hour shifts per day. (Daily measurements shdl be recorded on specidly prepared
data log sheets as appropriate. Table 9.2 presents an example of a daily log sheet). The
laboratory notebook shall provide copies of each page. The origina notebooks shal be stored
on-gte; the copied sheets shal be forwarded to the project engineer of the FTO at least once
per week during the 60-day testing period. This protocol will not only ease referencing the
origind data, but offer protection of the origina record of results. Operating logs shall include

descriptions of the and test runs;
names of vigtors, and

descriptions of any problems.
Such descriptions shall be provided in addition to experimenta calculations and other items.
13.3.2 Data Management

The database for the project shal be set up in the form of custom designed spreadsheets. The
gpreadsheets shdl be capable of storing and manipulating each monitored water qudity and
operationa parameter from each task, each sampling location, and each sampling time. All data
from the fied laboratory andyss notebooks and data log sheets shdl be entered into the
appropriate spreadsheet. Data entry shal be conducted on-site by the designated field testing
operators. All recorded caculations shall also be checked at thistime.

Following data entry, the spreadsheet shal be printed and the printout shall be checked against
the handwritten data sheet. Any corrections shal be noted on the hardcopies and corrected on
the screen, and then the corrected recorded calculations will also be checked and confirmed.
The fidld testing operator or engineer performing the data entry or verificaion sep shdl initid
each gep of the verification process.

Each experiment (e.g. each membrane process test run) shadl be assgned a run number, which
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 date-certified or third-party- or EPA-qudified
laboratories, the data shdl be tracked by use of the same system of run numbers. Data from the
outside laboratories shdl be received and reviewed by the FTO. These data shdl be entered
into the data spreadshests, corrected, and verified in the same manner asthefield data.

13.3.3 Statistical Analysis
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For the andytica data obtained during Verification Testing, 95 percent confidence intervals shal
be caculated by the FTO for selected water quality parameters. The specific Plans shdl specify
which water quality parameters shal be subjected to the requirements of confidence interva
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cdculation. As the name implies, a confidence interva describes a population range in which
any individua population measurement may exist with a specified percent confidence. When
presenting the data, maximum, minimum, average and standard deviation should be included.

Cdculation of confidence intervals shal not be required for equipment performance obtained
during the equipment Verification Testing Program. In order to provide sufficient andytical data
for datistica anadyss, the FTO shdl collect three discrete water samples at one set of
operationa conditions for each of the specified water qudity parameters during a designated
testing period.

140 TAXK 7 QUALITY ASSURANCE/QUALITY CONTROL
14.1 Introduction

Quality assurance and qudity control (QAQC) of the operation of the membrane process equipment
and the measured water qudity parameters shdl be maintained during the Equipment Verification
Tedting Program.

14.2 Experimental Objectives

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

14.3 QA/QC Work Plan

Equipment flow rates should be calibrated and verified and verification recorded on aroutine basis. A
routine daily walk through during testing shal be established to check that each piece of equipment or
ingrumentation is operating properly. Particular care shdl be taken to verify that chemicals are being
fed at the defined flow rate, and into a flow stream that is operating a the expected flow rate. This will
provide correct chemica concentrations in the flow stream. In-line monitoring equipment such as flow
meters, etc. shal be checked as indicated below to verify that the readout matches with the actua
measurement (i.e. flow rate) and that the signd being recorded is correct. The items liged are in
addition to any specified checks outlined in the analytical methods.

When collecting water quantity data, dl system flow meters will be caibrated usng the classc bucket
and stopwatch method where gppropriate. Hydraulic data collection will include the measurement of
the finished water flow rate by the “bucket te” method. Thiswould consst of filling a cdibrated vessel
to aknown volume and measuring the time to fill the vessd with a stopwatch. Thiswill dlow for adirect
check of the systemn flow measuring devices.

Mass baances will be performed on the system for water quaity parameters measured in the feed,
permeste and concentrate streams.  This will enable an additiona quality control check on the accuracy
and reliability of the andyzed data SOCs in particular will be andyzed in each process $ream.
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However, the difficulty in measuring some low level SOCs may limit the mass badance to be caculated
based on feed and concentrate. Mass baances may provide ingght into the mechanism for rgection of
individud SOCs. For example, mass baances showing incomplete recovery for a particular SOC may
suggest possible adsorption onto the membrane surface.

14.3.1 Daily QA/QC Verifications
Chemica feed pump flow rates (check and verify components)
On-line conductivity meters (check and verify components)
Ontline pH meters (Sandardize and recdibrate)
Ontline turbidimeter flowrates (verified volumetricaly over a specific period of time)
Ontline turbidimeter readings checked againgt a properly calibrated bench mode

14.3.2 QA/QC Verifications Performed Every Two Weeks
Chemica feed pump flow rates (verify volumetricaly over a specific time period)
On-line conductivity meters (recdibrate)

Ontline flow metersrotameters (clean equipment to remove any debris or biologica buildup
and veify flow volumetrically to avoid erroneous readings)

14.3.3 QA/QC Verifications Performed Every Testing Period

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

Tubing (verify good condition of al tubing and connectiors, replace if necessary)
14.4 On-Site Analytical Methods

Use of ether bench-top fidd andyticd equipment will be acceptable for the Verification Testing;
however, on-line equipment is recommended for ease of operation. Use of ontline equipment is aso
preferable because it reduces the introduction of error and the variability of andytica results generated
by inconsstent sampling techniques. However, sandard and uniform cdibration and standardization
techniques that are approved should be employed. Table 10.1 lists Standard Methods and EPA
methods of andyss.

14.4.1 pH

Anaysis for pH shal be performed according to Standard Method 4500-H*. A three-point
cdibration of the pH meter used in this study will be performed once per day when the
insrument sin use. Certified pH buffers in the expected range shdl be used. The pH probe
shdl be stored in the gppropriate solution defined in the instrument manua. Transport of carbon
dioxide across the ar-water interface can confound pH measurement in poorly buffered weters.
Therefore, measure the pH under a continuous stream of sample by placing the tip of the probe
in the sample container dlowing the sample to overflow the container while the probe reaches
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equilibrium.  If this is a problem, measurement of pH in a confined vessd is recommended to
minimize the effects of carbon dioxide loss with the aamaosphere.

14.4.2 Turbidity

Turbidity andyses shal be performed according to Standard Method 2130 or EPA Method
180.1 with either a bench-top or in-line turbidimeter. Grab samples shal be andyzed using a
bench-top turbidimeter; readings from this instrument will 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 Verification Testing and on a weekly bass usng
primary turbidity standards of 0.1, 0.5 and 3.0 NTU. Secondary turbidity standards shall be
used on adaily basis to verify cdibration of the turbidimeter and to recdibrate when more than
one turbidity rangeis used.

During each verification testing period, the bench-top and in-line turbidimeters will be left on
continuoudy. Once each turbidity measurement is complete, the unit will be switched back to
its lowest setting. All glassware used for turbidity measurements will be cleaned and handled
udng lint-free tissues to prevent scratching. Sample vids will be stored inverted to prevent
deposits from forming on the bottom surface of the cdll.

The Fed Tegting Organization shdl be required to document any problems experienced with
the monitoring turbidity instruments, and shal aso be required to document any subsequent
modifications or enhancements made to monitoring insdruments.

14421 Bench-Top Turbidimeters. The method for collecting grab samples will consst
of running a dow, steady stream from the sample tap, triple-rinang a dedicated sample beaker
in this stream, dlowing the sample to flow down the sde of the besker to minimize bubble
entrainment, double-rinang the sample vid with the sample, carefully pouring from the besker
down the Sde of the sample vid, wiping the sample vid dean, insarting the sample vid into the
turbidimeter, and recording the measured turbidity.

When cold water samples cause the vid to fog and prevent accurate readings, dlow the vid to
warm up by submersing partially into awarm water bath for gpproximately 30 seconds.

14422 In-Line Turbidimeters. Inline turbidimeters may be used during verification
testing and must be cdibrated as specified in the manufacturer's operation and maintenance
menud. It will be necessary to periodicdly verify the in-line readings usng a bench-top
turbidimeter; dthough the mechanism of analysisis not identical between the two indruments the
readings should be comparable. Should these readings suggest inaccurate readings then dl in-
line turbidimeters should be recdibrated. In addition to cdibration, periodic cleaning of the lens
should be conducted using lint-free paper, to prevent any particle or microbiologica build-up
that could produce inaccurate readings. Periodic verification of the sample flow should adso be
performed usng a volumetric measurement.  Insrument bulbs should be replaced on an as-
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needed basis. It should dso be verified that the LED readout matches the data recorded on the
data acquigition system, if the latter is employed.

14.4.3 Temperature

Readings for temperature shal be conducted in accordance with Standard Method 2550.
Raw water temperatures shal be obtained at least once daly. The thermometer shal have a
scale marked for every 0.1°C, as a minimum, and should be cdibrated weekly againg a
precision thermometer certified by the Nationd Indtitute of Standards and Technology (NIST).
(A thermometer having a range of -1°C to +51°C, subdivided in 0.1° increments, would be
appropriate for thiswork.)

14.4.4 Dissolved Oxygen

Andysis for dissolved oxygen shdl be performed on raw ground water samples according to
Sandard Method 4500-O using an iodometric method or the membrane dectrode method.
The techniques described for sample collection must be followed very carefully to avoid causing
changes in dissolved oxygen during the sampling event. Sampling for dissolved oxygen does not
need to be coordinated with sampling for other water quality parameters, so dissolved oxygen
samples should be taken a times when immediate andlyss is going to be possble. This will
eliminate problems that may be associated with holding samples for a period of time before the
determination is made.

If the sampling probe is not mounted such that the probe is continuoudy exposed to the process
stream, then care must be taken when measuring the dissolved oxygen concentration. For best
results, collect the dissolved oxygen sample with minima agitation and measure the dissolved
oxygen concentration immediatdy. If possble, measure the dissolved oxygen under a
continuous stream of sample by placing the tip of the probe in the sample container, dlowing the
sample to overflow the container while the probe reaches equilibrium (usudly less than 5
minutes).

145 Chemical Samples Shipped Off-Site for Analysis

The andytica methods that shdl be used during testing for chemicd samplesthat are shipped off-gte for
analyses are described in the section below.

14.5.1 Organic Samples

Samples for andlysis of total organic carbon (TOC), UV 254 absorbance, and dissolved organic
carbon (DOC) shdl be collected in glass bottles supplied by the state-certified or third party- or
EPA-accredited laboratory and shipped at 4 °C to the andytica laboratory within 24 hours of
sampling. These samples shall be preserved in accordance with Standard Method 5010 B.
Storage time before andysis shal be minimized, according to Standard Methods.
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14.5.2 Inorganic Samples

Inorganic chemica samples shdl be collected and preserved in accordance with Standard
Methods or EPA-approved methods. The samples shal be refrigerated at gpproximately 2 to
8°C. Samples shdl be processed for andysis by a state-certified or third party- or EPA-
accredited |aboratory within 24 hours of collection. The laboratory shal keep the samples at
approximately 2 to 8°C until initiation of andyds

14.5.3 SOC Analysis

Anaysis of SOCs requires a trained andys using sophisticated indrumentation. Only date-
certified or third party- or EPA-accredited |aboratories shall andyze SOC samples that are
collected during Initid Operations and Verification Testing. As Sated in the " EPA/NSF ETV
Protocol For Equipment Verification Testing For The Removd Of Synthetic Organic Chemicd
Contaminants. Requirements For All Studies,” approved methods for some SOCs may not be
available, and for these SOCs, a proposed, peer-reviewed method may be used.

There are many approved methods for andyzing Phase Il and Phase V SOCs. Depending on
the laboratory, gas chromatography (GC) or high performance liquid chromatography (HPLC)
methods can be used to andyze SOCs. For both methods, the equipment is highly speciaized
and proper operation of these instruments requires a skilled laboratory technician.

Mass spectrometry is not required for al SOCs, however it is recommended for SOC
identification. Retention times reldive to the internd standard can aso be used to identify
SOCs. Either peak height or peak area can be used to determine the SOC concentrations.

SOCs shdl be analyzed with an internd standard smilar in andytica behavior and not affected
by the matrix for QA/QC. An appropriate surrogate standard shal aso be used during SOC
andyds. Data pertaining to the interna and surrogate standards shall be reported with the SOC
concentrations of the samples being anadyzed. A method blank shal dso be prepared and
andyzed by the gtate-certified or third party- or EPA-accredited laboratory to verify minimal
contamination in the [aboratory.

At least three sandards shdl be used to develop the standard curve for SOC quantification and
these three standards shall be extracted and analyzed (by GC or HPLC) on the same day asthe
samples.

During each Veification Test period, one treated water sample shdl be andyzed by scanning
for the presence and concentration of potential by-products of SOC disinfection by oxidation.
Gas chromatography followed by mass spectrometry can be used to identify many of the
organic by-products formed during oxidation disnfection. The spectra obtained by this andyss
can be matched to a compound library in a computer database to identify the various by-
products. This anadyss shdl be performed by a date-certified or third party- or EPA-
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accredited analytical laboratory. The scan should be targeted toward the SOC of interest, and
the potentia by-products associated with oxidation of that SOC.

Spiked samples shdl be andyzed once, a the beginning of each Verificaion Test Run. The
laboratory shal spike afeed water sample with a known quantity of the SOC(s) of interest and
andyze this spiked sample. SOC andyss of the spiked sample will indicate if there are any
interferences present in the feed water. The broad scan can be a performance-based scan (i.e.,
the scan is not used for compliance, and therefore undergoes less rigorous QA/QC and is less
expensive than a compliance based scan analysis.)

14.6 Trip Control

For tests utilizing spiked SOCs, a replicate or subsample of the spiking solution shal accompany the
actud spiking solution from the andytical laboratory. This replicate sample shal undergo dl of the
processes used on the actud solution including dose preparation, shipping, preparation for spiking, and
return to the laboratory for andyss. The trip control samples should show minima loss of SOC(s).

Significant decreases in the SOC concentration of the trip control sample indicates that some step in

handling the solution contributed to the reduction in the SOC concentration. The seeding tests must be
repested when significant loss of SOCsin the trip control sample is observed.

150 TAX 8 COST EVALUATION

This Plan includes the assessment of cods of verification with the benefits of testing NF membrane
processes over a wide range of operating conditions. Therefore, this Plan requires that one set of
operating conditions be tested over a 60-day testing period. The equipment Verification Tests will
provide information relative to systems, which provide desired results and the cost, associated with the
sysems. Design parameters are summarized in Table 15.1. These parameters will be used with the
equipment Verification Test costs to prepare cost comparisons for Verification Testing purposes.

Capitd and operation and maintenance (O & M) cods redized in the equipment Verification Test may
be utilized for cdculating cost estimates. O & M cods for each system will be determined during the
equipment Verification Tests. The equipment costswill vary based on the cost of membrane equipment.
The O & M costs that will be recorded and compared during the Verification Test include:

Labor;

Electricity;

Chemica Dosage, and

Equipment Replacement Frequency.

The capitd and O & M costs will vary based on geographic location.
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Table 15.1: Design Parametersfor Cost Analysis

Design Parameter

Specific Utility Values

Raw water feed rate(mgd)

Total required plant production rate(mgd)

By-pass flow rate (mgd)

Membrane flow rate (mgd)

High/Low plant feedwater temperature (°C)

Average Flux (gsfd/psi)

Maximum Hux (gsfd/ps)

Average cleaning frequency (days)

High/Low feed TDS (mg/L)

O & M cogts should be provided for each membrane process thet is tested. In order to receive the full
benefit of the equipment Verification Test Programs, these costs should be considered aong with quality
of system operations. Other cost considerations may be added to the cost tables presented in this
section as is needed prior to the start-up of the Verification Tests. A summary of O & M costs are

outlined in Table 15.2.
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Table 15.2: Operations and Maintenance Cost

Cost Parameter Specific Values

Labor rate + fringe ($/personnel-hour)
Labor overhead factor (% of labor)

Number of O&M personnel hours per week
Electric rate (§kWh)

Membrane replacement frequency (%o/year)

Chemical Dosage (per week)
0O&M cost ($/Kgal)

Dose Bulk Chemica Cost

Chlorine (Disinfectant)
Sulfuric acid (Pretreatment)
Alum (Pretreatment)

Hydrochloric acid (Pretreatment)
Scde inhibitor ?(Pretreatment)
Caustic (Post-treatment)

Sodium hydroxide (Membrane cleaning)

Phosphoric acid (Membrane cleaning)

YInformation for cleaning chemicals and pretreatment chemicals (such as alum) should also be
provided in this table. For cleaning agents, the concentration of the cleaning solution used to
clean the membranes should be reported as the chemical dosed.

“Report the product name and manufacturer of the specific scale inhibitor used.
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APPENDIX A - SOCHEALTH EFFECTSINFORMATION

TABLE A.1: Regulated SOCsunder Phasell of the SDWA

PARAMETER MCLG| MCL Sour ces of Drinking Water Potential Health
(mg/L)| (mg/L) Contamination Effects
245 TP (Silvex) 0.05 0.05 [Herbicide on crops, right-of-ways, golf Liver and kidney damage
courses; canceled in 1982
24-D (Formula 40, 0.07 0.07 |Runoff from herbicide on whest, corn, Liver and kidney damage
Weedar 64) range lands, lawns
Acrylamide Zero TT |Polymersused in sewage and wastewater |Cancer, nervous system
treatment effects
Alachlor (Lasso) Zero | 0.002 |Runoff from herbicide on corn, soybeans, |Cancer
other crops
Aldicarb 0.007 | 0.007 |Insecticide on cotton, potatoes, other crops;|Nervous system effects
widely restricted
Aldicarb sulfone 0.007 | 0.007 |Biodegradation of Aldicarb Nervous system effects
Aldicarb sulfoxide 0.007 | 0.007 |Biodegradation of Aldicarb Nervous system effects
Atrazine 0.003 | 0.003 [Runoff from use as herbicide on cornand |Mammary gland tumors
non-crop land
Carbofuran (Furdan 4F) 0.04 0.04 |Soail fumigant on corn and cotton; restricted |Nervous, reproductivity
in some areas effects
Chlordane Zero | 0.002 |Leaching from soil treatment for termites |Cancer
Dibromochloropropane Zero | 0.0002 |Soil fumigant on soybeans, cotton, Cancer
(DBCP, Nemafume)) pineapple, orchards
Ethyl benzene 0.7 0.7 |Gasoline, insecticides, chemical Liver, kidney, nervous
manufacturing wastes system effects
Ethylene dibromide Zero |0.00005|Leaded gas additives, leaching of soil Cancer
(EDB, Bromofume) fumigant
Heptachlor (H-34, Zero | 0.0004 |Leaching of insecticide for termites, very  |Cancer
Heptox) few crops
Heptachlor epoxide Zero | 0.0002 |Biodegradation of heptachlor Cancer
Lindane 0.0002 | 0.0002 |Insecticides for cattle, lumber, gardens; Liver, kidney, nervous
restricted in 1983 system, immune system
and circulatory system
effects
Methoxychlor (DMDT, 0.04 0.04 |Insecticides for fruits, vegetables, afafa, |Growth, liver, kidney, and
Marlate) livestock, pets nervous system effects
Pentachl orophenol Zero | 0.001 |Wood preservetives, herbicides, cooling Cancer, liver and kidney
tower wastes effects
Polychlorinated biphenyls | Zero | 0.0005 [Coolant oils from electrical transformers, |Cancer
(PCBs, Aroclor) platicizers
Toxaphene Zero | 0.003 |Insecticide on cattle, cotton soybeans, Cancer

canceled in 1982
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TABLE A.2: Regulated SOCsunder PhaseV of the SDWA

PARAMETER MCLG| MCL | Sourcesof DrinkingWater | Potential Health Effects
(mg/L) | (mg/L) Contamination

Adipate (diethylhexyl) 0.4 0.4 |Synthetic rubber, food packaging, | Decreased body weight
cosmetics

Dalapon 0.2 0.2 [Herbicideson orchards, beans, |Liver, kidney effects
coffee, lawns, roads, railways

Dinoseb 0.007 | 0.007 |Runoff of herbicidefromcrop  |Thyroid, reproductive organ
and non-crop dlocations damage

Dioxin Zero |3* 10®|Chemica production by-product, |Cancer
impurity in herbicides

Diquat 0.02 0.02 |Runoff of herbicideson land and |Liver, kidney, eye effects
aquatic weeds

Endothal 0.1 0.1 |Herbicide on cropsandland and |[Liver, kidney, gastrointestina
aquatic weeds; rapidly degraded |effects

Endrin 0.002 | 0.002 |Pesticideson insects, rodents, Liver, kidney, heart damage
birds; restricted since 1980

Glyphosate 0.7 0.7 |Herbicide on grasses, weeds, Liver, kidney damage
brush

Hexachlorobenzene Zero | 0.001 |Pedticide production waste by- |Cancer
product

Hexachlorocyclopentadie | 0.05 0.05 |Pedticide production intermediate |Kidney, ssomach damage

ne

Oxamy! (Vydate) 0.2 0.2 |Insecticide on apples, potatoes, |Kidney damage
tomatoes

Phathalate Zero | 0.006 |PVC and other plastics Cancer

Pheneanthrene (PAH) Zero | 0.0002 |Cod tar coatings, burning organic|Cancer
metter, volcanoes, foss| fuels

Picloram 0.5 0.5 |Herbicide on broadleaf and Kidney, liver damage
woody plants

Smazine 0.004 | 0.004 |herbicide on grass sod, some Cancer

crops, aquatic algae
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APPENDIX B—-PROPOSED SOCSFOR REGULATION

TABLE B.1: Proposed SOCsfor Regulation

Parameters Regulatory MCLG MCL StatusHA RID DWEL
Status. (mg/L) (mg/L) (mg/kg/day) (mg/L)

Acetochlor
Acifluorfen Tentative Zero Final 0.013 04
Acrylonitrile Tentative Zero Draft
Aldrin Draft 0.00003 0.001
Bromobenzene Listed Draft
Bromomethane Tentative - Final 0.001 0.05
Cyanazine Tentative 0.001 Draft 0.002 0.07
Diazinon Final 0.00009 0.003
Dicamba Listed Final 0.03 1
Dichloroethane (1,1)
Dichloropropane (1,3-) Listed Draft
Dichloropropane (2,2-) Listed Draft
Dichloropropene (1,1-) Listed Draft
Dichloropropene (1,3-) Tentative zero Final 0.0003 0.01
Dieldrin Final 0.00005 0.002
Dinitrophenol (2,4)
Dinitrotoluene (2,4-) Listed Final 0.002 01
Dinitrotoluene (2,6-) Listed Final 0.001 004
Diphenylhydrazine (1,2)
Disulfoton Final 0.00004 0.001
Diuron Final 0.002 0.07
Fonofos Final 0.002 0.07
Hexachlorobutadiene Tentative 0.001 Final 0.002 0.07
Isopropyltoluene (p-)
Linuron
Methomy!| Listed Final 0.025 09
Methyl Bromide
M ethyl-Phenol (2-)
Methy! tert butyl ether (MTBE) Listed Draft 0.03 1
Metolachlor Listed Final 01 35
Metribuzin Listed Fina 0.013 05
Molinate
Naphthalene Final 0.004 01
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TABLE B.1: Proposed SOCsfor Regulation (Cont.)

Parameters Regulatory MCLG MCL StatusHA RID DWEL
Status. (mglL) (mg/L) (mg/kg/day) (mg/L)
Nitrobenzene
Organotins
Perchlorate —
Prometon Listed Final 0.015 05
RDX --- --- - Final 0.003 01
Terbacil --- --- - Final 0.013 04
Terbufos Final 0.00013 0.005
Tetrachoroethane (1,1,2,2-) Listed Draft
Triazine
Trichlorophenol Listed Draft
Trichloropropane (1,2,3-) Listed Final 0.006 0.2
Triflurdin Listed Final 0.0075 0.3
Trimethylbenzene (1,2,4-) - Draft
Sources:

1. USEPA Office of Water, “Drinking Water Regulations and Health Advisories’, EPA -822-B-96-002, October 1996.
2. Federal Register, Volume 62, Number 193, October 6, 1997.
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CHAPTER 3

EPA/NSFETV

EQUIPMENT VERIFICATION TESTING PLAN FOR SOC OXIDATION BY OZONE

AND ADVANCED OXIDATION PROCESSES

Prepared By:

NSF International
789 Dixboro Road
Ann Arbor, Ml 48105

Copyright 2002 NSF International 40CFR35.6450.

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

This document is the ETV Tegting Plan for evauation of water trestment equipment utilizing ozone for
oxidation of man-made or synthetic organic chemicas (SOCs). This Testing Plan is to be used as a
guide in the development of the Product- Specific Test Plan (PSTP) for testing ozone equipment, within
the structure provided by the "EPA/NSF ETV Protocol For Equipment Verification Testing For The
Remova Of Synthetic Organic Chemica Contaminants. Requirements For All Sudies” ThisETV plan
is goplicable only to trestment systems that rely on ozone to oxidize SOCs in water. Systems using
ozone oxidation for reasons other than SOC oxidation (i.e., taste and odor control, disinfection) are not
required to conduct the experiments outlined in this ETV plan. Systems may incorporate unique
drategies for enhancing the effect of ozone on SOC concentrations, such as the use of ozone/advanced
oxidation processes (0zone/AOPs) combining ozone with ultraviolet (UV) light or hydrogen peroxide.
All ozone technologies, including ozone/AOPs, may be tested under this plan.

In order to participate in the equipment verification process for SOC oxidation by ozone or
o0zone/AOPs, the equipment Manufacturer and the designated Field Testing Organization shall use the
procedures and methods described in this test plan, and in the "EPA/NSF ETV Protocol For
Equipment Veification Testing For The Removd Of Synthetic Organic Chemicd Contaminants.
Requirements For All Studies' as guidelines for development of the PSTP.

This ETV test plan is gpplicable to the testing of water treatment equipment utilizing ozone or
ozone/AOPs for SOC oxidation in drinking water. This plan is gpplicable to both surface water and
groundwater supplies.

2.0 INTRODUCTION

The organic compounds present in source waters are characterized as either: 1) naturdly occurring
(e.g., humic acid, fulvic acid); or 2) synthetic (e.g., pesticides, hydrocarbons, phenols, dyes, amines,
solvents, and plagticizers, €tc.).

Ozone is a powerful oxidant thet is applied during water treetment for microbid inactivation as well as
oxidation of organic compounds, metds, and taste and odor causing compounds. The use of ozone in
potable water treatment in the United States has increased subgtantidly in the last 20 years, due to its
superior inactivation of microorganiams (i.e., cysts) relative to chlorine, chloramine, and chlorine dioxide
and its ability to reduce the concentrations of certain organicsin drinking water.

Ozone is applied to drinking water as a gas, which is generated on-ste. The ozone gas is transferred
into a dissolved state by either bubbling or injecting ozone gas into the process stream. Ozone can be
gpplied to untreated (raw) or treeted (e.g., coagulated/settled or filtered) water. In thisETV plan, the
oxidation of SOCs by ozone or ozone/AOPs will be evauated. Ozone/AOPs, which typicaly combine
ozonation with UV light or hydrogen peroxide, convert dissolved ozone to hydroxyl radicals. In many
instances, ozone/AOPs can be more effective than ozone used by itsdlf for oxidation of SOCs.
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3.0 GENERAL APPROACH

Tedting of equipment covered by this ETV plan will be performed by an NSFqudlified Fed Teging
Organization (FTO) that is selected by the equipment Manufacturer. Water quality anaytica work to
be carried out as part of this ETV plan will be contracted with a state-certified or third party- or EPA-
accredited qualified andytica |aboratory.

4.0 OVERVIEW OF TASKS
4.1 Initial Operations. Overview

The purpose of these tasks isto provide preliminary information which will facilitate find test design and
data interpretation.

411 Task A: Characterization of Feed Water

The objective of this Initid Operations task is to obtain a chemica and physical characterization
of the feed water for those systems using ozone or 0zone/AOPs for SOC oxidation. Higtorical
records of SOC concentrations in the feed water shal be reviewed to eva uate the use of ozone
or ozone/AOPs at the Site.

A thorough description of the watershed or aquifer and any pretreatment modules that provide
the feed water should be prepared, to aid in interpretation of feed water characterization.

412 Task B: Initial Test Runs

During Initid Operations, the manufacturer may want to evaluate equipment operation and
determine flow rates, hydraulic retention time, ozone dosage, optimum pH, sequencing or timing
of UV light and/or hydrogen peroxide addition relaive to ozonation, or other factors which
provide effective treetment of feed water. Thisis arecommended Initid Operations task.

The FTO may also want to work with the anayticd [aboratory to perform blank or preliminary
chdlenges and sampling routines to verify that sampling equipment can perform its required
functions. Thisisadso arecommended Initid Operations Task.

4.2 Verification Operations: Overview

The objective of this task is to operate for a minimum of one test period the treatment equipment
provided by the FTO and to assess its ability to meet dtated water quaity gods and any other
performance objectives specified by the Manufacturer. The equipment shal be operated to collect data
on equipment performance and water quality for purposes of performance verification. The test period
selected should represent the worst-case for concentrations of ozone demanding contaminants (e.g.,
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iron, organics, hydrogen sulfide, pedticides, or turbidity) and for presence of synthetic organic
contaminants.

4.2.1 Task 1. Verification Testing Runsand Routine Equipment Operation

To characterize the technology in terms of efficiency and rdiability, water trestment equipment
that includes ozone (or ozone/AOPs) shall be operated for Verification Testing purposes with
the operationd parameters based on the results of the Initid Operations testing.

422 Task 2: Feed Water and Finished Water Quality

During each Verification Testing period, feed water and treated water samples shal be collected
and analyzed for those parameters relevant to oxidation performance and affecting equipment
performance, as outlined in Section 10, Table 1.

423 Task 3: Documentation of Operating Conditions and Treatment Equipment
Performance

During each Veification Testing period, operating conditions and performance of water
treatment equipment shall be documented. This includes ozone feed gas concentration, gas and
liquid pressures, gas and liquid temperatures, gas and liquid flow rates, ozone off-gas
concentration, applied and transferred ozone dosage, power usage for the ozone generator,
ozone transfer equipment, ozone feed-gas and off-gas monitors (if part of the ozone system)
and ozone destruct unit, as well as stability of the electrical power supply (surges, brown-outs,
etc.).

If ozone (or an AOP) is used following pretreatment (e.g., coagulation/settling), then a complete
description of the pretreatment process shal be provided. For AOP systems, the operating
conditions and parameters associated with hydrogen peroxide or UV light equipment must so
be documented.

424 Task 4: SOC Oxidation

The objective of thistask is to evauate SOC oxidation during Verification Testing by measuring
the SOCs of interest in the feed water and in the treasted water. If the SOC concentration
naturaly present in the feed water is not sufficiently high for testing, SOC spiking is needed.
Another requirement of this task is to provide a gas chromatography/mass spectrometry scan of
the organic by-products formed by ozonation of SOCs.

4.25 Task 5. Data Management
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The objective of this task is to establish an effective field protocol for data management & the
field operations site and for data transmission between the FTO and the NSF for data obtained
during the Verification Tedting. Prior to the beginning of fiedd testing, the database design must
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be developed by the FTO and reviewed and approved by NSF. This will ensure that the
required data will be collected during the testing, and thet it can be effectively transmitted to
NSF for review.

4.2.6 Task 6. Quality Assurance/Quality Control (QA/QC)

An important aspect of Verification Testing is the protocol developed for quality assurance and
qudity control. The objective of this task is to assure accurate measurement of operating and
water qudity parameters during ozone equipment Verification Testing. Prior to the beginning of
fied testing, a QA/QC plan must be developed which addresses dl aspects of the testing
process. Each water quality parameter and operational parameter must have appropriate QA
and QC measures in place and documented. For example, the protocol for 0zone measurement
using a spectrophotometer should describe how the instrument is calibrated, what adjustments
are made, and provide a permanent record of al cdibrations and maintenance for that
ingrument.

5.0 TESTING PERIODS

The required tasks in the Verification Testing Plan (Tasks 1 through 6) are designed to be carried out
during one or more testing periods, each of which shdl provide at least 200 hours of 0zone equipment
operation. During thistime, the performance and rdiability of the equipment shal be documented.

Some systems may operate for less than 24 hours per day. Interruptions in ozone production are
dlowed but the reason for and duration of dl interruptions shal be fully described in the Verification
Tedting report.  Any testing conducted at intervas of less than 200 hours is considered a test run,
wheress the entire 200 hours (either continuous or as the sum of individua test runs) of ozone
equipment operdtion is conddered the Verification Test period. If ozone production is interrupted
during a verification test run, that test run shal be consdered to have been concluded at the time of
interruption of the ozone feed. After restart, dl data collected are to be part of a new verification test
run.

6.0 DEFINITION OF OPERATIONAL PARAMETERS

Definitions that apply to ozone and o0zone/AOP processes are given below. Refer to Appendix A of
Ozone in Water Treatment, Application and Engineering, by the American Water Works
Associaion Research Foundation and Compagnie Générde des Eaux, Lewis Publishers, 1991 for a
more detailed description of terms.

6.1 Feed Gasor Ozone Production Concentration (% weight or g/m® NTP)

The feed gas or ozone production concentration (Y1) is the ozone concentration (in gaseous form) being
applied to the water being treated. It is expressed in units of g/nT normal temperature and pressure

April 2002 This TSTP has not been validated in the field or reviewed for editorial clarity. Page 3-9
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(NTP) or as percent by weight. The temperature and pressure values associated with NTP are 0 °C
and one atmosphere (i.e., 14.696 psi, 760 mm Hg, or 101.325 kPa), respectively.

6.2 Off Gas Concentration (% weight or g/m* NTP)

The off gas concentration (Y>) is the ozone concentration (in gaseous form) of the gas which is being
rdeased (i.e, off gas) from the water being treated. This off gas contains ozone which was not
transferred into a dissolved form during trestment. It is expressed in units of g/ NTP or as percent by
weight.

6.3 Applied Ozone Dosage (mg/L)

The amount of ozone added to the water being treated is the applied ozone dosage. The equation for
caculating the applied ozone dosage is asfollows:

D =P/(8.34*L)
where D= gpplied ozone dosage (mg/L)

P=  ozone production (Ib/day)
L= water flow rate (MGD, million U.S. gdlons per day )

6.4 Transfer Efficiency (percent)

The trandfer efficiency is defined as the percentage of ozone that becomes dissolved into the water being
treated. The equation for cdculating the transfer efficiency isasfollows:

TE=[(Y1- Y2)/Y:]*100

where TE= trandfer efficiency (percent)

Y, = ozone production concentration (g/nT NTP or percent by weight)

Y,= off gas ozone concentration (g/m® NTP or percent by weight)
This cdculaion assumes that the flow of the feed gasis equd to the flow of the off gas. The transfer
efficiency cdculation can be refined by measuring both gas flow rates or by monitoring the dissolved gas
concentration in the liquid phase if the Manufacturer and their FTO dedire.
6.5 Transferred Ozone Dosage (mg/L)

The transferred ozone dosage is the concentration of ozone that becomes dissolved into the water being
treated. The equation for caculating the tranferred ozone dosage is as follows:.

T=(D* TE)/100

where T=  trandferred ozone dosage (mg/L)
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D= gpplied ozone dosage (mg/L)
TE= transfer efficiency (percent, i.e., 95.0 and not 0.95)

6.6 Dissolved Ozone Concentration (mg/L)

The concentration of ozone in solution is the dissolved ozone concentration. It is measured using an
indigo bleaching technique (eg., HACH AccuVec or Sandard Method 4500-O; B) or by inserting a
dissolved ozone probe into the process stream (e.g. Orbisphere, Orbisphere Laboratories, Emerson,

NJ).
6.7  Ozone Decay Rate (1/min)

After the initid ozone demand has been satisfied, the ozone decay rate is assumed to follow pseudo
firg-order kinetics. Monitoring the decay rate will provide an indication of the level of ozone demanding
substances present in the feed water and the environmenta conditions affecting oxidation (eg., pH and
temperature). To caculae the decay rate, the initid ozone concentration (C,) at time zero and the
ozone concentration (C) after time, t, must be known. The equation for calculating the decay rate (K) is
asfollows

C=Ce"

where: C = ozone concentration at timet (mg/L)
Co = ozone concentration at time zero (mg/L)
t = contact time (minutes)
k = decay coefficient (1/minute)

If possible, the ozone residual should be measured after severa contact timesin the reactor. The best fit
line of In(C/Co) versust can be used to obtain the decay coefficient, k. If the plot does not fit a straight
line, the assumption of pseudo-first order kineticsis not vaid.

7.0 TASK A: CHARACTERIZATION OF FEED WATER

7.1 Introduction

This recommended Initid Operations task is performed to determine if the chemicd, biologica, and
physca characterigtics of the feed water are gppropriate for the water treatment equipment to be
tested.

Initial Operations (Tasks A and B) are not mandatory but they are recommended as an aid to successful

completion of Verification Testing. If the verification entity conducts aste vigt for QA purposes, then
Task B would need to be performed.
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7.2 Objectives

The objective of this task is to obtain a complete chemicd and physical characterization of the source
water, or the feed water after pre-trestment, that will be entering the trestment system being tested.

7.3 Work Plan

During this Initid Operations task, the following water quality characterigtics of the feed water to the
ozone system should be measured and recorded for both ground and surface waters: ozone demand,
turbidity, temperature, pH, akalinity, cacium, totd hardness, tota sulfides, totad organic carbon,
dissolved organic carbon, ultraviolet absorbance (at 254 nm), color, bromide, iron, and manganese.
Data on SOCs in the feed water (source water) should be obtained from existing databases or by
andysis of water samples, so a determination about the need for SOC spiking can be made.

Sufficient information shal be obtained to illustrate the variations expected to occur in these parameters
that will be measured during the Verification Testing for atypica annud cycle for the water source. This
information will be compiled and shared with NSF so NSF and the FTO can determine the adequacy of
the data for use as the basis to make decisions on the testing schedule.

A brief description of the watershed or aquifer source shdl be provided, to aid in interpretation of feed
water characterization. The watershed description should include a statement of the approximate size of
the watershed, a description of the topography (i.e, flat, gently rolling, hilly, mountainous) and a
description of the kinds of human activity that take place (i.e, mining, manufacturing, cities or towns,
farming, wastewater trestment plants) with specid attention to potential sources of pollution thet might
influence feed water quaity. The nature of the water source, such as stream, river, lake or man-made
reservoir, should be described as well.  Aquifer description should include (if available) the above
characterization relative to the recharge zone, a description of the hydrogeology of the water bearing
gratum(a), well boring data, and any Microscopic Particulate Analysis data indicating whether the
groundwater is under the influence of surface waters.

Any pretrestment, including oxidation, coagulation or pH adjustment, of the water upstream of the
ozone equipment shal be completely documented and characterized. Any coagulant or other chemical
additions shal be identified and the chemica form and dosage shdl be fully described.

7.4 Analytical Schedule

There is no recommended andytical schedule for characterization of the feed water. Any existing water
qudity data should be reviewed to assess the character of the feed or source water as well as the range
of water quality that can be expected during each season. Water qudity sampling can be performed if
there are data gaps in the exigting information.

April 2002 This TSTP has not been validated in the field or reviewed for editorial clarity. Page 3-12
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7.5 Evaluation Criteria

Feed water qudity will be evduated in the context of the Manufacturer's statement of the equipment
performance objectives but should not be beyond the range of water quality suitable for trestment for
the equipment in question. The device shdl be tested using water of the qudity for which the equipment
was designed.

8.0 TASK B: INITIAL TEST RUNS
8.1 Introduction

During the Initid Operations, a Manufecturer and their FTO may choose to evauate equipment
operations and determine flow rates, hydraulic resdence time, ozone production, power supply
requirements, or other factors applicable to the technology and related to effective trestment of the feed
water, including the weight ratios of hydrogen peroxide to ozone dosages and/or the ratios of UV to
ozone dosages.  The Manufacturer may aso choose to work with the FTO and the andytical
laboratory to perform blank or preliminary chalenges (if necessary) and sampling routines to verify that
sampling equipment can peform the required functions under norma operaing conditions.  This
information may aso indicate operating conditions under which the Manufacturer's stated performance
objectives are not met. This is a recommended Initid Operations task. An NSF field inspection of

equipment operations and sampling and field andysis procedures may be carried out during the initia

test runs, and if this occurs, the Initid Operations task must be performed.

8.2 Objectives

The objective of these test runs is to bracket the proper operating parameters for treatment of feed
water during Verification Testing. The ability of ozone or ozone/AOP systems to effectivey oxidize
SOCs and reduce their concentrations will vary depending on the qudlity of the feed water being treeted
and the season.  Therefore, conducting initia test runsis strongly recommended.

8.3 Work Plan

Because Initid Operations test runs are not a requirement of this ETV plan, the Manufacturer and FTO
can decide the duration of Initid Operations. Enough time should be available to establish optimd
operating conditions and to ensure that the system will be able to meet any performance objectives.

8.4 Analytical Schedule

Because these Initid Operations are being conducted to define future operating conditions for
Veification Testing, a drictly defined schedule for sampling and analysis does not need to be followed.
Adhering to the schedule for sampling and anaysis to be followed during Verification Teding is
recommended, however, so the operator can gain familiarity with the time requirements that will be
goplicable during Verification Teding. Also, during the Initid Operations phase, the verification
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organization may conduct an initid on-Ste ingpection of field operations, sampling activities, and on-gte
andyses. The sampling and analysis schedule that is to be used during Verification Testing shal be
followed during the on-Site ingpection.

8.5 Evaluation Criteria

The Manufacturer and the FTO should evauate the data produced during the Initid Operations to
determine if the water treatment equipment performed in a manner that will meet or exceed the
satement of performance objectives. If performance is not as good as in the statement of performance
objectives, the FTO may conduct additiona Initidl Operations or cancel the remainder of the testing

program.
90 TASK 1. VERIFICATION TESTING RUNS AND ROUTINE EQUIPMENT
OPERATION

9.1 Introduction

Water treatment equipment that includes ozone or 0zone/AOPs shdl be operated for Verification
Testing purposes with operationd parameters based on the manufacturer's statement of performance
objectives.

9.2 Experimental Objectives

The objective of this task is to operate the ozone or ozone/AOP equipment and characterize the
effectiveness and rdiability of the equipment.

9.3 Work Plan
9.3.1 Verification Testing Runs

The Veification Tegting Runs in this task consst of an evauation of the trestment system, using
the most successful treatment parameters defined during Initid Operations.  Performance and
reliability of the equipment shdl be tested during one or more Verification Testing periods
consging of at least 200 hours of ozone production at the test Site.

Verification Testing should be conducted a times when worst-case seasond water quality
conditions exi<, including peak concentrations of SOCs or of hydroxyl free radica-demanding
contaminants or ozone-demanding contaminants. During each of these testing periods, Tasks 1
through 6 shal be conducted smultaneoudy.

Factors that can influence SOC oxidation include:
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the presence of ozone demanding substances that may be present in the form of
particulate matter, dissolved organic matter, or dissolved inorganic matter; often occurring in the
Spring, or during reservoir or lake turn-over events, or dso encountered in rivers carrying ahigh
sediment load or in surface waters during periods of hgh runoff resulting from heavy rains or
snow melt. Algae a0 exert an ozone demand as do iron, manganese, and cyanide. The
presence of ozone demanding substances will affect the ability of ozone to effectively oxidize
SOCs and will react with hydroxyl free radicals needed to destroy the dower-to-oxidize SOCs.

pH and dkdinity, which can vary seasondly, will affect the decay rate of ozone in
natura waters, and may affect the amount of SOC oxidation achieved by the system.

temperature.
9.3.2 Routine Equipment Operation
If the water treatment equipment is being used for production of potable water during the time
intervas between verification runs, routine operation of the equipment will occur. In this
gtuation, the operating and water quaity dita collected and furnished to the Safe Drinking
Water Act (SDWA) primacy agency shdl be supplied to the NSF-qudified FTO for use in
evauating conditions during verification testing.
For equipment that is being used to treet water for distribution to customers, it is assumed that
the State has dready issued a permit (if one is necessary) for ingtalation and operation. If ETV
is being conducted to establish the SOC oxidation capabilities of the existing equipment,
permission by the State may be required if the syslem were taken off-line for verificaion testing.
9.4 Schedule
During Verification Testing, water trestment equipment shdl be operated for a minimum of 200 hours.
The reason for and duration of any interruptions in 0zone production during Verification Testing shal be
fully documented.
9.5 Evaluation Criteria

The god of this task is to operate the equipment for 200 hours during Verification Testing. Data shdl
be provided to substantiate that 200 hours of operation have been compl eted.

10.0 TASK 2. FEED WATER AND TREATED WATER QUALITY

10.1 Introduction
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Water qudity data shal be collected during Verification Testing for the feed water and treated water as
shown in Table 1. The Fied Test Organization, on behaf of the equipment Manufacturer, shdl assure
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the sampling or measuring of the water qudity parameters in Table 1. The FTO may use loca
personnel to assst in collection of samples or measurement of test parameters, but is responsible for
their training to assure proper techniques are used &t al times.

10.2 Experimental Objectives

The objective of this task is to identify the presence and concentration of water qudity characteristics
that might affect the ability of ozoneto oxidize SOCs. This task will aso provide data to ensure that the
use of ozone does not increase the risk of violating any existing or future SDWA regulations (eg.,
THMSs, bromate).

10.3 Work Plan

The Manufacturer or FTO will be responsible for establishing the testing operating parameters, on the
basis of the Initid Operations testing. Many of the water qudity parameters described in this task will
be measured on-site by the NSF-qualified FTO or by locd community personnd properly trained by
the FTO. Anayss of the remaining water quaity parameters will be performed by a state-certified or
third party- or EPA-accredited andytical laboratory. The methods to be used for measurements of
water qudity parameters in the fidd are liged in the Andyticd Methods section in Table 2. The
andytica methods utilized in this study for on-site monitoring of feed water and trested water quaities
are described in Task 6, Qudity Assurance/Quality Control (QA/QC). Where appropriate, the
Standard Methods reference numbers for water quaity parameters are provided for both the field and
laboratory andytica procedures. EPA Methods for andyss of the parameters listed in Table 2 dso
may be used.

Samples of the feed water shal be collected and analyzed for background SOC concentrations. Feed
water shal aso be sent to the State-certified or third party- or EPA- accredited laboratory to conduct
piking QA/QC analysis (see Task 6). The approved anadytical methods for SOCs vary, depending on
the SOC(s) of interest. A state-certified or third party- or EPA-accredited laboratory should be using
an approved EPA or Sandard Method for SOC andlysis. Peer-reviewed and proposed methods for
SOC determination are aso dlowable if gpproved EPA or Sandard Methods are not avallable. The
preservatives needed for sample collection aso vary for different SOC(s) and the state-certified or third
party- or EPA-accredited should fully document sampling requirements for the FTO.

Any disnfectant added upsiream of the ozone addition point will affect the ozone demand; therefore, an
agreement between NSF, the manufacturer, and the FTO must be made to determine whether or not to
dlow pre-disnfection prior to ozonation during the Verification Testing Period. If a pre-disnfectant is
used, testing shal be conducted to verify that no disnfectant resdud exigts a the influent of the ozone
contactor, or if adisnfectant resdud does exigt, a quenching solution (e.g., sodium bisulfite or hydrogen
peroxide) shdl be used. The latter option (quenching) is less desirable because the concentration of the
guenching agent will have to be carefully monitored during testing to minimize over-feeding of the
guenching agent (which would result in an 0zone demand).
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10.4 Analytical Schedule

Water qudity data shdl be collected at the intervas specified in Table 1. Additionad sampling and data
collection may be performed at the discretion of the Manufacturer and their designated FTO. Sample
collection protocol shal be defined by the FTO in the PSTP. Algae sampling is not required for
systems using groundwater Sources.

For water quality samples that will be shipped to a Sate-certified or third party- or EPA-accredited
laboratory for andyss, the samples shdl be collected in gppropriate containers (containing preservatives
as needed) prepared by the laboratory. These samples shall be preserved, stored, shipped, and
anayzed in accordance with appropriate procedures and holding times, as specified by the laboratory.
Origind field sheets and chain-of-cugtody forms shall accompany all samples shipped to the |aboratory.
Copies of field sheets and chain-of custody formsfor al samples shdl be provided to NSF.

10.5 Evaluation Criteria

The performance of the ozone or ozone/AOP equipment will be compared to the Manufacturer's
statement of performance objectives for the equipment being tested.

11.0 TASK 3: DOCUMENTATION OF OPERATING CONDITIONSAND TREATMENT
EQUIPMENT PERFORMANCE

11.1 Introduction

Throughout the Verification Testing period, operating conditions shdl be documented. This shdl include
descriptions of pretrestment chemistry and filtration performance for the equipment processes, if used,
and their operating conditions. The performance of the ozone equipment (including ozone generator(s),
ar preparation sysem(s), off-gas destruct unit(s), injection equipment, ozone monitor(s), and
contactor(s)) as well as UV light and hydrogen peroxide equipment shal be documented. The tota

volume of water treated and the total power usage for dl equipment associated with the ozone or
0zone/AOP system shall aso be recorded.

11.2 Objectives

The objective of thistask isto accuratdy and fully document the operating conditions during trestment,
and the performance of the equipment. This task is intended to collect data that describe operation of
the equipment and information that can be used to develop cost estimates for operaion of the
equipment.
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11.3 Work Plan

During Veification Tedting, treatment equipment operating parameters for both pretreatment and
ozonation shdl be monitored and recorded on a routine basis by the NSF-qualified FTO or by locd
community personnd properly trained by the FTO.

Table 3 outlines some of the operating parameters that shdl be monitored throughout Verification
Tedting. Operating parameters, in addition to those listed in Table 3, may be needed to adequately
asess the operating conditions of the ozone or 0zone/AOP equipment. These additiona parameters
shdl be identified by the Manufacturer and the FTO and agreed upon by the Manufacturer and NSF.

Examples of operationd parameters which shdl be monitored are:

water flow rates

gasflow rates

water pressures

gas pressures

water temperatures

gas temperatures

0zOne operating voltage

0zone production power consumption

ar preparation power consumption or other consumables for air preparation
oxygen feed rate (if gpplicable) and other pertinent operation information
performance of oxygen generation or oxygen feed equipment

ozone dectricd frequency, if variable

amperage of ozone equipment

weight ratio of hydrogen peroxide (if used) to ozone

On adaily bass, the operator shal note and record whether any visud effects of ozonation are apparent
in the treated water or on piping or vessdls that convey or hold treated water. This may include surface
scum, precipitation of metals, color changes, etc. At the end of the test period if an ozone contact
chamber is provided with the equipment and if it is accessible, the contact chamber shdl be inspected
for deposits of scum, precipitation of metds, or color changes, and this information shal be noted in the
Verification Testing report.

11.4 Schedule
Table 3 presents the schedule and recording data required for ozone and AOP systems. The length of

time (hours) of operation (during Verification Testing) shdl be recorded for al of the ozone and AOP
equipment.
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11.5 Evaluation Criteria

Where agpplicable, the data developed from this task will be compared to statements of performance
objectives. If no relevant statement of performance capability exidts, results of operating and
performance datawill be tabulated for incluson in the Verification Report.

120 TASK 4. DOCUMENTATION OF EQUIPMENT PERFORMANCE: SOC
OXIDATION

12.1 Introduction

The ability of ozone and AOP equipment to oxidize SOCs can be assessed by measuring the initid and
find SOC concentrations and computing the change (see Chapter 1 of the Protocol for Equipment
Verification Testing of Synthetic Organic Contamination Remova).

12.2 Experimental Objectives

The objective of this task is to determine the effectiveness of ozone or ozone/AOP equipment for SOC
oxidation & small systems.

12.3 Work Plan

The FTO shdl conduct water quaity sampling and calculate the reduction in SOC concentration(s)
resulting from ozone or AOP treatment. Task 4 shdl be conducted during the Verification Testing runs
conducted in Task 1, 2, and 3.

The background or naturaly occurring concentration of the SOC(s) of interest shdl be determined
during ether Task A or Task 2 0 that the background concentration of SOC(s) in the feed water is
known prior to conducting Verification Testing. If the background SOC concentration is too low to
adequatdly show or caculate a percentage removd, spiking of SOC(s) during the 200 hours of
Verificaion Testing will be necessary.

Multiple SOC(s) can be smultaneoudy evauated during Verification Testing; however, ozone or AOPs
may preferentidly react with naturdly occurring organics or other SOCs present in solution, thereby
reducing its ability to oxidize the SOC(s) of interest. Thus, it is possible that the desred outcome of
Verification Testing may not occur during some multiple SOC evaudtions.

If the ozone or AOP equipment is aready being used at a Ste and has been approved by the State (if
necessary), a manufacturer may want to verify its performance with Verification Testing. This can be
accomplished by conducting the tests a the location if naturaly occurring or background SOC
concentrations are high enough for accurately and precisdy cdculating reductions.  This would not
compromise the water qudity in any way. However, if SOCs must be spiked for testing, this poses a
potentid threet to the water quality. In this case, identicad equipment would have to be brought on site
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and spiked SOC studies would have to be conducted with this additiona equipment. The effluent of
this spiked SOC testing would be treated as described in Section 12.3.5.

12.3.1 Typesof SOCs

This ETV plan is not designed to guide Verification Teging for voldile organic compounds
(VOCs). Examples of VOCs include benzene and vinyl chloride, and alist of regulated VOCs
(i.e., Phasel) can be found in Pontius (1998).

Oxidation of SOCs by ozone or AOPs can form by-products. The presence and concentration
of these by-productsis of interest because some of the by-products are considered as potentid
hedlth concerns as a result of long-term exposure. Therefore, it is necessary that one treated
water sample be collected during each Verification Test period, and this sample will be anayzed
for the presence and concentration of by-products. This can be accomplished by conducting a
scan of semi-volatile organic by-products by using gas chromatography/mass spectrometry by a
state-certified or third party- or EPA-accredited anaytica laboratory that has scanning and
compound library matching capabilities. Some of the common by-productsinclude: adehydes,
ketones, and for atrazine, deethylatrazine and deisopropylatrazine.

12.3.2 Spiking Protocols

Spiking of SOCs shdl be used in concentrations sufficient to permit the highest level of stressfor
the Manufacturer's equipment. Some guidelines for spiking include:

SOC spiking shdl begin at start-up of the trestment equipment and shdl continue for the
200 hours of Verification Testing.

The SOC(s) feed solution shdl be prepared by diluting the SOC into dilution water that
isdigtilled or deionized and oxidant demand-free.

The container used for storing the feed SOC solutions shall be chemicaly inert (i.e,, not
reactive or adsorbable with the SOC(s) of interest).

The feed solution shdl be gently and continuoudy mixed throughout the Verification Test
Run.

The SOC spiked solution shdl be fed using an adjustable rate chemica feed pump.

Use of an in-line static mixer to mix this solution into the feedwater is recommended.

SOC samples shdl be collected in sample bottles prepared (i.e., preservatives added, if
necessary) by the anaytical laboratory performing the andysis.

Multiple SOCs can be contained in the same stock feed container (i.e., having only one
feed solution).

The concentration of SOC(s) applied to the feed water shal be agreed upon by the
Manufacturer, NSF, and the FTO.
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12.3.3 Test Operation and Sample Collection

If spiking is necessary, the SOC(s) of interest shdl be continuoudy applied to the feed water
during the 200 hours of Verification Testing. If an ozone or 0zone/AOP system is temporarily
shut down, then the spiking solution feed equipment should dso be shut down and then started
again when the ozone or ozone/AOP system is started again.

During the Verification Testing period, SOC samples of the feed water and trested water shall
be collected once per 25 hours of operation. If the ozone or 0zone/AOP system is not
operating continuoudy, then the SOC samples shdl be collected after the mid-point of the runin
which the equipment is being operated. For example, if the ozone system is operated in 8 hour
shifts, the SOC samples shdl be collected after the fourth hour of operation.

During sample collection, minima sample agitation and exposure to the atmosphere shall occur.
An overflowing technique for filling samples bottles is recommended. A piece of Tygon tubing
attached to the sample port can be placed such that the unattached end of the tubing rests a the
bottom of the sampling container. As the sample fills the bottle, the end of the tubing remains a
the bottom of the container. Once the sampling container is overflowing, the tubing can dowly
be removed from the container. The lid should be placed on the container immediatdy after the
sample tube is removed from the sample container.

Since some SOC samples require the use of a preservative in the sampling container, the
overflowing technigueis not gpplicable to dl SOC(s). If thisisthe case, the Tygon tubing is ill
recommended (to minimize sample agitation during collection); however, the tubing should be
removed prior to the point at which the sample would overflow the container.

Samples shdl be ddlivered to a state-certified or third party- or EPA-accredited anaytical
laboratory for andlysis using approved EPA or Standard Methods for measuring the SOC
concentrations of interest.

12.3.4 Experimental Quality Control

Duplicates of the feed and treated water samples shdl be collected for at least two of the
sampling events during a Verification Test Run. A process control and trip control sample shall
also be collected as part of Task 6.

The experimenta qudlity control shall be verified by checking the flow rate of the spiked solution
once per day. To ensure the proper feed rate of the spiked SOC solution to the ozone or AOP
system, use a fopwatch to measure the time required to collect a specified volume of the feed
solution from the feed syssem. This requires that the feed line to the contactor be temporarily
disconnected so that the pumping rate of the stock SOC solution can be measured. Typicaly, a
graduated cylinder is used to collect the pumped SOC sample and the size of the graduated
cylinder is such that the length of collection time exceeds 10 seconds.
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12.3.5 Treatment of Effluent

Treated water resulting from SOC spiking experiments using ozone or ozone/AOP equipment
shdl not be didributed to the public. The treated water might have to be passed through a
granular activated carbon (GAC) filter for removal of resdud SOCs during the 200 hours of
Veification teing. The sze of the GAC filter and the type of carbon would need to be
determined by the Manufacturer and FTO and approved by the State's pollution control
authority. Since some SOCs are more readily adsorbed than others, and there may be
competition between SOCs for adsorption sites on the carbon, GAC filters would have to be
designed on a case-by-case bass. The discharge of treated water shal be directed to a
location that is gpproved by the State.

12.4 Analytical Schedule

Feed water and treated water SOC samples shall be collected once per 25 hours of operation.
Duplicate sampling is required for two of the samples of Verificaion Testing.

125 Evaluation Criteria

The difference in concentration of the SOC(s) of interest in the feed and treated waters will be
compared to the Manufacturer's statement of performance objectives for the equipment being tested.
The ozone production and power usage may aso be used to evaluate the performance of the
equipment.

13.0 TASK 5: DATA MANAGEMENT
13.1 Introduction

The data management system used in the Verification Testing program shdl involve the use of computer
poreadsheet software and manua recording of the operationa parameters for the water treatment
equipment on adaily bass.

13.2 Experimental Objectives

The objectives of this task are: 1) to establish a viable Structure for the recording and transmission of
field tegting data so the FTO will provide sufficient and rdiable operational data for verification
purposes, and 2) to provide the information needed for a statistica andlysis of the data, as described in
the "EPA/NSF ETV Protocol For Equipment Verification Testing For The Removad Of Synthetic
Organic Chemica Contaminants. Requirements For All Studies.”
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13.3 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 computer databases for operationd
and water quality parameters should then be downloaded by manud importation into Excel (or smilar
oreadsheet software) as a comma delimited file. These specific database parces will be identified
based upon discrete time spans and monitoring parameters.  In preadsheet form the data will be
manipulated into a convenient framework to alow analyss of water treatment equipment operation.
Backup of the computer databases to diskette should be performed on a monthly basis at a minimum.
When SCADA systems are not available, direct instrument feed to data loggers and laptop computers
shall be used when appropriate.

For parameters for which eectronic data acquisition is not possble, field testing operators will record
data and calculations by hand in laboratory notebooks (daily measurements will be recorded on
specidly-prepared data log sheets as gppropriate). Each notebook must be permanently bound with
consecutively numbered pages. Each notebook must indicate the starting and ending dates that apply to
entries in the logbook. All pages will have gppropriate headings to avoid entry omissons. All logbook
entries must be made in black water insoluble ink. All corrections in any notebook shdl be made by
placing one line through the erroneous information. Products such as "correction fluids' are never to be
utilized for making corrections to notebook entries. Operating logs shal include a description of the
water treatment equipment (description of test runs, names of visitors, description of any problems or
issues, etc.); such descriptions shdl be provided in addition to experimenta caculations and other
items. The origind notebooks will be stored on-site; photocopies will be forwarded to the project
engineer of the FTO a an agreed upon schedule. This protocol will not only esse referencing the
original data, but will also offer protection of the origind record of results.

The database for the project will be set up in custom-designed spreadsheets. The spreadsheets will be
cgpable of gtoring and manipulating each of the monitored water quality and operationa parameters
from each task, each sampling location, and each sampling time. All data from the laboratory
notebooks and data log sheets will be entered into the appropriate spreadsheets. Data entry will be
conducted on-ste by the designated field testing operators.  All recorded caculaions will aso be
checked at thistime. Following data entry, the spreadsheet will be printed out and the print-out will be
checked againg the handwritten data sheet. Any corrections will be noted on the hard-copies and
corrected on the screen, and then a corrected version of the spreadsheet will be printed out. Each step
of the verification process will by initided by the field testing operator or engineer performing the entry
or verification step.

Each experiment (eg. verification run) will be assgned a run number that will then by 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 laboratories, the data will be tracked by use of the
same system of run numbers. Data from the outside laboratories will be received and reviewed by the
field testing operator. These data will be entered into the data Spreadsheets, corrected, and verified in
the same manner asthefidd data.
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13.4 Statistical Analysis

Water qudity developed from grab samples collected during test runs according to the Anaytica
Schedule in Task 2 of this Test Plan shdl be analyzed for gatistica uncertainty. The FTO gl caculate
95% confidence intervals for grab sample data obtained during Verification Testing as described in
"EPA/NSF ETV Protocol For Equipment Verification Testing For The Remova Of Synthetic Organic
Chemicd Contaminants Requirements For All Studies” Statistical analysi's could be carried out for a
large variety of testing conditions.

The datigtics developed will be helpful in demondrating the degree of rdiability with which water
trestment equipment can atan qudity gods. Information on the differences in feed water qudity
variationsfor entire test runs versus the quality produced during the optimized portions of the runswould
be useful in evauating appropriate operating procedures.

140 TASK 6: QUALITY ASSURANCE/QUALITY CONTROL (QA/QC)
14.1 Introduction

Quadlity assurance and quadlity control of the operation of the water treatment equipment and the
measured water quaity parameters shdl be maintained during the Verification Testing program.

14.2 Experimental Objectives

The objective of this task is to maintain strict QA/QC methods and procedures during the ETV
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, this information will be possble to verify
exact conditions at the time of testing.

14.3 Work Plan

Equipment flow rates and associated signals should be verified and verification recorded on a routine
bass Dally routine wak-throughs during the testing program will be used to verify that each piece of
equipment or insrumentetion is operating properly. Particular care shal be taken to verify tha
chemicals are being fed a the defined flow rate, and into a flow stream that is operating at the expected
flow rate. In addition, the operation of the air preparation equipment or the liquid oxygen supply for the
ozone generator, and the ozone generator, shall be checked in each walkthrough and relevant operating
data shal be recorded and checked to verify that operating conditions are within the acceptable
operating range for the equipment or processes involved. In-line monitoring equipment such as flow
meters, etc. will be checked as indicated below to verify that the readout matches with the actua

measurement (i.e., flow rate) and that the Sgnd being recorded is correct. The items listed are in
addition to any specified checks outlined in the andytical methods.
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When collecting water quantity data, dl system flow meters will be cdibrated usng the classic bucket
and stopwatch method where appropriate. Hydraulic data collection will include the measurement of
the finished water flow rate by the “bucket test” method. Thiswould congst of filling acdibrated vess
to aknown volume and measuring the time to fill the vessel with a stopwatch. Thiswill dlow for adirect
check of the system flow measuring devices.

14.3.1 Daily QA/QC Verifications

Ontline turbidimeter: Clean out reservoirs and recdibrate, check the flow rate (verified
volumetricaly over a specific time period).

On-line pH meters (sandardize and recdibrate).

Chemica feed pump flow rates (check and verify components).

On-line turbidimeter readings checked againgt a properly cdibrated bench mode!.

14.3.2 QA/QC Verifications Performed Every Two Weeks

On-line flow metersrotameters.  Clean equipment to remove any debris or biologicd
buildup and verify flow volumetricaly to avoid erroneous readings.
Chemica feed pump flow rates (verify volumetrically over a specific period of time).

14.3.3 QA/QC Verifications Performed Every Testing Period

Tubing: Veify tha dl tubing and connections are in good condition and replace if
necessary. For surface water systems, microbia growth could occur between seasonad
verificaion test runs, so replacement of tubing prior to each verification test may be
necessary.

Differentia pressure trangmitters (verify gauge readings and eectricd sgnds usng a
pressure meter).

14.4 On-Site Analytical M ethods

The andyticad method utilized in this study for on-site monitoring of raw water and treated water quaity
are described in the following section. Use of either bench-top or in-linefidd anaytical equipment will
be acceptable for the verification testing; however, in-line equipment is recommended for ease of
operation.

14.4.1 pH

Anaysisfor pH shal be performed according to Standard Method 4500-H* B or EPA Method
150.1/150.2. A three-point cdibration of any pH meter used in this study will be performed
once per day when the ingrument isin use. Certified pH buffers in the expected range shdl be
used. The pH probe shal be stored in the gppropriate solution defined in the instrument manud.
Transport of carbon dioxide across the ar-water interface can confound pH measurement in
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poorly buffered waters. If this is a problem, measurement of pH in a confined vesd is
recommended to minimize the effects of carbon dioxide loss with the atmosphere.

14.4.2 Turbidity Analysis

Turbidity analyses shall be performed according to Standard Method 2130 or EPA Method
180.1 with either a bench-top or in-line turbidimeter. Grab samples shdl be andyzed using a
bench-top turbidimeter; readings from this ingrument will serve as reference measurements
throughout the study. The bench-top turbidimeter shdl be calibrated within the expected range
of sample measurements a the beginning of Verification Testing and on a weekly bass usng
primary turbidity standards of 0.1, 0.5 and 3.0 NTU. Secondary turbidity standards shall be
used on a daily basisto verify calibration of the turbidimeter and to recdibrate when more than
one turbidity rangeis used.

During each verification testing period, the bench-top and in-line turbidimeters will be left on
continuoudy. Once each turbidity measurement is complete, the unit will be switched back to
its lowest setting.  All glassware used for turbidity measurements will be cleaned and handled
usng lint-free tissues to prevent scratching.  Sample vids will be stored inverted to prevent
depogits from forming on the bottom surface of the cdll.

The Field Testing Organization shal be required to document any problems experienced with
the monitoring turbidity instruments, and shal aso be required to document any subsequent
modifications or enhancements made to monitoring instruments.

14.4.2.1 Bench-top Turbidimeters. The method for collecting grab samples will congst of
running a dow, steady stream from the sample tap, triple-rinsng a dedicated sample beaker in
this stream, dlowing the sample to flow down the sde of the besker to minimize bubble
entrainment, double-rinang the sample vid with the sample, carefully pouring from the besker
down the Sde of the sample vid, wiping the sample vid dean, insarting the sample vid into the
turbidimeter, and recording the measured turbidity.

When cold water samples cause the vid to fog and prevent accurate readings, dlow the vid to
warm up by submersing partialy into awarm water bath for gpproximately 30 seconds.

14.4.2.2 In-line Turbidimeters. In-line turbidimeters may be used during verification testing
and mugt be cdibrated as specified in the manufacturer's operation and maintenance manud. It
will be necessry to periodicdly verify the in-line readings usng a bench-top turbidimeter;
dthough the mechaniam of analysis is not identica between the two insruments the readings
should be comparable. Should these readings suggest inaccurate readings then al in-line
turbidimeters should be recdibrated. In addition to cdibration, periodic cleaning of the lens
should be conducted using lint-free paper, to prevent any particle or microbiologica build-up
that could produce inaccurate readings. Periodic verification of the sample flow should adso be
performed using a volumetric measurement.  Instrument bulbs should be replaced on an as-
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needed basis. It should aso be verified that the LED readout matches the data recorded on the
data acquigition system, if the latter is employed.

14.4.3 Dissolved Ozone

The dissolved ozone concentration can be measured using an indigo bleaching technique, such
as Standard Method 4500-O3 B or the HACH Indigo AccuVac method. When sampling for
dissolved ozone, it is important to minimize sample agitation and transfer from one container to
another. One good sampling technique is to collect the sample directly from the sample tap. If
HACH AccuVac vids are used, the tip of the AccuVac can be placed directly into the tap
opening where the water isflowing. Apply pressure and snap the tip while it isingde the sample
tap opening. The vacuum in the AccuVac vid will draw the water sample into the AccuVvac.
Once the AccuVac is filled, remove the AccuVac from the sample tap and andyze according
the HACH ingtructions. If necessary, a short piece (i.e., less than 2 feet) of Tygon tubing can
be attached to the sample tap for dissolved ozone sampling. If HACH AccuVec vids are not
used, use of tubing attached to the sample port for sample collection is recommended to
minimize sample agitation and mixing. This tubing should be Tygon and should be no longer
then 2 feet in length.

Another method for measuring dissolved ozone is a dissolved ozone probe. These probes can
be placed in the process stream to provide continuous measurements of ozone resduds.

Check the probe tip daily to ensure that the membrane has been ingtaled properly and that
there are no air bubbles underneath the membrane. Also, check that the pressure and flow rate
within the contactor are within the appropriate range for the probe being used. The
performance of the probe shdl be verified on a daily basis by measuring the dissolved ozone
concentration with one of the indigo bleaching methods to ensure that the probe is functioning

properly.

A third method for measuring dissolved ozone concentrations is an on-line andyzer which uses
UV spectrophotometry to measure the gas-phase concentration of ozone which has been
dripped from a liquid sample. These andyzers then correate the gas-phase ozone
concentration to the dissolved ozone concentration. These analyzers are cdibrated at the
fectory.

14.4.4 GasPhase Ozone

Gas phase 0zone concentrations can be measured using either UV absorbance ozone monitors
or a wet-chemidiry test. Ozone monitors are cdibrated at the factory and provide a continuous
measure of the ozone concentration in gas phase. The wet-chemistry test method of measuring
the ozone concentration of a gas stream involves bubbling ozone through a potassum iodide
solution, acidification with sulfuric acid, and titration with sodium thiosulfate. This method is
described in detail in Gordon et al. (1992). During each Verification Test, a wet-chemigry
measurement of the ozone feed gas shall be conducted to independently check that the ozone
monitor is functioning properly. If ozone monitors are not available, wet-chemigry tests shdl be
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performed three times per day or three times per shift to measure the ozone concentration in the
feed gas and off gas.

14.4.5 Hydrogen Peroxide

The concentration of hydrogen peroxide can be measured using one of two spectrophotometric
methods. 1) cobdt-bicarbonate and 2) peroxidase. The cobalt-bicarbonate method, described
in Maschelein et al. (1977), can be used to measure up to 2 mg/L hydrogen peroxide at 260
nm, whereas the peroxidase method, described in Bader et al. (1988), can be used to measure
up to 1.7 mg/L hydrogen peroxide at 551 nm.

At low pH, ozone and peroxide can be in solution at the same time, because the reaction rate is
dow. The presence of ozone interferes with any hydrogen peroxide andyss, therefore, to
measure the amount of hydrogen peroxide in the AOP system, ozone production shal be
temporarily terminated while hydrogen peroxide samples are being collected and analyzed.

To ensure the proper feed rate of hydrogen peroxide to the ozone/AOP system, use a
stopwatch to measure the time required to collect a specified volume of hydrogen peroxide
gock solution from the feed system. This requires that the hydrogen peroxide feed line to the
contactor be temporarily disconnected so that the pumping rate of the stock hydrogen peroxide
solution can be measured. Typicdly, a graduated cylinder is used to collect the pumped
hydrogen peroxide sample and the size of the graduated cylinder is such that the length of
collection time exceeds 10 seconds.

The strength of the peroxide feed solution can aso be determined from the peroxide supplier’s
shipping information, as long as the peroxide being used for testing has not been: 1) diluted by
the user; 2) exposed to contamination (which would affect its strength); 3) stored for longer than
one year; or, 4) stored at temperatures greater than 77°F.

14.4.6 Temperature

Readings for temperature shal be conducted in accordance with Standard Method 2550.
Raw water temperatures shall be obtained a least once daly. The thermometer shal have a
scale marked for every 0.1 °C, as a minimum, and should be cdibrated weekly againg a
precison thermometer certified by the Nationd Ingtitute of Standards and Technology (NIST).
(A themometer having a range of -1°C to +51°C, subdivided in 0.1° increments, would be
appropriate for thiswork.)

14.4.7 Color

True color shal be measured with a spectrophotometer a 455 nm, using an adaptation of the
Standard Methods 2120 procedure. Samples shal be collected in clean plagtic or glass bottles
and analyzed as soon after collection as possble. If samples can not be analyzed immediately
they shall be stored at 4°C for up to 24 hours, and then warmed to room temperature before
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andydgs  The filtration system described in Standard Methods 2120 C shdl be used, and
results should be expressed in terms of PtCo color units.

14.4.8 Dissolved Oxygen

Anaysisfor dissolved oxygen shdl be performed according to Sandard Method 4500-O usng
an iodometric method or the membrane eectrode method. The techniques described for
sample collection must be followed very carefully to avoid causing changes in dissolved oxygen
during the sampling event. Sampling for dissolved oxygen does not need to be coordinated with
sampling for other water quality parameters, so dissolved oxygen samples should be taken at
times when immediate andyss is going to be possble. Thiswill iminate problems that may be
associated with holding samples for a period of time before the determination is made.

If the sampling probe is not mounted such that the probe is continuoudy exposed to the process
stream, then care must be taken when measuring the dissolved oxygen concentration. For best
results, collect the dissolved oxygen sample with minima agitation and measure the dissolved
oxygen concentration immediatdy. If possble, measure the dissolved oxygen under a
continuous stream of sample by placing the tip of the probe in the sample container, dlowing the
sample to overflow the container while the probe reaches equilibrium (usudly less than 5
minutes).

14.5 Chemical and Biological Samples Shipped Off-Site for Analysis

The andyticd methods that shdl be used during testing for chemica and biologicd samples that are
shipped off-gte for anayses are described in the section below.

14.5.1 Organic Samples

Samples for andlysis of total organic carbon (TOC), UV 254 absorbance, and dissolved organic
carbon (DOC) shdl be collected in glass bottles supplied by the state-certified or third party- or
EPA-accredited laboratory and shipped at 4 °C to the andyticd |aboratory within 24 hours of
sampling. These samples shall be preserved in accordance with Standard Method 5010 B.
Storage time before analysis shdl be minimized, according to Standard Methods.

145.2 Algae
Algae samples shdl be preserved with Lugol's solution after collection, stored and shipped in a
cooler at a temperature of approximately 2 to 8 °C, and held at that temperature range until

counted.

14.5.3 Inorganic Samples
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Inorganic chemica samples, including dkainity, shal be collected and preserved in accordance
with Standard Method 2320 B. The samples shall be refrigerated at gpproximately 2 to 8 °C.
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Samples shdl be processed for andlysis by a state-certified or third party- or EPA-accredited
laboratory within 24 hours of collection. The laboratory shal keep the samples a
approximately 2 to 8 °C until initistion of andyss.

Bromate samples shdl be collected in sampling containers supplied by the state-certified or third
party- or EPA-accredited laboratory. Sample collection and storage requirements are outlined
in EPA Method 300.1 or shdl be provided by the laboratory conducting the analysis.

14.5.4 SOC Analysis

Andyss of SOCs requires a traned andyst usng sophigticated ingrumentation. Only date-
certified or third party- or EPA-accredited |aboratories shal andyze SOC samples that are
collected during Initid Operations and Verification Testing. As stated in the "EPA/NSF ETV
Protocol For Equipment Verification Testing For The Remova Of Synthetic Organic Chemicd
Contaminants. Requirements For All Studies,” approved methods for some SOCs may not be
available, and for these SOCs, a proposed, peer-reviewed method may be used.

There are many approved methods for analyzing Phase |1 and Phase V SOCs. Depending on
the laboratory, gas chromatography (GC) or high performance liquid chromatography (HPLC)
methods can be used to andyze SOCs. For both methods, the equipment is highly speciaized
and proper operation of these instruments requires a skilled laboratory technician.

Mass spectrometry is not required for al SOCs, however it is recommended for SOC
identification. Retention times reldive to the internd standard can aso be used to identify
SOCs. Either pesk height or peak area can be used to determine the SOC concentrations.

SOCs shdl be anadlyzed with an internd standard smilar in andytica behavior and not affected
by the matrix for QA/QC. An appropriate surrogate standard shal aso be used during SOC
andyss. Datapertaining to the internal and surrogate standards shal be reported with the SOC
concentrations of the samples being andlyzed. A method blank shdl aso be prepared and
andyzed by the date-certified or third party- or EPA-accredited |aboratory to verify minima
contamination in the laboratory.

At least three standards shal be used to develop the standard curve for SOC quantification and
these three standards shall be extracted and andyzed (by GC or HPLC) on the same day asthe
samples.

During each Verificaion Test period, one trested water sample shal be analyzed by scanning
for the presence and concentration of potentia by-products of SOC oxidation by ozone. Gas
chromatography followed by mass spectrometry can be used to identify many of the organic by-
products formed by ozonation. The spectra obtained by this andyss can be matched to a
compound library in a computer database to identify the various byproducts. This andysis shdll
be performed by a gtate-catified or third party- or EPA-accredited andyticd |aboratory. The

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

April 2002 This TSTP has not been validated in the field or reviewed for editorial clarity. Page 3-30



scan should be targeted toward the SOC of interest, and the potentia by-products associated
with ozonation of that SOC.

Spiked samples shdl be andyzed once, a the beginning of each Verification Test Run. The
laboratory shdl spike afeed water sample with a known quantity of the SOC(s) of interest and
andyze this spiked sample. SOC andyss of the spiked sample will indicate if there are any
interferences present in the feed water. The broad scan can be a performance-based scan (i.e.,
the scan is not used for compliance, and therefore undergoes less rigorous QA/QC and is less
expensive than a compliance based scan analysis.)

14.6 Experimental QA/QC Samples
14.6.1 Process Control

A second round of testing shdl be carried out using procedures identicd to the steps outlined
above, but without operating the ozone or ozone/AOP equipment. The purpose of thistesting is
to evduae any cumulative effects produced by the equipment, the spiking and sampling
procedures, and the sample handling procedures on SOCs. The process control samples
should show minimd loss of SOC(s) relative to the trip control sample. Significant loss of SOC
concentrations in the process control sample indicates that some aspect of the process other
than ozone oxidation contributes to SOC removal. Re-testing is required when thisis shown to
occur.

14.6.2 Trip Control

For tests utilizing spiked SOCs, a replicate or subsample of the spiking solution shal
accompany the actud spiking solution from the andyticd laboratory. This replicate sample shdll
undergo dl of the processes used on the actud solution including dose preparation, shipping,
preparation for spiking, and return to the laboratory for analysis. The trip control samples
should show minima loss of SOC(s). Significant decreases in the SOC concentration of the trip
control sample indicates that some step in handling the solution contributed to the reduction in
the SOC concentration. The seeding tests must be repeated when sgnificant loss of SOCsin
the trip control sample is observed.

15.0 OPERATION AND MAINTENANCE

The FTO shdl obtain the Manufacturer-supplied Operation and Maintenance (O&M) Manua to
evauate the ingtructions and procedures for their gpplicability during the verification testing period. The
following are recommendations for criteria for O&M Manuds for drinking water trestment equipment
employing ozone trestmernt.
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15.1 Maintenance

The Manufacturer shdl provide readily understood information on the recommended or required
maintenance schedule for each piece of operating equipment including, but not limited to, the following,
where gpplicable:

0zone generator (dielectric replacement)

ozone diffusers or injection port, control vaves
ozone destruct unit (catalyst replacement)

gas phase ozone monitors (for feed gas and off gas)
dissolved ozone monitoring equipment

cooling water equipment

ar preparation unit or oxygen feed system for 0zone generation
gas and liquid rotameters

UV lamps and other relevant equipment

peroxide feed equipment

other equipment such as pumps and valves

The Manufacturer shal aso provide readily understood information on the recommended or required
maintenance for non-mechanica or non-dectrical equipment, including but not limited to, the following,
where gpplicable:

piping
contactor chamber

15.2 Operation

The Manufacturer shal provide readily understood recommendations for procedures related to proper
operation of al equipment. Among the operating aspects that should be addressed in the O&M manua
ae

Ozone Generator

ar preparation or oxygen feed requirements (moisture content, filtration requirements, flow rate)
cooling water requirements (flow)

range of variable voltage for adjusting ozone output

proper ssquence of oparation for gart-up and ut-doan

proper sequence of operation for initia start-up or for re-gtart after maintenance

Ozone Monitors (Gas Phase)

temperature and pressure compensation
zeroing and cdibration procedures
proper sequence of operation for start-up and shut-down
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Ozone Destruct Units

heater and/or blower requirements
catalys requirements
proper sequence of operation for start-up and shut-down

Air Preparation or Oxygen Feed Systems

desiccant requirements and replacement procedures

filters (maintenance and replacement schedule)

proper sequence of operation for start-up and shut-down
supplemental gas (air or nitrogen) flow rate, pressure, and temperature.

Cooling Water System

maintenance of proper temperature

monitoring cooling water flow

pump maintenance

proper sequence of operation for start-up and shut-down
maintenance of recirculation equipment, if cooling water is recirculated

Ozone Contactor Systems

mai ntenance schedule and procedures
replacement procedures

UV lamps

hours of operation (verification procedures)

UV irradiance (cdibration and verification procedures)
mai ntenance schedule and procedures

replacement procedures

proper sequence of operation for start-up and shut-down

Hydrogen Peroxide Feed System

procedures for variable speed adjustments to pump

information about proper tubing type and size

anticipated schedule for tubing replacement

gorage information (i.e., safety, container type, container materia, temperature, length of storage
time) for sock hydrogen peroxide solutions

proper sequence of operation for start-up and shut-down

Control Vaves

operv/close indication
sequence of operations
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The Manufacturer shdl provide a troubleshooting guide; a smple checklist of what to do for a variety of
problems, including but not limited to:

no flow to unit

sudden changein flow to unit

no electric power

automatic operation (if provided) not functioning
vave stuck or will not operate
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Table 1. Water Quality Sampling and M easurement Schedule

Par ameter Sampling L ocation Mandatory Frequency*
(M) or Surface Water Groundwater
Optional Systems Systems
©)
Temperature (°C) Feed Water, Treated M 3/d or 3/shift 3/d or 3/shift
water
Dissived OzoreResdd (mgll) Tregtedt o Jdaor Jhift 3/d or 3/shift
pH Fesd Water M 3/d or 3/shift 3/d or 3/shift
Total Alkainity (mg/L as CaCQOs) Feed Water O 1/d d
Totd Organic Carbon (mg/L) Fesd Water 0] 1/25 hours of 1/50 hours of
ozone production | ozone production
Dissolved Organic Carbon (mg/L) Fesd Water O 1/25 hours of 1/50 hours of
0zone production | ozone production
UV absorbance at 254 nm (1/m) Feed Water, Treated 0] 1/d 1/50 hours of
water 0zone production
Color (Pt-Co) Feed Water, Treated @] 1/d 1/50 hours of
water 0zone production
Turbidity (NTU) Feed Water, treated water | O 3/d or 3/shift 1/d
Bromide (mg/L) Feed Water O 1/50 hours of 1/50 hours of
ozone production | ozone production
April 2002 This TSTP has not been validated in thefield or reviewed for editorial clarity. Page 3-35
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Table1l. Water Quality Sampling and M easurement Schedule (continued)

Parameter Sampling L ocation Mandatory Frequency*
(M) or
Optional (O) Surface Water Groundwater
Systems Systems
Bromate (ng/L) Treated Water @) 1/50 hours of 1/50 hours of
ozone production | 0ozone production
SOCs (nylL) Feed Water, Trested M 1 per 5 hourst 1 per Bhousdf
water azone produdion azone produdion
SOC scan Feed Water, Trested M 1 per Veification 1 per Veification
water test period, after | test period, after
100" hour of 100" hour of
operation operation
Totd THM (ng/L) ((_:hl oroform, Treated Water o 1/50 hours of _ 1/50 hours of _
bromoform, bromodichloromethane, ozone production | ozone production
dibromochloromethane)
HAAs (nmg/L) (monochloroacetic acid, | Trested Water o 1/50 hours of 1/50 hours of
monobromoacetic acid, dichloroacetic ozone production | ozone production
acid, dibromoacetic acid,
trichloroacetic acid)
Iron(nglL) Fesd Water O 1/50 hours of 1/50 hours of
ozone production | ozone production
Dissolved Manganese (ng/L) Feed Water, Treated @) 1/50 hours of 1/50 hours of
(Manganese concentration passing water ozone production | ozone production
through 0.2 mm filter)
Totd Manganese (ng/L) Feed Water, Treated 0] 1/50 hours of 1/50 hours of

water

ozone production

ozone production

April 2002
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Table1l. Water Quality Sampling and M easurement Schedule (continued)

. . .

h Par ameter Sampling L ocation Mandatory Frequency

z (M) or Surface Water Groundwater

Ll Optional (O) Systems Systems

2 Totd Sulfides Feed Water o 1/d 1/d

: Dissolved Oxygen F‘:’d Water, Trested O 1/50 hours of 1/50 hours of

U water ozone production | ozone production

o Hydrogen Peroxide (mg/L) Stock Salution, M+t 1/50 hours of 1/50 hours of

a Treated Water ozone production | ozone production

WVeification Test | 1/Verification Test

(11| Period Period

> Quenching Solution (mg/L) (eg., Feed Water M 1/d 1d

(= hydrogen peroxide)

: Algd enumeration and species Feed Water O 1 per Veification | Not Required

u Test Period

u Cacium (mg/L as CaCOs) Feed Water O 1/50 hours of 1/50 hours of

q ozone production | ozone production

Total Hardness (mg/L as CaCQOx) Fexd Water O 1/50 hours of 1/50 hours of

ﬂ ozone production | ozone production

n * 3/d or 3/shift means that the water quality parameter shall be measured either 3 times per day if ozone production is continuous over the 200 hours of
Verification Testing, or 3 times per staffed shift if ozone production is periodically terminated or interrupted, and the length of time of ozone productionislessthan

|.|-| 24 hours. 1/50 hours of ozone production means that the water quality parameter shall be measured once per each 50 hours of ozone production, regardless of
interruptions in ozone production. T The dissolved ozone concentration should be measured at sampling ports within the ozone contactor or immediately at the

m outlet of the ozone contactor. If the ozone decay coefficient is being determined, at least two sampling ports will need to be sampled. T+ The peroxide
concentration of the stock solution shall be checked at the prescribed frequency. The peroxide concentration within the contactor shall be checked once during or

: immediately prior to the verification testing period, while the ozone equipment is not operating. Peroxide monitoring within the contactor will require that samples

be withdrawn at appropriate sampling ports at the end or outlet of the contactor.
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Table2. Analytical Methods

Par ameter Facility | Standard Methodsnumber | EPA Method?
or Alternative Reference'
Temperature (°C) On-gte | 2550 B
Dissolved Ozone On-gte | 4500 O; B; HACH Indigo
Resdud (mg/L) Blue Method*
pH On-site | 4500 H' 150.1/150.2
Tota Alkdinity (mg/L Lab 2320B
as CaCQOy)
Phase Il and Phase V Lab 6252, 6410, 6420, 6431, 525.2, 505, 515.1,
SOCs 6440, 6610, 6630, 6640, 531.1, 547, 548.1,
6651 549.1, 1613

Tota Organic Carbon Lab 5310C
(mg/L)
Dissolved Organic Lab 5310C
Carbon (mg/L)
UV absorbance at 254 | Lab 5910 B
nm (1/m)
Color (Pt-Co) Lab 2120 C 110.2
Turbidity (NTU) Onste | 2130B 180.1
Bromide (mg/L) Lab 4500-Br 300.0
Bromate (ng/L) Lab 300.1
Totd THM (ng/L) Lab 6232 B 502.2, 524.2, 551
HAAs (ng/L) Lab 6251 B 552.1
Iron (ng/L) Lab 3111 B, 3113 B, 3120 B 200.7, 200.8, 200.9
Tota Manganese Lab 3111 B, 3113 B, 3120 B 200.7, 200.8, 200.9
(nylL)
Dissolved Manganese Lab 3500-Mn 3111 B, 3113 B, 3120 B
(my/L) (Manganese
concentration passing
through 0.2 nm filter)
Totd Sulfides Labor | 4500-S* D, E

On-Ste
Dissolved Oxygen Labor 4500-0

On-Site

April 2002
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Table 2. Analytical Methods (continued)

Par ameter Facility | Standard Methodsnumber | EPA Method?
or Alternative Reference'

Algd enumeration and Lab Part 10000, Biologica

speciaion Examingtiont

Parameter Fecility | Standard Methods number or | EPA Method?
Alternative Reference’

Cdcdum (mg/L as Lab 3500-CaD, 3111 B, 3120B | 200.7

CaCQ,)

Totd Hardness (mg/L Lab 2340 C

as CaCOy)

SOC scan Lab 6410B, 6420C, 6440C 525.2 — Extended for

Broad Spectrum

! Standard Method Source: 20th Edition of Standard Methods for the Examination of Water and Wastewater, 1999,
American Water Works Association.

2 EPA Methods Source: EPA Office of Ground Water and Drinking Water. EPA Methods are available from the
National Technical Information Service (NTIS).

* Dissolved ozone residual measurements can also be from a properly calibrated and installed dissolved ozone
monitor or properly calibrated and installed dissolved ozone monitor.

t Standard Methods does not contain a method for enumeration and speciation of algae. It does, however, contain
methods for laboratory techniques that may need to be performed for proper enumeration and speciation of the algae.
Only an experienced and qualified laboratory analyst shall conduct algal enumeration and speciation.
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Table3. System Operating Data

Operational Parameter Frequency
Water Flow (gpm) Feed Water 3/d or 3/shift
Side Stream (if applicable) 3/d or 3/shift
Cooling Water 3/d or 3/shift
Water Pressure (psig) Inlet to Ozone System 3/d or 3/shift
Outlet of Ozone System 3/d or 3/shift
Side Stream (if applicable) 3/d or 3/shift
Cooling Water 3/d or 3/shift
Water Temperature (°C) Inlet to Ozone System 3/d or 3/shift
Outlet to of Ozone System 3/d or 3/shift
Side Stream (if applicable) 3/d or 3/shift
Gas Phase Ozone Feed Gas 3/d or 3/shift
F Concentration Off Gas 3/d or 3/shift
z (% wt)
Power Usage (kw/hr) Ozone Generator 3/d or 3/shift
m Air Preparation System or Oxygen System 3/d or 3/shift
Gas Phase Ozone Feed and Off Gas Monitors 3/d or 3/shift
E Cooling Water System 3/d or 3/shift
:. Destruct Units 3/d or 3/shift
Other pumps or motors 3/d or 3/shift
U Ozone Feed Gas Temperature (°C) 3/d or 3/shift
o Ozone Feed Gas Pressure (psig) 3/d or 3/shift
Ozone Feed Gas Flow (scfm) 3/d or 3/shift
n Atmospheric Pressure (psia) 1/d
Dew Point (if using air feed system) 1/d
m Ozone Production (1b/d) d
> Ozone Decay Rate (1/minute) (optional) 1/d
If applicable:
=i Peroxide feed concentration (mg/L) 3/d or 3/shift
: Peroxide feed rate (mL/min)
Peroxide to Ozoneratio (by weight)
u If applicable:
u Purity of oxygen supply (%) 1/d or 1/shift
Supplemental nitrogen flow rate (scfm), pressure (psig), and temperature (°C) 1/d or V/shift
q Supplemental air flow rate (scfm), pressure (psig), and temperature (°C) 1/d or 1/shift
¢ I applicable:
Operating parameters for UV-light systems (see ETV Equipment Verification 3/d or 3/shift
n Testing Plan for Microorganism Contaminant I nactivation by Ultraviolet Based
m Technology)
7))
=

April 2002 This TSTP has not been validated in the field or reviewed for editorial clarity. Page 3-40



CHAPTER 4

EPA/NSF ETV EQUIPMENT VERIFICATION TESTING PLAN
FOR THE REMOVAL OF SYNTHETIC ORGANIC CHEMICAL CONTAMINANTS
BY ADSORPTIVE MEDIA PROCESSES

Prepared by:
NSF International
789 Dixboro Rd.
Ann Arbor, Ml 48105

Copyright 2004 NSF International 40CFR35.6450.

Permission is hereby granted to reproduce al or part of this work,
subject to the limitation that users may not sell 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 Environmental Technology Verification (ETV) Technology Specific Test
Plan (TSTP) for evaluation of drinking water treatment equipment utilizing adsorptive media for
synthetic organic chemical (SOC) removal. This TSTP is to be used within the structure
provided by Protocol for Equipment Verification Testing for Removal of Synthetic Organic
Chemical Contaminants: Chapter 1 General Requirements This TSTP is to be used as a guide
in the development of the Product-Specific Test Plan (PSTP) for testing of adsorptive media and
related equipment to achieve removal of SOCs.

This document is applicable only to fixed-bed adsorption processes in which adsorption occurs
as water flows through a stationary bed of adsorptive media. It is anticipated that most such
systems will use granular activated carbon (GAC) as the adsorptive media, but other media types
are also acceptable for verification testing. This document is NOT applicable to slurry
systems, such as those using powdered activated carbon (PAC) or other diffuse adsorption
processes in which the adsor ptive media are added directly to water.

To participate in the equipment verification process for adsorption processes, the equipment
manufacturer and its designated Field Testing Organization (FTO) shall employ the procedures
and methods described in this TSTP and in the referenced ETV protocol document as guidelines
for the development of the PSTP. The FTO shall clearly specify in the PSTP, the SOCs targeted
for removal and the sampling program that shall be followed during verification testing. The
PSTP should generally follow those tasks outlined herein, with changes and modifications made
for adaptations to specific equipment. At a minimum, the format of the procedures written in the
PSTP for each task should consist of the following sections:

Introduction;

Objectives;

Work Plan;

Analytical Schedule; and
Evaluation Criteria.

The primary goal of equipment employed in this verification testing program is to remove SOCs
present in water supplies, treating water to compliance with Phase Il and V Rules of the Safe
Drinking Water Act (SDWA). The organic contaminants listed in Phase Il (Appendix A, Table
A.1) and Phase V (Appendix A, Table A.2) Rules include compounds classified as both SOCs
(including pesticides and herbicides) and volatile organic chemicals (VOCs). This document
focuses on verification testing of systems for the remova of SOCs (including pesticides and
herbicides) as classified in Phase Il and V Rules of the SDWA. For verification testing of
systems for the removal of VOCs listed in Phase I, Il, and V Rules of the SDWA, a companion
document should be used: EPA/NSF ETV Equipment Verification Testing Plan for the Removal
of Volatile Organic Chemical Contaminants by Adsorptive Media (EPA/NSF, 2002). These
documents may aso be used for verification testing of adsorptive media for the removal of
chemicals listed in Drinking Water Standards and Health Advisories (USEPA 2000), which are
included as Appendix B in this document.
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Experimental design of the PSTP shall be developed so that relevant performance specifications
for adsorptive media related to SOC removal are addressed. The manufacturer may wish to
establish a statement of performance capabilities (see Section 3.0, General Approach) that is
based upon removal of target SOCs from influent water sources, or aternatively, one based upon
compliance with drinking water standards. For example, the manufacturer could include in the
PSTP a statement of performance capabilities that would achieve compliance with maximum
contaminant levels (MCLS) stipulated in the National Primary Drinking Water Standards or the
EPA National Secondary Drinking Water Regulations for a specific water quality parameter.

The experimental design of the PSTP shall be developed to address the specific statement of
performance capabilities established by the manufacturer. Each PSTP shall include all of the
tasks described in this document, Tasks 1 to 8. An overview of the tasksis given in Section 6.0,
Overview of Tasks.

20 INTRODUCTION

Fixed-bed adsorptive media processes are currently used for a number of water treatment
applications, including remova of color, taste and odor, disinfection byproduct precursors
(DBPs), SOCs, VOCs, and inorganic compounds (Snoeyink and Summers 1999). Performance
of adsorptive media for SOC removal is highly dependent on a number of &ctors, including
influent SOC concentration; influent water quality, including other SOCs or VOCs, background
organic matter (BOM), pH, temperature; and system design, including empty-bed contact time
(EBCT) and adsorbent type. Adsorption is not a steady-state process; this TSTP is designed
based on a statement of performance capabilities that specifies a run time achievable for a given
fixed-bed adsorptive media process under specified influent conditions. The run time is the
operation time of the system during which time the remova of SOC(s) meets or exceeds that
stated in the manufacturer’s statement of performance capabilities. Alternatively, the statement
of performance capabilities may specify a maximum adsorbent usage rate (AUR) to be verified.

Standard pretreatment, such as cartridge filtration, included as part of the packaged/modular
adsorption treatment equipment is considered an integral part of the treatment system. In such
cases, the system shall be considered as a single unit and the pretreatment process shall not be
separated for evaluation purposes.

Additional pretreatment processes may be required to reduce particle loading to the adsorption
process for surface water applications (and ground waters in which iron and manganese
precipitation is an issue). These are considered to constitute a separate treatment module whose
performance and operation are outside the scope of this document. Where such pretreatment is
required to reduce the fouling potential of the adsorption process feed weter, consult the ETV
document, EPA/NSF ETV Protocol for Physical Removal of Microbiological and Particulate
Contaminants (EPA/NSF 2002), for evaluation testing procedures.

Two or more parallel contactors, whose effluents are blended prior to further treatment or
distribution, are considered one system for the purposes of verification testing.

January 2004 This TSTP has not been validated in the field. Page 4-6
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30 GENERAL APPROACH

Testing of equipment covered by this TSTP shall be conducted by an FTO that is quaified by
NSF International (NSF) and selected by the equipment manufacturer. Testing of analytical
water quality performed in conjunction with this TSTP shall be contracted with a laboratory that
is certified, accredited or approved by a state, a third-party organization (i.e., NSF), or the EPA.

For verification testing, the manufacturer shall identify in a statement of performance
capabilities, the specific performance criteria to be verified and the specific operational
conditions under which the verification testing shall be performed. The statement of
performance @pabilities must be specific and verifiable. Statements should also be made
regarding the applications of the equipment, the known limitations of the equipment and under
what conditions the equipment is likely to under perform or fail. There are differert types of
statements of performance capabilities that may be verified. Examples are provided in Table 3.1.

Verification testing shall consist of an evaluation of the fixed-bed adsorptive media treatment
system using an influent water containing one SOC at target influent concentrations equal to that
stated in the statement of performance capabilities, for a minimum period of 13 days and one 8
hour shift. Statistical analyses of the data results shall include averages, minimum, and
maximum for each analyte. For sample sets of eight or more, the results shall aso include the
standard deviation and confidence interval for each analyte. A pilot plant representing the
package plant shall not be substituted for the actua package treatment system. The 13.3-day
minimum testing period is designed to allow for an evaluation of the system’s mechanical and
hydraulic integrity and operability under field conditions, as well as to assess SOC removal

performance for 13.3 days of operation. However, breakthrough of the SOC will often not occur
within the first 13.3 days of operation. Consequently, verification testing of the system for
longer than 13.3 days may be desirable to achieve breakthrough and will be necessary to verify a
manufacturer’s statement of performance capabilities of run time greater than 13.3 days. For
adsorption systems incorporating in-place media regeneration, the effectiveness of regeneration
shall aso be assessed.

January 2004 This TSTP has not been validated in the field. Page 4-7



Table 3.1 Examples of Statements of Perfor mance Capabilities

Testing Singleor Example Statement of Performance Capabilities
Mode Multiple

Compounds
Constant Sngle This single-contactor package plant, when operated at a GAC EBCT of
influent, low 15 minutes or more, is capable of maintaining a treated water endrin
variability concentration below 2 pg/L for up to 60 days (AUR £ 0.086 g/L or 0.72

Ib/1,000 gd) in GAC influent waters containing mean endrin
concentrations at or below 20 pg/L with low variability (RSD £ 10%);
TOC concentrations at or below 3.0 mg/L; turbidity levels at or below
1.0 Nephlometric Turbidity Units (NTU); and temperature between 20
and 25°C, containing no other SOCs at levels above 1 pug/L.

Multiple This single-contactor package plant, when operated at a GAC EBCT of
15 minutes or more, is capable of maintaining a treated water endrin
concentration below 2 pg/L for up to 120 days (AUR £ 0.043 g/L or
0.36 1b/1,000 ga) in GAC influent waters containing mean endrin
concentrations at or below 20 pg/L with low variability (RSD £ 10%);
TOC concentrations at or below 3.0 mg/L; turbidity levels at or below
1.0 NTU; temperature between 20 and 25°C; containing the following
SOCs. dinoseb at 12 pg/L, smazine a 5 pg/L, 24-D a 10 pg/L. A
performance statement could also be made for these other compounds.

Constant Sngle This single-contactor package plant, when operated at a GAC EBCT of
influent, high 15 minutes or more, is capable of maintaining a treated water endrin
variability concentration below 2 pg/L for up to 60 days (AUR £ 0.086 g/L or 0.72

Ib/1,000 gal) in GAC influent waters containing mean endrin
concentrations at or below 25 pg/L with high variability (ranging from 5
to 40 pg/L, RSD 2 30 and £ 60% ); TOC concentrations at or below 3.0
mg/L; turbidity levels at or below 1.0 NTU; and temperature between 20
and 25°C, containing no other SOCs at levels above 1 pg/L.

Multiple This single-contactor package plant, when operated at a GAC EBCT of
15 minutes or more, is capable of maintaining a treated water endrin
concentration below 2 pg/L for up to 90 days (AUR £ 0.058 g/L or 0.49
Ib/1,000 gdl) in GAC influent waters containing endrin concentrations at
or below 25 pg/L with high variability (ranging from 5 to 40 pg/L, RSD
3 30 and £ 60%); TOC concentrations at or below 3.0 mg/L; turbidity
levels a or below 1.0 NTU; temperature between 20 and 25°C;
containing the following SOCs: dinoseb at 12 pg/L, smazine at 5 pg/L,
24-D at 10 pg/L. A performance statement could also be made for these
other compounds.
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Table 3.1 Examples of Statements of Perfor mance Capabilities (cont.)

Attenuation Sngle This single-contactor package plant, when operated at a GAC EBCT of 15
of spiked minutes or more, is capable of maintaining a treated water endrin
influent concentration below 2 pg/L for up to 60 days (AUR £ 0.086 g/L or 0.72

Ib/1,000 gal) after the GAC influent water begins receiving a spike of
endrin a a mean concentration of 25 pg/L (with low variability, RSD £
10%) for 48 hours, after treating the following water quality with no
SOCs present for 120 days or less; TOC concentrations at or below 3.0
mg/L; turbidity levels at or below 1.0 NTU; and temperature between 20
and 25°C, containing no other SOCs &t levels above 1 pg/L.

Multiple This sngle-contactor package plant, when operated at a GAC EBCT of 15
minutes or more, is capable of maintaining a treated water endrin
concentration below 2 pg/L for up to 90 days (AUR £ 0.058 g/L or 0.49
Ib/1,000 gal) after the GAC influent water begins receiving a spike of
endrin at a mean concentration of 25 pug/L (with low variability, RSD £
10%) for 48 hours; after treating the following water quality with no
SOCs present for 120 days or less; TOC concentrations at or below 3.0
mg/L; turbidity levels at or below 1.0 NTU; temperature between 20 and
25°C; with the following SOCs aso contained in the 48-hour spiked
influent: dinoseb at 12 pg/L, smazine at 5 pg/L, 2,4-D a 10 pg/L. A
performance statement could also be made for these other compounds.

The design and duration of the equipment verification testing is based on the overall equipment
performance demonstration goal of the test. At a minimum, verification testing must accomplish
a demonstration of system integrity and initial performance by operating the system for a
minimum of 13.3 days [System Integrity Verification Testing (SIVT)]. Equipment verification
testing for a time period exceeding 13.3 days may have two objectives. Objective A includes
completing the requirements of SIVT, and then evaluating adsorption capacity by testing until
breakthrough of the SOC. Objective B also includes completing the requirements of SIVT, and
then evaluating adsorption capacity to a run time greater than 13.3 days, but prior to
breakthrough of the SOC. Testing under Objective B will result in termination of testing prior to
breakthrough, yielding an AUR higher than that potentially achievable by the system. However,
due to long run times to breakthrough for highly adsorbable SOCs, it may be preferable to
terminate the test prior to breakthrough, still showing that run times substantially greater than
13.3 days are achievable by the system for the SOC tested. For both SIVT and both optiona
objectives, the AUR shall be determined by the run time of the last effluent sample taken during
testing (if testing is terminated prior to breakthrough), or the run time to breakthrough,
whichever occurs first.

During verification testing, the target SOC may aready be present in the source water used.

However, the manufacturer may wish to perform verification testing at an influent concentration
higher than that of the SOC normally present in the source water, or the manufacturer may wish
to test for a compound not detected in the source water to be tested. In these cases, the
adsorption influent water may be spiked to the target concentration with the SOC to be tested.

January 2004 This TSTP has not been validated in the field. Page 4-9
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If a manufacturer’s statement of performance capabilities bases performance on simultaneous
treatment of multiple SOCs, verification testing shall be performed with an equivalent mixture of
multiple SOCs (specific SOCs and influent concentrations targeted based on the statement of
performance capabilities). Although testing with multiple influent SOCs is allowable, this TSTP
is designed to verify performance of a single SOC influent. However, standard verification
testing o a multiple-compound manufacturer’s statement of performance capabilities can be
conducted using this TSTP. For verification testing of an AUR by testing until breakthrough of
the SOC (Objective A), this document provides guidance for estimating the usage rate. This
guidance, however, is based on a single compound influent, and is not directly applicable to
multiple-compound influents, due to the impact of competitive adsorption. The manufacturer’s
statement of performance capabilities may be based on arun time for a single compound within
the mixture of compounds, or it may be based on multiple run times for each of multiple
compounds. For regulated SOCs, the AUR will be based on the first compound to exceed the
MCL in the system effluent.

Verification testing of three modes of operation are possible under this TSTP. (1) constant
influent with low variability, (2) constant influent with high variability about a target mean
concentration, and (3) attenuation of a spiked influent. Most statements of performance
capabilities will be based on the presence of a single influent SOC at a constant concentration
with low variability, and this TSTP has been designed to verify these types of manufacturer’s
statements of performance capabilities. However, this TSTP may also be used to perform
verification testing under conditions of highly variable influent SOC concentrations about a
target mean concentration and attenuation of a spiked influent. For verification testing of
attenuation of a spiked influent, the statement of performance capabilities must state the amount
of time the system was in operation receiving influent water without the SOC to be spiked before
spiking begins, asin the example given in Table 3.1.

Package plants that operate by blending the effluents of more than one contactor in parallel prior
to further treatment and distribution shall be evaluated by assessing the water quality of the
blended effluent from all contactors. |f contactors are operated in staggered operation cycles to
improve the overall efficiency of the process, then effluent testing will still be performed on the
blended effluent of all contactors. The statement of performance capabilities shall clearly state
the number of contactors operated and clearly describe the mode of operation (parallel or
parallel-staggered) so that package plant performance can be evaluated in terms of the mode of
operation employed.

For verification testing of Objective A (testing until breakthrough is reached), breakthrough is
defined as reaching an effluent concentration of the SOC tested. This concentration can be
chosen by the manufacturer or it can be a level equal to a regulated or proposed MCL, in which
case the statement of performance capabilities should designate it as such. Depending on the
quality and amount of data gathered to characterize the breakthrough curve, the AUR can be
calculated by different methods, as described in Section 11.5.

40 BACKGROUND

This section provides a brief overview of SOC regulations, SOC health effects, SOC removal by
fixed-bed adsorptive systems, and adsorption system design. This information should assist in
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providing a background on SOC removal by adsorption processes and on the applicability of
fixed-bed adsorption processes to treatment of SOCs. Due to the predominance of the use of
GAC media for adsorption, the information presented in this section will focus on adsorption
usng GAC. The teem SOC as used in this section includes volatile, semi volatile, and
nonvolatile compounds.

4.1  SOC Health Effects and Regulations

Three genera types of organic compounds found in water are (1) compounds resulting from the
breakdown of naturally-occurring organic materia, such as humic materials from plants and
algae, microorganisms and their metabolites, and high molecular weight aliphatic and aromatic
hydrocarbons; (2) compounds formed due to domestic and commercial activities (SOCs); and (3)
compounds formed by chemical reactions during water treatment and transmission (Cohn, Cox,
and Berger 1999). SOCs include pesticides, solvents, metal degreasers, and polychlorinated
biphenyls.

The 1974 SDWA specified the process by which EPA adopted national drinking water
regulations, including the establishment and publication of recommended maximum contaminant
levels (RMCLS), set at levels at which no known or anticipated health effects would occur
(Pontius and Clark 1999). RMCLs were followed by the establishment of MCLSs, set as close to
the RMCL as economically and technically feasible. Currently, 56 organic contaminants are
regulated under Phase | Rule Volatile Organic Contaminants, Phase Il Rule Contaminants, and
Phase V Rule Contaminants. Appendix A lists currently regulated organic contaminants,
including MCL goal (MCLG), MCL, potential health effects and sources of dinking water
contamination. Appendix B contains the most recent Drinking Water Sandards and Health
Advisories tables available (USEPA 2000), listing 172 SOCs, and describing the status of their
legidation, MCLGs, MCLs, health advisory document status, and available health effects data.
These tables are revised periodically by EPA and can be accessed on the Internet at
www.epa.gov/ost/drinking/standards/summary.html or a copy may be ordered by calling the Safe
Drinking Water Hotline (1-800-426-4791).

The SDWA also requires that EPA establish a list of contaminants that serves as the primary
source for priority contaminants considered for regulation. The list is divided into contaminants
that are priorities for future research, those that need additional occurrence data, and those that
are priorities for future rulemaking. The final Drinking Water Contaminant Candidate List
(CCL) was published in 1998. The CCL can be accessed on the Internet at
www.epa.gov/safewater/ccl/cclfs.html.

4.2  SOC Removal by Adsorption Processes

Removal of organic compounds by adsorption occurs through several steps. external diffusion,
internal diffusion, and adsorption. First, organic compounds are transported from the bulk
solution to the boundary layer of water surrounding the adsorbent particle. Second, organic
compounds are transported by molecular diffusion through the external boundary layer (film
diffusion). Third, organic compounds are transported through the adsorbent’s pores to an
available internal adsorption site.  The transport mechanism for internal diffusion can be pore
diffusion, molecular diffusion through the solution within the pores, or surface diffusion
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(diffusion along the adsorbent surface after adsorption has occurred). The final step is physica
adsorption of the organic compound to the adsorbent. The slowest step of these four is the rate-
limiting step, and it will control the rate of organic compound removal. In adsorption by GAC,
the rate-limiting step is usually film diffusion or pore diffusion (Sroeyink and Summers 1999).

4.3  Application of Adsorptive Media

In a GAC fixed-bed adsorption system, the mass transfer zone (MTZ) is the region in which
adsorption is taking place. The activated carbon behind the MTZ is completely saturated with
the adsorbate, while that ahead of the MTZ has not been exposed. Within the MTZ, the degree
of saturation varies from zero to complete saturation. The length of the MTZ can vary (see
Snoeyink and Summers 1999 for more information on factors affecting the MTZ length) and in
some cases, the MTZ is very short and an ideal plug-flow behavior can be assumed. This
assumption simplifies analysis and prediction of run time to breakthrough for adsorption of a
sngle compound. Breakthrough is defined as the point when the contactor effluent
concentration reaches the maximum acceptable effluent concentration, which is also referred to
as the treatment objective. The breakthrough curve is a plot of column effluent concentration as
afunction of operation time or throughput in bed volumes (BV) treated. Throughput is related to
operation time by EBCT, as presented in Equation 1:

Operation time (days) :1,440 min/day
EBCT (min)

Throughput (BV) = )

EBCT is the hydraulic retention time of an empty contactor. The EBCT parameter normalizes
bed depths at different loading rates and it is calculated as the volume of the contactor occupied
by the adsorbent divided by the flow rate.

The performance of adsorptive media for removal of SOCs varies widely. In large part,
performance is dependent on the influent concentration and adsorbability of the compound
studied. For a 6 minute EBCT adsorber with bituminous coal-based GAC, breakthrough of
trichloroethene to 50% of its influent concentration (310 pg/L) occurred after 25,000 BV (104
days). Breakthrough of cis-1,2 dichloroethene to 50% of its influent concentration (70 ug/L)
occurred after 17,000 BV (59 days) in a 5-minute EBCT contactor, also using bituminous coal-
based GAC (Sontheimer, Crittenden, and Summers 1988).

The equilibrium relationship between the solid phase concentration (quantity of adsorbate per
unit adsorbent), ge, and the equilibrium solution concentration, Ckg, is the adsorption isotherm.
This relationship can be described by the Freundlich equation, as presented in Equation 2:

gg = KGE'" R

where K and 1/n are constants. The constant K is related to the capacity of the adsorbent for the
adsorbate, and 1/n is a function of the strength of adsorption (Snoeyink and Summers 1999).
Vaues for K and 1/n have been tabulated for many SOCs in the literature (Snoeyink and
Summers 1999; Sontheimer, Crittenden, and Summers 1988; Faust and Aly 1998; Speth and
Miltner 1990, 1998). The value and units of K are dependent on the units of Cg and Q.
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Many researchers have shown that the presence of BOM can have a negative impact on the
adsorption capacity of an adsorbent for SOCs. Relative to the SOC targeted for remova by
adsorption, BOM will move more rapidly through the contactor and adsorb onto adsorbent sites.
As more adsorption sites are taken by preloading with BOM, the capacity of the adsorbent for
the SOC is reduced (Crittenden et al. 1985; Sontheimer, Crittenden, and Summers, 1988; Speth
and Adams 1993; Snoeyink and Summers 1999). In one study, the capacity of activated carbon
for trichloroethene (TCE) was reduced by 50% when the carbon was preloaded with BOM, as
compared to adsorption in distilled water (Summers et al. 1989).

Competitive adsorption can also impact performance. In many cases, other SOCs will be in
solution in the source water to be treated for removal of a specific SOC. The amount of
adsorbent required for the same removal of a specific SOC within a mixture of SOCs will be
greater than that for adsorption of the SOC in a single solute system. SOCs will compete for
adsorption sites on the adsorbent surface (Snoeyink and Summers 1999). In addition,
displacement of adsorbed compounds from the surface of the adsorbent can result in an effluent
concentration greater than the influent concentration. More information on competitive effects
can be found in the literature (Sontheimer, Crittenden, and Summers 1988; Speth and Adams
1993; Snoeyink and Summers 1999).

Adsorptive media designed for the removal of SOCs can be used to remove a SOC present in the
source water at a constant concentration, yielding an effluent concentration below the treatment
objective; when the treatment objective is reached, the mediais replaced or regenerated in-place.
The influent SOC concentration may be fairly constant, or highly variable. In another
application, adsorptive media can attenuate a SOC spike event, such as a spill, lowering the
effluent concentration of the SOC to alevel that is below the treatment objective. ThisTSTP can
be used to evaluate adsorptive media as treatment to constant SOC influent concentration (low or
high variability) and to attenuate a short-duration spike of an SOC.

During operation of an adsorbent contactor subjected to a constant influent SOC concentration,
the concentration of the SOC in the influent and effluent can be monitored and plotted. A plot of
the effluent concentration as a function of operation time or throughput in BV treated is a
breakthrough curve. Breakthrough curves are often generated by pilot-scale contactors to
develop design criteria for full-scale systems. As defined in this document, breakthrough is
reached when the concentration of the target compound in the adsorbent contactor effluent
reaches the treatment objective, often the MCL. Immediate breakthrough is the level of
adsorbate present in the adsorbent contactor effluent at the start of operation. For many highly-
adsorbable SOCs, this level will not be detectable. Initial breakthrough is the point at which
effluent concentrations begin to rise above immediate breakthrough levels.

The breakthrough curve is often used to determine the AUR. The AUR is the mass of adsorbent
required to treat a specific volume of water to a predetermined quality. High AUR values result
in increased operation and maintenance (O&M) costs caused by more frequent adsorbent
replacement. The AUR can be calculated by the formula presented as Equation 3:

AUR =—

3)

BVt
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where r is the apparent density of the adsorbent and BV is the BV to breakthrough. The AUR
commonly has units of 1bs/1,000 gal or g/L. The AUR can be converted from g/L to Ibs/1,000
ga by multiplying the value in g/L by 8.35 Ib-L/g-1,000 gal.

At an influert concentration, Cop, assuming a symmetrical breakthrough curve, the adsorbent
capacity g can be estimated for a specific compound from the breakthrough curve by the formula
presented as Equation 4:

q= L (4)
AUR pr=500

where AURyt=509% IS the AUR calculated at 50% breakthrough of the compound. This
approximation of adsorbent capacity is only valid at the influent concentration Cp) of the
compound. It is not valid at other influent concentrations; capacity is highly dependent on
influent concentration.

4.4  Adsorption System Design Considerations
441 Contactor Configuration and Operation

An important contactor design parameter is the EBCT. The EBCT has a large impact on
cost and performance of an adsorbent system. Ingeneral, systems with shorter EBCTS
have lower capital costs, but higher O&M costs due to more frequent adsorbent
replacement. Large EBCTs will result in lower O&M costs, but higher capital costs.

Most GAC system EBCTSs range from 5 to 20 minutes. The BBCT can be calculated by
the following equations, presented as Equation 5:

eBcT=Y-_Lt -_L

=— ()
Q Q/A HLR
where V is the volume of bed occupied by the adsorbent, Q is the flow rate, L isthe
adsorbent bed length, A. is the cross-sectional adsorbent bed area, and HLR is the

hydraulic loading rate.

In some cases, it is advantageous to operate two contactors in series, where half of the
required adsorbent media (and therefore EBCT) is contained in each. A sampling port
between the two contactors allows for monitoring of breakthrough of the compound
being treated. The spent adsorbent in the upper half of the system can be replaced or
regenerated, and the flow of water rerouted so the contactor containing fresh adsorbent is
downstream. See Sontheimer, Crittenden, and Summers (1988) and Snoeyink and
Summers (1999) for more information on contactor configuration.

Package plants that contain more than one adsorbent contactor in parallel operation can
achieve more efficient AURs by staggering the operation of paralel contactors (at the
expense of higher capital costs). When multiple contactors are operated in parallel and
staggered with respect to their operation cycles (Figure 4.1), the blended effluent of all
contactors constitutes the water quality treated by the system. Under this mode of
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operation, poorer water quality of older contactors is blended with high quality water
from contactors containing fresh adsorbent. The water quality of each contactor may
exceed the treatment objective, but the blended water quality is maintained below the
treatment objective. Thus, each contactor can be operated for a longer period of time as
compared to single contactor operation (USEPA 1999).

For small package plants, this mode of operation may not aways be feasible since the
logistics of staggering the operation of a very small number of contactors (e.g., two), due
to the characteristics of the breakthrough curve of the SOC being treated could lead to an
increase in capital costs. A very sharp breakthrough curve could lead to difficulties in
scheduling contactors for replacement. However, O&M costs may be lowered
substantially when contactors are operated in parallel-staggered mode, especialy if the
package plant is comprised of several contactors, or if several package plants are operated
in parallel. Based on a modeling analysis of multiple contactor operation presented by
the USEPA (1999), operation times for two contactors operated in parallel-staggered
mode are estimated as 29 to 50% longer than that for a single contactor, assuming a
treatment objective of 40 to 60% breakthrough. For the same treatment objective, the
gaininindividua contactor operation time is estimated as 43 to 67% for three contactors,
and 55 to 83% for four contactors. The range in estimates is a function of the shape of
the breakthrough curve and the relative treatment objective. These estimates may not be
applicable to extremely sharp breakthrough curves.

Influent water

O O O o

Disinfectant

TIT T

Blended effluent water

Figure 4.1 Multiple Adsorbent Contactors Operated in Parallel-Staggered M ode
(Adapted from USEPA 1999)

4.4.2 Typesof Adsorbents

The most widely used adsorbent is activated carbon. The most commonly used raw
materials for producing activated carbon used in water trestment are bituminous coal,
peat, lignite, petrol coke, wood, and coconut shells. The pore structure and adsorbent
properties of activated carbon are a function of the raw material used and the activation
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process—activating agent, length of activation and temperature of activation. The
surface area of activated carbon used for water treatment ranges from 600 to 1,500 nf/g
(Sontheimer, Crittenden, and Summers 1988).

Many types of synthetic resins have been used for adsorption of organic compounds from
water. Synthetic resins vary in both the functional groups and the matrices that support
functional groups (Snoeyink and Summers 1999). More information on types of ion
exchange resins can be found in Clifford (1999) and Snoeyink and Summers (1999).

45 In-Place Regeneration

Once the effluent concentration of the SOC treated exceeds the treatment objective, the
adsorbent is taken off-line and regenerated or replaced with fresh adsorbent. Some adsorption
systems, especialy resins, are designed for in-place regeneration. Normally, in-place reactivation
is produced by addition of a strong base solution or a solvent such as acetone or isopropanol to
the adsorbent bed. The ability of the regeneration step to restore the resin’s capacity is important
and isincluded as part of the verification testing.

5.0 DEFINITION OF OPERATIONAL PARAMETERS AND ABBREVIATIONS
Definitions and abbreviations that may apply to adsorptive media processes for SOC include:

1/n: Freundlich exponent constant.

Adsorbate: the molecule adsorbed on to the surface of the adsorbent.

Adsorbent: the solid material onto which molecules adsorb, such as GAC or synthetic resins.

Adsorbent capacity: mass of solute adsorbed per unit mass of adsorbent at a given point of
operation, commonly equilibrium.

Ac: cross-section area of adsorbent bed.
Adsorption capacity: see adsorbent capacity.

Adsorbent usage rate (AUR): the mass of adsorbent required to treat a specific volume of
water to a predetermined quality, in units of g/L or [b/1,000 gal (1 g/L = 8.35 Ib/1,000 gal).

AURpi=500: AUR calculated at 50% breakthrough of the compound.
AURpw: AUR for acompound in distilled water.
AURNw: AUR for acompound in natural water (in the presence of BOM).

Bed volumes (BV): a normalized unit of throughput, defined & operation time divided by
EBCT.
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BOM: background organic matter. Measurement of the source water total organic carbon (TOC)
concentration will provide an indicator of the level of BOM present.

Breakthrough: the point when the concentration of a target @mpound in the adsorbent
contactor effluent reaches the treatment objective.

Breakthrough curve: aplot of effluent adsorbate concentration as a function of operation time
or throughput in BV, usualy extending past the breakthrough point to exhaustion. The curve is
characteristic of the adsorbent, adsorbate, system parameters, and influent water quality.

BVpi: BV to breakthrough.

CCL: Drinking Water Contaminant Candidate List.
Ce: equilibrium solution concentration.

Ce: concentration in the adsorbent contactor effluent.

Co: concentration in the adsorbent contactor influent.

Ce: average contactor effluent concentration for a GAC breakthrough curve operated until
exhaustion.

dio: effective size, defined as the sieve opening size (mm) at which 10% of the sample passes.

dso: mean particle diameter, defined as the sieve opening size (mm) at which 50% of the sample
passes.

Empty-bed contact time (EBCT): the hydraulic retention time of an empty contactor, defined
as volume of the contactor occupied by the adsorbent divided by the flow rate, Q.

Er: theregeneration efficiency (percent).

Exhaustion or saturation: the point in the breakthrough curve when the effluent concentration
reaches its influent concentration, indicating that no adsorption is occurring. In practice, effluent
concentrations may reach a plateau below the influent concentration because the adsorbate is
removed by other mechanisms, such as biodegradation or slow adsorption kinetics.

GAC: granular activated carbon.
gpm: galons per minute.
HLR: hydraulic loading rate.

Hydraulic loading rate: the velocity or flow rate fer area at which water is loaded to the
contactor (Q/A; or L/EBCT), usually in units of gpm/ft= or m/hr.

K: Freundlich constant.
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L: length of contactor, usually in units of meters.
Loading rate: see hydraulic loading rate.

m: meters.

ma: mass of adsorbent.

MCL: maximum contaminant level.

MCLG: maximum contaminant level goal.

mg: mass SOC recovered in the regeneration stream.
MRL: minimum reporting level.

min: minutes.

Ns: minimum number of paired influent and effluent samples required to be taken.
Q: volumetric flow rate.

g: adsorbent capacity, in units of mass of adsorbate/mass of adsorbent (also moles of
adsorbate/mass of adsorbent).

ge: equilibrium adsorbent solid phase concentration of the adsorbate.

(q)o: mass of adsorbate adsorbed (mg/g) when the contactor effluent concentration is equal to
the influent concentration.

r : apparent bed density of the adsorbent, in units of g/L, kg/n?, or Ib/ft°.
reac: apparent bed density of the adsorbent, in units of g/L, kg/n?, or Ib/ft,

RSD: relative standard deviation, calculated as the standard deviation (s ) divided by the mean
(y).

S : standard deviation.

SCADA: Supervisory Control and Data Acquisition System.

SOC: synthetic organic chemical.

t: operation time, usually in units of days or hours.

tpt: Operation time to breakthrough, usually in units of days or hours.

Throughput: dimensionless time of operation in BV.
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TOC: total organic carbon.
UV-254: ultraviolet absorbance at 254 nm.
V: contactor volume.

VOC: volatile organic chemical.
y: mean.

Ypt: adsorbent throughput to breakthrough, in units of BV.

6.0 OVERVIEW OF TASKS
6.1 Task 1. Characterization of Source Water Quality

This task includes an analysis of available historic data for the source water to be treated,
including the concentrations of SOCs and water quality parameters, as well as seasonal
variability in concentrations. SOCs (including VOCs) aready present in the source water can
impact the performance of the adsorptive media for SOC removal depending on the
concentration of the background SOCs and their adsorbability relative to the SOC to be tested.
Furthermore, BOM can also reduce the capacity of the adsorbent for SOCs, and this “fouling”
tends to be greater at higher BOM concentrations. Finally, an assessment of the need for
pretreatment or the appropriateness of currently planned pretreatment must be made based on
source water quality.

If sufficient historic datais not available to properly evaluate the source water quality, additional
monitoring of the source water shall be performed to adequately assess source water quality.

6.2 Task 2. System Design and Operation

This task involves procedures for determining the design and operating parameters of the
adsorptive media treatment system. The following tasks shall be performed or documented: the
experimental mode of operation, treatment system design parameters, start-up and O&M
procedures, an operations monitoring plan, and an estimate of the run time to SOC breakthrough
(for verification testing beyond the minimal 13.3-day period).

6.3 Task 3: System Integrity Verification Testing (SIVT)

The objectives of this task are to demonstrate that the equipment is (1) able to initially produce a
finished water as described in the manufacturer’s statement of performance capabilities and (2)
able to reliably operate under field conditions. The equipment is operated, monitored, and
sampled for approximately two weeks. This task evaluates the short-term ability of the
equipment to produce water of acceptable quality. SIVT is not designed to evaluate the long-
term ability of the equipment to treat water containing SOCs. SIVT must be performed at least
once for each system evaluated under this TSTP.
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6.4  Task 4. Adsorption Capacity Verification Testing (ACVT)

After Task 3 has been performed, the long-term effectiveness of the treatment system to remove
SOCs shal be evaluated by Task 4. The main purpose of Adsorption Capacity Verification
Testing (ACVT) is to evauate the capability of the adsorptive media treatment system for
remova of SOCs. Specificaly, the AUR will be determined for the SOC tested. The AUR will
be assessed under the design and operation conditions of the treatment system, as well as influent
water quality conditions of the source water after pretreatment, if any. Influent and effluent
sampling guidelines are described based on the experimental design (constant influent with low
variability, constant influent with high variability, or attenuation of a spiked influent).

6.5 Task 5. In-Place Regeneration

Some treatment systems may use adsorptive resins that can be regenerated in-place, and may
incorporate regeneration capability as an integral part of the equipment. In such cases, the
objective of this task is to evaluate regeneration effectiveness and the impact of regeneration of
performance.

6.6 Task 6: Operation and Maintenance Manual

The FTO shall obtain the manufacturer-supplied O& M manual(s) to evaluate the instructions and
procedures for their applicability during the verification testing period. Recommendations for
criteria for the evaluation of O& M manuals for package plants employing adsorptive media for
SOC remova are given in this section.

6.7 Task 7: Data Management

The objective of this task is to establish an effective field procedure for data management at the
field operations site and for transmission of data obtained during the verification testing from the
FTO to NSF.

6.8 Task 8 Quality Assurance/Quality Control

The objective of this task is to develop a Quality Assurance/Quality Control (QA/QC) plan for
verification testing. This important item will assist in obtaining an accurate measurement of
operational and water quality parameters during adsorptive media system verification testing.

7.0 TESTING PERIOD

Guidelines for adsorptive media equipment verification testing frequency and duration are given
in this section. To some extent, the number and length of test runs conducted will depend on
how rigorous a demonstration the equipment manufacturer wishes to perform, and how strong a
statement of performance capabilities the manufacturer would like to be able to make about
equipment performance.

During initial operations, a manufacturer shall evaluate equipment operation and determine the
appropriate conditions that result in effective treatment of the feed water. After an initia
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operations step, atest run shall consist of operating the treatment equipment for 13 days and one
8-hour shift of actual run time, the minimum required testing duration to satisfy the requirements
of this TSTP. Although 13.3 days of operation are adequate to verify system integrity (e.g.,
mechanical and hydraulic functioning, excessive headloss, channeling, etc.), SOCs at levels
typically found in natural source waters will not achieve breakthrough within 13.3 days of
operation. Equipment manufacturers should recognize that a statement of performance
capabilities that their adsorption system could treat a natural source water effectively for 13.3
days without exhibiting SOC breakthrough would not be impressive. For this reason, it is
expected that the test will be made more rigorous (strengthening the statement of performance
capabilities a manufacturer could make) by operating the test equipment for a longer period or
until breakthrough of SOCs is achieved. Task 3 shall consist of 13.3 days of testing for
verification of system integrity. Task 4, adsorption capacity verification testing, shall verify the
long-term effectiveness of the treatment system to remove SOCs.

For tests not running until breakthrough, the AUR reported can be based on no greater arun time
than the total operation time during which the equipment was operated as of the last pair of SOC
influent and effluent samples taken. To verify a minimum AUR, or longest possible run time
while maintaining the target SOC concentration below the treatment objective as stipulated in the
manufacturer’s statement of performance capabilities, the system must be operated until
breakthrough is achieved. Once breakthrough occurs, and the effluent SOC concentration is
greater than the treatment objective stated in the manufacturer’s statement of performance
capabilities, it is no longer necessary to continue operation of the system, unless a complete
breakthrough curve is desired. It may be desirable to capture the complete breakthrough curve,
however, as the AUR can be calculated based on the last effluent sample with concentration
lower than the treatment objective, or by an interpolation of a best-fit curve approach to a
complete breakthrough curve data set. These options are described in Section 11.5.

Definition of target treatment objective exceeded. Due to analytical and experimental
variability, the concentration of the SOC in the contactor may increase above the treatment
objective, only to fall below it on a subsequent sampling. Therefore, it is recommended that
verification testing be designed to produce the best possible quality data set, one that clearly
shows the breakthrough curve trend and minimizes scatter in the data caused by analytical and
experimental variability. If the data set clearly shows a breakthrough trend, with some
variability, abest-fit curve may be used to fit the data, and the point at which the effluent SOC
concentration exceeds the treatment objective can be interpolated. Otherwise, the last sample
taken (with concentration below the treatment objective) prior to the first point at which the
effluent equals or exceeds the treatment objective shall designate the run time for purposes of
calculation of the AUR. It is worthwhile to develop a very good quality data set that can be fit to
a curve. Utilizing the run time of the last data point prior to the first data point with a
concentration above the treatment objective will yield a conservative estimate of the run time to
breakthrough.

The duration of verification testing to determine the AUR based on operation until the SOC
tested reaches breakthrough for many SOCs will be longer than 13.3 days. The length of the
testing period will depend on the adsorbability and concentration of the compound tested.
Highly adsorbable compounds may yield operation times greater than one year in length prior to
breakthrough. The run termination criteria can be based on achieving breakthrough (as defined
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by an effluent SOC concentration exceeding the MCL or other treatment objective). In this case,
the testing period would be the shortest time necessary to verify the AUR. The AUR will be
determined for a test regardless of the operation time; when the test is terminated prior to
breakthrough, the AUR will be calculated based on the total run time for which the SOC was
treated while effluent levels were maintained below treatment objective. For verification testing
operating until breakthrough or beyond, a best-fit curve of the data set can be used to interpolate
the run time used for the AUR calculation. In addition, a full breakthrough curve is information
that may be of benefit to the manufacturer. Determining the AUR is explained in more detail in
Task 2, System Design and Operation.

For ACVT of attenuation of a spiked SOC compound, the testing period shall begin when the
application of the spike ends (see examples in Table 3.1). The amount of time the system is
operated prior to, during, and after the application of the spike shall be specified by the
manufacturer. Ideally, the time period during which the system is operated after the application
of the spike shall be long enough to demonstrate effective attenuation of the influent pulse.

8.0 TASK 1. CHARACTERIZATION OF SOURCE WATER QUALITY
8.1 I ntroduction

A characterization of the source water quality is necessary to identify SOCs present in the source
water and to evaluate the impact of other water quality parameters or contaminants on adsorption
of SOCs. The presence of other SOCs at detectable concentrations (e.g., > 1 pg/L) can
negatively impact the adsorption of the SOC being tested due to competitive adsorption. The
significance of the effect will depend on the concentration of background SOCs and their
adsorbability relative to the SOC being tested. For studies evaluating AURs at breakthrough,
estimates of run times to breakthrough must be examined together with existing water quality to
determine the potential reliability of the estimates.

BOM in water can reduce the adsorption capacity of SOCs. Since al source waters contain
organic matter, some impact is expected. Higher levels of BOM will typically have an increased
impact on adsorption of SOCs, but characteristics of the organic matter are important and the
adsorbability of the SOC is also a factor. Measurement of the source water TOC concentration
will provide an indicator of the level of BOM present. Pretreatment prior to the adsorption
process may reduce TOC levels. Other water quality indicators such as pH, temperature, and
conductivity may impact adsorption and should be quantified.

Seasonal variability in water quality may impact the results of equipment verification testing
since testing duration often spans several months. Assessment of seasonal variability in water
quality prior to equipment verification testing will help in evaluating whether the proposed water
source is appropriate, what type of pretreatment might be necessary, or the appropriateness of
pretrestment that is aready in place. Source water variability should be evaluated in relation to
the expected length of the testing period
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8.2  Objectives

The objectives of thistask are to:

Identify SOCs known to occur in the proposed source water;

Determine typical values for concentrations of other water quality parameters;
Identify any characteristic seasonal trends in concentrations of SOCs and other
water quality parameters;

Determine the level of BOM present in the source water; and

Assess the need for pretreatment prior to adsorption, or assess the appropriateness
of designed pretreatment.

If historic water quality data is not available for one or more parameters, an analysis of the
proposed source water shall be performed for these parameters.

8.3 Work Plan

A combination of laboratory analysis and review of historic data should provide the needed data
to evaluate source water quality. Sources for historic data include municipalities, |aboratories,
United States Geographical Survey (USGS), EPA, and local regulatory agencies. Analysis of the
proposed source water prior to verification testing shall be performed for those parameters for
which no historic data can be located. Ideally, 2 to 5 years of historic water quality data for each
parameter will be available for the proposed source water. At a minimum, 1 year of data
sampled at no greater than 3- month intervals, may constitute historic data.

The FTO shall prepare a Source Water Quality Evaluation Report containing the historic and
monitored data obtained, a statistical evaluation of the data, and graphical summaries for al
parameters. This report shall be shared with NSF so that NSF and the FTO can determine the
significance of the data for use in developing a PSTP. If the source water quality data is not
obtained or analyzed properly, the verification test may fail or the results of the test may not be
considered acceptable.

The report shal list al SOCs previoudy identified in the source water, emphasizing those
encountered most recently and those that show a seasona reoccurrence that might impact
equipment verification testing.

A description of the source water should aso be included in the Source Water Quality
Evaluation Report including, but not limited to, the following items:

Nature of water source (i.e., ground water or surface water);
Location of water source;

Size of watershed,;

Brief description of land use; and

Potential sources of pollution.
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If the SOC concentrations in the source water are below that described by the manufacturer’s
statement of performance capabilities, higher SOC concentrations can be obtained during
verification testing by spiking.

84  Analytical Schedule

When historic data are not available, it is recommended that at least 12 months of monthly (or
more frequent) monitoring be performed prior to verification testing. At a minimum, 2 samples,
gpaced by a minimum of 4 weeks and a maximum of 12 months, shall be obtained for the
parameters listed in Table 8.1.

Table 8.1 Source Water Sampling Requirements*

Parameter Notes

Alkalinity

Ammonia Optional

Calcium hardness

Conductivity Optional

Dissolved oxygen Required for groundwater sources only.

Hydrogen sulfide Required for groundwater sources only.

pH

SOC scan Sandard Methods 6410B, 6420C, 6431C, 6440C, 6630D.
EPA Method 525.2 (extended for broad spectrum)

Temperature

Tota chlorine Total chlorine residual must be < 0.1 mg/L during verification
testing.

Total dissolved solids (TDS) Optional

Total hardness

TOC

Total suspended solids (TSS)

Turbidity

uv-254

*See Table 10.1 for analytical methods.

All data collected, whether from historic records or sampled directly and analyzed, shall be
summarized in conjunction with the sampling date. Results shall include the average, minimum,
maximum, and number of data points in the data set. For sample sets of eight or more, the results
shal aso include the standard deviation and confidence interval for each analyte. When
summarizing SOC data of sample sets of eight or more, the 10™", 25", 50", 75", and 90™
percentiles shall also be reported.

For each water quality parameter, a graph of concentration vs. sampling date shall be
constructed. This type of graph aids in the interpretation of seasonal trends that may impact
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equipment verification testing. Where convenient (e.g., cacium and total hardness) more than
one parameter may be combined in one graph. The concentration of each parameter shall be
plotted against actual sampling date. A box-and-whisker style plot to demonstrate the
distribution of each parameter is also recommended.

85 Evaluation Criteria

The source water quality shall be evaluated in the context of the manufacturer’s statement of
performance capabilities for the removal of SOCs. The source water quality shall also be
evaluated with regards to the appropriateness of pretreatment in place prior to adsorption or the
need for pretreatment. The source water quality should challenge the capabilities of the
equipment, but should not be beyond the range of water quality suitable for treatment by the
equipment. Other evaluation criteria are given below:

Pretreatment for particle removal may be required if the source water turbidity is
greater than 5 to 10 NTU or if the source water TSS exceeds 5 mg/L.
Manufacturer specifications regarding pretreatment for particle removal should be
followed.

Pretreatment for hardness may be required if the source water hardness is greater
than the manufacturer’s recommendations or if the pH, akalinity, and hardness
analyses indicate that the water is unstable.

Adjustment of source water pH may be required if the source water pH is outside
the manufacturer’s specifications. Water pH can impact adsorption efficiency
and, at extremes, may pose a corrosion hazard to the equipment.

90 TASK 2: SYSTEM DESIGN AND OPERATION

91 I ntroduction

This task involves procedures for determining the design and operating parameters of the
adsorptive media treatment system.

9.2  Objectives
The objectives of thistask are to:

Establish the experimental design (mode of operation: constant, spike, or variable
influent; SOC spiking);

Document treatment system design parameters,

Describe system start-up and O& M procedures;

Develop an operations monitoring plan; and

Estimate the run time to SOC breakthrough (for verification testing beyond the minimal
13.3-day period).

Documentation of the treatment system design parameters shall be provided to EPA, NSF, and
peer reviewers for evaluation.
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Each PSTP will include a list of criteria for evauating O&M information This shal be
compiled and submitted for evaluation by EPA, NSF and technical peer reviewers An example
isprovided in Table 9.1. The purpose of this O&M information is to alow utilities to effectively
choose a technology that their operators are capable of operating, and to provide information on
how many hours the operators can be expected to work on the system. Information about
obtaining replacement parts and ease of operation of the system would also be valuable.

Table9.1 Maintenance and Operability Information for Adsor ptive M edia Package Plants

Maintenance | nformation
Equipment M aintenance frequency Replacement frequency

Pumps

Valves

Motors

Mixers

Chemical mixers
Water meters
Pressure gauges
Cartridge filters
Sedls

Piping

Operability Information: Rank 1 (easy) to 3 (difficult) or N/A (not applicable)
Oper ation aspect Rank

Chemical feed pumps calibration

Flow meters calibration

Pressure gauges calibration

pH meters calibration

TDS or conductivity meters calibration

93 Work Plan

The PSTP shall specify information on the design and operation of the adsorption system being
evaluated. The work activities of this task are described below.

Experimental design. Three types of experimental designs are allowable under this TSTP: (1)
constant influent with low variability, (2) constant influent with high variability, and (3)
attenuation of a spiked influent. In genera, this TSTP is designed for verification testing of a
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system treating a single SOC at a constant influent concentration with low variability. In some
cases, the manufacturer’s statement of performance capabilities may be based on a system
treating a water with high variability in SOC concentration, or it may be based on attenuation of
a spiked influent. In these cases, the experimental design will be based on testing under the
influent conditions to be verified.

If the SOC to be tested for removal by adsorptive media is not present in the influent to the
adsorptive media, it shall be spiked into the influent water so that the resulting concentration is
egual to the targeted concentration. A sampling point shall be located downstream of the spike
location, but prior to the adsorption media, to confirm the influent concentration during testing.
All influent samples shall be taken from this sampling point. For testing of highly variable
influent conditions or attenuation of a spike influent, spiking shall simulate the conditions of
high variability or a spiked influent. For example, a spike concentration of 50 pug/L diquat for a
duration of 3 days could simulate a spike influent for an attenuation study. In all cases, spiking
of the SOC shal match as closely as possible the influent conditions described in the
manufacturer’ s statement of performance capabilities.

This TSTP is designed to assess the removal of only one SOC in the adsorptive system influent.
If a manufacturer’s statement of performance capabilities is based on simultaneous treatment of
multiple compounds, this should be simulated in the adsorption influent by spiking additional
compounds as necessary. Some sections in this document, such as the estimation of run time to
breakthrough, are designed based on a single compound influent and are not directly applicable
to ssimultaneous treatment of multiple compounds. In general, run times will be lower (AURS
will be higher) for systems subjected to multiple influent compounds as compared to those
treating an influent water with a single compound, due to the effects of competitive adsorption.

System design parameters. The FTO shall document the adsorption system design parameters
listed in Table 9.2. The PSTP shall contain a simple schematic of the entire treatment system,
including any pretreatment processes, showing sampling points, spike location, valves, pumps,
etc. Anexample of this schematic is shown in Figure 9.1.

Start-up and O& M procedures. System start-up and O& M procedures based on manufacturer
specifications shall be described by the FTO in the PSTP. Specific procedures for backwashing
and regeneration shall be included. Start-up procedures may include bed preparation such as
pre-wetting, degassing, and fines removal. Start-up itself will involve setting valves to the
correct run status, starting the feed pump to deliver test water to the system, adjusting the flow
rate to the target value, and other procedures as required by the manufacturer. Assuming
continuous operation, the system shall be operated for 24 hours before sampling commences.
For purposes of calculating run times, the start of operation shall constitute the beginning of the
run.
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Table 9.2 Adsorption System Design Parameters

Parameter Units Notes

General

Test type Constant influent with low variability, constant influent
with high variability, or attenuation of spiked influent

Test location

Utility name

Water source Surface or ground water

Water source name

Water source type (surface water only)

Feed mode (semi-batch or continuous)

Spiked SOC compound(s), if any

Target spike concentration(s) po/L
Spiking method

Pretreatment processes

Adsorptive Media

Media manufacturer

Mediatype

Mediatrade name

Meshsize USstd
mesh sizes

Effectivesize, dig mm

Mean particle diameter, dsg mm

Apparent bed density, r gac g/L, kg/n?,
[Vi&

Adsorption System

Contactor configuration

Number of adsorbersin series

Adsorber dimensions m

BV per adsorber L

Bed depth for each adsorber m

Volumetric flow rate mL/min

EBCT min

Hydraulic loading rate (or superficial velocity) m/hr
Mass of dry media per adsorber kg

Regeneration system, regenerant fluid, and
regeneration procedure

Reservaoir, lake, river, etc.
Describe

Describe
Describe

Bituminous, lignite, etc.

Upper x lower

Indicate whether measured in field or as reported by
manufacturer

Indicate whether measured in field or as reported by
manufacturer

Indicate whether measured in field or as reported by
manufacturer

Describe

Diameter, depth and any other appropriate dimensions

Clearly report total EBCT if more than one contactor in
series

Describe, if system has in-place regeneration capacity
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(F = Pressure
Gauge

Backwash Water
Supply

Pretreatment Adsorber No. 1 Adsorber No. 2

Figure 9.1 Example of an Adsorption Treatment System Schematic

Operation with a continuous flow of test water from the source is preferable, but continuous
feeding from a batch-filled feed tank is acceptable. If a batch feed tank is used, the residence
time in the feed tank should be minimized to avoid volatilization losses of SOCs. (Although the
SOC to be tested may be considered nonvolatile, other SOCs present in the source water that
may impact alsorption performance may be semi-volatile or volatile) The system flow rate
should be adjusted as necessary during operation to maintain the system flow rate within 5% of
the target flow. The system should be operated continuously to the extent possible, and only shut
down for backwashing, necessary maintenance, or regeneration (for in-place regenerable media).
Any down time shall be recorded and not included in the cumulative run time or throughput
volume calculations. The reason for each shutdown shall be documented. Adsorbers using non
disposable media should be backwashed at least once during the test period. The manufacturer
shall specify backwash parameters including, but not limited to, flow rate, percent bed
expansion, and duration of expansion.

If the system is designed for continuous operation, then the system should be evaluated under
continuous operation for verification testing. If the system is designed for intermittent or
continuous operation, than either mode of operation during verification testing is acceptable. It
is preferable that the system be operated continuously. As with down time, total operation time
under intermittent operation constitutes the sum of the amount of time the system is in operation
providing treated water.

Operations monitoring plan. The FTO shal provide an operations monitoring plan in the
PSTP, including operational parameters to be monitored, monitoring points, and monitoring
frequencies. At aminimum, flow rate, pressure before and after each adsorption or filtration bed
and headloss (differential pressure) across each bed, influent temperature, and influent pH should
be monitored routinely. Other parameters recommended by the equipment manufacturer should
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also beincluded. Influent and effluent sampling times should also be specified in the monitoring
plan.

Estimation of throughput to breakthrough. For systems evaluating single SOC adsorption
under constant influent conditions with low variability, the following section provides a
methodology for estimating the run time to breakthrough. This step should still be followed if
verification testing is planned for the minimum 13.3-day period, to confirm that breakthrough
will most likely not occur within the 13.3-day run time. If the objective of verification testing is
to achieve breakthrough of the compound treated, an estimation of throughput to breakthrough is
critical for purposes of estimating the duration of the operation cycle, and for purposes of
designing a sampling plan to effectively capture the breakthrough curve and/or the breakthrough
point (point at which the effluent concentration exceeds the treatment objective).

If the run time estimate to breakthrough is lower than 13.3 days, then effluent sampling during
verification testing should be designed assuming that the AUR will be based on operation of the
system to breakthrough. This should be done even if verification testing is planned for only 13.3
days. breakthrough may occur earlier than 13.3 days, and sampling guidelines should be
followed to best capture the point of breakthrough for use in the AUR calculation. The system
must be operated for a minimum 13.3-day period regardless of when the treatment objective is
exceeded. If it isvery likely that the treatment objective will be exceeded during the 13.3-day
minimum verification period, then it is recommended that the manufacturer evaluate
modifications to the system design, such as an increase in the adsorber EBCT.

This method of estimating adsorbent bed life to breakthrough is based on a methodology
described in Snoeyink and Summers (1999). It is assumed that al the adsorbent in the adsorber
will reach equilibrium with the influent concentration, that isotherm data can be successfully
extrapolated to the influent concentration to estimate the capacity, and that the length of the mass
transfer zone is negligible (a very sharp breakthrough curve is assumed).

This method is based on isotherm data using the Freundlich equation, presented as Equation 6:

(@)o =KCH" (6)

where (Q)o is the mass adsorbed (mg/g) when the effluent concentration, Ce, is equal to the
influent concentration, Cp; and K and 1/n are constants. Literature sources should be consulted
for appropriate values of K and 1/n (Snoeyink and Summers 1999; Sontheimer, Crittenden, and
Summers 1988; Faust and Aly 1998; Speth and Miltner 1990, 1998).

The AUR (mass of adsorbent in the column divided by the volume treated to breakthrough) is
then estimated from isotherm data in the formula presented as Equation 7:

_(Co- CoymylL
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where C_e is the average effluent concentration during the entire run.
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Using this estimate of the AUR, the volume of water that can be treated per unit volume of
carbon is estimated by Equation 8:

_Teac ©)

Y,
bt “"AUR

where Yy is the throughput in BV and r gac is the apparent density of the adsorbent.

Finally, the operation time to breakthrough, ty:, in days can be calculated from the throughput by
Equation 9:

_ Ypt XEBCT(min)
~ 1,440(mirY day)

The value of ty; estimated by Equation 9 is a rough estimate of the time to breakthrough, based
on several assumptions noted above. It should be used with care, and a generous safety factor
should be included, as breakthrough may occur much earlier or later than this run time estimate
due to several factors described previously.

©)

Severa limitations of this method exist and should be noted. First, it is only valid for a single
long contactor, or for columns in series in which al of the adsorbent in the column is in
equilibrium with the compound at the influent concentration. Second, this method does not
account for the potential impact of biodegradation of the compound during treatment or slow
adsorption kinetics. Finaly, the impact of competition for adsorption sites on adsorption
equilibrium in a batch is not necessarily the same as that on adsorption in a column. Competitive
effects may have a larger impact on adsorption in a column than in a batch study (Snoeyink and
Summers 1999).

Another limitation of the AUR estimated by this method is that adsorption capacity is based on
experiments performed in distilled water, in the absence of BOM that may have a significant
impact on adsorption capacity in the field. A natural water correction factor has been proposed,
whereby the distilled water AUR (AURpw) is adjusted, yielding a better estimate of the natural
water AUR, AUR\w (Ford et al., 1989; USEPA 1990). For this relationship, the units of AUR
are |b/1,000 gal. The correlation described by Equation 10a is valid for values of AURpw =
0.564 Ibs/1,000 gal. For vaues of AURpw > 0.564 1bs/1,000 gal, the value for AURNw used is
equal to AURbw, as described in Equation 10b.

AUR ,,, =0.74434AUR ) **® AURpw = 0.564 |bs/1,000 gal  (10a)

AURww = AURpw AURow > 0.564 1bs/1,000 gl (10b)

Example. To estimate the adsorbent bed life of a 10 minute EBCT GAC (r cac = 500 g/L)
contactor treating dalapon at a constant influent concentration of 300 pg/L, first look up the
Freundlich K and 1/n values for dalapon, as shown in Equations 11 and 12:
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K =23 (mg/g)(L/mg)¥" (11)
1/n = 0.224 (12)

Use Equation 6 to calculate (ge)o = 17.6 mg/g. Assuming C_e =0, use Equation 7 to estimate the

AURpw, 0.0171 g/L (0.142 1b/1,000 gal). Correcting this value using Equation 10a, gives
AUR\w = 0.290 |b/1,000 gal or 0.0348 g/L. The throughput, Y, is 14,400 BV, calculated by
Equation 8. Finally, the estimate of operation time to breakthrough, ty:, is calculated by Equation
9, which is 99.8 days.

Although Equation 10a includes a correction factor for the impact of BOM on adsorption, it does
not account for the impacts of biodegradation or competitive effects due to the possible presence
of other SOCs. The BOM correction is only an estimate; the actual impact of BOM on
performance will vary, depending on the characteristics of BOM, concentration, and the amount
of time the adsorbent has been preloaded with BOM prior to verification testing of SOC
adsorption.

The above analysis is applicable to single contactor operation. For package plants that operate
two or more contactors in parallel, with staggered operation cycles, longer run times are expected
for a given treatment objective maintained in the blended effluent of all contactors. Depending
on the shape of the breakthrough curve, and the operation time to initial breakthrough for a
single contactor, the run time of each of two to four cortactors operated in parallel-staggered
mode may be increased by 30 to 80%. For extremely sharp breakthrough curves, this mode of
operation may not yield any significant benefit, depending on the ratio of the treatment objective
to the influent concentration, in relation to the number of parallel contactors. It is recommended
that parallel operation of adsorbent contactors be modeled to yield the best estimate of operation
times based on maintaining a treatment objective in the blended effluent. See USEPA (1999) for
an analysis of multiple contactor effluent blending for GAC. Alternatively, the effluents of each
contactor can be monitored, with the experimenta results of breakthrough in the first adsorber
used to refine the run time estimate based on the blended effluent.

9.4  Analytical Schedule

System flow rate, pressures and headloss across each contactor, and other operational parameters
should be measured at the frequencies indicated in Table 9.3. Ideally, flow rate and headloss are
measured on a continuous basis. The headloss before and after backwashing should be recorded
as a measure of backwash effectiveness. A record of backwashing frequency and backwash
water volume produced should also be maintained. See Table 9.3 for further details. Stoppage
time should be recorded, including the exact times of stoppage and restart, as well as the reason
for the stoppage. This will allow for an accurate assessment and adjustment for the impact of
stoppage time on the effective operation time. The cumulative amount of stoppage time that
must be taken into account in calculating the total run time of verification testing should be
continuously updated.
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Table 9.3 Schedule for Observing and Recor ding Package Plant Operating and

Performance Data

Operational Parameter

Action

Feed water and adsorbent contactor
volumetric flow rate

GAC contactor headloss

Filter backwash

Electric power

Chemicals used

Chemical feed volume and dosage

RPM of rapid mix and flocculator (if

applicable)

Hours operated per day

When staffed, check and record every 2 hours; adjust
when >5% above or below target. Record before and
after adjustment.

Record initial clean bed total headloss at start of run and
record total headloss every 2 hours, when staffed.

Record time and duration of each filter washing. Record
volume used to wash filter. Record headloss before and
after backwashing.

Record meter daily.

Record name of chemical, supplier, commercia
strength, and dilution used for stock solution to be fed (if
diluted) for al chemicals fed during treatment.

Check and record every 2 hours. Refill as needed and
note volumes and times of refill.

Check daily and record.

Record in logbook at end of day or at beginning of first
shift on the following work day. Any stoppage of flow
to the contactors shall be recorded. Flow stoppage that
exceeds 2 hours per a 24-hour period or 7 hours per
week shall be accounted for by not including it in the
cumulative operation time.

95 Evaluation Criteria

The ontactor flow rate should be maintained within 5% of the target value. The flow rate
should be adjusted when it is outside of this range. Criteria for backwashing are usually based
on a headl oss threshold and should be provided by the equipment manufacturer. The criteria will
likely vary depending on EBCT on adsorbent media size.

January 2004

This TSTP has not been validated in the field.

Page 4-33



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

10.0 TASK 3: SYSTEM INTEGRITY VERIFICATION TESTING
10.1 Introduction

This task will evaluate the short-term ability of the equipment to produce water of acceptable
quality. SIVT is not designed to evaluate the long-term ability of the equipment to treat water
containing SOCs. SIVT must be performed at least once for each system evaluated under this
TSTP.

10.2 Objectives

The objectives of this task are to demonstrate that the equipment is (1) able to produce a treated
water within performance objectives, and (2) able to operate reliably under field conditions.

Specific objectives include:

Characterization of the influent SOC concentration and variability and

Evaluation of the concentrations during testing of other water quality parameters
that impact SOC adsorption, including TOC, UV-254, pH, temperature, and other
background SOCs.

10.3 Work Plan

The manufacturer and its designated FTO shall specify in the PSTP the operating conditions to
be evaluated during verification testing and shall supply written procedures on the O&M of the
treatment system. For applications where the treatment system is expected to operate
continuously, the equipment shall be operated continuously for a minimum of 320 hours (13 full
days plus one 8-hour work shift) to complete SIVT. For applications where the treatment system
is expected to operate intermittently, such as for very small systems, the equipment shall be
operated for aminimum of 2 hours continuously each day for atotal minimum operation time of
320 hours. For adsorptive media vessels operated as post-filter adsorbers, the media filters on
line upstream of the adsorptive media vessels shall be operated from start-up until turbidity
breskthrough or terminal headloss is attained, at which time the media filters shall be
backwashed and operation shall resume.

For adsorptive media filters that are not operated as podst-filter adsorbers, but that specify a
backwash cycle as part of normal operation, at least one backwashing event, located between day
3 and 10 of SIVT, shal be included in the test. This backwash shall be performed even if the
backwash criteria (e.g., volume treated, headloss, pressure drop) are not experienced or met.
Backwashing the adsorber a few days prior to the end of the SIVT allows for an evaluation of
system performance after backwashing. For systems that are backwashed more often (e.g., every
3to 4 days), at least one backwashing event shall occur between days 3 and 10 of SIVT.

Interruptions in the treatment system shall be documented and are allowed only for backwashing
events and required equipment maintenance. Since adsorptive media performance is a function
of EBCT, which is dependent on the volumetric flow rate, it is critical that verification testing be
conducted at a set flow rate that is maintained within 5% of the design value.
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Any influent spiking irregularities that occur during the study must be reported by the FTO. This
includes, but is not limited to, events such as a period of time when the contaminant feed pump is
not pumping at the correct flow rate, a period of time when the contaminant stock solution runs
out, or a period of time when volatile losses may have occurred from the stock solution. The
FTO must document the occurrence of these events, including a clear description, corrective
actions taken, the length of time during which the irregularity occurred (this may have to be
estimated), and the approximate dates and times when the event began and ended. The
description should include the FTO’ s opinion as to the severity of the irregularity, in terms of its
impact on testing results.

Package plants that contain multiple adsorbent contactors to be operated in parallel should follow
manufacturer’s guidelines for system start-up. If the contactors are to be operated in a staggered
format, then each contactor should be brought online sequentially, as designated by the
manufacturer’s instructions. If the SOC to be treated is already present in the influent water,
then the start of verification testing should take place when the first contactor is brought on-line.
Alternatively, each contactor can be brought online sequentially until al contactors are in
operation prior to the start of verification testing if the SOC to be tested is not present in the
source water. Spiking of the SOC to be tested would begin when all contactors are operational.
The FTO shall provide the details for spiking in the PSTP, such as materials for preparation of
the spike solution, details about feed pumps, reservoirs and mixers, and sampling to confirm
influent concentrations.

Water Quality Sample Collection. Water quality data shall be collected at regular intervals as
described in the analytical schedule (see Table 10.1). Additiona or more frequent analyses may
be stipulated at the discretion of the FTO. Sample collection frequency and procedure shall be
defined by the FTO in the PSTP.

The PSTP shall identify the treated water data quality objectives (DQOs) to be achieved in the
statemert of performance capabilities of the equipment to be evaluated in the verification test.

The PSTP shall aso identify in the statement of performance capabilities the specific SOCs that
shall be monitored during equipment testing. The statement of performance capabilities
prepared by the FTO shall indicate the range of water qualities and operating conditions under
which the equipment can be chalenged while successfully treating the contaminated water

supply.

It should be noted that many of the packaged and/or modular drinking water treatment systems
participating in an SOC removal verification test will be capable of achieving multiple water
treatment objectives. Although the SOC TSTP is designed for the removal of SOCs, the
manufacturer may want to examine the capabilities of the treatment system for removal of
additional water quality parameters. Appropriate EPA/NSF ETV protocol(s) and TSTP(s)
should be consulted.

Many of the water quality parameters described in this task shall be measured onsite by the
NSF-qualified FTO. For the water quality parameters requiring analysis at an off-site laboratory,
water samples shall be collected in appropriate containers (containing necessary preservatives as
applicable) prepared by a laboratory that is certified, accredited or approved by a state, a
third-party organization (i.e, NSF), or the EPA. Representative methods to be used for
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measurement of water quality parameters in the field and lab are identified in Table 10.1. If new
methods are published and approved or current methods updated, the most current methods shall
be used.

Sample collection procedures for intermittent flow systems must ensure that freshly treated water
is collected and not water that was stagnant in the bed. For intermittent flow systems, sample
collection should occur during a continuous flow period, after a minimum of 10 BV has passed
through the system or after 1 hour of continuous flow.

Table 10.1 Required Water Quality Analyses and Minimum Sampling Frequenciesfor SIVT

Par ameter Frequency Sampling Standard Method EPA Analysis
L ocation® M ethod L ocation?
SOCs Daily INF, EFF  See Téble 10.2 See Table 2
10.2
h Alkalinity Weekly INF 2320B 3
z Ammonia Weekly INF 4500-NH; D, G 350.1 3
Calcium hardness  Weekly INF 3111 D; 3120 B; 3500-CaD  200.7 3
m Chlorine, free Daily® INF 4500-CI D, F, G, H 1
E Chlorine, total Daily® INF 4500-CI D, E, F, G, | 1
Conductivity Weekly INF 2510 B 120.1 3
:' Dissolved oxygen Weekly INF 4500-0 B, G 1
(@) Hydrogen sulfide ~ Weekly INF 4500-5° D, E, F, G 3
o pH Daily INF, EFF 4500-H" B 150.1; 150.2 1
Temperature Dally INF 2550 B 1
ﬂ TDS Weekly INF 2540C 3
Total hardness Twice INF 2340B, C 3
m weekly
- TOC Daily INF,EFF  5310B, C, D 2
[ | Total suspended ~ Weekly INF 2540 D 3
: solids (TSS)
Turbidity See note* INF, EFF  2130B 180.1 1
u uv-24 Twice INF, EFF 5910 B 3
u weekly
q Y INF: Influent; EFF: Effluent. Where both influent and effluent sampling is required, samples should be
Eai red (taken at approximately the same time).
Anaysis location: 1-Must be analyzed on-site; 2-Must be analyzed by a laboratory that is certified,
ﬁ accredited or approved by a state, a third party organization (i.e., NSF), or the EPA; 3-Can be analyzed either
n on-site or by a laboratory that is certified, accredited or approved by a state, a third party organization (i.e.,
NSF), or the EPA.
m ® Free and total chlorine should be analyzed daily to ensure the absence of chlorine in the influent water. The
FTO may require less frequent monitoring if there is no reason to expect free or total chlorine in the influent
m. water. Thiswill depend on the water source.
* For contactors operated in filter-adsorber mode, a continuous turbidimeter should be used. Daily samples
: should be analyzed using a bench-top turbidimeter to confirm the continuous turbidimeter readings. For

contactors operated in post-filter adsorber mode, the minimum sampling frequency for turbidity is weekly.
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In the case of water quality samples to be shipped to the laboratory that is certified, accredited or
approved by a state, a third party organization (i.e., NSF), or the EPA for analysis, the samples
shall be collected in appropriate containers (containing preservatives as applicable) prepared by
the laboratory. These samples shall be preserved, stored, shipped, and analyzed in accordance
with appropriate procedures and holding times, as specified by the analytical laboratory.
Acceptable methods for he required analytical procedures are described in Task 8, Quality
Assurance/Quality Control. At a minimum, al PSTPs shal include a table(s) showing all
parameters to be analyzed, the analytica methods, the laboratory reporting limits or quantitation
limits, sample volume, bottle type, preservation method, and holding time.

If the known or expected concentration of the SOC or SOCs to be tested in the influent water is
lower than desired for verification testing, then the influent water should be spiked to achieve the
desired concentration. The FTO shal stipulate in the PSTP procedures to be followed for
influent spiking. These should be based on information reported in the literature and the
experience of the FTO and manufacturer with the compound or compounds to be tested.

In general, three types of experimental designs for ACVT are alowable under this TSTP (as
described in Section 9.3). SIVT should be conducted following the procedures applicable to the
experimental design to be tested during ACVT. Furthermore, once the SIVT phase is complete,
testing may continue under the guidelines and procedures described for ACVT. It is expected
that SIVT will be performed with a constant influent concentration of the SOCs to be tested.

10.4 Analytical Schedule
10.4.1 Operational Data Collection

The FTO shall provide written procedures describing the operational parameters that
should be monitored, the monitoring points, and the frequency of monitoring. At a
minimum, such operational parameters shall include system flow rates and headloss or
pressure. The FTO shall include acceptable values and ranges for al operational
parameters monitored.

10.4.2 Water Quality Data Collection

During SIVT, the GAC influent and effluent water quality shall be characterized by
analysis of the water quality parameters listed in Table 10.1. The first sampling for each
required analyte shall be performed 1 day after plant operation start-up and then by the
given frequency. Although many parameters may be analyzed off site, free and total
chlorine residual, dissolved oxygen, pH, temperature, and turbidity must be analyzed on
gte. It is recommended that UV-254 be also analyzed on-site.

The required water quality parameters listed in Table 10.1 are selected to provide state
drinking water regulatory agencies with background data on the quality of the GAC
influent water being treated and the quality of the treated water. Collection of these data
will enhance the acceptability of the SIVT to a wide range of drinking water regulatory
agencies.
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Acceptable analytical methods for Phase Il and V Rule SOCs are listed in Table 10.2.
References to both Sandard Method and EPA Method procedures for sample analysis are
given. If new methods are published and approved or current methods updated, the most
current methods shall be used.

For the water quality parameters requiring analysis a an off-site laboratory, water
samples shall be collected in appropriate containers (containing necessary preservatives
as applicable) prepared by a laboratory that is certified, accredited or approved by a state,
a third-party organization (i.e., NSF), or the EPA. These samples shall be preserved,
stored, shipped and analyzed in accordance with appropriate procedures and holding
times, including chain of custody requirements, as specified by the analytical lab.

Table 10.2 Analytical Methods for Phase |l and V Rule SOCs

Parameter Standard Method EPA Method

Alachlor 505; 507; 525.2; 508.1; 551.1
Aldicarb 6610 B 531.1

Aldicarb sulfone 6610 B 531.1

Aldicarb sulfoxide 6610 B 531.1

Atrazine 505; 507; 508.1; 525.2; 551.1
Benzo(a)pyrene (PAHS) 6410 B; 6440 B 525.2; 550; 550.1
Carbofuran 6610 B 531.1

Chlordane 6410 B; 6630 B,C 505; 508; 508.1; 525.2

24-D 6640 B 515.1; 515.2; 555

Dalapon 6640 B 515.1; 515.3; 552.1; 552.2

Di (2-ethylhexyl) adipate 506; 525.2

Di (2-ethylhexyl) phthalate 506; 525.2
Dibromochloropropane (DBCP) 6200 B, C; 6231 B 504.1; 551

Dinoseb 6640 B 515.1; 515.2; 515.3; 555
Diquat 549.2

Endothall 548.1

Endrin 6410 B; 6630 B, C 505; 508; 508.1; 525.2; 551.1
Ethylene dibromide (EDB) 6040 B; 6200 B, C; 6231 B  504.1; 551

Glyphosate 6651 B 547

Heptachlor 6410 B; 6630 B, C 505; 508; 508.1; 525.2; 551.1
Heptachlor epoxide 6410 B; 6630 B, C 505; 508; 508.1; 525.2; 551.1
Hexachlorobenzene 6040 B; 6410 B 505; 508; 508.1; 525.2; 551.1
Hexachlorocyclopentadiene 6410 B 505; 508; 508.1; 525.2; 551.1
Lindane 6630 B 505; 508; 508.1; 525.2; 551.1
Methoxychlor 6630 B 505; 508; 508.1; 525.2; 551.1
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Table 10.2 Analytical Methods for Phase |l and V Rule SOCs (cont.)

Par ameter Standard M ethod EPA Method

Oxamyl (vydate) 6610 B 531.1

Pentachlorophenol 6410 B; 6420 B; 6640 B 515.1; 515.2; 515.3; 525.2; 555
Picloram 6640 B 515.1; 515.2; 515.3; 555
Polychlorinated biphenyls (PCBs) 6410 B; 6630 C 505; 508; 508A; 508.1; 515.2
Simazine 505; 507; 508.1; 525.2; 551.1
2,3,7,8-TCDD (Dioxin) 1613

Toxaphene 6410 B; 6630 B, C 505; 508; 508.1; 525.2

245 TP (Slvex) 6640 B 515.1; 515.2; 515.3; 555

10.5 Evaluation Criteria

The results of SIVT shall be evaluated based on remova of SOCs. For filter-adsorbers, turbidity
removal shal also be evauated. The EPA/NSF Equipment Verification Testing Plan for
Coagulation and Filtration within the EPA/NSF ETV Protocol for Physical Removal of
Microbiological and Particulate Contaminants (EPA/NSF 2002) shall be followed if the filter-
adsorber is to be verified as a filter of particulate matter. Time series plots shall be generated
describing GAC influent and effluent SOC concentration, TOC concentration, UV-254, and
turbidity. The other parameters analyzed should be tabulated. Statistical analyses of the data
results shall include averages, minimum, and maximum for each analyte. For sample sets of
eight or more, the results shall aso include the standard deviation and confidence interval for
each analyte. When summarizing SOC data of sample sets of eight or more, the 10", 25", 50",
75", and 90" percentiles shall also be reported. The length of the study, after taking into account
all stoppage time, must be clearly reported.

The SIVT should yield high percent removals (low immediate breakthrough) of SOCs, TOC, and
UV-254, demonstrating the initial \ery effective ability of GAC to remove natural and synthetic
organic compounds. High levels of immediate breakthrough of SOCs are indicative of failure of
the treatment system to initially adsorb SOCs, possibly due to hydraulic channeling, insufficient
media, very low GAC adsorption capacity, or inappropriate GAC contactor design for the water
quality tested (concentration of SOC combined with concentrations of other water quality
parameters). Long-term SOC control will be evaluated during Task 4, Adsorption Capacity
Verification Testing.

The mean and variability of the influent SOC concentration during testing shall be reported by
the FTO. A target concentration value may be reported as the mean concentration during testing
if it iswithin 5% of the actual measured mean concentration.
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11.0 TASK 4: ADSORPTION CAPACITY VERIFICATION TESTING
11.1 Introduction

Removal of SOCs by adsorptive mediais an unsteady-state process. The ability of an adsorptive
media treatment system to remove SOCs in most cases will initialy be excellent, but will
diminish over time as breakthrough of the SOC occurs. The breakthrough of a given SOC is
characteristic of the SOC and of the treatment system: breakthrough is dependent on design,
EBCT, type of adsorptive media used, influent SOC concentration, SOC adsorbability, and
influent water quality. Breakthrough behavior is highly dependent on the concentration and
adsorbability of SOCs.

The main purpose of ACVT is to evaluate the capability of the adsorptive media treatment
system for removal of SOCs. Specifically, the AUR will be determined for the SOC tested. The
AUR will be assessed under the design and operation conditions of the treatment system, as well
as influent water quality conditions of the source water after pretreatment, if any. Accurate
characterization of influent water quality is important because the AUR, as a function of influent
water quality, needs to be evaluated in that context. The “influent” is defined as water entering
the adsorber after al pretreatment steps. The breakthrough of the SOC must be captured by a
sufficient amount of data (number and scheduling of effluent samples) to allow for an accurate
determination of the AUR under the conditions of the verification test.

ACVT shal be performed at least once for a system, but may be performed multiple times on
different water qualities to verify the manufacturer’s objectives made on the ability of the
equipment to remove SOCs under various influent water quality conditions. ACVT may also be
performed multiple times to evaluate different levels of influent SOCs (treatment challenge
levels) and different modes of testing (constant influent with low or high variability, and
attenuation of a spike SOC).

For standard testing (single compound at constant target influent concentration with low
variability), it is critical to accurately determine the average influent concentration during testing
of a system. Furthermore, variability of the influent concentration above and below the mean
must be minimized. Excessive variability may impact the AUR and diminish the validity of the
test and, therefore, is not acceptable. The maximum allowable influent concentration variability
is defined in this section. The mean and variability of the influent SOC concentration during
testing shall be reported by the FTO. A target concentration value may be reported as the mean
concentration during testing if it is within 5% of the actual measured mean concentration.

Systems evaluating adsorbent performance under non-standard modes (attenuation of a spiked
influent SOC and treatment of a highly variable influent concentration) will not target a constant
influent concentration with low variability; restrictions on the variability of the influent
concentration do not apply. Separate influent variability guidelines for non-standard modes of
operation are described in this section.

Adsorption will aso be affected by the concentrations of other water quality parameters and
SOCs. Characterization of the influent water quality to the adsorption process is needed so that
system performance can be assessed properly and to ensure that influent water quality conditions
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match those targeted for equipment verification testing. The adsorption process influent water
and the source water may or may not be identical, depending on whether the treatment
equipment incorporates pretreatment (such as filtration).

Package plants that contain multiple contactors operated in parallel and staggered with respect to
operation cycles shall be considered a single adsorptive media system: the influent water as
applied in this section relates to the influent to all paralel contactors. The effluent as applied in
this section relates to the blended effluent of al contactors in operation. It is assumed that the
contactors in a multiple contactor package plant each contain the sasme EBCT. If the EBCT
varies between contactors, then an average EBCT should be reported, as well as the actual
EBCTs of each adsorber and an explanation of the system setup and operation.

11.2 Objectives

The objective of this task is to verify the manufacturer’s statement of performance capability
regarding the operation time and AUR of the adsorptive media treatment system for removal of
one or more SOCs to levels below the treatment objective.

Specific objectives include:

Characterization of the influent SOC concentration and variability;

Evaluation of the concentrations during testing of other water quality parameters
that impact SOC adsorption including TOC, UV-254, pH, temperature, and other
background SOCs;

Evaluation of the breakthrough of SOC to determine the AUR; and

Evaluation of the breakthrough of other water quality parameters.

11.3 Work Plan

For ACVT, the FTO shall specify arun time criterion. A run time criterion can be set based on
treated water quality conditions (such as exceeding the MCL for the SOC tested), or set to a
specific maximum run time. A combination of treated water quality and maximum run time
criteria may also be utilized. Since the duration of SIVT is 13 days plus one 8-hour shift, the
minimum duration of ACVT shall also be 13 days plus one 8-hour shift. However, it is expected
that all ACVT runswill be longer than 2 weeks in duration.

The PSTP shall identify the treated water DQOs to be achieved in the statement of performance
capabilities of the equipment to be evaluated in the verification test. The PSTP shall also
identify in the statement of performance capabilities the specific SOCs that shall be monitored
during equipment testing. The statement of performance capabilities prepared by the FTO shall
indicate the range of water qualities and operating conditions under which the equipment can be
challenged while successfully treating the contaminated water supply.

It should be noted that many of the packaged and/or modular drinking water treatment systems
participating in an SOC removal verification test will be capable of achieving multiple water
treatment objectives. Although the SOC TSTP is designed for the removal of SOCs, the
manufacturer may want to examine the capabilities of the treatment system for removal of
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additional water quality parameters. Appropriate EPA/NSF ETV protocol(s) and TSTP(s)
should be consulted.

Some of the water quality parameters described in this task shall be measured on-site by the
NSF-qualified FTO. For the water quality parameters requiring analysis off site, water samples
shall be analyzed by alaboratory that is certified, accredited or approved by a state, a third-party
organization (i.e,, NSF), or the EPA. Representative methods to be used for measurement of
water quality parametersin the field and lab are identified in Table 10.2. The analytical methods
utilized for onsite monitoring of raw and finished water qualities are described in Task 8,
Quality Assurance/Quality Cortrol.

For the water quality parameters requiring analysis at an off-site laboratory, water samples shall
be collected in appropriate containers (containing necessary preservatives as applicable) prepared
by alaboratory that is certified, accredited or approved by a state, a third-party organization (i.e.,
NSF), or the EPA. These samples shall be preserved, stored, shipped and anayzed in
accordance with appropriate procedures and holding times, including chain of custody
requirements, as specified by the analytical lab.

Package plants that contain multiple adsorbent contactors to be operated in parallel should follow
manufacturer’s guidelines for system start-up. If the contactors are to be operated in a staggered
format, then each contactor should be brought ontline sequentially, as designated by the
manufacturer’s instructions. If the SOC to be treated is already present in the influent water,
then the start of verification testing should take place when the first contactor is brought on-line.
Alternatively, each contactor can be brought on+line sequentially until all contactors are in
operation prior to the start of verification testing if the SOC to be tested is not present in the
source water. Spiking of the SOC to be tested would begin when all contactors are operational.

For multiple contactor verification testing of attenuation of a spiked compound, al contactors
should be brought ortline sequentialy as designated by the manufacturer prior to spiking the
compound.

Any influent spiking irregularities that occur during the study must be reported by the FTO. This
includes, but is not limited to, events such as a period of time when the contaminant feed pump is
not pumping at the correct flow rate, a period of time when the contaminant stock solution runs
out, or a period of time when volatile losses may have occurred from the stock solution. The
FTO must document the occurrence of these events including a clear description, corrective
actions taken, the length of time during which the irregularity occurred (this may have to be
estimated), and the known or estimated dates and times when the event began and ended. The
description should include the FTO's opinion as to the severity of the irregularity in terms of its
impact on testing results.

11.4 Analytical Schedule
11.4.1 Influent Sampling Requirements

Standard testing. All SOCs named in the manufacturer’s statement of performance
capabilities or analyzed in the adsorptive system effluent shall be sampled in the influent
water. Influent SOC samples shall be taken at a sampling port located prior to the
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adsorptive media, after all pretreatment steps. During the first 2 weeks of testing,
systems being tested for the first time should follow the influent sampling guidelines
specified under Task 3, System Integrity Verification Testing. These systems should then
follow the requirements specified in this section for influent sampling after the first 2
weeks. Systems that have already completed SIVT requirements can follow the influent
sampling guidelines specified in this section for the entire study.

“Standard testing” applies to systems expected to be tested with a constant SOC influent
concentration study with a low amount of influent variability. Standard testing aso
applies to studies in which the influent SOC is spiked to a constant level into a source
water in which the influent SOC is either not present or is present at a lower, constant
concentration. For standard testing, influent SOC concentration variability should not
exceed the guidelines summarized in Table 10.2.

Since variability of source water SOC concentration may be higher than expected during
any study, about twice as many influent samples are required to be taken as are analyzed.
Equation 13 defines the total number of influent samples that must be taken (this number
will be greater than the number analyzed, as long as variability is shown to be within the
guidelines summarized in Table 11.1).

_B63.7+t,,

8.24 (13)

S

where Ns is the required minimum number of samples taken (but not necessarily
analyzed) for low-variable influent studies and ty: is the operation time to breakthrough in
days.

The result of this formula should be rounded to the nearest whole integer. Of the total
number of samples taken (as given by Equation 13), every second sample must be
analyzed, beginning with the first sample taken. By using this formula, the minimum
frequency of influent sampling is gradually reduced: for a 1-year study, a minimum of 26
samples must be analyzed, or 1 sample every 2 weeks. This compares to 8 analyzed
samples required for a 60-day study, or approximately 1 every week. The intent of this
minimum influent sampling schedule is to reduce the sampling burden on more lengthy
studies. The equation is not valid for run times shorter than 60 days. Assuming SIVT is
not applicable to the study, the frequency of sampling between day 1 and 60 should be 3
samples per week. As before, every second sample should be analyzed. When SIVT is
performed for the first 2 weeks of operation, then the sampling guidelines given in Task
3, System Integrity Verification Testing, must be followed for the first 2 weeks. Between
14 and 60 days, 3 samples per week are required, with every second sample analyzed.

If the data resulting from the analysis of every second influent sample confirms that the
variability of the influent SOC concentration is low, then the samples taken but not
analyzed can be discarded. However, if the data shows that the influent variability is
unexpectedly high, then the “skipped” samples must be analyzed for a more accurate
assessment of influent SOC concentration variability. The breakpoint between low and
high variability is defined in Table 11.1.
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For purposes of determining the minimum influent sampling rate, the testing period is
defined as the operation time between start- up and breakthrough. If the SOC being tested
reaches breakthrough (as defined in this document) on day 100, but the system is
operated for an additional 150 days (for a total of 150 days since startup), the minimum
number of influent samples taken between day 1 and day 100 should be 10, as defined by
Equation 13. Influent samples taken after breakthrough occurs should not be used to
determine the mean influent concentration and influent concentration variability statistics.
As stated earlier, breakthrough is defined in this document as the point during the run
when the SOC concentration in the adsorber effluent exceeds the treatment objective.

In addition to the minimum frequency of influent sampling requirement, studies
performed on a source water with low SOC variability (or studies in which the SOC is
spiked to a constant concentration) must maintain an influent SOC concentration
variability below the maximum allowable, as defined by the relative standard deviation
(RSD), Equation 14:

RSD =s /y (14)

where s is the standard deviation and y is the mean. Since lowlevel SOC
concentrations [in relation to the method minimum reporting level (MRL)] will likely
result in higher analytical variability as compared to measured SOC concentration at
higher levels, the maximum RSD is set based on the average concentration expressed as a
multiple of the MRL, as shown in Table 11.1.

Table 11.1 Influent Concentration Variability Requirementsfor Standard
Testing During ACVT

Aver age concentration (expressed Maximum RSD of all influent
as a multiple of the method MRL) samples (between t=0 and t=ty)
1.0-15 50.0
>1.5-3.0 40.0
>3.0-10.0 30.0
>10.0 20.0

For example, if the method MRL for trichloroethylene is 1.0 pg/L, and the average
measured influent trichloroethylene concentration of all samples analyzed between day 1
and ty; is 5.0 pg/L, then the maximum RSD allowable is 30.0%. If the MRL was 2.0
g/l for the same average influent SOC concentration, then the maximum RSD
allowable would be 40.0%. Studies that exceed this maximum RSD must be classified as
adsorptive systems treating an influent water with a highly variable SOC concentration:
the “skipped” samples taken, but not analyzed, must now be analyzed. Additional
sampling requirements are stipulated for highly variable influent SOC concentration
studies as detailed below. Since the sampling rate required for studies conducted with
highly variable influent SOC concentration is more stringent than that for studies
conducted on influent SOCs with low variability, steps should be taken to minimize
variability of the influent SOC during low-variability studies. If variability is higher than
anticipated, the number of influent and effluent samples analyzed will be greater.
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Highly variable influent concentration. For studies designed to test adsorptive media
performance at a constant target influent concentration for a water source where a high
amount of variability is expected, a higher number of samples is necessary to capture the
variability of the influent SOC concentration. This higher sampling frequency is aso
required for studies in which the influent SOC concentration varies over time, resulting in
an increasing or decreasing concentration over the course of the study, or other long-term
trends that will impact the calculated RSD. The influent SOC concentration in such a
study may not be extremely variable on a day-to-day basis, but the long-term trend must
be characterized with the increased sampling frequency. Such a study is not ideal as the
long-term change in influent concentration hampers data interpretation. This higher
influent sampling frequency is also recommended when the expected SOC influent
concentration variability is unknown.

The minimum number of influent samples for high-variability studies is also determined
by Equation 13. Every sample taken must be analyzed. By using this formula, the
minimum frequency of influent sampling is gradually reduced: for a Tyear study, a
minimum of 52 samples must be taken and analyzed, or 1 sample every week. This
compares to 15 samples required for a 60-day study, or approximately 2 every week. The
intent of this minimum influent sampling schedule is to reduce the sampling burden on
more lengthy studies. The equation is not valid for run times lower than 60 days.
Assuming SIVT is not applicable to the study, the frequency of sampling between day 1
and 60 should be 3 samples per week. Again, every sample should be analyzed. When
SIVT is performed for the first 2 weeks of operation, then the sampling guidelines given
in Task 3, System Integrity Verification Testing, must be followed for the first 2 weeks.
Between 14 and 60 days, 3 samples per week are required, with every second sample
analyzed.

For purposes of determining the minimum influent sampling rate, the testing period is
defined as the operation time between start- up and breakthrough. Therefore, if the SOC
being tested reaches breakthrough (as defined in this document) on day 100, but the
system is operated for an additional 50 days (for a total of 150 days since start-up), the
minimum number of influent samples taken between day 1 and day 100 should be 20, as
defined by Equation 13. Influent samples taken after breakthrough occurs should not be
used to determine the mean influent concentration and influent concentration variability
datistics. As stated earlier, breakthrough is defined in this document as the point during
the run when the adsorber effluent reaches or exceeds the treatment objective.

No maximum measure of variability shall be set for these highly variable influent studies,
but the variability in SOC influent concentration shall be summarized statistically by
calculating the mean, standard deviation, 10th, 25th, 50th, 75th, and 90th percentiles,
minimum, and maximum. In addition, a statement shall be included describing the
variability observed in the influent SOC concentration over the course of the study.

SOC spike attenuation. For spike attenuation studies, the sampling frequency required
for low-variability studies (standard testing) shall be followed. The purpose of sampling
will be mainly to demonstrate the absence of significant levels of the SOC before and
after the spike. During the spike, the influent shall be sampled more often, at a rate
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sufficient to capture the spike and confirm the accuracy of the spike concentration for
purposes of data interpretation. During the spike, at least 2 samples per day are required,
and aminimum total of 6 samplesisrequired. Samples should be taken daily for at least
2 days before the spike and for at least 3 days after the spike.

Multiple SOC testing. Sampling requirements for verification testing of multiple SOCs
should follow the guidelines set forth above. Each SOC tested shall be sampled at the
minimum specified frequency.

Influent sampling requirements for other water quality parameters. Regardless of
the type of study performed (low SOC variahility, high SOC variability, or SOC spike
attenuation), the sampling frequency for water quality parameters summarized in Table
11.2 shdll be followed.

Table 11.2 Minimum Influent Sampling Frequency Requirementsfor
Water Quality Parameters

Parameter Frequency
Alkalinity Monthly
Ammonia (optional) Monthly
Calcium hardness Monthly
pH Weekly
TDS or conductivity Monthly
Temperature Weekly
TOC Monthly
Total hardness Monthly
TSS Monthly
Turbidity See note*
UVv-254 Monthly

* For contactors operated in filter-adsorber mode, a continuous turbidimeter should be
used. Daily samples should be analyzed using a bench-top turbidimeter to confirm the
continuous turbidimeter readings. For contactors operated in post-filter adsorber mode,
the minimum sampling frequency for turbidity is weekly.

Multiple contactor operation influent sampling requirements. Ideally, water quality
parameter samples should be taken from an influent line that is then split to each
contactor. If thisis not possible, then the influent to each contactor should be sampled at
the required sampling frequency. For studies in which the SOC is spiked into the influent
water, the spike should be located at an influent line or batch container that is then split to
each contactor in service.

11.4.2 Effluent Sampling Requirements

To verify the manufacturer’s run time or AUR statement of performance capability, an
accurate determination of the run time to breakthrough of the SOC must be obtained
during ACVT. Due to the unsteady-state nature of breakthrough, the uncertain impact of
BOM and other SOCs on adsorption capacity, and the potential for lengthy analysis
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turnaround time, it is difficult to design a sampling plan that will always capture the
complete breakthrough curve, especialy when it is very sharp. A few strategies for
sampling designed to improve the chances of collecting samples at critical points (during
breakthrough) while minimizing the analytical cost are presented in this section.

The minimum effluent sampling requirements (Ns) are identical to those defined for the
influent, described in Section 11.4.1, Influent Sampling Requirements. Samples should
be paired: influent and effluent @mples should aways be taken at the same time,
regardless of study design. If the influent SOC concentration variability is higher than
expected, requiring the “skipped” samples to be run, then the paired effluent for each
additional influent sample analyzed must also be analyzed.

For purposes of determining the minimum effluent sampling rate, the testing period is
defined as the operation time between start- up and breakthrough. Thus, if the SOC being
tested reaches breakthrough (as defined in this document) on day 100, but the system is
operated for an additional 150 days (for a total of 150 days since start-up), the minimum
number of effluent samples taken between day 1 and day 100 should be 20, as defined by
Equation 13. As stated earlier, breakthrough is defined in this document as the point
during the run when the adsorber effluent concentration exceeds the treatment objective.

A conservative sampling schedule approach is recommended, since breakthrough could
occur earlier than expected. Care exercised in establishing the sampling plan will
improve the potential of the data generated to verify the AUR for the SOC tested. This
includes, but is not limited to, an increase in the sampling rate when breakthrough is
expected. Guidance follows on developing a conservative sampling plan.

If prior experience with breakthrough of the target SOC under ssmilar BOM conditions is
identified, the results of previous experiments can be used to improve the run time
estimate obtained during Task 2 using Equations 6 through 9. For example, if prior
experience with adsorption of the same compound on the same water source indicates a
run time to breakthrough 50% shorter than that predicted assuming the absence of BOM,
then the run time estimated in Task 2 should be adjusted accordingly. Prior experience
with other SOCs on the same water source can be used in the same manner, assuming
similar adsorption characteristics to the present compound of interest. Differences in
adsorbent type, temperature, EBCT, pH, etc. should be taken into account when applying
the results of previous studies to the current verification testing.

If no prior experience with SOC adsorption on the water source to be used for
verification testing is available, then two goproaches can be followed: a) isotherm tests
with the SOC and adsorbent preloaded with the BOM and b) literature isotherm values
for the SOC and adsorbent can be used with, and adjusted for, nondistilled water
conditions. Isotherm testing can be used to determine the Freundlich adsorption constant
values under preloaded conditions. To do so, adsorbent that has been preloaded with
BOM should be used for isotherm testing. Details on performing isotherm tests can be
found in the literature (Randtke and Snoeyink 1983; Sontheimer, Crittenden, and
Summers 1988; Snoeyink and Summers 1999). Literature Freundlich isotherm constant
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values from the literature can be modified by using Equations 6 and 10a to yield an
estimate of the breakthrough time (see example in Section 9.3).

Once the best possible estimate of run time to breakthrough is determined, a sampling
plan that adequately captures the breakthrough curve must be used. It is recommended
that the rate of effluent sampling for the SOC be increased before, during and after the
expected breakthrough point. It is extremely difficult to estimate run time to
breakthrough accurately. Therefore, a safety factor should be placed around the estimate
of run time in case the compound breaks through earlier than expected. This safety factor
should be as large as feasible. This scenario assumes that al samples taken are
subsequently analyzed.

Another method is to collect many more samples than will be analyzed, such as 5 times
as many samples. Only every 10th sample is analyzed, while the rest are stored
appropriately. When the zone in which breakthrough occurs is known, selected reserve
samples that will fill in the breakthrough curve are analyzed. Only samples that capture
the breakthrough curve are analyzed, thus minimizing the number of samples analyzed.
This method requires that results for the initial samples analyzed are received before the
holding times for the stored samples are exceeded. Overall, the sampling frequency
should be equal to or greater than the minimum described in this section.

Specia care should be exercised when evaluating the breakthrough of a SOC in the
presence of other SOCs at significant concentrations. Due to competitive adsorption
effects, breakthrough of the SOC tested may occur earlier than expected.

Effluent sample requirements for the water quality parameters summarized in Table 11.3
should be evenly spaced over the course of the run. These requirements should be
followed for al types of studies, including low and high variability, spike attenuation,
and multiple parallel contactors.

Table 11.3 Minimum Effluent Sampling Frequency Requirementsfor
Other Water Quality Parameters

Parameter Frequency
TOC Monthly
uv-254 Monthly
Turbidity See rote*

* For contactors operated in filter-adsorber mode, a continuous turbidimeter should be
used. Daily samples should be analyzed using a bench-top turbidimeter to confirm the
continuous turbidimeter readings. For contactors operated in post-filter adsorber mode,
the minimum sampling frequency for turbidity is weekly.

The effluent sampling requirements outlined in this section apply aso to package plants
that blend the effluents of multiple parallel adsorbers prior to further treatment and
distribution. For purposes of sampling, the set of multiple parallel contactors constitutes
the adsorption treatment system evaluated.
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11.5 Evaluation Criteria
Data analysis and interpretation for this task includes:

Effluent SOC data collected and analyzed as described in Section 11.4.2, Effluent
Sampling Requirements, shall be evaluated on a continuous basis to determine whether
breakthrough is occurring or has occurred. A fast turnaround time for sample anaysis is
preferable.

The effluent SOC data shall be used in conj unction with the run time estimate described
in Section 9.3 to determine when to terminate test runs. Due to the turnaround time
required for SOC analysis, it may take time to establish when breakthrough has occurred
and that the test can be terminated. It is not recommended that the test be terminated on
the basis of the run time estimate alone. The length of the study, after taking into account
all stoppage time, must be clearly reported.

Plots of effluent concentration against operation time or throughput shall be prepared for
all SOCs evaluated. Breakthrough curves should be prepared on a continuous basis, as
data is available, to aid in evaluating the status of SOC breakthrough. Similar plots
should be prepared for all other water quality analyses conducted.

The AUR shall be determined based on data obtained during verification testing that
shows effluent concentrations lower than the effluent criteria specified in the
manufacturer’s statement of performance capabilities. The run time will be shorter than
the maximum testing run time if breakthrough of the SOC evaluated occurs prior to the
end of the run.

The mean and variability of the influent VOC concentration during testing shall be
reported by the FTO. Results shall include the average, minimum, maximum, and
number of data points in the data set. For sample sets of eight or more, the results shall
also include the standard deviation and confidence interval for each analyte. When
summarizing VOC data of sample sets of eight or more, the 10", 25" 50" 75", and 90"
percentiles shall also be reported. A target concentration value may be reported as the
mean concentration during testing if it is within 5% of the actual measured mean
concentration.

Based on ty,;, the AUR is calculated using the following equation, Equation 15:

r(gL)

bt

AUR(QL) = (15)

wherer isthe apparent media density and Yy is the number of BV to breakthrough. The
value for Yy is calculated from tp; by Equation 16:

_ tp (days) »4,440mirvd ay
EBCT(min)
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For spike attenuation studies, the influent data should be evaluated to determine if
influent SOC concentration matches that described by the manufacturer’s statement of
performance capabilities. Effluent data should be evaluated to determine if effluent SOC
levels exceed the MCL as stated in the manufacturer’s statement of performance
capabilities. If effluent data exceed the MCL, the operation time at which it exceeded the
MCL should be determined (relative to when the spike occurred) the same way that the
operation time is determined for constant influent studies. Thus the effective AUR may
also be determined for spike attenuation studies.

Constant influent studies: determination of run time to breakthrough. For manufacturers
wishing to make a stronger performance capabilities statement and operate their adsorptive
media system for run times long enough to observe breakthrough of the SOC(s) tested, an
evaluation of the influent and effluent data on which the AUR is based must be performed. This
section provides some guidance on performing this evaluation, which will help with
experimental design and data analysis.

As stated previoudly, it is difficult to predict when breakthrough will occur for a given SOC
during removal by adsorptive media. After appropriate influent and effluent sampling that
provides the best possible evaluation of the manufacturer’s statement of performance capabilities
(described previously in this section), the data analyzed should be evaluated to determine the run
time to breakthrough. Run time to breakthrough can be determined from the data in two ways,
depending on the quality of the data.

Basic quality datais best described as effluent data that is not evenly spaced, that fails to capture
the shape of the breakthrough curve (i.e., an effluent data point below detection limits is
followed by one that approximates influent concentrations), or that is so variable that a best-fit
breakthrough curve would contain excessive uncertainty. Examples of these are shown in Figure
11.1. One or more of these conditions may result in a data set that is difficult to interpret in
determining when breakthrough occurred. Therefore, a conservative approach to determining
the operation time to breakthrough for basic quality data must be utilized: the operation time of
the last sample taken prior to a sample that exceeds the treatment objective is the run time used
for the AUR cdculation. Sub-optimal quality data is a result of a variety of factors, including
insufficient or poorly-spaced sampling, variability in system flow rate, analytical variability,
excessive influent SOC concentration variability, or variability of other water quality parameters,
such as pH, TOC, turbidity, or other SOCs. A poor quality data set may result in an effective
AUR much higher than that actually achievable by the treatment system evaluated. Therefore, it
is in the manufacturer’s best interest that the data generated during verification testing be of the
highest quality possible.

The operation time to breakthrough and AUR can be calculated from good quality data using the
same method described for basic quality data. Alternatively, a curve fit of agood quality data set
can be performed to determine the operation time to breakthrough by interpolation. In many
cases, good quality data will allow for a straightforward evaluation of the breakthrough curve,
from the point of initial breakthrough to column exhaustion. Evenly spaced data points will be
located throughout the breakthrough curve. Data will often be collected at operation times well
beyond the mint of breakthrough (the point a which the effluent concentration reaches the
treatment objective). Examples of good quality data are also given in Figure 11.1.
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The FTO shall assess the quality of the data generated by the study. Based on this analysis, the
FTO shall determine which method of calculating the run time to breakthrough should be
employed. In either case, a graph of the data must be included in the report. If a curve fit is
performed to determine the operation time to breakthrough, a graph of the data and the curve fit
should be included, along with the curve fit type or method, and relevant statistical information
on the goodness of fit (e.g., r?), and confidence intervals. A confidence interval on the calculated
AUR should be reported.

Again, since basic quality data will yield a conservative estimate of the run time to breakthrough,
it is advantageous for the study to be designed and performed so that the best possible quality
datais obtained.

The methods for estimating the operation time to breakthrough described in this section apply to
both low variability and high variability constant influent studies.
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Effluent concentratior

Effluent concentration

A - Good Quality

Run time for AUR
calculation

Treatment objective

MRL

Operation time or throughput

C - Basic Quality

Possible breakthrough
curves Ry Sl

Run time for AUR
calculation

Operation time or throughput

Effluent concentration

Effluent concentration

B - Good Quality

Run time for AUR [
calculation °®

MRL

Operation time or throughput

D - Basic Quality

Run time for AUR
calculation

Treatment objective

MRL

Operation time or throughput

Figure11.1 Examplesof Good and Basic Quality Breakthrough Curves

Attenuation of spiked influent. For studies designed to assess the ability of the adsorptive
media to attenuate a spiked influent, the FTO shall analyze the data obtained to assess that
effluent concentrations were reduced and did not exceed the treatment objective. If effluent
concentrations exceeded the treatment objective, then the AUR should be calculated based on the
point of breakthrough. Based on the data quality, the methods described abowve for constant
influent studies should be applied.
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120 TASK 5. IN-PLACE REGENERATION
12.1 Introduction

This task is applicable only to adsorption treatment systems that use adsorptive media that can be
regenerated in-place and that incorporate regeneration capability as an integral part of the
equipment being tested. If the manufacturer wishes to make a statement of performance
capabilities about the in-place regeneration capability of the equipment, verification testing must
include, as a minimum, two complete cycles: an initial loading cycle, followed by a regeneration
cycle, and then a second loading cycle, followed by a second regeneration cycle. This additional
requirement allows for a comparison of adsorptive media performance before and after
regeneration. Furthermore, the regeneration efficiency shall be determined based on the second
regeneration cycle.

Verification of in-place regeneration based on two complete loading/regeneration cycles is
limited, and additional cycles are recommended if possible. However, the guidelines for
modified testing to verify an in-place regeneration statement of performance capabilities are
described under this task. The regeneration system, regenerant fluids used, and regeneration
procedure shall be documented as part of Task 2, System Design and Operation.

12.2 Objectives
The objectives of thistask are to:

Describe operation and sampling requirements for systems in which in-place regeneration
will be verified;

Evaluate adsorptive media performance before and after in-place regeneration;
Characterize any residuals produced during regeneration; and

Evaluate regeneration efficiency.

12.3 Work Plan

To verify a manufacturer's statement of performance capabilities regarding the in-place
regeneration capability of adsorption equipment, verification testing shall be conducted as
described in Section 10.0 (Task 3, System Integrity Verification Testing) and Section 11.0 (Task
4, Adsorption Capacity Verification Testing), combined with the additional requirements or
modifications as described in this task.

The testing period shall include, as a minimum, two complete cycles. an initia loading cycle,
followed by a regeneration cycle, and then a second loading cycle, followed by a second
regeneration cycle. During each loading period, the adsorptive media system must be operated at
least until breakthrough of the SOC occurs, based on the treatment objective defined in the
manufacturer’ s statement of performance capabilities.

The SOC influent target concentration shall be the same during both loading cycles. The mode
of testing (low-variability constant influent, high-variability constant influent, or attenuation of a
spiked influent SOC) shall aso be identical during both loading cycles. All other experimental
parameters, such as water source, pretreatment, and presence of background SOCs, shall be as
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similar as possible during the two (or more, if necessary) loading cycles. If the four-step cycleis
completed in less than 60 days, additional loading/regeneration cycles shall be performed until
the total run timeis at least 60 days.

If possible, incorporation of additional cycles into the verification test would increase the amount
of data on regeneration effectiveness and retention of adsorption capacity over time. Whether or
not additional cycles are completed, the FTO must make a statement about the long-term
efficiency of regeneration for the adsorptive media tested. If the longterm efficiency of
regeneration is not studied as part of this verification test, or available from other studies, a
statement by the FTO is required indicating that the long-term regeneration efficiency is
unknown. For adsorptive media that has been well studied, a statement on the long-term
regeneration efficiency can be based on the results of previous peer-reviewed published studies.

Any residuals produced during in-place regeneration of the adsorptive media shall be fully
characterized and documented with respect to quantity and SOC composition. For example, if an
off-gas stream is produced by a high temperature gas purge of the media, the off-gas flow rate,
duration, and total off-gas volume emitted should be measured, and sampling and analysis
should be conducted to determine SOC concentrations and total SOC mass emissions. Likewise,
if a solvent solution is used for regeneration, the quantity and characteristics of the regenerant
before and after use (including SOC concentrations) should be measured and reported. The
information from this residuals characterization task shall be used to determine the efficiency of
regeneration. A mass balance approach shall be used to determine whether all the SOCs were
removed during the regeneration process. The regeneration efficiency and the AUR for each
cycle shall be reported.

12.4 Analytical Schedule

Influent and effluent sampling requirements described in Section 10.0 and Section 11.4, shall be
applied to each loading cycle to assess SOC breakthrough and other water quality parameters.
For characterization of regeneration residuals, a sampling and analytical plan shall be developed
by the FTO in the PSTP to thoroughly characterize the VOC content of the residual stream.

12,5 Evaluation Criteria

Verification testing of adsorption treatment systems with in-place regeneration includes the same
types of data analysis and interpretation as described previoudy for standard adsorption systems
in Section 11.5. In addition, a comparative analysis of adsorption characteristics before and after
media regeneration shall be performed. The purpose of the comparative analysis is to assess and
quantify whether any reduction in adsorptive media service life or adsorption capacity occurs as
a result of in-place regeneration. This shall be evauated by determining the media service life
(operation time, throughput in BV of water treated, and AUR until breakthrough) for the initial
and subsequent loading periods, and by quantitatively comparing the results. Similarly, the
adsorption capacity before and after regeneration can be determined and compared. In addition,
a mass balance should be developed for the SOC tested to evaluate the regeneration efficiency
using Equation 17:

January 2004 This TSTP has not been validated in the field. Page 4-54



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

m
ER:q A
MR

(17)

where Er is the regeneration efficiency, q is the adsorption capacity estimated using Equation 4
(and subject to the limitations noted earlier), ma is the mass of adsorbent, and mg is the mass
SOC recovered in the regeneration stream. The regeneration efficiency shall be calculated after
both regeneration cycles.

13.0 TASK 6: OPERATION AND MAINTENANCE MANUAL
13.1 Objectives

The FTO shall obtain the manufacturer-supplied O& M manual(s) to evaluate the instructions and
procedures for their applicability during the verification testing period. Below are
recommendations for criteriato evaluate O& M manuals for package plants employing adsorptive
media for SOC removal.

13.2 Operation

The manufacturer shall provide readily understood information on the required or recommended
procedures related to the proper operation of the package plant equipment including, but not
limited to, the following.

Monitoring of Preconditioning of Adsorptive Media:

Utilize manufacturer’s procedure, which may vary depending upon adsorptive media
selected;

Backwash parameters (flow rate, time, backwash water turbidity, etc.);

Pretreatment chemical application (chemical concentration, time, and flow rate);

Volume of wastewater; and

Wastewater disposal requirements (see Regeneration Wastewater Disposal below).

Monitoring Operation:

The feed water is the untreated or pretreated water that serves as influent to the package plant,
prior to any trestment processes preceding adsorption in the package plant. Treated water is the
adsorptive media effluent water and is blended if multiple contactors are operated in parallel.

Feed water SOC concentration;

Feed water pH;

Feed water adjusted pH (if applicable);
Feed water flow rate;

Feed water pressure;

Treated water SOC concentration;
Treated water pH;

Treated water adjusted pH;
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Treated water pressure;

Chemical feed rates;

Chemica consumption;

Maintenance and operator labor requirements; and
Spare parts requirements.

Monitoring Regeneration of Adsorptive Media:

Utilize manufacturer’s procedure for regeneration which shall vary depending upon
selected adsorptive media, equipment, and process variables;

Backwash parameters (flow rate, time, backwash water turbidity, etc.);

Regeneration parameters (flow rate, time, regeneration chemica concentration and flow
rate, effluent concentration, effluent pH, etc.);

Neutralization parameters (flow rate, time, neutralization chemical concentration); and
Adsorptive media makeup requirement.

Monitoring Regeneration Wastewater Disposal:

Utilize manufacturer's procedure for processing, reclaiming, and/or disposing of
regeneration wastewater, adsorptive media preconditioning wastewater, and waste solids,
which shall vary depending upon selected adsorptive media, equipment, treatment
chemicals and process variables,

pH adjustment parameters (flow rate, pH, time, pH adjustment chemical consumption,
etc.);

Flocculation/coagulation parameters (flow rate, time, flocculation/coagulation chemical
consumption, €etc.);

Liquid/solid separation parameters (flow rate, time, etc.);

Solids dewatering parameters (flow rate, time, dSludge conditioning chemical
consumption, dewatered sludge solids, content, toxicity of dewatered solids, etc.);

Solids disposal parameters (volume, toxicity, permits, transportation of solids to disposal
dite, cost factors of transportation and disposal, etc.); and

Liquid disposal parameters (volume, toxicity, pH, permits, adjustment requirements, cost
factors of disposal, etc.).

13.3 Maintenance

The manufacturer shall provide readily understood information on the required or recommended
maintenance schedule for each piece of operating equipment including, but not limited to:

Pumps

Valves,

All chemical feed and storage equipment; and
All instruments.
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The manufacturer shall provide readily understood information on the required or recommended
maintenance schedule for non-mechanical or non-electrical equipment including, but not limited
to:

Adsorptive media vessels;
Feed lines; and
Manual valves.

140 TASK 7: DATA MANAGEMENT
14.1 Introduction

The data management system used in the verification test shall involve the use of computer
spreadsheets, manual recording methods, or both, for recording operational parameters for the
adsorptive media treatment equipment on adaily basis.

14.2 Objectives

The objective of this task is to establish a viable structure for the recording and transmission of
field testing data to ensure that the FTO provides sufficient and reliable operational data to NSF
for verification purposes.

14.3 Work Plan

The following procedure has been developed for data handling and data verification to be used
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 operational and water quality parameters should then be downloaded
by manual importation into Microsoft Excel or similar spreadsheet software. These specific
database parcels shall be identified based upon discrete time spans and monitoring parameters.

In spreadsheet form, the data shall be manipulated into a convenient framework to allow analysis
of equipment operation. Backup of the computer databases to diskette should be performed on a
weekly basis at a minimum.

In the case that a SCADA system is not available, field testing operators shall record data and
calculations by hand in laboratory notebooks (daily measurements shall be recorded on specially-
prepared data log sheets as appropriate). The laboratory notebook shall provide carbon copies of
each page. The origina notebooks shall be stored onsite; the carbon copy sheets shall be
forwarded to the project engineer of the FTO at least once per week. This procedure shall not
only ease referencing the original data, but offer protection of the original record of results. Pilot
operating logs shall include a description of the adsorptive media treatment equipment
(description of test runs, names of visitors, description of any problems or issues, etc.); such
descriptions shall be provided in addition to experimental calculations and other items.

The database for the project shall be set up in the form of customdesigned spreadsheets. The
spreadsheets shall be capable of storing and manipulating each monitored water quality and
operational parameter from each task, each sampling location, and each sampling time. All data
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from the laboratory notebooks and data log sheets shall be entered into the appropriate
spreadsheet. Data entry shall be conducted on-site by the designated field testing operators. All
recorded calculations shall also be checked at this time. Following data entry, the spreadsheet
shall be printed out and the printout shall be checked against the handwritten data sheet. Any
corrections shall be noted on the hard copies and corrected on the screen, and then a corrected
version of the spreadsheet shall be printed out. Each step of the verification process shall be
initialed by the field testing operator or engineer performing the entry or verification step.

Each sample shall be assigned a unique identification (ID) number that shall then be tied to the
data from that experiment through each step of data entry and analysis. As samples are collected
and sent to NSF-qualified analytical laboratories, the data shall be tracked by use of the same
system ID numbers. Data from the outside laboratories shall be received and reviewed by the
field testing operator. These data shall be entered into the data spreadsheets, corrected, and
checked in the same manner as the field data.

150 TASK 8. QUALITY ASSURANCE/QUALITY CONTROL
15.1 Introduction

QA/QC for the operation of the adsorptive media treatment equipment and the measured water
quality parameters shall be maintained during the verification test.

15.2 Objectives

The objective of this task is to maintain strict QA/QC methods and procedures during the
equipment verification test. Maintenance of strict QA/QC procedures is important, in that if a
guestion arises when analyzing or interpreting data collected for a given experiment, it will be
possible to determine the exact conditions at the time of testing.

15.3 Work Plan

When developing the Quality Assurance Project Plan (QAPP) within the PSTP, the FTO should
refer to Chapter 1, Section 6.0 Quality Assurance Project Plan, in addition to the information
provided herein. All of the requirements and guidelines described in Chapter 1 shall be included
in the development of the PSTP. In addition to the general ETV Program QA/QC described in
Chapter 1, the PSTP shall incorporate the specific adsorptive media QA items detailed in this
section.

Equipment flow rates and associated signals should be checked and must be recorded on a
routine basis. A routine daily visual check during testing shall be established to confirm that
each piece of equipment or instrumentation is operating properly. Particular care shall be taken
to confirm that chemicals are being fed at the defined flow rate into a fow stream that is
operating at the expected flow rate and that the chemical concentrations are correct. Intline
monitoring equipment, such as flow meters, shall be checked to confirm that the readout matches
with the actual measurement (i.e., flow rate) and that the signal being recorded is correct. The
items listed in this task are in addition to any specified checks outlined in the analytical methods.
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It is extremely important that system flow rates be maintained at set values and monitored
frequently. Doing so allows a constant and known EBCT to be maintained in the adsorbent
contactor.  Adsorbent performance is directly affected by the EBCT, which in turn is
proportional to the volumetric flow rate through the contactor. Therefore, an important QA/QC
objective shall be the maintenance of a constant volumetric flow rate through the adsorbent
contactor by means of frequent monitoring and documentation. Documentation shall include an
average and standard deviation of recorded flow rates through the adsorbent contactor.

15.3.1 Daily QA/QC Checks

Chemical feed pump flow rates (checked volumetrically; more frequent
monitoring, such as every 8 hours, is recommended);

Intline turbidimeter flow rates (checked volumetrically, if employed);

Adsorbent contactor(s) flow rate(s) (checked volumetrically every 2 hours when
staffed; at least twice daily. The flow rate should be adjusted to maintain its value
within 5% of the design flow rate); and

Recalibration of in-line pH meters (if used).

15.3.2 Weekly QA/QC Checks

Recalibration of conductivity meters, and/or turbidimeters (if used). If less
frequent recalibration of conductivity meters and turbidimeters is recommended
by manufacturer, then follow manufacturer’s recommendation;

In-line flow meters/rotameters (confirm flow rate volumetrically over a specific
period of time to confirm instrument reading and, if necessary, clean equipment to
remove any foulant buildup); and

Tubing (check condition of all tubing and connections and replace if necessary).

15.3.3 Monthly QA/QC Checks

In+line turbidimeters (clean out reservoirs and recalibrate, if employed) and
Differential pressure transmitters (confirm gauge readings and electrical signal
using a pressure meter).

154 Analytical Methods

On-Site Analyses. The analytical methods utilized in this study for onsite monitoring of feed
and effluent water quality are described below. Use of either bench-top or in-line field analytical
equipment will be acceptable for the verification testing; however, in-line equipment is
recommended for ease o operation. Use of in-line equipment is aso preferable because it
reduces the introduction of error and the variability of analytical results generated by inconsistent
sampling techniques.

pH. Analyses for pH shall be performed according to Standard Method 4500-H* (APHA,
AWWA, and WEF 1998). A 3-point calibration of the pH meter used in this study shall
be performed once per day when the instrument is in use. Certified pH buffers in the
expected range shall be used. The pH probe shall be stored in the appropriate solution
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defined in the instrument manual. Transport of carbon dioxide across the air-water
interface can confound pH measurement in poorly buffered waters. If thisis a problem,
measurement of pH in a confined vessal is recommended to minimize the effects of
carbon dioxide loss to the atmosphere.

Temperature. Temperature measurements shall be made in accordance with Standard
Method 2550. The thermometer used should be a high quality, mercury-filled, Celsius
thermometer with a scale marked for every 0.1°C that covers the range of expected
temperatures with markings etched in the glass. The thermometer should be checked
periodically against a precision thermometer certified by the National Institute of
Standards and Technology (NIST). An in-line thermometer is acceptable for this work.

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

The FTO shall document any problems experienced with the monitoring turbidity
instruments during testing, and shall aso document any subsequent modifications or
enhancements made to monitoring instruments.

Bench-top Turbidimeters. Grab samples shall be analyzed using a benchtop
turbidimeter. Readings from this instrument shall serve as reference measurements
throughout the study. The bench-top turbidimeter shall be calibrated within the expected
range of sample measurements at the beginning of verification testing and on a weekly
basis using primary turbidity standards of 0.1, 0.5, and 3.0 NTU. Secondary turbidity
standards shall be obtained and checked against the primary standards. Secondary
standards shall be used on a daily basis to check the calibration of the turbidimeter and to
recalibrate when more than one turbidity range is used.

The method for collecting grab samples shall consist of running a slow, steady stream
from the sample tap, triple-rinsing a dedicated sample beaker in this stream, alowing the
sample to flow down the side of the beaker to minimize bubble entrainment, double-
rinsing the sample vial with the sample, carefully pouring from the beaker down the side
of the sample vial, wiping the sample via clean, inserting the sample vial into the
turbidimeter, and recording the measured turbidity. In the case of cold water samples that
cause the vial to fog preventing accurate readings, the vial shall be allowed to warm up
by partial submersion in awarm water bath for approximately 30 seconds.

In-line Turbidimeters. Inline turbidimeters shall be used for measurement of turbidity
in the filtrate water during verification testing and must be calibrated and maintained as
specified in the manufacturer’s O&M manual. It will be necessary to check the in-line
readings using a bench-top turbidimeter at least daily; although the mechanism of
analysis is not identical between the two instruments, the readings should be comparable.
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If the comparison suggests inaccurate readings, then all in-line turbidimeters should be
recalibrated. In addition to calibration, periodic cleaning of the lens should be conducted
usng lint-free paper to prevent any particle or microbiological build-up that could
produce inaccurate readings. Periodic checks of the sample flow should also be
performed using a volumetric measurement. Instrument bulbs should be replaced on an
as-needed basis. The LED readout should also be checked to ensure that it matches the
data recorded on the data acquisition system, if the latter is employed.

Off-Site Analyses. All off-site analytical work associated with equipment verification testing
shall be performed by a laboratory that is certified, accredited or approved by a state, a third-
party organization (i.e.,, NSF), or the EPA. Sampling for off-site analyses shall be conducted
using proper sampling techniques and samples shall be collected in appropriate volumes and
containers provided by the laboratory. These samples shall be preserved, stored, shipped, and
analyzed in accordance with appropriate procedures and holding times, as specified by the
analytical lab.
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APPENDIX A: REGULATED SOCS

— TableA.1 Phase |l Rule SOCs
z Contaminant MCLG MCL Status Potential health effectsfrom Sour ces of contaminant in drinking water BAT
m (mg/L) (mg/L) ingestion of water
Acrylamide Zero TT! Final Nervous system or blood Added to water during sewage/wastewater PAP
z problems; increased risk of treatment
: cancer
Alachlor Zero 0.002 Fina  Eye, liver, kidney or spleen Runoff from herbicide used on row crops GAC
u problems; anemia; increased risk
of cancer
o Aldicarb 0.001 0.003 Delayed Nervoussystem effects Insecticide on cotton, potatoes, other crops; GAC
widely restricted
a Aldicarb sulfone 0.001 0.002 Dedayed Nervoussystem effects Biodegradation of aldicarb GAC
Aldicarb sulfoxide 0.001 0.004 Delayed Nervoussystem effects Biodegradation of aldicarb GAC
m Atrazine 0.003 0.003 Fina  Cardiovascular system or Runoff from herbicide used on row crops GAC
> reproductive problems
Carbofuran 0.04 0.04 Fina  Problems with blood, nervous Leaching of soil fumigant used on rice and GAC
- system, or reproductive system  dfafa
: Chlordane Zero 0.002 Final Liver or nervous system Residue of banned termiticide GAC
problems; increased risk of
U‘ cancer
m 2,4-D 0.07 0.07 Final Kidney, liver, or adrenal gland Runoff from herbicide used on row crops GAC
problems
< 1,2-Dibromo-3- Zero  0.0002 Final Reproductive difficulties; Runoff/leaching from soil fumigant used on GAC, PTA
chloropropane (DBCP) increased risk of cancer soybeans, cotton, pineapples, and orchards
{ Epichlorohydrin Zero TT? Final Increased cancer risk, and over a Discharge from industrial chemical factories;an  PAP
long period of time, stomach impurity of some water treatment chemicals
n problems
m Ethylene dibromide Zero  0.00005 Final Problemswith liver, stomach, Discharge from petroleum refineries GAC, PTA
(EDB) reproductive system, or kidneys,
increased risk of cancer
m' Heptachlor Zero  0.0004 Fina  Liver damage; increased riskof  Residue of banned termiticide GAC
cancer
: Heptachlor epoxide Zero  0.0002 Fina  Liver damage; increased risk of ~ Breakdown of heptachlor GAC
cancer
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Table A.1 Phase |l Rule SOCs (continued)

Contaminant MCLG MCL Status Potential health effectsfrom Sour ces of contaminant in drinking water BAT
(mg/L) (mg/L) ingestion of water

Lindane 0.0002 0.0002 Final Liver or kidney problems Runoff/leaching from insecticide used on cattle, GAC
lumber, gardens

M ethoxychlor 0.04 0.04 Final Reproductive difficulties Runoff/leaching from insecticide used on fruits, GAC
vegetables, alfalfa, livestock

Pentachlorophenol Zero 0.001 Final Liver or kidney problems; Discharge from wood preserving factories GAC

increased cancer risk
Polychlorinated biphenyls Zero  0.0005 Fina  Skin changes, thymus gland Runoff from landfills; discharge of waste GAC
(PCBs) problems; immune deficiencies; chemicals

reproductive or nervous system
difficulties; increased risk of

cancer
2,4 5TP (silvex) 0.05 0.05 Final Liver problems Residue of banned herbicide GAC
Toxaphene Zero 0.003 Final Kidney, liver, or thyroid Runoff/leaching from insecticide used on cotton  GAC
problems; increased risk of and cattle
cancer

'Each water system must certify, in writing, to the state (using third-party or manufacturer's certification) that when acrylamide and epichlorohydrin are used in
drinking water systems, the combination (or product) of dose and monomer level does not exceed the levels specified, as follows:

Acrylamide = 0.05% dosed at 1 mg/L (or equivalent)
Epichlorohydrin = 0.01% dosed at 20 mg/L (or equivalent)

Abbreviations:. MCL: maximum contaminant level GAC: granular activated carbon
MCLG: maximum contaminant level goal PTA: packed tower aeration
BAT: best available technology PAP: polyner addition practices

Sources. USEPA, 2002; adapted from Pontius and Clark (1999) and Faust and Aly (1998)
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Table A.2 PhaseV Rule SOCs

h Contaminant MCLG MCL Status Potential health effects Sour ces of contaminant in drinking water BAT
z (mg/L) (mglL)
Benzo(a)pyrene (PAHsS) Zero  0.0002 Final Reproductive difficulties; L eaching from linings of water storage tanks GAC
m increased risk of cancer and distribution lines
Dalapon 0.2 0.2 Final Minor kidney changes Runoff from herbicide used on rights of way GAC
z Di (2-ethylhexyl) adipate 0.4 0.4 Final  Weight loss, liver problems, or  Discharge from chemical factories GAC, PTA
: possible reproductive difficulties.
Di (2-ethylhexyl) Zero 0.006 Final Reproductive difficulties; liver ~ Discharge from rubber and chemical factories GAC
u phthalate problems; increased risk of
cancer
o Dinoseb 0.007  0.007 Final  Reproductive difficulties Runoff from herbicide used on soybeans and GAC
a vegetables
Diquat 0.02 0.02 Final  Cataracts Runoff from herbicide use GAC
Endothall 0.1 0.1 Fina  Stomach and intestinal problems  Runoff from herbicide use GAC
m Endrin 0.002 0.002 Final Liver problems Residue of banned insecticide GAC
> Glyphosate 0.7 0.7 Final Kidney problems; reproductive  Runoff from herbicide use OX
difficulties
= Hexachlorobenzene Zero 0.001 Final Liver or kidney problems; Discharge from metal refineries and agricultural GAC
: reproductive difficulties; chemical factories
increased risk of cancer
U Hexachlorocyclo- 0.05 0.05 Fina  Kidney or stomach problems Discharge from chemical factories GAC, PTA
“ pentadiene
Oxamyl (vydate) 0.2 0.2 Final  Slight nervous system effects Runoff/leaching from insecticide used on GAC
< apples, potatoes, and tomatoes
Picloram 0.5 0.5 Fina  Liver problems Herbicide runoff GAC
{ Simazine 0.004 0.004 Fina  Problems with blood Herbicide runoff GAC
2,3,7,8TCDD (Dioxin) Zero  3x10°® Final Reproductive difficulties; Emissions from waste incineration and other GAC
ﬂ- increased risk of cancer combustion; discharge from chemical factories
m Abbreviations:. MCL: maximum contaminant level GAC: granular activated carbon
MCLG: maximum contaminant level goal OX: oxidation
m' BAT: best available technology PTA: packed tower aeration
: Sources: USEPA, 2002; adapted from Pontius and Clark (1999) and Faust and Aly (1998)
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APPENDIX B

TableB.1 Drinking Water Standards and Health Advisories

Standards Health Advisories
h Status 10-kg child RfD mg/L at
Status MCLG MCL HA One-day | Ten-day | (mg/kg/ DWEL Lifetime |10 Cance] Cancer

z Chemicals Reg. (mg/L) (mg/L) |Document| (mg/L) (mg/L) day) (mg/L) (mg/L) Risk Group
m Acenaphthene - - - - - - 0.06 2 - - -
z Acifluorfen (sodium) = = F'88 2 2 0.01 0.4 = 0.1 B2

Acrylamide F zero TT! F'87 15 0.3 0.0002 0.007 - 0.001 B2
: Acrylonitrile = = = = = = = = 0.006 B1

Alachlor F zero 0.002 F'88 0.1 0.1 0.01 0.4 - 0.04 B2
u Aldicarb® F* 0.007 0.007 F'95 0.01 0.01 0.001 0.04 0.007 - D

Aldicarb sulfone® F 0.007 0.007 F'95 0.01 0.01 0.001 0.04 0.007 - D
o Aldicarb sulfoxide® F* 0.007 0.007 F'95 0.01 0.01 0.001 0.04 0.007 - D
a Aldrin - - - F'92 0.0003 0.0003  0.00003 0.001 - 0.0002 B2

Ametryn - - - F '88 9 9 0.009 0.3 0.06 - D

Ammonium sulfamate - - - F '88 20 20 0.2 8 2 - D
m Anthracene (PAH) - - - - - - 0.3 10 - - D

Atrazine® F 0.003 0.003 F '88 - - 0.035 1 0.2 - C
> Baygon - - - F '88 0.04 0.04 0.004 0.1 0.003 - C
= Bentazon - - - F '99 03 03 0.03 1 0.2 - E
: Benz[a]anthracene (PAH) - - - - - - - - - - B2

Benzene F zero 0.005 F'87 0.2 0.2 - - - 0.1 A
U Benzo[a]pyrene (PAH) F zero 0.0002 - - - - - - 0.002 B2

Benzolb]fluoranthene (PAH) - - - - - - - - - - B2
u Benzolg,h,i]perylene (PAH) - - - - - - - - - - D
< Benzo[K]fluoranthene (PAH) - - - - - - - - - - B2

bis-2-Chloroisopropyl ether - - - F '89 4 4 0.04 1 0.3 - D

Bromacil - - - F '88 5 5 0.1 5 0.09 - C
{ Bromobenzene - - - D '86 4 4 - - - - D
n ! When acrylamide is used in drinking water systems, the combination (or product) of dose and monomer level shall not exceed that equivalent to a polyacrylamide polymer
m containing 0.05% monomer dosed at 1 mg/L.

2 Determined not to be carcinogenic at low doses by OPP.

% The lifetime HA value or the MCLG/MCL value for any combination of two or more of these three chemicals should remain at 0.007 mg/L because of similar mode of action.
m' 4 Administrative stay of the effective date.

® PAH = Polycyclic aromatic hydrocarbon
: ® Under review
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APPENDIX B

TableB.1 Drinking Water Standards and Health Advisories (Cont.)

Standards Health Advisories
h Status 10-kg child RfD mg/L at
Status MCLG MCL HA One-day | Ten-day | (mg/kg/ DWEL Lifetime |10 Cance] Cancer
z Chemicals Reg. (mg/L) (mg/L) |Document| (mg/L) (mg/L) day) (mg/L) (mg/L) Risk Group
m Bromochloromethane - - - F'89 50 1 0.01 0.5 0.09 - D
z Bromodichloromethane (THM) F zero 0.08" D '93 6 6 0.02 0.7 = 0.06 B2
Bromoform (THM) F zero 0.08" D '93 5 2 0.02 0.7 - 0.4 B2
: Bromomethane - - - D '89 0.1 0.1 0.001 0.05 0.01 - D
Butyl benzyl phthalate (PAE)? - - - - - - 0.2 7 - - c
u Butylate - - - F '89 2 2 0.05 2 0.4 - D
Carbaryl - - - F '88 1 1 0.1 4 0.7 - D
o Carbofuran® F 0.04 0.04 F'87 0.05 0.05 0.005 0.2 0.04 - E
n Carbon tetrachloride F zero 0.005 F'87 4 0.2 0.0007 0.03 - 0.03 B2
Carboxin - - - F '88 1 1 0.1 4 0.7 - D
Chloramben - - - F '88 3 3 0.015 0.5 0.1 - D
m Chlordane F zero 0.002 F'87 0.06 0.06 0.0005 0.02 - 0.001 B2
Chloroform (THM) F zero 0.08" D '93 4 4 0.01 0.4 - 0.6 B2
> Chloromethane - - - F '89 9 0.4 0.004 0.1 0.003 - C
= Chlorophenol (2-) - - - D '94 0.5 0.5 0.005 0.2 0.04 - D
: p-Chlorophenyl methyl sulfide/sulfone/sulfoxide - - - - - - - - - - D
Chlorothalonil - - - F '88 0.2 0.2 0.015 0.5 - 0.15 B2
u Chlorotoluene o- - - - F '89 2 2 0.02 0.7 0.1 - D
Chlorotoluene p- - - - F'89 2 2 0.02 0.7 0.1 - D
“ Chlorpyrifos - - - F'92 0.03 0.03 0.003 0.1 0.02 - D
4 Chrysene (PAH) - - - - - - - - - - B2
Cyanazine - - - D '96 0.1 0.1 0.002 0.07 0.001 - -
ﬁ ! 1998 Final Rule for Disinfectants and Disinfection By-products: The total for trihalomethanes is 0.08 mg/L.
2 PAE = phthalate acid ester
n % Under review
L
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APPENDIX B

TableB.1 Drinking Water Standards and Health Advisories (Cont.)

Standards Health Advisories
h Status 10-kg child RfD mg/L at
Status MCLG MCL HA One-day | Ten-day | (mg/kg/ DWEL Lifetime |10 Cance] Cancer
z Chemicals Reg. (mg/L) (mg/L) |Document| (mg/L) (mg/L) day) (mg/L) (mg/L) Risk Group
m Cyanogen chloride® - - - - 0.05 0.05 0.05 2 - - D
z 2,4-D (2,4-dichlorophenoxyacetic acid) F 0.07 0.07 F'87 1 0.3 0.01 0.4 0.07 - D
DCPA (Dacthal) - - - F '88 80 80 0.01 0.4 0.07 - D
: Dalapon (sodium salt) F 0.2 0.2 F'89 3 3 0.03 0.9 0.2 = D
Di(2-ethylhexyl)adipate F 0.4 0.4 - 20 20 0.6 20 0.4 3 C
u Di(2-ethylhexyl)phthalate (PAE) F zero 0.006 - - - 0.02 0.7 - 0.3 B2
Diazinon - - - F '88 0.02 0.02 0.00009 0.003 0.0006 - E
o Dibromochloromomethane (THM) F 0.06 0.08? D '93 6 6 0.02 0.7 0.06 0.04 C
a Dibromochloropropane (DBCP) F zero 0.0002 F'87 0.2 0.05 - - - 0.003 B2
Dibutyl phthalate (PAE) - - - - - - 0.1 4 - - D
Dicamba - - - F '88 0.3 0.3 0.03 1 0.2 - D
m Dichloroacetic acid F zero 0.06° D '93 5 5 0.004 0.1 - < B2
Dichlorobenzene o- F 0.6 0.6 F'87 9 9 0.09 3 0.6 - D
> Dichlorobenzene m-° - - - F'87 9 9 0.09 3 0.6 - D
H Dichlorobenzene p- F 0.075 0.075 F'87 11 11 0.1 4 0.075 - Cc
: Dichlorodifluoromethane - - - F '89 40 40 0.2 5 1 - D
Dichloroethylene (1,1-) F 0.007 0.007 F'87 2 1 0.01 0.4 0.007 - C
U Dichloroethane (1,2-) F zero 0.005 F'87 0.7 0.7 - - - 0.04 B2
Dichloroethylene (cis-1,2-) F 0.07 0.07 F '90 4 1 0.01 0.4 0.07 - D
u Dichloroethylene (trans-1,2-) F 0.1 0.1 F'87 20 1 0.02 0.7 0.1 - D
< Dichloromethane F zero 0.005 D '93 10 2 0.06 2 - 0.5 B2
Dichlorophenoal (2,4-) - - - D '94 0.03 0.03 0.003 0.1 0.02 - E
Dichloropropane (1,2-) F zero 0.005 F'87 - 0.09 - - - 0.06 B2
{ Dichloropropene (1,3-) - - - F '88 0.03 0.03 0.03 1 - 0.04 B2
Dieldrin - - - F '88 0.0005 0.0005  0.00005 0.002 - 0.0002 B2
n Diethyl phthalate (PAE) - - - - - - 0.8 30 - - D
m ! Under review
21998 Final Rule for Disinfectants and Disinfection By-products: The total for trihalomethanes is 0.08 mg/L.
m %1998 Final Rule for Disinfectants and Disinfection By-products: The total for five haloacetic acids is 0.06 mgiL.
: 4 A quantitative risk estimate has not been determined.
® The values for m-dichlorobenzene are based on data for o-dichlorobenzene.
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APPENDIX B

TableB.1 Drinking Water Standards and Health Advisories (Cont.)

Standards Health Advisories
Status 10-kg child RfD mg/L at
Status MCLG MCL HA One-day | Ten-day | (mg/kg/ DWEL Lifetime |10 Cance] Cancer
Chemicals Reg. (mg/L) (mg/L) |Document| (mg/L) (mg/L) day) (mg/L) (mg/L) Risk Group
Diisopropyl methylphosphonate - - - F'89 8 8 0.08 3 0.6 - D
Dimethrin - - - F '88 10 10 0.3 10 2 - D
Dimethyl methylphosphonate - - - F'92 2 2 0.2 7 0.1 0.7 C
Dimethyl phthalate (PAE) - - - - - - - - - - D
Dinitrobenzene (1,3-) - - - F'o1 0.04 0.04 0.0001 0.005 0.001 - D
Dinitrotoluene (2,4-) - - - F'92 0.5 0.5 0.002 0.1 - 0.005 B2
Dinitrotoluene (2,6-) - - - F'92 0.4 0.4 0.001 0.04 - 0.005 B2
Dinitrotoluene (2,6 & 2,4)" - - - F'92 - - - - - 0.005 B2
Dinoseb F 0.007 0.007 F'88 0.3 0.3 0.001 0.04 0.007 - D
Dioxane p- - - - F'87 4 0.4 - - - 0.3 B2
Diphenamid - - - F '88 0.3 0.3 0.03 1 0.2 - D
Diquat F 0.02 0.02 - - - 0.002 0.07 - - D
Disulfoton - - - F '88 0.01 0.01 0.00004 0.001 0.0003 - E
Dithiane (1,4-) - - F'92 0.4 0.4 0.01 0.4 0.08 - D
Diuron - - - F '88 1 1 0.002° 0.07 0.01 - D
Endothall F 0.1 0.1 F '88 0.8 0.8 0.02 0.7 0.1 - D
Endrin F 0.002 0.002 F'87 0.02 0.005 0.0003 0.01 0.002 - D
Epichlorohydrin F zero TT® F'87 0.1 0.1 0.002 0.07 - 0.4 B2
Ethylbenzene F 0.7 0.7 F'87 30 3 0.1 3 0.7 - D
Ethylene dibromide (EDB)* F zero 0.00005 F '87 0.008 0.008 - - - 0.00005 B2
Ethylene glycol - - - F'87 20 6 2 70 14 - D
Ethylene Thiourea (ETU) - - - F '88 0.3 0.3 0.00008 0.003 - 0.02 B2
Fenamiphos - - - F '88 0.009 0.009 0.00025 0.009 0.002 - D

! technical grade.

2 New OPP RfD = 0.003 mg/kg/day.
3 When epichlorohydrin is used in drinking water systems, the combination (or product) of dose and monomer level shall not exceed that equivalent to an epichlorohydrin- based

polymer containing 0.01% monomer dosed at 20 mg/L.

4 1,2-dibromomethane

January 2004

This TSTP has not been validated in the field.
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APPENDIX B

TableB.1 Drinking Water Standards and Health Advisories (Cont.)

Standards Health Advisories
h Status 10-kg child RfD mg/L at
Status MCLG MCL HA One-day | Ten-day | (mg/kg/ DWEL Lifetime |10 Cance] Cancer
z Chemicals Reg. (mg/L) (mg/L) |Document| (mg/L) (mg/L) day) (mg/L) (mg/L) Risk Group
m Fluometuron - - - F '88 2 2 0.01 0.5 0.09 D
z Fluorene (PAH) = = = = = = 0.04 1 = = D
Fonofos - - - F '88 0.02 0.02 0.002 0.07 0.01 - D
: Formaldehyde . . . D '03 10 5 0.15 5 1 . B11
Glyphosate F 0.7 0.7 F '88 20 20 0.12 4 0.7 - D
u Heptachlor F zero 0.0004 F'87 0.01 0.01 0.0005 0.02 - 0.0008 B2
Heptachlor epoxide F zero 0.0002 F'87 0.01 - 0.00001  0.0004 - 0.0004 B2
o Hexachlorobenzene F zero 0.001 F '87 0.05 0.05 0.0008 0.03 - 0.002 B2
a Hexachlorobutadiene - - - F'89 0.3 0.3 0.002 0.07 0.001 0.05 c
Hexachlorocyclopentadiene F 0.05 0.05 - - - 0.007 0.2 - - D
Hexachloroethane - - - F'o1 5 5 0.001 0.04 0.001 - C
m Hexane (n-) - - - F'87 10 4 - - - - D
Hexazinone - - - F '96 3 2 0.05° 2 0.4 - D
> HMX* - - - F '88 5 5 0.05 2 0.4 - D
H Indeno[1,2,3,-c,d]pyrene (PAH) - - - - - - - - - - B2
: Isophorone - - - F'92 15 15 0.2 7 0.1 4 C
Isopropyl methylphosphonate - - - F'92 30 30 0.1 4 0.7 - D
U Isopropylbenzene (cumene) - - - D '87 11 11 0.1 4 - - D
Lindane® F 0.0002 0.0002 F'87 1 1 0.0003 0.01 0.0002 - C
“ Malathion - - - F'92 0.2 0.2 0.02 0.8 0.1 - D
< Maleic hydrazide - - - F '88 10 10 0.5 20 4 - D
MCPA® - - - F '88 0.1 0.1 0.00057 0.02 0.004 - D
Methomyl - - - F '88 0.3 0.3 0.025 0.9 0.2 - E
€ Methoxychlor F 0.04 0.04 F'87 0.05 0.05 0.005 0.2 0.04 - D
Methyl ethyl ketone - - - F'87 75 7.5 0.6 20 - - D
n Methyl parathion - - - F '88 0.3 0.3 0.00025 0.009 0.002 - D
m ! carcinogenicity based on inhalation exposure. ® Lindane = g-hexachlorocyclohexane
2 New OPP RfD = 2 mg/kg/day.  MCPA = 4(chloro-2-methoxyphenoxy)acetic acid
m % The Health Advisory is based on a new OPP RfD rather than the IRIS RfD. " New OPP RfD = 0.0015 mg/kg/day
: * HMX = octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine
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APPENDIX B

TableB.1 Drinking Water Standards and Health Advisories (Cont.)

Standards Health Advisories
Status 10-kg child RfD mg/L at
Status MCLG MCL HA One-day | Ten-day | (mg/kg/ DWEL Lifetime |10 Cance] Cancer

Chemicals Reg. (mg/L) (mg/L) |Document| (mg/L) (mg/L) day) (mg/L) (mg/L) Risk Group
Metolachlor - - - F'88 2 2 0.15" 0.5 0.1 - c
Metribuzin - - - F '88 5 5 0.025 0.9 0.2 - D
Monochloroacetic acid F - 0.06° - - - - - - - -
Monochlorobenzene F 0.1 0.1 F '87 4 4 0.02 0.7 0.1 - D
Naphthalene - - - F'90 0.5 0.5 0.02 0.7 0.1 - C
Nitrocellulose (non-toxic) - - - F '88 - - - - - - -
Nitroguanidine - - - F '90 10 10 0.1 4 0.7 - D
Nitrophenol p- - - - F'92 0.8 0.8 0.008 0.3 0.06 - D
Oxamyl (Vydate) F 0.2 0.2 F'87 0.2 0.2 0.025 0.9 0.2 - E
Paraquat - - - F '88 0.1 0.1 0.0045 0.2 0.03 - C
Pentachlorophenol F zero 0.001 F'87 1 0.3 0.03 1 - 0.03 B2
Phenanthrene (PAH) - - - - - - - - - D
Phenol - - - D '92 6 6 0.6 20 4 - D
Picloram F 0.5 0.5 F '88 20 20 0.07* 2 0.5 - D
Polychlorinated biphenyls (PCBs) F zero 0.0005 D '93 - - - - - 0.01 B2
Prometon® - - - F '88 0.2 0.2 0.015 0.5 0.1 - D
Pronamide - - - F '88 0.8 0.8 0.075 3 0.05 - C
Propachlor - - - F '88 0.5 0.5 0.01 0.5 0.09 - D
Propazine - - - F '88 1 1 0.02 0.7 0.01 - C
Propham - - - F '88 0.02 0.6 0.1 - D
Pyrene (PAH) - - - - - 0.03 - - - D
RDX 6 - - - F '88 0.1 0.1 0.003 0.1 0.002 0.03 Cc
Simazine F 0.004 0.004 F '88 0.5 0.5 0.005 0.2 0.004 - C
Styrene F 0.1 0.1 F'87 20 2 0.2 7 0.1 - C
2,4,5-T (Trichlorophenoxyacetic acid) - - - F'88 0.8 0.8 0.01 0.4 0.07 - D

! New OPP RfD = 0.1 mg/kg/day
2 New OPP RfD = 0.013 mg/kg/day

31998 Final Rule for Disinfectants and Disinfection By-products: the total for five

haloacetic acids is 0.06 mg/L.
* New OPP RfD = 0.2 mg/kg/day

January 2004

® Under review.
® RDX = hexahydro-1,3,5- trinitro-1, 3,5- triazine

This TSTP has not been validated in the field.
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APPENDIX B

TableB.1 Drinking Water Standards and Health Advisories (Cont.)

Standards Health Advisories
Status 10-kg child RfD mg/L at
Status MCLG MCL HA One-day | Ten-day | (mg/kg/ DWEL Lifetime |10 Cance] Cancer

Chemicals Reg. (mg/L) (mg/L) |Document| (mg/L) (mg/L) day) (mg/L) (mg/L) Risk Group
2,3,7,8-TCDD (Dioxin) F zero 3E-08 F'87 ]0.000001 1E-07 1E-09 4E-08 - 2E-08 B2
Tebuthiuron - - - F '88 3 3 0.07 2 0.5 - D
Terbacil - - - F '88 0.3 0.3 0.01 0.4 0.09 - E
Terbufos - - - F '88 0.005 0.005 0.0001 0.005 0.0009 - D
Tetrachloroethane (1,1,1,2-) - - - F'89 2 2 0.03 1 0.07 0.1 C
Tetrachloroethane (1,1,2,2-) - - - F '89 0.04 0.04 0.00005 0.002 0.0003 0.02 C
Tetrachloroethylene F zero 0.005 F'87 2 2 0.01 0.5 0.01 - -
Trichlorofluoromethane - - - F '89 7 7 0.3 10 2 - D
Toluene F 1 1 D '93 20 2 0.2 7 1 - D
Toxaphene F zero 0.003 F '96 0.004 0.004 0.0004 0.01 - 0.003 B2
2,4,5-TP (Silvex) F 0.05 0.05 F '88 0.2 0.2 0.008 0.3 0.05 - D
Trichloroacetic acid F 0.3 0.06" D '96 4 4 0.1 4 0.3 - C
Trichlorobenzene (1,2,4-) F 0.07 0.07 F'89 0.1 0.1 0.001 0.05 0.01 - D
Trichlorobenzene (1,3,5-) - - - F '89 0.6 0.6 0.006 0.2 0.04 - D
Trichloroethane (1,1,1-) F 0.2 0.2 F'87 100 40 0.035 1 0.2 - D
Trichloroethane (1,1,2-) F 0.003 0.005 F '89 0.6 0.4 0.004 0.1 0.003 0.06 C
Trichloroethylene 2 F zero 0.005 F'87 - - 0.007 0.2 - 0.2 B2
Trichlorophenol (2,4,6-) - - - D '94 0.03 0.03 0.0003 0.01 - 0.3 B2
Trichloropropane (1,2,3-) - - - F'89 0.6 0.6 0.006 0.2 0.04 - -
Trifluralin - - - F'90 0.08 0.08 0.0075 0.3 0.005 0.5 C
Trimethylbenzene (1,2,4-) - - - D '87 - - - - - - D
Trimethylbenzene (1,3,5-) - - - D '87 10 - - - - - D
Trinitroglycerol - - - F'87 0.005 0.005 - - 0.005 0.2 -
Trinitrotoluene (2,4,6-) - - - F '89 0.02 0.02 0.0005 0.02 0.002 0.1 C
Viny! chloride? F zero 0.002 F'87 3 3 - - - 0.002 A
Xylenes F 10 10 D '93 40 40 2 70 10 - D

! 1998 Final Rule for Disinfectants and Disinfection By-products: The total for five haloacetic acids is 0.06 mg/L.

2 Under review
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APPENDIX B

TableB.1 Drinking Water Standards and Health Advisories (Cont.)

DEFINITIONS

The following definitions for terms used in the Tables are not all-encompassing, and should not be construed to be "officia" definitions. They are intended to
assist the user in understanding terms found on the following pages.

Action Level: The concentration of a contaminant which, if exceeded, triggers treatment or other requirements which awater system must follow. For lead or
copper itisthelevel which, if exceeded in over 10% of the homes tested, triggers treatment.

Cancer Group: A qualitative weight-of-evidence judgement as to the likelihood that a chemical may be a carcinogen for humans. Each chemical is placed
into one of the following five categories:

Group Category

A: Human carcinogen

B: Probable human carcinogen:

B1: indicates limited human evidence;

B2: indicates sufficient evidence in animals and inadequate or no evidence in humans
C: Possible human carcinogen

D: Not classifiable as to human carcinogenicity

E: Evidence of noncarcinogenicity for humans

This categorization is based on EPA’s 1986 Guidelines for Carcinogen Risk Assessment. The Proposed Guidelines for Carcinogen Risk Assessment which
were published in 1996, when final, will replace the 1986 cancer guidelines.

10 Cancer Risk: The concentration of achemical in drinki ng water corresponding to an estimated lifetime cancer risk of 1 in 10,000.

DWEL: Drinking Water Equivalent Level. A lifetime exposure concentration protective of adverse, non-cancer health effects, that assumes all of the
exposure to a contaminant is from drinking water.

HA: Hedth Advisory. An estimate of acceptable drinking water levels for a chemical substance based on health effects information; a Health Advisory is not
alegally enforceable Federal standard, but serves as technical guidance to assist Federa, state, and local officials.

One-day HA: The concentration of achemical in drinking water that is not expected to cause any adverse noncarcinogenic effects for up to one day
of exposure.

Ten-day HA: The concentration of a chemical in drinking water that is not expected to cause any adverse noncarcinogenic effects for up to ten days
of exposure.

Lifetime HA: The concentration of achemical in drinking water that is not expected to cause any adverse noncarcinogenic effects for alifetime of
exposure.
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LED,, Lower Limit on Effective Dose;, . The 95% lower confidence limit of the dose of a chemical needed to produce an adverse effect in 10% of those
exposed to the chemical, relative to the control.

MCLG: Maximum Contaminant Level Goal. A non-enforceable health goal which isset at alevel at which no known or anticipated adverse effect on the
health of persons occur and which alows an adequate margin of safety.

MCL: Maximum Contaminant Level. The highest level of a contaminant that is allowed in drinking water. MCLs are set as close to the MCLG asfeasible
using the best available treatment technology and taking cost into consideration. MCL s are enforceable standards.

RfD: Reference Dose. An estimate (with uncertainty spanning perhaps an order of magnitude) of adaily oral exposure to the human population (including
sensitive subgroups) that is likely to be without an appreciable risk of deleterious effects during alifetime.

SDWR: Secondary Drinking Water Regulations. Non-enforceable Federa guidelines regarding cosmetic effects (such as tooth or skin discoloration) or
aesthetic effects (such as taste, odor, or color) of drinking water.

TT: Treatment Technique. A required processintended to reduce the level of acontaminant in drinking water.

ABBREVIATIONS

D: Draft

F: Find

NA: Not Applicable

NOAEL: No-Observed-Adverse-Effect-Level
OPP: Office of Pegticide Programs

P: Proposed

Reg: Regulation

TT: Treatment Technique

Source: U.S. EPA 2000.
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