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NSF INTERNATIONAL

Mission Statement:

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

NSF Purpose and Organization

NSF International (NSF) is an independent not-for-profit organization. For morethan 52 years, NSF has
been in the business of developing consensus stlandards 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 rely for assurance that equipment and products meet strict public heglth
and performance criteriaand standards.

Limitations of use of NSF Documents
Thisprotocoal issubject to revison; contact NSF to confirm thisrevison iscurrent. Thetesting againgt this
protocol does not congtitute an NSF Certification of the product tested.

U.S. ENVIRONMENTAL PROTECTION AGENCY

Throughout its higtory, the U.S. Environmental Protection Agency (EPA) has evauated technologies to
determine ther effectivenessin preventing, controlling, and cleaning up pollution. EPA is now expanding
these efforts by indituting anew program, the Environmenta Technology V erification Program:--arETV---
to verify the performance of alarger universe of innovative technica solutions to problems that threaten
human hedlth or the environment. ETV was cregted to subgtantialy accelerate the entrance of new
environmenta technologiesinto the domestic and international marketplace. It suppliestechnology buyers
and developers, consulting enginears, states, and U.S. EPA regions with high quality data on the
performance of new technologies. Thisencourages more rapid availability of approachesto better protect
the environment.

ETV’sDrinking 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 U.S. EPA is
authorized through the Safe Drinking Water Act to set numerica contaminant standards and trestment and
monitoring requirements that will ensure the safety of public water supplies. However, svdl communities
are often poorly equipped to comply with al of the requirements; less costly package trestment technologies
may offer asolution. These package plants can be designed to deal with specific problems of a particular
community; additiondly, they may be ingaled on Ste more efficiently---requiring less start-up capita and
time than traditionaly congtructed water trestment plants. The opportunity for the sdles of such sysemsin
other countriesis aso substantid.

The EPA has partnered with NSF, anonprofit testing and certification organization, to verify performance of
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gmall drinking water systems that serve smdl communities. It is expected that both the domestic and
international markets for such systems are subgtantiad. The EPA and NSF have formed an oversight
stakeholders group composed of buyers, sdllers, and states (issuers of permits), to assst in formulating
consensustesting protocols. A god of verification testing isto enhance and facilitate the acoeptance of small
drinking water trestment equipment by State drinking water regulatory officias and consulting engineers
while reducing the need for testing of equipment a each location where the equipment useis 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
disseminating information. The manufacturer is expected to secure the gppropriate resources to support
their part of the equipment verification process, including provison of equipment and technica support.

The verification process established by the EPA and NSF isintended to serve asatemplate for conducting
water trestment verification tests that will generate high quality data for verification of equipment
performance. The verification processis amode process that can help in moving small drinking water
equipment into routine use more quickly. The verification of an equipment's performance involves five

sequentid steps:
1. Development of averification/Product- Specific Test Plan;
Execution of verification tegting;
Data reduction, analys's, and reporting;
Performance and cost (Iabor, chemicals, energy) verification;

a > W DN

Report preparation and information transfer.

This verification testing program is being conducted by NSF Internationd with participation of
manufacturers, under the sponsorship of the EPA Office of Research and Development (ORD), National

Risk Management Research Laboratory, Water Supply and Water Resources Divison (WSWRD) -
Cincinnati, Ohio. NSF'sroleisto providetechnica and administrative leedership and support in conducting
the testing. It isimportant to note that verification of the equipment does not mean that the equipment is
“certified” by NSF or EPA. Rather, it recognizes that the performance of the equipment has been

determined and verified by these organizations.

Partner ships:

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

NSF encouragesthe user of thisprotocol to aso read and understand the policiesrelated to the verification
and testing of drinking water treatment systems and equipment.

Thefirg Chapter of thisdocument describesthe Protocol required indl studiesverifying the performance of
equipment or systems removing nitrate, the public health god of the Protocol. The remaining chapters
describe the additiona requirements for equipment and systems using specific technologies to attain the
gods and objectives of the Protocol: the removal of nitrate.

Prior to the verification testing of drinking weter trestment systems, plants and/or equipment, the equipment
manufacturer and/or supplier must sdlect an NSF-qudified Feld Tegting Organization (FTO). This
designated Fied testing Organization must write a“ Product- Specific Test Plan” (PSTP). The equipment
manufacturer and/or supplier will need this protocol and the test plansherein and other ETV Protocolsand
Test Plans to develop the Product- Specific Test Plan depending on the trestment technol ogies used in the
unit processes or treatment train of the equipment or system. More than one protocol and/or test plan may
be necessary to address the equipment’ s capabilitiesin the trestment of drinking water.

Tegting shdl be conducted by an NSF-qudified Fied Testing Organization that is sdected by the
Manufacturer. Water quality analytical work to be completed as a part of an ETV Testing Plan shdl be
contracted with a state-certified or third party- or EPA-accredited laboratory. For information onalisting
of NSF-qudified fidd testing organizations and date-certified or third party- or EPA-accredited
laboratories, contact NSF Internationdl.
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1.0 INTRODUCTION

This firgt chapter is the “EPA/NSF ETV Protocol For Equipment Verification Testing For Remova Of
Nitrate: Requirements For All Studies’. Specificaly, thisprotocol discussestheinformation and procedures
requested from equipment manufacturerswho wish to have their trestment plants verified and tested under
the NSF International/Environmenta Protection Agency (NSFHEPA) verification testing program. Inorder
to participate in the equipment verification process a Product- Specific Test Plan (PSTP) using this study
protocol and adhering to the requirements herein is necessary.

The contents of the PSTP are described in this protocol document. The manufacturer will include only
those items of information that pertain to the specific equipment and testing objectives. The descriptive
materia in this protocol represents the format and type of information, which would be required for
NSHEPA ETV testing. The PSTP should not be viewed as a promotiona document, but as a document
whichwill trandfer technica information about the equipment, the Ste of the testing and information regarding
successful operation to those unfamiliar with the equipment and location of the test.

The testing of new technologies and materia s that are unfamiliar to the NSF/EPA will not be discouraged.
It isrecommended that resins or membranes or any other materia or chemicd in the equipment conformto
NSF Internationa/American National Standards Ingtitute (NSF/ANSI) Standard 60 and 61. The
disclosure of the existence or use of proprietary or patented material and procedures should be madein the
PSTP.

Thefind submisson of the PSTP shdll:
include the information requested in this protocal;
conform to the formeat identified herein;
and conform to the specific ETV Tegting Plan or Plans related to the statement or statements of
capabilities that are to be verified.

The PSTP may include more than one Testing Plan. For example, testing might be undertaken to verify
performance of a system for both nitrate reduction and removal of disinfection by-product precursors.

Thisprotocol document ispresented intwo fonts. The non-italicized font providesbackground informetion
that the Fidd Tegting Organization (FTO) may find useful in preparation of the PSTP. Theitalicized text
indicates specific study protocol deliverablesthat arerequired of the Field Testing Organizationand
Manufacturer and that must be incorporated in the PSTP.

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

Digtribution System - A system of conduits by which a primary water supply is conveyed to
consumers typicaly by anetwork of pipdines.

EIR - An Environmenta Impact Report that may be required to construct and operate adrinking water
treatment plant.

Equipment Verification Testing Plan - specific testing plan for each technology gpplication, such as
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nitrate equipment or coagulation and filtration equipment. These plansare being developed by NSFto
assist in development of PSTPs.

Field Testing Organization (FTO) - an organization qudified to perform studies and testing of

package plants or modular sysems. Theroleof the testing organization isto ensuretheat thereis skilled
operation of asystem during the intense periods of testing during the study and the tasks required by the
Protocol for Equipment Verification Testing are performed. The Testing Organizationisrespongblefor:

preparing the gpplication on behdf of the Manufacturer;

managing, evauating, interpreting and reporting on the dataproduced by the verification testing and
study;

providing logistica support, scheduling and coordinating theactivities, e.g., establishinga
communications network, of dl participants in the verification testing and sudy;

advisng the Manufacturer on feed water quaity, waste digposa requirements and test
gte sdection, such that locations selected for the verification testing and study havefeed
water quaity consistent with the objectives of the Protocol for Equipment Verification
Teding;

collecting and transporting anaytical samples of water from water and wastewater
sreams and maintaining chain of custody documents,

callecting dl field data on quditative and quantitetive evauation factors.

Manufacturer - A business that assembles and/or sdlls package plant equipment and/or modular
systems. Therole of the manufacturer is to provide the package plant and technica support for the
verification testing and study. The manufacturer is dso responsible for providing assstance to the
testing organi zation during operation and monitoring of the package plant or modular system during the
verification testing and study.

Modular System- A functiona assembly of componentsfor useinadrinking water trestment system
or package plant, each part of which providesalimited form of trestment of the feed water(s). Trested
waters may be discharged to another package plant module or to the distribution systemif the modular
system includesthe find step of treatment.

Package Plant - A completewater treetment system including all components from connection to the
feed water(s) through discharge to the distribution system. It is the entire system of water trestment
plant equipment that isprovided by the manufacturer. It shdl includeal equipment and materidswhich
an owner/operator requires or isrequired by permitsto ingtal the system, operateit and dischargethe
fina product into the ditribution system, and to discharge waste into a waste digposd system. Any
post treatment or blending facilities are included in the package plant. The package plant does not
include any exigting source water facilities, but it may or may not include waste discharge or containment
fadlities

Performance - Various plant operating factors described either quantitatively or quditatively which
characterize the plant’ s ability to meet the objectives of the treatment process.
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Permit - Any permit that is required to ingtal and operate a drinking water trestment plant such as
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conditiona use permit, a congtruction permit, a trestment plant operation permit, a waste discharge
permit or other such permit.

Plant Operator - the person working for a small water system who is certified to operate a water
treatment plant and who is responsible for operating drinking water trestment equipment to produce
treated drinking water. This person also may 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 onStefin-line testing,
sample collection, preservation, and shipment and other on-Site activities described in the EPA/NSF
Protocol(s) and Test Plan(s) that apply to a specific make and model of a package plant/modular
system.

Protocol for Equipment Verification Testing - thisdocument. Protocol shall be used for reference
during Manufacturer participation in verification testing program

Reclaimed Water - Water that is aby-product of the trestment processand isdischarged asa
wadtewater and is reused as irrigation water, cooling tower water or to satisfy smilar water
demands.

Recycled Water - Water that is a byproduct of the trestment process that is reused in the
process rather than being discharged as wastewater.

Reliability - Theability of asystem to meet the objectivesof the treatment processover alongtermon
acongstent basis without excessive maintenance, operator time and down time.

Responsible Water Agency or Owner/Operator - The person or agency (private or public) that
owns the dite and facilities where the system will be tested. It islikely that the owner will aready be
operating some water system facilities, such asawdl, pump dation, reservoir, trestment plant etc. at
thisgte. Thisagency aso representsatypica end user or purchaser of asystem who has public water
purveyor responsbilities under numerous locd, State and Federd regulations.

Verification - to establish the evidence on therange of performance of equipment and/or device under
specific conditions following a predetermined protocol.

Waste, Waste Solids, Wastewater - The solid, liquid, or mixture of solid and liquid materid thet is
produced by the water trestment processing equipment consisting of concentrated nitrate and other salt
brines and rinse water and backwash water.

Waste System - The portion of the equipment that contains, stores, transports, or pumps the
produced waste.

Waste Disposal System - A facility, such as a sewer system, irrigated area, waste disposa Site,
ocean outfall, evaporation pond, deep well disposd system or other such system which will accept the
waste produced by the equipment. This waste disposa system is not a part of the equipment.

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

April 2002 Page 1-7




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

1.1  Background

The U.S. Environmental Protection Agency (EPA) has partnered with NSF, a not-for-profit testing and
catification organization, to verify peformance of smdl drinking water systems that serve smadl
communities. It is expected that both the domestic and internationd markets for such systems are
substantia. EPA and NSF have formed an oversight stakeholders group composed of buyers, sdllers,
consultants, organizationsand states (issuersof permits), to assist in formulating consensustesting protocols.
A god of verification testing is to enhance and facilitate the acceptance of small drinking water treatment
equipment by State drinking water regulatory engineers and consulting engineerswhile 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 verificaion testing, evauating data generated by such testing and managing and
disseminating information. The manufacturer is expected to secure the gppropriate resources to support
their part of the equipment verification process, including provison of equipment and technical support.

The verification process established by the EPA and NSF isintended to serve asatemplate for conducting
water trestment verification tests that will generate high qudity data for verification of equipment
performance. The verification process is a modd process that can help in moving smdl drinking water
equipment into routine use more quickly. The verification of an equipment's performance involves five

sequentia steps:
Development of a verification/ PSTP,

Execution of verification testing;

Datareduction, andyds, and reporting;

Performance, rdiability and cost factor (labor, chemicds, energy) verification;
Report preparation and information transfer.

1.2  Objectivesof Verification Testing

Themanufacturer will define theverification testing objective(s). These specific objectives of the equipment
verification testing will be different for each Manufacturer, depending upon the statement of objectivesof the
specific equipment to be tested. The testing objectives developed by each Manufacturer shdl be defined
and described in detail in the PSTP developed for each piece of equipment. The objectives of the
equipment verification testing may include:

Generate field data gppropriate for verifying the performance of the equipment;
Evduate new advances in equipment and equipment design;

Generate fidld data gppropriate for verifying the performance of the equipment used in a specific
environment such as a coastd region where ocean disposd is avallable;

Generate field data appropriate for verifying the performance of the equipment operating within a
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specific range of untreated water quaity;

Generate field data gppropriate for verifying the performance of the equipment used for specific
modes of operation such as continuous or interrupted operation.

Multiple testing objectives may be included in the PSTP. The development of specific objectives is
discussed in Section 4.1. Water qudity treatment objectives must also be defined in the PSTP. The
development of these objectivesis discussed in Section 3.1.

An important aspect in the development of the verification testing isto describe the procedures that will be
used to verify the statement of performance objectives made for water treatment equipment. A verification
testing plan document incorporates the quality assurance/qudity control (QA/QC) dements needed to
provide data of appropriate quality sufficient to reach a defensible position regarding the equipment

performance. Verification testing conducted at asngle Ste may not represent every environmentd Stuation
which may be acceptable for the equipment tested, but it will provide data of sufficient qudity to make a
judgment about the application of the equipment under conditions Smilar to those encountered in the
verification testing.

It isimportant to note thet verification of the equipment does not mean that the equipment is“certified” by
NSFor EPA. Rather, it recognizesthat the performance of the equipment has been determined and verified
by these organizations.

1.3  Scopeof Verification Process and Testing

This protocol outlines the verification process for equipment designed to achieve the physica chemicd or
biologica remova of nitrate from contaminated water. The scope of thisprotocol includes Testing Flansfor
equipment employingion exchange, reverse oamos's, dectrodiayds, or biologica processesasthe primary
processfor treatment. The equipment may consst of asingle process or acombination of these processes.

The equipment may dso condst of one or more of these processes combined with a waste treatment
process, such as biologica denitrification. This protocol is not an NSF or third- party consensus standard
and it does not endorse the products or technology described herein. An overview of the equipment
verification process and the e ements are described in this protocol document.

1.4  Scopeof thePSTP

Specificdly, the PSTP shdl include a least the following items:
Roles and respongibilities of verification testing participants, (See Section 2.0)
A brief statement of the objectives of the test plan;
A brief statement of the water quality trestment objectives,

Procedures governing verification testing activities such as equipment operation and process
monitoring; sample collection, preservation, and analys's; and data collection and interpretation; (See
Section 3.0)

Experimental design of the Field Operations Procedures, (See Sections 4.0 and 5.0)
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1.5

Quadlity assurance (QA) and qudity control (QC) procedures for conducting the verification testing
andfor ng the quality of the data generated from the verification testing; (See Sections 6.0 and
7.0) and

Hedth and safety measures relating to biohazard (if present), chemica, dectrica, mechanicad and
other safety codes. (See Section 8.0)

General Content of PSTP:

Theremaining sections of this chapter discussthetype of information, whichisrequiredinthe PSTP. Atthe
end of each section the itdicized textud materid will give the required outline for treating the subjects
discussed in the related section followed by a statement of the respongbilities of the participants. For
example, the following isthe generd outline for the PSTP:

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

TITLE PAGE
FOREWORD

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

EXECUTIVE SUMMARY -The Executive Summary describesthe contents of the PSTP (not to
exceed two pages). A general description of the equipment, the testing objectives, and the
statement of water quality treatment objectivesand capabilitieswhich shall be verified during
testing shall beincluded, aswell asthe testing locations, a schedule, and a list of participants.

ABBREVIATIONS AND ACRONYMS - A list of the abbreviations and acronyms used in the
PSTP shall be provided.

EQUIPMENT VERIFICATION TESTING RESPONSIBILITIES (See Section 2, below.)
EQUIPMENT CAPABILITIESAND DESCRIPTION (See Section 3, below.)
EXPERIMENTAL DESIGN (See Section 4, below.)

FIELD OPERATIONS PROCEDURES (See Section 5, below.)

QUALITY ASSURANCE TESTING PLAN (See Section 6, below.)

DATA MANAGEMENT AND ANALYS'S (See Section 7, below.)

SAFETY PLAN (See Section 8, below.)
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2.0 EQUIPMENT VERIFICATION TESTING RESPONSIBILITIES
21  Verification Testing Organization and Participants

This veification tesing program is being conducted by NSF International with participation of
manufacturers, under the sponsorship of the EPA Office of Research and Development, Nationd Risk
Management Research Laboratory, Water Supply and Water Resources Division (WSWRD)- Cincinnat,
Ohio. The WSWRD and NSF jointly are administering the Equipment Verification Testing Program.
NSFsroleisto provide technica and administrative leadership and support in conducting the testing.

The specific respongbilities of each participant are discussed in Section 2.6. The required content of the
PSTP and the Manufacturer responsbilities are listed at the end of each section. In the development of a
PSTP, atablethat includesthe name, affiliation, and mailing address of each participant, apoint of contact,
their role, and telephone, fax and E-mail address shdl be provided.

The following participants should be listed in the Participants Table:
NSF;
Site Owner;
Site Operator;
Plant Operator;
FHeld Testing Organization;
Anaytica Laboratory; and
Any other responsible parties.

2.2 Organization

The PSTP dhdl provide the organizationd dructure for the verification testing showing lines of
communication.

2.3  Verification Testing Site Name and L ocation

This section discusses background informetion on the verification testing Ste(s), with emphasisonthe quality
of thefeed water, which in most caseswill bethe sourcewater at thesite. The need for trestment should be
demondtrated. The name and address of the owner/operator of the proposed site must be submitted aong
with aletter of agreement from the owner/operator of the Siteto alow testing of the equipment at the Site.
The Manufacturer should congder listing asite, which would be typica of the intended market not only in
termsof the feed water qudity but dso intermsof location and environmentd conditions. For example, if a
manufacturer’ s market isin mid-western agriculturd regions, thewater qudity, climate, and waste disposd
systems would be different than those found in temperate coasta regions. If the manufacturer wishesto
demongtrate amembrane system, choice of asitewith tota dissolved solids (TDS) water qudity problems
would be desrable. Itislikely that the equipment would be tested at awell Site owned and operated by a
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public water agency or private water company. In most cases, the equipment may be demonstrated at
more than one site.

24 Site Characteristics

The PSTP mugt include a decription of the test Ste and the immediately surrounding environment.
I nformeation about the Site should be provided to show that it isfeasible to adequatdly test asystem(s). This
shdl include adescription of where the equipment will belocated. If available, givethe Sreet address, city,
state and zip code. An arealocation map showing accessfrom mgor sreetsand highwaysand asitelayout
drawing with equipment foot prints and dimensions would be helpful. The drawing should indicate the
location of existing facilities, the source of thefeed water and where the treated water will go and wherethe
wagtewill bedischarged. 1t should be specificaly mentioned if the treated water will proceed towaste or if
it will be introduced into an existing water supply. It isaso important to point out if treated water will be
blended with untrested water before it is sent to waste or didtribution. If so, the blending facility must bea
pat of the equipment. Indicate if any facilities other than the equipment would be required such as
additiond buildingsor trallersfor sample collection and analyses, € ectrica power, concrete pads, drainage
facilities, protective coverings etc. Consder the following questions:

Will the equipment supply water on a continuous or interrupted basis?
If the equipment is down, how will the demand be met?

If the feed water is the source water for an existing water trestment plant, describe the raw water
intake, the opportunity to obtain raw water without the addition of any chemicas asfeed water to
the equipment being tested, the pattern of operation of the raw water pumping (isit continuous or
intermittent), if source water available from a pressurized line or from a storage reservoir, and
facilities for handling trested water and waste (i.e., resduas) from the testing program.

Do facilities exist on the Ste for digposa of wastes? If S0, isthe capacity large enough to handle
wadte from the equipment? Or, will new waste digposa facilities be required? The equipment will
be tested at its maximum sustainable trestment flow rate (gallons per minute).

What isthis value and demondrateit is competible with the water supply and demand at the Site?

Will the operdtion of the test facility be compatible with the existing uses of the ste and the
surrounding land uses?

Isit located in aresdentid areawhere neighbors may complain? If so, how will this be handled?

Are any condruction or conditiona use permits required? |s a permit required to operate the
equipment?

Is awaste discharge permit required?
What will be the ultimate method of waste disposa?

Hasthe manufacturer consulted with thefollowing: The owner/operator, thewater agency, theloca
or State hedlth organi zation, the waste discharge agency, local emergency officids (regarding safe
fire flows), or responsgible health agencies who have jurisdiction?
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Have alternative sites been considered?
Why was this site chosen in preference to other Sites?

Environmental documentation such as an EIR or environmenta impact assessment relative to the
proposed equipment testing should aso be submitted or an explanation of why such environmenta
documentation may or may not be required.

Content of PSTP Regarding Equipment Verification Testing Responsibilities:

The Field Testing Organization shall be responsible for including the following elements in the

PSTP:

Definition of the roles and responsibilities of appropriate verification testing participants.

A table which includesthe name, affiliation, and mailing address of each participant, a point
of contact, their role, telephone, fax and E-mail address.

Organization of operational and analytical support.

List of the site name(s) and location(s). Describethe siteand the surroundings. Uselocation
maps and provide other material discussed above.

Description of the test site(s), the site characteristics and identification of where the
equipment shall be located (use foot print drawings) and other pertinent material discussed
above.

Describe existing facilities on the site, how they will be used. List any permitsand
environmental documentation required. Provide other material discussed above.

Manufacturer Responsibilities:

3.0

31

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

Provision of logistical and technical support, as required. Remove equipment and any
discarded items from the site after termination of the test program.

Provision of technical assistance to the site owner/operator and the qualified testing
organization during operation and monitoring of the equipment undergoing verification
testing as discussed above.

EQUIPMENT CAPABILITIESAND DESCRIPTION

Equipment Capabilities, Water Quality Objectives

For this Veification Testing, the Manufacturer and their designated FTO 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 manufacturer’s performance
objectives are used to establish dataquality objectives (DQOS) in order to develop theexperimenta design
of the verification test. The broader the performance objectives, the more comprehensive the PSTP must
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becometo achievethe DQOs. In conjunction with a Statement of Performance Objectives, the FTO shall
dtate the pertinent detection limitsfor the nitrate analytica method. Statements should be made regarding
the applications of the equipment, the known limitations of the equipment and under what conditions the
equipment is likely to fal or underperform. The FTO on behdf of the Manufacturer shal aso provide
information asto what advantagesthe V erification Testing equipment provides over exigting equipment. The
PSTP must state the treated water quality objectives.

The Statement of Performance Objectives must be specified and verifiable by a datisticd andyss of the
data. Below are two different types of Statements of Performance Objectives that may be verified in this
teging:

1. This ion exchange system is cgpable of treating water contaminated with nitrate up to 100 mg
NO3/L by producing water with a nitrate level equd to or less than 35 mg NOs/L in the treated water
samples during a 60-day operation period at aloading rate of 1 gpnmv/cf of resin (temperature between 20
and 25°C).

2. This system is capable of producing a product water with nitrate concentration less than 10 mg/L
during a60-day operation period at aloading rate of 1 gpm/cf of resin (temperature between 20 and 25°C)
in feedwaters having the following compostion: TDS = 1200 mg/L (with sulfates = 300 mg/L or gregater)
and containing nitrate having alevel of up to 100 mg NOs/L and will produce water witha TDSleve equa
to 150 mg/L and anitrate level equa to or lessthan 35 mg NOs/L in the treated water samples.

Note in the above statement for membrane equipment, the sulfate level must o be sated.

An example of a Statement of Performance Objectives that would not be acceptable is presented bel ow:
"This sysem will provide lower nitrate levels than required by the Safe Drinking Water Act
(SDWA\) on a congistent and dependable basis.”

The Manufacturer shdl identify thewater qudity objectivesto be achieved in the Statement of Performance
Objectives of the equipment to be evaluated in the verification testing. For each Statement of Performance
Objectives proposed by the FTO and the Manufacturer in the PSTP, the following information shall be
provided:

Applications of the equipment;

Known limitations of the equipment;

Advantages it provides over existing equipment;

Percent remova of nitrate;

Rate of treated water production (i.e., resn loading rate, membrane flux);
Product water recovery;

Feed stream water qudity regarding pertinent water quality parameters,
Temperature,
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Concentration of nitrate; and
Other pertinent water quality and operationa conditions.

During Verification Testing, the FTO must demongtrate that the equipment is operating at a Steady-State
prior to collection of data to be used in verification of the Statement of Performance Objectives. The
following equation shall be used to determine percent remova of the radionuclides investigated:

~

i €C.y - Crinineg U
% Nitrate Remova =100* g—=—Tnshed -

e Cf%d u
where Cioy = concentration of nitrate in the feedwater; and

Ciinished = CONcentration of nitrate in the finished water.

The andysis of nitrates in the feedwater, treated water and wastewater streams shall be performed by a
state- certified, third party accredited or EPA-accredited laboratory using an approved Standard M ethod.

The Statement of Performance Objectives prepared by the FTO (in collaboration with the Manufacturer)
shdl dsoindicate therange of water quality under which the equipment can be chalenged while successfully
treating thefeedwater. Statementsof Performance Objectivesthat aretoo easily met may not be of interest
to the potentia user, while performance objectives that are overstated may not be achievable. If a
manufacturer relies on integrated processes for nitrate remova, the Statement of Performance Objectives
must include the overdl water trestment system nitrate remova peformance. The Statement of
Performance Objectivesformsthe bass of the entire Equipment Verification Testing Program and must be
chosen gppropriately. 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 treetment systems participating in the Nitrate Remova
Verification Testing Program will be capable of achieving multiple water trestment objectives. Althoughths
Protocol and the associated Verification Testing Plans are oriented towards remova of nitrates from
feedwaters, the Manufacturer may want to look at thetreatment system’ sremova capabilitiesfor additiona
water quality parameters.

3.2  Equipment Description

Description of the equipment for the verification testing program shall be provided by the Manufacturer.
Dataplates shall be permanent and securely attached to each production unit. The dataplate shal be easy
to read in English or the language of the intended user located on the equipment where it is readily
accessible. Openvcdosed indicatorsshdl beclearly visbleon al automatic valvesaswell asdirection of flow
arrowson dl piping. The following other information is required’

a) Equipment Name
b) Modd #

¢) Manufacturer’s name and address
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d) Electrica requirements - volts, amps, and Hertz
€) Serid Number and Y ear of manufacture
f)  Warning and Caution statements in legible and eadly discernible print sze

g Capacity or output rate (if applicable)
h) Any proprietary features should be described

Content of PSTP Regarding Equipment Capabilities and Description:

The PSTP shall contain the following:
A statement of the water quality objectives to be achieved by the equipment.
Description of the equipment to be demonstrated. This shall include:

— Brief introduction and discussion of the engineering and scientific concepts on which the
water treatment equipment is based,;

— Description of the treatment train and each unit process included in the system;

— Brief description of the physical construction/components of the equipment. Include
general environmental requirementsand limitations, weight, transportability, ruggedness,
power and other consumables needed, etc.;

— Statement of typical rates of consumption of chemicals, a description of the physical and
chemical nature of wastes, and rates of waste production concentrates, residues, etc.).

Definition of the performance range of the equipment.

Operation and maintenance manual will be supplied for the equipment. Includea flow diagram,
piping and instrumentation diagram, location of sampling points and flow meters, and a
description of atypical start up, operation and shut down procedure. Indicate the functioning of
alarmsand shut down alarms. Indicate plant adjustmentsrequired. All valvesand controlsand
similar components are to be clearly marked on the equipment and so identified in the flow
diagram.

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. Provide comparisons in such areas as. treatment
capabilities, requirementsfor chemicalsand materials, power, labor requirements, suitability for
process monitoring and operation from remote locations, ability to be managed by part-time
operators.

Discussion of the known limitations of the equipment. Include such items as the range of feed
water quality suitable for treatment with the equipment, the upper limits for concentrations of
regulated contaminants that can be removed to specified concentrations, level of operator skill
required to successfully use the equipment.
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40 EXPERIMENTAL DESIGN

This section discusses the objectives of the verification testing, factors that must be considered to meet the
performance objectives, and the satistical and other meansthat the NSF should use to evauate the results
of the verification testing.

41  Objectives of Experimental Testing

The testing program must have well defined objectives. The PSTP will include a statement of the
verification testing objectives to evaluate equipment in one or more of the following aress

1) performance relative to manufacturer's stated range of equipment objectives;

2) the impacts of variations in feed water qudity (specificdly variations in TDS, chloride, sulfate,
nitrate and akainity are important) on its performance;

3) thelogistica, human, and economic resources necessary to operate the equipmert;

4) therdiability, ruggedness, cog, range of usefulness, safety and ease of operation and maintenance;
5) how much (or how little) waste is produced by the trestment process, and

6) the cost of treatment.

Although the Fidld Testing Organization is encouraged to include al parameterslisted below inthe PSTP,
the Fidd Tegting Organization shdl beresponsblefor sdection of the quditative and quantitetive parameters
which mugt be evduated to meet the water qudity trestment objectives and the verification testing
objectives. A ligt of parameters is listed below and in ETV test plans that are appropriate for most
equipment. For example, if equipment is only intended for remova of nitrate, there would be no need to
conduct testing to evauate the removal of TDS. The Field Testing Organization will state the verification
testing objective thet is appropriate for the equipment. For example, the Fidd Testing Organization may
wish to focus on wastewater production and thus formulate the stated objective to include this factor.

4.2  Equipment Characteristicsor Factorsto be Tested

This section discusses factors that shall be considered in the design and implementation of the verification
testing. These factors will be evduated ether quantitatively or quditatively during the verification testing.
Thefactors can include such items as. ease of operation; ease of maintenance; degree of operator attention
required; operator labor (marn-hours) required; response of equi pment and treatment processto changesin
feed water quality; dectrical power requirements, system reliability features including redundancy of
components, feed flow requirements; discharge requirements; spatid requirements for the equipment
(footprint); unit processes included in trestment train; and chemica inventories needed.

4.2.1 Qualitative Factors

Some factors, while important, are difficult or impossible to test or quantify. Important factors that
cannot easily be quantified arethe modular nature of the equipment, the safety of the equipment toward
operators or spectators, the portability of equipment, and thelogistica requirements necessary for using
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it. Aesthetics, security and compatibility with surrounding land use are important quditative factors.
For example, a plant located n a resdentid area should not gppear out of place and it should be
protected from and should not attract vandaism.

Maintenance operations such as ease/difficulty of membrane or resin cleaning and replacement should
be discussed dthough these operations may not be carried out during the test procedure. NSFwould
aso require knowing what labor would be required to terminate the tests and remove the equipment
from the ste.

Typical quaitative factorsto be discussed arelisted bel ow, and others may beadded. The PSTP shdll
discuss those factors that are gppropriate to the test equipment and the test site.

Reiability or susceptibility to environmenta conditions.

Equipment safety. Point out any feature or device which could ham the operator if
mafunctions or mishandling occurred, such as chemica handling, high pressures discharges,
unexpected noises, sudden pressure loss or build up.

Theneed for any safety devices(e.g. fireextinguishers, air packs) or clothing which arerequired
such as specid shoes or safety glasses.

Effect of operator experience on results. Discuss the level of experience that an operator
should have to successfully achieve reliable and safe operation. Mention if specid training
would be required such as handling acids, leaks or spills.

Specid equipment required for moving or lifting heavy parts or materids.

Aesthetics and security.

Compatihility with surrounding land use.

Hedth and safety fegatures.

Alarms and set points.

Pacement of ingtrumentation and monitoring devicesfor convenient operator reading, ingpection
and replacement.

4.2.2 Quantitative Factors

Many factorsin this verification testing can be quantified by variousmeans. Some can be measured and
controlled while others such as chemica market prices cannot be controlled but can be measured.
Typica quantitative factors to be consdered are listed below, and others may be added. The PSTP
shdl list and give estimates of these factors and describe how they can be measured during the field
operation of the test equipment. Thesefactorswill be aso befield tested, measured and verified by the
Tegting Organization during the testing and verification procedure.

4.2.3 Quantitative Factors. Definitions
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The following definitions apply to the discusson of quantitative factors:
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Untreated Water - The raw water which is ddivered or available at the Site for trestment by the
equipment for nitrate remova.

Treated Water - The water stream that has passed through treatment (and post trestment) and is
avallable from the equipment ether for direct injection into adistribution system or for blending with
untrested water before injection into the water supply system.

Blended Water - A mixture of trested and untreated water that is suitable for injection into the
digribution system. Thisis the same as the distributed water.

Per cent Blend - The percent of treated water that isintheblend. Thusa75 percent blend will refer
to water composed of 75 percent treated and 25 percent untreated water. A 100 percent blended
water isequal to treated water.

Maximum Distribution Flow Rate - The maximum flow rae (gdlons per minute) of blended
(distributed) water which the equipment can cause to be discharged into the distribution mainson a
continuoudy operating basis with anitrate level a or below 80 percent of the MCL.

Maximum Treatment Flow Rate - The maximum flow rate (galons per minute) of trested water
which the equipment can produce on a continuoudy operating basiswhile maintaining the Maximum
Didribution Flow Rate.

Plant Factor - A factor used in computing water treatment cost. It isthe fraction of tota time the
plant operates or is projected to operate during its period of amortization. To standardize cost
computations, a plant factor of 50 percent will be used to determine the annual production of the
plant.

Percent Waste - 100 percent times the ratio of the annual wastewater production to the annua
amount of treated water production.
4.2.4 Quantitative Cost Factors
All cogt data mugt be quantified for verification testing. Cost will be expressed as cents per 1000
gallons for operating costs and amortized capital costs.

To standardize cost computations, a plant factor of 50 percent will be used to determine the annual
production of the plant. The basis of the costswill be production of distributed water at the Maximum
Didribution Flow Rate ddivered at a pressure of 60 pounds to accommodate distribution system
pressure. Thetotd cost of al cost itemswill be estimated by the Manufacturer for the duration of the
testing period.
The following operation and maintenance cost items may be estimated in the PSTP:

Operating cost of power to operate the plant computed from the cost per kWhr.,

Operating costs of power to boost pressure for distribution.

Operating cost of chemicas computed from costs as delivered by loca suppliers.

Replacement cost of resin and/or membranes.
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Cost of operator labor computed from direct and indirect |abor costs.

Cost of replacement parts. (List items)

Cog of maintenance. (Ligt items)

Cost of service cdls by equipment representatives.

Estimated operating cost of waste disposdl. (In cents/1000 ga of blended water).

425 Quantitative Plant Performance Factors

Significant quantitetive factors relating to plant performance (other than the specid water qudity
parameters discussed in the next section) must beincluded inthe PSTP. These parametersrelatetothe
daily and annud quantities of various streams and discharges and their flow rates. These performance
factors must be estimated in the PSTP and will be verified during the testing and verification program.
I nstrumentation such asflow meters, pressure gauges, conductivity meters, sampling taps, etc. must be
provided asintegrd parts of theequipment. A diagram should be provided to illustrate where and how
the factor can be measured and verified. If a multi-vessel ion exchange plant is tested, the
instrumentation should be located so the parameters can be checked for each vessd.

The following plant performance factors may be measured.

Flow rate (gpm), eectrica conductivity (e.c.), and pressure of treated water during normal
treatment.

Flow rate (gpm), e.c., and pressure of brine stream(s) during production.

How rate (gpm), e.c., and pressure of backwash water during backwash.

Flow rate (gpm), e.c., and pressure of rinse water during rinse.

Daily amount of water trested (galons) and ddivered to digtribution system.

Daily amount of backwash water used.

Daily amount of rinse water used.

Daily amount of wastewater produced.

Daily amount of make up water for brine maker.

Daily amount of saturated brine used for regeneration and amount used per regeneration.

e.c. and quantity of total wastewater produced.

Percent of treated water in ddlivered water.
In nitrate treatment, it isvery helpful to evduate overal plant performance and efficiency factors, which
will indicate theamount of chemical, added to the environment or the overall chemica costs associated
with the treatment process. For example in ion exchange, sodium chloride must be purchased,

trangported and disposed of. For a reverse osmosis plant, sulfuric acid must be added for pH
adjusment and waste brines are produced. Indices of efficiency can include the following:
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Chemicd equivdentsof aspecific chemicd (e.g salt or sulfuric acid) required by the processto
remove one chemica equivaent of nitrate.

Chemicd equivdentsof salt materidsdisposed in wastewater or brinergect by the processfor
remova of one chemica equivdent of nitrate.

Operating cost to remove one pound of nitrate.

Amount of wastewater produced by the process to remove one pound of nitrate.
4.2.6 Quantitative Factors: Plant Health, Safety and Reliability

Hedlth, safety and reiability features are Sgnificant in equipment operation and verificationtesting. The
safety featurestrested here refer to those itemswhich protect the water supply and hence the drinking
water public from unintended contamination. (Other typesof safety featuresfor on Ste plant personne
protection aretreated in Section 8). The cogt effectivenessof treating water diminishesrapidly if waste
products and chemicals cause dangerous contamination because of poorly designed and/or operated
equipment. In the rush and concern to eiminate the primary contaminant at alow capita cog, thefocus
on the importance of these safety featuresis easily lost. Primary dependence must be placed on the
reliability and quality of the equipment designer, manufacturer, and operator. Itisvery likely that these
features will be aprimary interest of hedth officiaswho must review plant designs and issue operating
permits. Thefield testing personne should be aware of these sources of contamination and may need to
devise means to check for acceptable operation.

The PSTP must describe the following:
1) the sdfety features that have been designed into the equipment;
2) what contamination problem this feature is used to address; and
3) how the features can befield tested.

In nitrate treatment, the problem areas of concern are:

1) Suddenlossof pressurein adigribution system being fed by apackage plant can occur either
by accident or by intention during distribution maintenance procedures. Pressureloss coupled
with other equipment failures could be catastrophic unlessrdliable safety features are activated.
Any mechanicd device presents an opportunity for fallure such asvavefaluresdueto various
mechanical causesincluding wear. Some vaves close at dow rates or are improperly seated
upon closure. Failureof avaveto properly close can provide pathwaysfor wastesand brines
to unintentionally enter the trested water supply. Treatment equipment pressure vessdls,
manifolds and piping often serve two purposes at different times: to contain both treated water
and wastewater. Such an arrangement congtitutes a direct cross connection in the event of
isolation vavefalure. Connectionsto distributed water mains for make up water, rinse water
etc. present an opportunity for back siphoning of chemicas and waste into the distribution
system.
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2) Anion exchange bed should not be operated too long or beyond its capacity to adsorb nitrate.
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Theresult isnot only lack of nitrate adsorption but dso a phenomenon caled “dumping” can
occur depending on resin typeswhere much of the previoudy adsorbed nitrateis dumped back
into the treated water supply by sulfate.

3) Anion exchange bed, after being regenerated with brine, vessels and piping should be rinsed
thoroughly of the waste sdt before being put back into service. If not properly rinsed,
excessive TDS and salt could be discharged into the treated water.

4) Introduction of waste rinse water or waste backwash water into the process stream or treated
stream is aso a potential source of contamination.

In proper plant design and operation, the above areas of concern will be carefully considered, although
increased cost for safety features and extrause of rinsewater and production of more wastewater may
result.

Aseach sysem will have adifferent piping design and operating procedure, thelocation and operation
of safety devices can only be generaly described in this protocol document.

A smple procedure can be implemented to check for trouble spotsin the event of loss of pressurein
thedigtribution system. Useaflow diagram showing sensorsand vaves asreference and ask questions
regarding any one vave, such as.

1) If thevaveisnormdly closed during step 1 (e.g. during trestment) in the treatment process,
could contamination result if the valve remained open? (e.g. avave in amake up supply line
and achemica supply tank.)

2) Ifthevaveisnormaly closed during step 2 (e.g. cleaning or rindng), could contamination result
if the vave remained open? (e.g. avave to the treated water line)

Examples of other operation steps can be resin or membrane cleaning, sandby, brine making, rinang,
etc. Eachvave, whether normally opened or closed, can be so addressed during each different step of
the treatment process. The same queries can be made assuming sudden loss of water pressurein the
digribution line.
The following devices, piping and vave arangements have been used to reduce unintentiond
contamination in specific cases.

1) Smplear ggps. The gaps should be frequently inspected for obstructions.

2) Sensorsfor shut down or warning darms. High nitrate and TDS darms are effective to detect
contamination after it has occurred.

3) Back flow preventors, check vaves and double check valvesdlow flow in only onedirection.
Addition of manualy operated vaves adlows periodic testing by the operator.

4) Block and bleed vave arrangements. Thisarrangement consstsof two autometicaly operated
isolation vavesin serieswith athird autometic vave between the two to act asableed vave.
How from the bleed vave isavisud indication of falure of the blocking vaves.
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4.2.7 CrossConnection Control References and Guidelines

It is likely that each state will have adopted regulations covering the requirements for using cross
connection prevention devices. Although the manufacturer’ s equipment will betested in agiven Sate
(or states) it would be to the advantage to adopt measures which would apply to dl statesto give the
broadest market for the equipment. Useful publications are available from individua state and locdl

hedlth agencies such as “Guidance Manua For Cross Connection Control Programs’ published by the
State of Cdifornia, Department of Health Services, Sept 1988, Public Water Supply Branch. Other
sources of information on this subject can be obtained from literature and certification training courses
given by locd plumbing unions. For example, “A Course Of Ingtruction For Certification In Cross-

Connection Prevention” Fresno Area Plumbers, Pipe and Refrigeration Fitters JATC. The Foundation
for Cross Connection Control and Hydraulic Research a the University of Southern California, Los
Angdles, is another resource of information (213/749 2032).

The PSTP must describe the following:
1) the sAfety features that have been designed into the equipment;
2) what contamination problem this feature will address; and
3) therecommended field testing procedure and frequency.

4.3  Water Quality Condderations

Water treatment equipment is used to treat water and change the quality of feed water (or raw water) to
reduce contaminants to a safe level. In addition, the treated water should be aestheticaly pleasing and
paatable. The experimenta design shall be developed so the relevant questions about water treatment
equipment capabilities can be answered.

Equipment Manufacturers should recognizethat it ishighly unlikely thet any Sngle processemployed withina
system can successfully treat any concelvable feed water containing dl of the regulated contaminants and
produce a treated water that meets the quality requirements for every regulated contaminant. Although
multiple processes could be placed in a treatment train to accomplish such agod, for most public water
systems such comprehensive treatment capability is generaly not needed and would not be cost effective.

The equipment istypicaly designed to treat only specific contaminants within a defined range of untrested
water quality. Itis, however, possibleto broaden the applicability of treatment in the case of nitrate remova
processes. In certain cases, water quality improvements regarding other congtituents such as hardness,
sodium, TDS, chloride, sulfate, etc. may aso bedesirable. The manufacturer can use auxiliary ion exchange
treatment or membrane processesto reduce these condtituents aswell asthe nitrate, which isthe condituent
of primary concern. The Fidd Testing Organization should state the range of water qudities and
contamination that the equipment can successfully treet and the range of contaminants or water qudity
problemsthat can be addressed. Manufacturers should carefully consider the capabilitiesand limitations of
their equipment and have the PSTP prepared to chdlenge their equipment sufficiently. The verification
testing should enable broad marketing for their products, while recognizing the limitations of the equipment
and not subjecting it to testing for contaminant remova when the outcomeisknown in advanceto befailure
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and thetesting would befruitless. The ETV Testing Plansshal be used asthe basisfor the specific PSTPs.
4.3.1 Feed Water Quality

One of the key aspects reated to water trestment equipment performance verification is the range of
feed water quality that can be treated successfully, resulting in treated water quality that meets water
qudity goads. The PSTP preparer should consider the influence of feed water qudity on the qudlity of
treated waters produced by the equipment, such that product waters meet the water quality gods.
They should dso consder the impact of various water qudity parameters onthe cost of the treatment
process and the quality and quantity of the waste produced. Astherange of feed water quality that can
be treated by the equipment becomes broader, the potentiad market for treatment equipment with
verified performance capabilitieswill dsoincrease. The Field Testing Organization shal specify inthe
PSTPthe specific water qudity parametersto be monitored in the Verification Testing Program. Also,
the recommended operating range of these parameters should be stated. The following feed water
quality characteristics areimportant in nitrate treetment using ion exchange and membrane processes.

A generd minera andysisincluding nitrate, nitrite, chloride, sulfate, bicarbonate, carbonate, pH,
TDS, hardness, barium, slica, and dl other mgor cations and anions.

Turbidity, particle concentration.

Temperature, with temperatures near freezing having potentid for the most difficult trestment
conditions.

Dissolved organic carbon (DOC), total organic carbon (TOC), or UV-254 absorbance.
Color.
Density (concentration) of microorganisms (bacteria).
Iron and manganese.
Presence of dgae, particularly filter clogging dgee.
One of the questions often asked by regulatory engineersin approval of water trestment equipment is
"Has it been shown to work on the water where you propose to put it?" By providing trestment

cgpability covering alarge range of water qudities the verification testing is more likely to provide an
affirmative answer to that question.

4.3.2 Treated Water Quality

Treated water qudity isthe most significant measurement to be madein thetesting program. For nitrate
treatment processes, the Manufacturer must provide astatement of objectivesto provide certain nitrate
levels. In addition, the Manufacturer may wishto make a statement about performance objectives of
the equipment for remova of other contaminants.

Furthermore, some water treatment equipment can be used to meet aesthetic goals. Water qudity
congderations that may be important for some smdl systemsincude:
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color, taste and odor
tota dissolved solids

iron and manganese

Finaly, other water qudity parameters are useful for assessing equipment performance. These may
indude:

particle count or concentration

heterotrophic plate count bacteria (HPC)

biological dissolved organic carbon (BDOC) or assmilable organic carbon (AOC)

Other water quality consderations must also be made. Any treatment process, which removes a
contaminant a so, changesthe composition of other condtituents. For exampleinionexchange, nitrateis
removed, sulfate and akdinity are aso removed and chlorideisadded; inamembrane process, nitrate
isremoved aswell as other substances. Theremova of these materiads may produce awater quaity
incompatible with an exising didtribution syslem. These items must be addressed in the test plan.

4.3.3 Wastewater Characterigtics, Quality and Quantity

The qudity and quantity of wastewater produced by the treatment plant is a very important
congderationin testing the performance and acceptability of theplant. In many casesthesefactorscan
be the major determining considerationsin the choice of trestment. 1nthe caseof anion exchange plant
treeting for nitrate, the waste brine, dthough smal in quantity, will be high in dissolved sdts such as
sodium chloride, bicarbonate, sulfate and nitrate. The waste discharge regulator or agency, which
accepts the waste, will need to know the exact compaosition and quantity of waste before accepting it
for discharge. Many wastes are discharged into alocal sewer line, which, in turn transferswaste to a
wadtewater treatment facility. Often, the high TDS may impact the process of waste trestment or
disposd. The Manufacturer and their designated FTO should do some assessment of this impact.
Oftenthe wastewater trestment agency will chargeafeefor accepting thewagteinto their system. If the
nitrate trestment process is reverse 0IMos's, the wastewater will dso contain high TDS aswell asbe
high in volume. The agency accepting the waste must be assured that the facilities are adequate for
accepting the waste.

In ether case, the PSTP should contain the chemical composition and quantities of the varioustypes of
waste produced by the test plant. The methods of waste discharge and disposal should belisted and
discussonsand requirements of loca wastewater disposa agencies should be documented inthe PSTP.

44  Recording Water Quality Data

For dl nitrate removal tests, data should be maintained on the quality parameterslistedin Sections4.3.1and
4.3.2 above and any other datarequired by the plant operating and waste discharge permitting agencies as
described in Section 4.3.3. Thefrequency for each parameter will vary with nitrate measurementsbeing the
most frequent. The procedures and sampling requirements shdl be provided in detall in the Verification
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Teding Flan. The following items of information shal dso be maintained for each experiment:

Type of chemical addition, dose and chemica combination, where applicable(eg., lt, acid, chlorine,
scae inhibitor, etc.);

Water type (raw water, pretreated feed water, product water, wastewater);
Experimenta run number (eg. 1% run, 2™ run, 39 run, etc.).

The manufacturer must provide label ed sampling taps and | ocations on the equipment to dlow ether manud
or automatic sampling. The manufacturer must aso provide adiagram showing where each labeled sample
tap islocated and the parameter, which can be sampled at that location.

4.5 Recording Statistical Uncertainty

For the andytical data obtained during verification testing, 95% confidence intervas shall be calculated by
the Field Testing Organization for water quality parametersin which eight or more sampleswere collected.
The product-specific test plan shal specify which water qudity parameters shdl be subjected to the
requirements of confidence interva caculaion. Data qudity objectives and the vendor’s performance
objectives shdl be used to assess which water qudity parameters are critica and thus require confidence
interval gatidtics.

Asthe nameimplies, aconfidence interva describes a population rangein which any individua population
measurement may exist with a specified percent confidence. The following formulashdl be employed for
confidence interva caculation:

confidenceinterva = X+t (s/+/n)
n-l,l—;

where: X isthe sample mean;
Sisthe sample standard devidtion;
n isthe number of independent measurements included in the data set; and
t isthe Student’ st distribution value with n-1 degrees of freedom,;
o isthe sgnificance leve, defined for 95% confidenceas: 1- 0.95 = 0.05.

According to the 95% confidence interval gpproach, the « term is defined to have the vaue of 0.05, thus
smplifying the equation for the 95% confidence intervd in the following manner:

95% confidenceinterval = X +t, .. (S//n)

With input of the andlyticd resultsfor pertinent water quality parametersinto the 95% confidence interva
equation, the output will appear asthe sample mean va ue plusor minusthe second term. Theresultsof this
datigtica caculation may aso be presented as arange of vauesfdling within the 95% confidenceinterval.
For example, the results of the confidence interva cdculation may provide thefollowing information: 520
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+/- 38.4 mg/L, with a 95% confidence interval range described as (481.6, 558.4).

Cdculation of confidence intervals shdl not be required for equipment performance results (e.g., filter run
length, deaning efficiency, in-line turbidity or in-line particle counts, etc.) obtained during the equipment
testing verification program. However, as specified by the Field Testing Organization, caculation of

confidence intervals may be required for such andytica parameters as TOC, DOC, grab samples of

turbidity, nitrate, etc. In order to provide sufficient andytica datafor datisticd analyss, the Fidd Testing
Organization shdl collect three discrete water samples at one set of operationa conditions for each of the
specified water quality parameters during a designated testing period. The procedures and sampling

requirements shal be provided in detall in the Verificaion Tesing Plan.

4.6  Ingrumentation for Plant Control and Monitoring

The membrane and ion exchange equipment used for nitrate treetment are mechanical in nature and alow
the use of probesand instrumentation to monitor or control the plant operation. The PSTP should containa
description of these contrals, their function and accuracy. The following are examples.

46.1 Nitrate Measurements

At no time should the nitrate in the water leaving the plant (or water entering the digtribution system)
exceed the MCL vaue. Frequent manua analyss of grab samples or automatic nitrate monitoring is
required to assess the performance of nitrate remova plants. Feed water nitrate water quaity can

change suddenly; however, ion exchange processes have the capacity to handle influent nitrate

fluctuations. Monitoring this parameter in both the feed, treated and blended water isvery informetive
of plant performance. Measurement of nitrate on a once or twice per day bass is not sufficient to
detect rgpidly changing vaues, which can occur. It iswel known that nitrate levels can change from

minute to minute in water supplied by an intermittently operated pump. Likewise, whenever anion

exchange vessel undergoes a regeneration cycle, potentid for high nitrates exists. Some vessds are
regenerated five or more times per day. These potentid fluctuations demand frequent manua or
automatic monitoring. (Note: If an automatic nitrate monitor issupplied aspart of the equipment control

system, its operation should be evauated as any other part of the plant. Such a monitor, however,

should not be used for the nitrate measurements discussed in this paragraph. If thetest planrequiresan
automatic monitor, one should be supplied by the Fied Tegting Organization).

Similarly, if membrane processes are used, nitrate variations can aso occur asdriving pressure changes.
4.6.2 Electrical Conductivity M easurements

Electrica conductivity measurements (e.c.) can be an indicator of plant performance and can be
measured and recorded on a continuous basis. If ion exchange is the process, this parameter will

indicateif excessve satsfromimproperly operating equipment has contaminated thewater supply. The
excessive sdtsin the water supply should not exceed the secondary standards for chloride, sulfate and
TDS and should be as close to the feed water dectricd conductivity as possble. If a membrane
processis used, the electrica conductivity of the product water will be less than that of the feed water
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and will be an indication of properly functioning equipment. The PSTP should indicate the range of
conductivities to be expected in the various streams.

4.7  Verification Testing Schedule

Verification testing activities include equipment set-up, sart up and initia operation, verification operation,
sampling and analys's, maintenance procedures and plant shut down. Initial operations areintended to be
conducted so Manufacturersand their designated FTOs cantest thelr equipment and besureit isfunctioning
asintended. If feed water (or source water) qudity influences operation and performance of equipment
being tested, the initia operations period serves as the shake-down period for determining appropriate
operating parameters.

For nitrate treatment equipment, specific care must be taken during the start up procedure to disinfect
equipment and media. Both ion exchange resins and membrane materids are sengtive to oxidants and
disnfectants. Themanufacturer should provide aprocedureto ensure proper disinfection of the equipment
for the start up procedure and for subsequent occasonsiif required.

It is recommended under this protocol that aminimum of onetest period of Verification Testing of alength
specified in the appropriate test plan be conducted in order to allow testing over aperiod of timeto collect
representativedata. The specific operating and water quaity parameters shal be stipulated by the selected
Test Plan under thisprotocol and shall be used in development of the experimental plan and the preparation
of the PSTP. Climatic changes between rainy and dry seasons or locd agricultura practices may produce
subgtantia variability in feed water nitrate and other water quaity parameters. The timing for verification
testing should consider cold wesather operations because of seasond water qudity variations and because of
the impact of cold temperatures on mechanica devices, filtration and membrane devices. For ingance:

cold temperatures (1° to 5°C) can have an adverse effect on some water trestment processes due
to the increase in water viscosty a cold temperatures. Cold temperature congderations are
particularly important for membrane filtration gpplications;

water flows treated by many types of water treatment equipment are so great (80 to 100
litersminute, or greeter) that use of mechanicd refrigeration to atain temperatures of 1° to 5°C
would be prohibitively expensve;

cold temperatures have an adverse effect on mechanica pumps, chemica feed pumps, compressors
and automaticaly operated valves.

Verification testing with operations for which data are collected and used to verify performance are done
after initid operations are completed. The verification entity, NSF, is to be notified of the date when
verification testing is scheduled to begin.

Content of PSTP Regarding Experimental Design:

The PSTP shall contain the following:

Statement of the verification testing objectives.
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| dentification and discussion of the water treatment problem or problemsthat the equipment
is designed to address, how the equipment will solve the problem, and who would be the
potential users of the equipment.

| dentification of the range of key water quality parameters, givenin applicable ETV Testing
Plans, which the equi pment isintended to address and for which the equipment is applicable.

| dentification of the key parameter s of treated water quality that shall be used for evaluation
of equipment performance. Parameters of significancefor treated water quality werelisted
above in Section 4, and in applicable ETV Testing Plans.

Identification of the key qualitative parameters that shall be used for evaluation of
equipment performance. Parameters of significance for treated water quality were listed
above in Section 4, and in applicable ETV Testing Plans.

Identification of the key quantitative parameters that shall be used for evaluation of
equipment performance. Parameters of significance for treated water quality were listed
above in Section 4, and in applicable ETV Testing Plans.

| dentification, description and testing proceduresfor safety components designed to prevent
back flow, cross connections, or any unintended contamination of treated water.

Detailed outline of the verification testing schedule.

5.0 FIELD OPERATIONS PROCEDURES
51  Equipment Operationsand Design

The ETV Testing Plan specifies proceduresthat shall be used to ensure the accurate documentation of both
water quality and equipment performance. Careful adherenceto these procedureswill result in definition of
verifiable performance of equipment. (Notethat thisprotocol may be associated with anumber of different
ETV Tesdting Plansfor different types of physica remova process equipment.)

Operation and design aspects of water treatment process equi pment often provide abasisfor gpproval or
permitting by State regulatory engineers and can be used to pinpoint specific areas of concern related to
operation of the equipment. Specific operation and design aspectsto beincluded in the PSTP are provided
in detall, in the Manufacturer Responsibilities section below.

5.2  Communications, Documentation, L ogistics, and Equipment

NSF shall communicate regularly with the verification testing participants to coordinate dl field activities
associated with thisverification testing and to resolve any logisticd, technical, or QA issuesthat may ariseas
the verification testing progresses. The successful implementation of the verification testing will require
detailed coordination and constant communication between dl verification testing participants.

All Manufacturer, FTO and NSF-field activities shdl bethoroughly documented. Field documentationshdl
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include field logbooks, photographs, field data sheets, and chain-of-cugtody forms. The qudified testing
organization shal beresponsblefor maintaining al field documentation. Field notesshdl bekept in abound
logbook. Each page shdl be sequentidly numbered and |abeled with the project name and number. Fed
logbooks shall be used to record all water treatment equipment operating data. Completed pages shdl be
sgned and dated by theindividud responsblefor theentries. Errorsshdl have onelinedrawn throughthem
and thisline shdl beinitidled 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. Any deviations from the approved fina
PSTP shdl be thoroughly documented in the field logbook and provided to NSF.

Origind fidd sheets and chain-of-custody forms shdl accompany al samples shipped to the andytical
laboratory. Copies of field sheets and chain-of-custody forms for al samples shdl be provided to NSF.

5.3 Initial Operations

Initia operations will dlow equipment Manufacturers and their designated FTOs to refine their operating
procedures and to make operation adjustments as needed to successfully treet thefeed water. Information
generated through this period of operation may be used to revise the PSTP, if necessary. A fallure at this
point in the verification testing could indicate a lack of capability of the process equipment and the
verification testing might be canceled.

54  Equipment Operation and Water Quality Sampling for Verification Testing

The qudified testing organization shal supervise equipment operation and water quaity sampling and
andysisduring the verification phase of testing, using the procedures described below. NSF should oversee
or ingpect these activities. All field activities shall conform to requirements provided in the PSTP that was
developed and gpproved for the verification testing being conducted.

If unanticipated or unusud Stuations are encountered that may dter the plans for equipment operation,
water quaity sampling, or data quality, the Stuation must be discussed with the NSF technica lead. Any
deviations from the approved find PSTP shdl be thoroughly documented.

During routine operation of water treatment equipment, the total number of hours during which the
equipment was operated each day shall be documented as well as the time required by the operator to
perform various tasks. The qudified Testing Organization will record and verify the number of hourseach
day spent by the operator of the treatment plant and provide a description of the daily tasks performed by
the operator of the treatment equipment.

Content of PSTP Regarding Field Operations Procedures:

The Field Testing Organization shall be responsible for including the following elements in the
PSTP:

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

April 2002 Page 1-30



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

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

Manufacturer Responsibilities:
Provision of all equipment needed for field work associated with this verification testing;

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

Provision of field operating procedures.

6.0 QUALITY ASSURANCE PROJECT PLAN (QAPP)

The QAPP for this verification testing specifies procedures that shdl be used to ensure data quality and
integrity. Careful adherenceto these procedureswill ensurethat data generated from the verification testing
will provide sound andytica results that can serve asthe basis for performance verification.

6.1  Purposeand Scope

The primary purpose of this section isto outline stepsthat shall be taken by operators of the equipment and
by the andyticdl |aboratory to ensure that dataresulting from thisverification testing isof known qudity and
that a sufficient number of critical measurements are taken.

6.2  Quality Assurance Responsibilities

TheFed Testing Organization project manager isresoons blefor coordinating the preparation of the QAPP
for this verification testing and for its gpprova by NSF. The Fied Testing Organization project manager,
with oversght from NSF, should aso ensure that the QAPP isimplemented during dl verification testing
activities.

The Manufacturer and NSF must gpprove the entire PSTP including the QAPP before the verification
testing can proceed. NSF must review and either gpprove the QAPP or provide reasons for rejection of
the QAPP aong with suggestions on how to modify the QAPP to make it acceptable, provided that the
FTO hasmade agood faith effort to devel op an acceptable QAPP (i.e. the QAPPis 75 to 80% acceptable
with only minor changes needed to produce an acceptable plan). NSF will not write QAPPs for
Manufacturers or FTOs.

A number of individuds may be responsible for monitoring equipment operating parameters and for
sampling and analysis QA/QC throughout the verification testing. Primary respongbility for ensuring that
both equipment operation and sampling and andysis activities comply with the QA/QC requirements of the
PSTP (Section 6) shdl rest with the qualified testing organization, with oversight by NSF. QA/QC activities
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for the equipment shdl include those activities recommended by Manufacturer and those required by NSF
to assure the verification testing will provide data of the necessary quality.

QA/QC activitiesfor theandytical |aboratory that andyzes samples sent off-Steshd| betheresponghility of
that andytica laboratory's supervisor. If problems arise or any data appear unusud, they shal be
thoroughly documented and corrective actions shal 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 obtai ned during the verification testing must be of sound qudity for conclusonsto bedravn onthe
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 parameters include four indicators of data qudlity:

Accuracy;

Precison;

Representativeness, and

Satidicd Uncertainty.
Treatment results generated by the equipment must be verifiable for the purposes of this program to be
fulfilled. High qudity, wel-documented andytica laboratory results are essentia for meeting the purpose
and objectives of thisverificationtesting. Therefore, thefollowing indicators of dataquality shall beclosdy

evaluated to determine the performance of the equipment when measured againgt data generated by the
andyticd laboratory.

6.3.1 Accuracy
For water quality analyses, accuracy refersto the difference between asampleresult 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 andyte in the extraction process,

interference; and

systematic or carryover contamination from one sample to the next.

In this Verification Testing, accuracy will be ensured by
maintaining consistent sample collection procedures, including sample locations,
timing of sample collection;
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sampling procedures;

sample preservation;

sample packaging;

sample shipping; and

by random spiking procedures for the specific inorganic congtituents chosen for testing.

The FTO shdl discuss the gpplicable ways of determining the accuracy of the chemicd and
microbiologica sampling and andytica techniques in the PSTP.

For water quality analys's, accuracy isusudly expressed asthe percent recovery. Percent recovery is
the amount recovered during andysis. In genera percent recovery can be caculated by dividing the
measured amount added to the amount actualy added.

Actua Spike Actud Spike

For equipment operating parameters, accuracy refersto the difference between the reported operating
condition and the actud operating condition. For equipment operating data, accuracy entailscollecting
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 aflow meter and theflow
as actudly measured on the basis of known volumes of water and carefully defined times (bucket and
stopwatch technique) as practiced in hydraulics laboratories or water meter calibration shops. For
mixing equipment, accuracy isthe difference between an dectronic readout for equipment rotations per
minute (rpms) and the actua measurement based on counted revolutionsand 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 beincreased. Inthe PSTP, the FTO shall
discussthe gpplicable ways of determining the accuracy of the operational conditionsand procedures.

6.3.2 Precision

Precison refers to the degree of mutua agreement among individual measurements and provides an
estimate of random error. The standard deviation and the relative percent deviation recorded from
sample analyses may be reported as a means to quantify sample precison. Precison messures the
repeetability of measurement. It is usually expressed as the percent relaive standard deviation (%
RSD). In genera % RSD can be calculated by dividing the standard deviation by the average. The
methods to be employed for use of deviation shall be described by the FTO inthe PSTP.
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Deviation
% RSD = Sta”dzrjerazga“o *100% =

y; = sample measurement

n = number of samples

6.3.3 Representativeness

Representativeness refers to the degree to which the data accurately and precisdy represent the
conditions or characterigtics of the parameter represented by the data. In this Verification Testing,
representativeness will be ensured by maintaining consstent sample collection procedures, including:

sample locations,

timing of sample collection;

sampling procedures,

sample preservation;

sample packeging;

sample 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 also 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.

6.3.4 Statistical Uncertainty

Statigtica uncertainty of thewater qudity parametersanayzed shal be eva uated through calculation of
the 95% confidence level around the sample mean.

6.4  Quality Control Checks

This section describes the QC requirements that gpply to both the treatment equipment and the on-Site
water quality analyses. It adso contains a discusson of the corrective action to be taken if the QC
parametersfal outside of the evauation criteria
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The qudity control checks provide a means of measuring the quality of data produced. The Manufacturer
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may not need to use dl the onesidentified in this section. The selection of the gppropriate qudity control
checks depends on the equipment, the experimenta design and the performance goals. The selection of
quality control checks shdl be based on discussions among the FTO and NSF.  Some types of qudity
control checks applicable to operating water trestment equipment were described in Section 6.3.4.

6.4.1 Quality Control for Equipment Operation

This section will explain the methods to be used to check on the accuracy of equipment operating
parameters and the frequency with which these quality control checks shal be made. A key aspect of
the Equipment V erification Testing Program isto provide operating resultsthat will bewidely accepted
by state regulatory engineers. If the quaity of the equipment operating data cannot be verified, thenthe
water quality anaytica resultsmay be of novaue. Because water cannot betreated if equipment isnot
operating, obtaining vaid equipment operating data is a prime concern for verification testing.

An example of the need for QC for equipment operationsis an incident of state rejection of test data
because the trestment equipment had no flow meter to use for determining engineering and operating
parameters related to flow.

6.4.2 Water Quality Data

After trestment equipment is being operated and water isbeing treated, the results of the trestment are
interpreted in terms of water qudity. Therefore the quality of water sample anayticd resultsisjust as
important as the quality of the equipment operating data. Most QA plans emphasize anaytica QA.
The important aspects of sampling and andyticd QA are given below:

6.4.2.1 Duplicate Samples. Duplicate samples must be andyzed to determinethe precision of
andyss. The procedure for determining samples to be andyzed in duplicate shdl be
provided with the frequency of andysis and the gpproximate number.

6.4.2.2 Method Blanks. Method blanks are used to evauate anayticd method-induced
contamination, which may cause false postive results.

6.4.2.3 Spiked Samples. Theuse of spiked sampleswill depend on thetesting 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.

6.4.2.4 Travel Blanks. Trave blanks shall be provided to the andytica laboratory to evauate
travel-related contamination.

6.4.2.5 Performance Evaluation Samplesfor On-SiteWater Quality Testing. Paformance
evauation (PE) samples are samples whose compaosition is unknown to the anaysts that
are used to evauate andytica performance. Analysisof PE samples shall be conducted
beforetedtingisinitiated. PE samplesshdl be submitted by thefield testing organizationto
the analytica |aboratory and aso to the equipment testing organizations if gppropriete.
The control limits for the PE samples shal be used to evauate the equipment testing
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organization's and anayticad |aboratory's method performance. One kind of PE sample
that would be used for on-site QA in mogt studies done under this protocol would be a
turbidity PE sample.

PE samples come with gatistics about each sample, which have been derived from the
andysis of the sample by anumber of |aboratories using EPA-approved methods. These
datisticsinclude atrue va ue of the PE sample, amean of the laboratory results obtained
from the andysis of the PE sample, and an acceptance range for sample vaues. The
andytica |aboratory is expected to provide results from the andysis of the PE samples
that meet the performance objectives of the verification testing.

6.5 Data Reduction, Validation, and Reporting

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

6.5.1 Data Reduction

Datareduction refersto the process of converting theraw resultsfrom 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 isto provide data, which shall be used to verify the statement of
performance objectives. These data shal be obtained from logbooks, instrument outputs, and
computer outputs as appropriate.

6.5.2 Data Validation

The operator shdl verify the completeness of the gppropriate data forms and the completeness and
correctness of data acquisition and reduction. The field team supervisor or another technical person
shall review caculations and ingpect laboratory logbooks and data sheets to verify accuracy,
completeness. Theindividud operatorsand thelaboratory supervisor shal examinecdibration and QC
data. Laboratory and project managers shall verify that dl insrument syssems are in control and that
QA objectives for accuracy, completeness, and method detection limits have been met.

Anayticd outlier dataare defined as those QC datalying outside a specific QC objective window for
precison and accuracy for agiven andytica method. Should QC databe outside of contral limits, the
andyticd laboratory or field team supervisor shal investigate the cause of the problem. If the problem
involves an andyticd problem, the sample shall be reandlyzed. If the problem can be attributed to the
sample matrix, the result shall be flagged with adata qudifier. Thisdataqudifier shdl beincluded and
explained in the find andytica report.

6.5.3 Data Reporting

This section contains a ligt of the water quality and equipment operation data to be reported. At a
minimum, the data tabulation shall list the results for feed water and trested water qudity andyses and
equipment operating data. All QC information such ascdibrations, blanksand reference samplesareto
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beincludedin an appendix. All raw analytical datashal aso bereported in an appendix. All datashall
be reported in hard copy and eectronically in acommon spreadsheet or database format.

6.6  System Inspections

On-gte system ingpections for sampling activities, field operations, and laboratories shal be conducted as
specified by the ETV Tegting Plan. Theseingpectionswill be performed by NSF to determineif the ETV
Tedting Plan is being implemented as intended. Separate ingpection reports will be completed after the
ingpections and provided to the participating parties through NSF.

6.7 Reports
6.7.1 StatusReports

The equipment testing organi zation shal prepare periodic reportsfor the NSF project managers. These
reports shal discuss project progress, problemsand associated corrective actions, and future scheduled
activities associated with the verification testing. When problems occur, the Manufacturer and

equipment testing organization project managers shdl discuss them with the NSF technical lead,
estimatethe type and degree of impact, and describe the corrective actionstaken to mitigate theimpact
and to prevent arecurrence of the problems. Thefrequency, format, and content of these reports shal

be outlined in the PSTP.

6.7.2 Inspection Reports

Any QA inspections that take place in the fidd or a the anaytica laboratory while the verification
testing is being conducted shal beformally reported by the equi pment testing organizationsto the NSF
project manager who will forward them to the Manufacturer and NSF QC Manager for appropriate
actions.

6.8 Corrective Action

Each PSTP must incorporate acorrective action plan. Thisplan must include the predetermined acceptance
limits, the corrective action to be initiated whenever such acceptance criteriaare not met, and the names of
the individuas respongble for implementation. Routine corrective action may result from common
monitoring activities, such as.

Performance evaluation audits
Technicd systems audits

Content of PSTP Regarding Quality Assurance Project Plan:

The Field Testing Organization shall be responsible for including the following elements in the
PSTP:

Description of methodology for measurement of accuracy.
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Description of methodol ogy for measurement of precision.

Description of the methodol ogy for use of blanks, the material s used, the frequency, thecriteria
for acceptable method blanks and the actionsiif criteria are not met.

Description of any specific procedures appropriateto the analysis of the PE samples. It hasto
be clear how these samples are going to be used in the verification testing. One use of PE
samplesisin the conduct of a performance audit (see Section 6.7.1).

Outline of the procedure for determining samples to be analyzed in duplicate, the frequency
and approximate number.

Description of the procedures used to assure that the data are correct.

Listing of equations used for any necessary data quality indicator calculations. Theseinclude:
precision, relative percent deviation, standard deviation, accuracy, and completeness.

Outline of the frequency, format, and content of reportsin the PSTP.
Development of a corrective action plan in the PSTP.

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

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

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

The qudified testing organization and NSF each have digtinct responsibilities for managing and andyzing
veification testing data  The fidld testing organization is respongble for managing dl the data and
information generated during the verification testing and furnishing those records generated. The FTO will
aso beresponsblefor andyzing the datain the verification report. NSFwill be respongblefor verification
of the data.

A variety of datamay be generated during averification testing. Each pieceof dataor information identified
for collection in the ETV Tegting Plan shdl be provided to NSF.  The data management section of the
PSTP shal describe what types of dataand information needs to be collected and managed. It shdl dso
describe how the data shall be reported to NSF for evaluation.

Laboratory Analyses. Theraw dataand the validated datamust be provided to NSF. These datashall be
providedin hard copy and in ectronic format. Aswith thedatagenerated by theinnovative equipment, the
electronic copy of the laboratory data shall be provided in a spreadshest, and a data dictionary shdl be
provided. In addition to the sample results, dl QA/QC summary forms must be provided.

Other items that must be provided include:
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field notebooks;
photographs, dides and videotapes (copies);
results from the use of other field andytical methods;
7.2  Report of Equipment Testing
The qualified testing organization shdl prepare a draft report describing the verification testing that was
carried out and the results of that testing. This report shal include the following topics:
Introduction
Executive Summary
Description and Identification of Product Tested
Procedures and Methods Used in Testing
Results and Discussion
Conclusions and Recommendations
References
Appendices
PSTP
QA/AC Resallts

NSF will review the draft report, the results of testing, the QA/QC results, and will prepare afina report.
Content of PSTP Regarding Data Management and Analysis, and Reporting:

The Field Testing Organization shall be responsible for including the following elements in the
PSTP:
Description of what types of data and information needs to be collected and managed.

Description of how the data will be reported to NS for evaluation.

80 SAFETY MEASURES

The safety procedures shall address safety cong derations, which relate to the health and safety of personnd

required to work on the Site of the test equipment and personsvisting thesite. Many of theseitemswill be
covered by site ingpections and congtruction and operating permitsissued by responsble agencies. They
will indude

Regulations covering the storage and transport of chemicas.
Conformance with the Nationa Electric Code.
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Provison of parking facilities, sanitary facilities
Provision of and access to fire extinguishers.
Regulations covering Ste security.

Conformanceto any building permitsrequirement such as provision of handicgp accessor other hedth
and safety requirements.

Ventilation and ar conditioning of equipment or of trallers or buildings housing equipment, if gases
generated by the equipment could present a safety hazard.

Content of PSTP Regarding Safety:

The PSTP shall address safety considerationsthat are appropriatefor the equipment being tested, if
any, being used in the verification testing.
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CHAPTER 2

EPA/NSF ETV EQUIPMENT VERIFICATION TESTING PLAN
REMOVAL OF NITRATE BY REVERSE OSMOSIS
AND NANOFILTRATION

Prepared By:
NSF International
789 Dixboro Road
Ann Arbor, Ml

Copyright 2002 NSF International 40CFR35.6450.

Permission is hereby granted to reproduce all or part of this work, subject to
the limitation that users may not 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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10 INTRODUCTION
1.1  Background

Thisdocument isthe ETV Testing Plan for Reverse Osmaosisand Nanofiltration Processesfor the Removal
of Nitrates from Contaminated Water. This Testing Plan isto be used as a guide in the development of
Product- Specific Test Plan (PSTP) procedures for testing reverse osmosis and nanofiltration (RO/NF)
trestment equipment, within the structure provided by the ETV Protocol Document for nitrate removal.
Refer tothe Test Plansfor Equipment Verification Testing for Phys cal- Chemica Remova of Nitraieby lon
Exchange and Membrane Processes for further information.

Thisdocument is gpplicable only to pressure-driven membrane processes such asRO/NF. Thisdocument
iSNOT applicable to eectrically-driven, thermaly-driven, or concentration-driven membrane processes.

Standard pretreatment such as cartridgefiltration and acid and/or antiscalant addition included inaRO/NF
treatment system that isto be eva uated for removal of nitratesis considered anintegra part of thetrestment
system. In such cases, the system shdl be considered asasingle unit and the pretreatment process shal not
be separated for optional evauation purposes.

Additiona pretreatment processes which may be required to reduce particleloading to the RO/NF system
for surface water gpplications are considered to be a separate trestment modul e whose performance and
operation are outside the scope of thisdocument. Where such pretreatment is required to meet reduce the
fouling potentid of the RO/NF feedwater as measured by st dendity index and turbidity values.

In order to participate in the equipment verification process for RO/NF processes, the Equipment
Manufacturer shall retain an NSF-qudified Fidd Tegting Organization (FTO) to employ the proceduresand
methods described in this test plan and in the referenced ETV Protocol Documert as guiddines for the
development of the PSTP. The proceduresshall generaly follow those Tasksreated to Verification Testing
that are outlined herein, with changes and modifications made for adaptations to specific equipment. At a
minimum, the format of the procedures written for each Task should consist of the following sections:
- Introduction

Objectives

Work Plan

Andyticd Schedule

Evduetion Criteria

20 GENERAL APPROACH

Tedting of equipment covered by this Verification Testing Plan will be conducted by an NSF-qudified
Tedting Organization that is selected by the Manufacturer. Water quality andytical work to be carried out
asapart of this Verification Testing Plan will be contracted with a state-certified or third party- or EPA-
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accredited |aboratory.

The FTO sndl provide full detail of the procedures to be followed for each task in the PSTP. The FTO
shall specify the operationa conditions to be evauated during the Verification Testing.

3.0 OVERVIEW OF TASKS

This ETV Tegting Plan is divided into 6 tasks. A brief overview of the tasks to be included in the
verification testing program is presented below.

31 Task 1: Characterization of Feed Water

A full characterization of the source water must be made prior to initiating operation so that the potentia for
fouling and minerd precipitation (scaling) can be defined. Results of this andysis will be usad to define
feedwater pretrestment requirements and system operating conditions, and to identify potentia foulantsin
the source water for monitoring during operation.

3.2 Task 2: RO/NF Performance

The objective of thistask isto evauate RO/NF operation. RO/NF productivity and the rate of fouling will
be evduated in relation to feed water quaity. The relative fouling rates will be used, in part, to evaluate
operation of the RO/NF equipment under the flux and recovery conditions to be verified.

33 Task3: Product and Waste Water Quality

The objective of thistask isto evauate the quaity of water produced by the RO/NF system, referred to as
product water or permeate. Multiple water quality parameterswill be monitored during each operationa
period. A basic god of this Task is to confirm that RO/NF-treated waters meet the manufacturer’s
satement of performance objectivesfor nitrate. Permeate qudity will be evauated in relation to feed water
qudity and operationa conditions. The waste water (concentrate) stream will aso be characterized.

34 Task 4 RO/NF Cleaning

An important aspect of RO/NF operation is the restoration of membrane productivity after fouling has
occurred.  The objective of this task is to evaduate the efficiency of membrane cleaning. Normaized
product flow, normalized sdt passage, and differentia pressure before and after cleaning will be used asthe
primary criteriafor evauation of cleaning effectiveness.

35 Task 5: Data Reduction and Presentation

The objective of this task is to establish an effective field protocol for data management at the field
operations site and for data transmisson between the FTO and NSF for data obtained during the
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Veification Tedting.
36 Taské: Quality Assurance/Quality Control

An important aspect of Verification Testing is the protocol developed for qudity assurance and qudlity
control. The objective of this task is to assure accurate measurement of operational and water quaity
parameters during Verification Testing.

4.0 TESTING PERIODS

If the source water isagroundwater which exhibitslittle or no sgnificant changesin seasond water qudity,
the required operationa tasks in the Verification Testing Plan (Tasks 1-4) shdl be performed once
(minimum) or twice (preferred) over aone-year period. Each test run, excluding equipment mobilization,
gartup/troubleshooting, and demobilization is to be based on a minimum of 1,000 hours of membrane
System operation.

A schedule describing the sequence and duration of each of the required tasksis provided in Figure 1. In
the rare event that the source water is a surface water, the operationd tasks shal be performed for four
weeks each quarter over acaendar year.

Task Name We Wee We We Wex Wex Wex We We Wee Week 11

Task 1: Characterization of Feed Water r
Review Historical Data

1st Grab Sample *>
2nd Grab Sample *
Results Compiled L4

Task 2: Membrane Flux and Recovery ?
Equipment Setup

Startup and Troubleshooting =
Membrane Setting —
Generate Flux Decline Curve
Task 3: Product and Waste Water Quality
Generate Samples
Anaysis
Task 4: Membrane Cleaning
Clean
Operate to Confirm Cleaning Effectiveness
Task 5: Data Reduction and Presentation
Compile Operational Data
Compile Water Quality Data
Data Reduction
Data Completed *
Task 6: Quality Assurance/Quality Control

Figure 1- Membrane Treatment System Verification Testing Schedule
(Single Test Period)
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5.0 DEFINITION OF OPERATIONAL PARAMETERS

The following definitions are used to characterize performance of the RO/NF system.

51 Permeate: Product water produced by the RO/NF treatment system.

52  System Feedwater: Source water introduced into the RO/NF trestment system for treatment.

5.3  Element Feedwater: Water introduced into the RO/NF dement, conssting of system feedwater
for angle- pass systems, or a combination of system feedwater and recycled concentrate for syslems with
concentrate recycle.

54  Membrane Fouling: A reduction in permeate flux caused by the accumulation of feedwater
contaminants within or on the surface of the membrane or within or on the feedwater spacer. Fouling that
can be restored by hydraulic or chemica meansistermed “reversble’ fouling. In contragt, “irreversble’
fouling is defined as a permanent loss in permeste flux that cannot be restored by hydraulic or chemica
means.

55  Stage: Anassemblageof oneor more pressurevessals, each containing between three and seven
membrane dements, plumbed to receive acommon feedwater. Each vessd receives approximately equa
feed flow, produces approximately equa permeate and concentrate flow and operates at equa recovery.

5.6  Feedwater System Recovery: Theratio of permesate flow to system feedwater flow, expressed
as apercentage;

€0 U
% System Recovery = 100 x &—-(

e g

Where: Qp
Qr

Permesate flow rate
Feed flow rate to the membrane system

5.7  MembraneElement Recovery: Theratio of permeateflow to e ement feedwater flow, expressed
as a percentage:

€ Q u
% Element Recovery = 100 x &—————
@Qf + Qr 9]
Where: Qv = Permeateflow rate
Qs = Sydem feed flow rate to the eement
Q = Concentrate recycle flow rate to the dement (if present)

5.8 Permeate Flux: The flow of permeate produced by the RO/NF system divided by the totd
membrane surface areaof dl dementsin the systlem. Permeste flux iscal culated according to thefollowing
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formula

Q
J = E"
Where: N = Peameate flux at timet (galons per square foot per day)
Qp = System permeeate flow at time't (gpd)
S = Membrane surface area (ft%)

59 Salt Passage: The ratio of the concentration of any sdt present in the permeete to its
concentration in the feed stream, expressed as a percentage:

CP
P =—x100
Cf
Where: SP = Sdtpassage
Co = Permeate concentration for agiven sdt (mg/L)
C = Feed concentration for agiven salt (mg/L)

510 TemperatureAdjustment for Permeate Flow and Salt Passage Calculations: How of water
and sat through a RO/NF membrane is proportional to feedwater temperature based primarily on the
viscosty of water. Permeate flow and salt passage must be corrected to areference temperature of 25°C
to enable an accurate determination of how changes in these parameters are affected by feedwater
condtituents according to the following equation:

Jr

‘]25 = 1'03(T—25)
Where: Js = Ingtantaneous flux at reference temperature of 25°C (gfd)
N = Ingantaneous flux at operating temperature T (gfd)
T = Operating temperature (°C)

In many cases, membrane manufacturers have developed temperature correction factor (TCF) vaues
gpecific to their membrane products that are more accurate than the equation shown above. Where
avallable, the manufacturer-provided TCF should be used.

511 Feed-Concentrate Differential Pressure: The difference in measured pressure between the
feed stream and the concentrate stream of astage of the membrane array or of the entire membrane system.
Expressed as an equation:

DP=P - R
Where: DP = Feed-concentrate differentia pressure (ps)

P = Feed stream pressure for a stage or the system (psig)

Pe = Concentrate stream pressure for a stage or the system (psig)

5.12 Differential Osmotic Pressure: The difference in osmotic pressure between the feed and
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permesate streams. Osmotic pressure of the feed is defined as average osmotic pressure of the feedwater
into and the concentrate out of the membrane system. Osmotic pressure isameasure of the force exerted
by the naturd tendency of water to flow across a semi-permeable membrane from asolution of lower sat
concentration to asolution of higher salt concentration. Expressed as aformula

_&dDS, +TDS,§ DS u 001
P 5 TP IX0
Where: Dp = Differentid osmotic pressure (ps)
TDS: = Feedwater totd dissolved solids (mg/L)
TDS: = Concentrate tota dissolved solids (mg/L)
TDS, = Permesatetotd dissolved solids (mg/L)

5.13 Net Driving Pressure: Thepressureavailableto drivewater through the membrane, equd tothe
average feed pressure (average of feed pressure and concentrate pressure) minusthe differential osmotic
pressure, minus the permesate pressure. Expressed as aformula:

ﬁf + Pco
NDP = > Dp- P,
Where: NDP = Net Driving Pressure (ps)
P = eed pressure (ps)
P. = Concentrate pressure (ps)
Dp = Differentid ogmotic pressure (ps)
Py = Permesate pressure (ps)

5.14 Normalized Product Flow: To clearly observe changesin permesate flux caused by membrane
fouling or scaling, measured permeete flow must be corrected or “normalized” for variationsin Net Driving
Pressure and Temperature, using the following formula:

NDP _TCF,
NPF = NP *Tcr, *@
Where: NPF = Normdized product flow (gpm)
NDP;, = Net Driving Pressure a initial conditions of operation (ps)
NDP; = Net Driving Pressure cacuated at timet (ps)
TCF = Temperature Correction Factor based on temperature a initial
conditions of operation
TCF, = Temperature Correction Factor based on temperature at timet
Q= permesteflow (gpm)

5.15 Normalized Salt Passage: To more clearly observe changesin the flow of any sat through the
membrane caused by membrane fouling and scaling or changes in the permesbility of the membraneitsdf
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from exposure to feedwater condtituents, salt passage is normadized using the following equatior
NDR Cfb i Cft

= X X
NDP Cfbt Cfi

NSP X SP

Where: NSP = Normalized sdt passage (%)
NDP, = Ne Driving Pressure at initia conditions of operation (psi)
NDP; = Net Driving Pressure cdculated at timet (ps)
Cwnt = Feed-brinesdt concentration at timet (see below)
Cwi = Feed-brine st concentration at initid conditions of operation (see
below)
Cit = Feedsdt concentration at timet (mg/L)
Cii = Fead st concentration at initid conditions of operation (mg/L)
SP = SAt passage (%)

5.16 Feed-Brine Salt Concentration: The Feed-Brine sdt concentration used in the ca culation of
Normdized sdt Passage is defined by the following equation:

nEc;

RET:
&G, o
Where: Ch = Feed-Brine sdt concentration
Ch = Brine (concentrate) sat concentration (mg/L)
Cs = eed sdt concentration (mgy/L)

6.0 TASK 1. CHARACTERIZATION OF FEED WATER

6.1 I ntroduction

This task involves a complete characterization of the raw water being fed to the treatment sysem. The
information is required to determine the suitability of thewater source asfeed water for verification testing,
and to document parameters which may beimportant in predicting the fouling and scaling tendencies of the
water source.

6.2  Objectives
The objectives of thistask are asfollows.

Obtain acompletechemicd and physica characterization of the sourcewater or feed water that
will be subject to trestment.
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Identify potentid membrane foulants and scdants (turbidity, bacteria, sparingly soluble sdts,
etc.) that will determine the type and degree of feedwater pretreatment and that must be
monitored during system opertion.

Verify that the water as sampled is representative of the source water based on historica data
(where available).

6.3 Work Plan

This Veification Tesing Plan is based on the assumption that RO/NF for nitrate remova will be
predominately applied to groundwetersthat are not subject to significant seasond changesin water qudity.
Application of membrane trestment systemsto surface waters requiresasignificantly different gpproach then
that outlined here in order to address seasond variations in water quality.

Most water sourceswill not have pre-existing water qudity dataof sufficient detail to alow an evauation of
the proper application of RO/NF. Completion of this task involves the following:

Anaysisof grab samplesfor adetailed water quality andyss. The parameters evauated will
dlow cdculation of acomplete cation/anion baance, in addition to genera physica/chemica
measurements and limited microbiologica and organic andyss.

A review of sdected hidorica water qudity data, where avalable.  This will dlow
determination of trends in key water quality parameters such as nitrate and TDS or
conductivity, as wel as dlowing verification that the water quaity measured by the grab
samplesis representative of the recent historica data

Cdculation of the scaling potentia of the source water to be treeted. Thisincludes estimating
the concentrations of the following saltsin the membrane concentrate stream at the membrane
system operating conditions proposed by the Manufacturer in Task 2 to the degrese, if any, that
these sdts will be present in the concentrate siream in excess of their theoretical solubility:

- calcium carbonate
- cdcum sulfate

- barium sulfate

- grontium sulfate
- cdcium fluoride

- Slica

The FTO shdl include in the PSTP guiddines for maximum percent saturation for each of the above sdts
during RO/NF system operation assuming the use of gppropriate scae inhibiting chemicas.

6.4  Analytical Schedule

Parameters required for acomplete evaluation of source water quaity are presented in Table 1. Table 1
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identifies required and optiona parameters for evaluation by andyss of grab samples.

Tablel
Raw Water Characterization
Parameter | Grab Samples
General/Physical Parameters
Temperature Required
pH Required
TDS Required
Conductivity Required
Silt Density Index Required
Turbidity Required
h Particle Counts Optional
z Color Optional
Taste and Odor Optional
m Inorganic Cation/Anion Balance
E Ca Required
Mg" Required
:‘ Na’ Required
u. K* Required
NH,* Optional
o Sr? Required
a Ba'? Required
Fe' Required
L Mn*? Required
CO;*? Required
> HCOy Required
- S0,? Required
: Cr Required
u NOs Required
F Required
u CO, Required
q H,S Optional
SO, Required
¢ Organic/Microbiological
Total Organic Carbon Required
ﬂ. Total Coliforms Optional
Ll Heterotrophic Plate Count Required
UV absorbance (@254 nm) Optional
(f)] AOC/BDOC Optiondl
: (1) Report the mean and standard deviation of a mini-mum of
two grab samples taken at least 10 days apart.

April 2002 Page 2-13




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

Parametersto be andyzed from grab samples should be taken from aminimum of 2 samplestaken a least
10 days apart. Potential sources of historica data include the United States Geologica Survey, US
Environmental Protection Agency, and state and locdl laboratories.

Manufacturers intending to have their equipment verified for uses other than nitrate removad may wish to
characterize the source water in terms of additiona parameters besides those identified in Table 1.

6.5 Evaluation Criteria

Feed water qudity will be evaluated in the context of the Manufacturer's satement of performance
objectives. The feed water should chdlenge the capahiilities of the equipment with respect to nitrate
concentration but should not be beyond therange of water quaity suitablefor treatment for theequipment in
question.

The detailed water qudity andysis results will alow an esimation of which sparingly soluble dits, if any,
present apotentid for scaling by mineral precipitation a the water temperature and recovery conditionsto
be tested. The andyss will dlow proper selection of the chemical pretrestment (acid addition and/or
antiscaant addition) and the design recovery of the RO/NF syssem. The water qudity analysiswill dso
determineif feedwater pretreastment isrequired to reduce fouling tendency. If turbidity or St density index
va ues exceed membrane-industry accepted criteriaor if microbiologica indicators suggest that biologica
fouling potentid is sgnificant, the Manufacturer will be required to provide pretreatment to adequatdy
address these concerns.

7.0 TASK 22 RO/NF PERFORMANCE

7.1 I ntroduction

The purpose of thistask isto verify that the RO/NF system, when tested in accordance with Manufacturer-
selected operating conditions on the selected source water, can maintain performance as defined by:

Productivity (product flow)
Permeste nitrate concentration (and other sdlts, if gpplicable)

Feedwater system recovery over a specified period of operation

A further purpose of thistask isto demondtrate that changesintheleve of these performance characterigtics
caused by membrane fouling or other interactions between the RO/NF system and the feedwater can be
adequately managed through chemica cleaning of the membrane elements at an acceptable frequency.

In this task, the RO/NF system will be operated at conditions of constant permeate flux and recovery as
gpecified by the FTO, and the normdized product flow, normaized sdt passage (as measured by
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conductivity) and their changes with operating time will be measured. As fouling occurs and normaized
product flow declines or normalized st passageincreasesto pre-determined va ues (proposed by the FTO
and agreed to by NSF), the RO/NF system will be chemically cleaned per Task 4 to removefoulantsand if
possble, scdants. The efficiency of cleaning will then be assessed by measuring the degree to which
normalized product flow has been increased and/or normalized sat passage has been decreased upon
subsequent operation of the RO/NF system.

In the event that fouling rates are judged to be excessive and/or chemica cleaning efficiency less than
desired, the Manufacturer shdl propose revised operating conditionsto reducefouling rate. The effect of
the new conditions of membrane productivity will then be determined by additiona testing.

Prior to the start of the Verification Testing Program, the operationa conditions to be verified shdl be
specified by the FTO in terms of an average permeste flux (gfd), feedwater recovery, and maximum sat
passage (or its converse, minimum salt rejection) a a reference temperature of 25°C.

Thedegree of fouling or scaling that occurs withinaRO/NF systemisafunction of sourcewater quality and
operationa conditions. Waters with high particle loads or greater concentrations of sparingly soluble sdts
generdly produce increased fouling and scaling.  Feedwater, permegte and concentrate streams will be
sampled for water quality parameters criticd to the assessment of membrane productivity as they relate
directly to fouling or scding potentia.  This sampling will be conducted in conjunction with sampling
performed under Tasks 1 and 3. Flow, temperature, pressure and conductivity data shal be collected to
quantify changesin the following parameters.
Normdlized product flow

Normaized salt passage
Feed- concentrate differentia pressure

The testing runs conducted under thistask shdl be performed in conjunction with Tasks3and 4. Withthe
exception of additiona testing periods conducted at the FTO' s discretion, no additiond RO/NF test runs
are required for performance of Tasks 3 and 4. This task shall be performed once (minimum) or twice
(preferred, within a one-year period, with a minimum of 6 months between test runs).

7.2  Objectives
The objectives of this task are to document the following:

Operationa conditions for the RO/NF system.
Feedwater system recovery achieved by the RO/NF equipment.

Therate of change in normaized product flow, sdt passage and feed-concentrate differentia
pressure and associated operating times between cleanings based on these rates.
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Veification of RO/NF system operation shal aso gpply to operating conditions that are considered less
stringent than those conditionstested; examples of |ess stringent conditionswould include operation at |ower
membrane flux (lower permeste flow) and lower product water recovery.

7.3 Work Plan

The PSTP shdl specify information concerning design and operation of the RO/NF treatment system being
evauated, usng the following categories as specified in Table 2:

Syslem design criteria
Operating conditions (including those for pretrestment and RO/NF systems)
Written procedures for operation and maintenance

Cleaning Criteria. Specify dlowable changes to the following parameters, which indicate a
need for cleaning of a stage of the array or the entire system:

- Percent loss of normalized product flow

NPF riginal NPF ou
NPF % Loss = —— o rou
NPFOriginal
- Percent increase in normalized salt passage
Ns:) oul - NSD riginal
NSP % Increase = ———— orgra
NS:)Original
- Percent increasein feed- concentrate differentia pressure (across each sageand/or
the RO/NF system)
DP ou - DP riginal
DP % Increase = ——— rore
I:]:)Original

After startup of the RO/NF equipment, membrane operation should be established &t the permeeteflux and
recovery conditionsto be verified. Inthe event the temperature of the feedwater differs sgnificantly from
25°C, the Manufacturer shdl provide a temperature-specific permeate flux (normaized to account for
differences in temperature between Manufacturer-specified and actuad). The RO/NF system may be
operated for up to 24 hoursto dlow the membrane eements to come to equilibrium prior to the start of
data used in the flux decline cdculations (membrane stting).

Following the membrane setting period, the treetment system should be operated until one or more of the
cleaning criteria specified in the PSTP are met or atota of 1,000 hours of run timeisachieved (whichever
occursfirst). Theobjectiveof operationisto attain 1,000 hoursor operation without the need for chemical
ceaning. If the rate of change in normaized product flow, normalized sdt passage or feed-concentrate
differential pressure resultstriggers one or more cleaning criteria before the 1,000- hour operating period is
complete, chemica cleaning shall be performed per Task 4 and adjustmentsto operation shall be madeto
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reduce the rate of change in these performance parameters (such as a decrease in permesate flux or
feedwater system recovery).

Decisions on operating condition adjustments shall be made based upon the Manufacturer’ sexperienceand
consultation with the FTO respongble for performing the study. If subsequent operation at the new
conditions results in the need for a second cleaning prior to the attainment of 1,000 operating hours,
chemicd deaning shdl again be conducted and cleaning efficiency determined. RO/NF system operating
conditions shdl then befurther adjusted to provide for an acceptablerate of changeto attain 1,000 hour sof
operation between cleanings. Each recommended changein operating conditionsshdl befirst gpproved by
NSF and the FTO.

During operation, data for the operational parameters identified in Table 3 should be monitored and
recorded ether continuoudy by meansof on-lineingrumentation, or & aminimum of twicedaily by manud
measurement. Requirements for water quaity monitoring during operation are presented in Task 3.

Additiond testing may aso be included in the PSTP in order to demonstrate RO/NF performance under
different feedwater quality conditions. The FTO shdl perform testing with as many different water qudity
conditions as desired for verification datus. Testing under each different water qudity condition shdl be
performed during an additiona 1,000-hour testing period, as required above for each additiona set of
operating conditions.

7.4 Analytical Schedule

A samplematrix of operation monitoring points, parameters, and frequency for atypica two-stage RO/NF
trestment system with concentrate recycle (see Figure 2) ispresented in Table 3. The manufacturer should
adopt the operationa data collection locationsto the particular geometry of the RO/NF system. Ingenerd,
adequate data must be documented to allow evauation of each stage of the system independently, aswell
as documenting operation of the trestment system as awhole.

7.5  Evaluation Criteria
Provide tabular data for the parameterslisted in Table 3.

Provide graphs of the following parameters versus elapsed run time:
- Temperature
Hux
Recovery
Feed Pressure
Normalized product water flow
Normalized salt passage
Feed- concentrate differentia pressure (across each stage)
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Table2
Membrane Treatment System Infor mation to be Provided in Manufacturer PSTP

Parameter, units Comments
System Configuration
Number of stages
Number of pressure vessalsin each stage
Number of membrane e ements per pressure vesse
Surface area per membrane eement, F

Acid addition Type and dose
Antiscaant addition Type and dose
Cartridgefiltration, mm Nomind rated pore Sze
Other pretreatment Describe if used

Operating Conditionsto be Evaluated
Recovery per stage, %

Recovery for system, %

Desgn flux, gfd

Feed water temperature

Feed water pH

Feed water nitrate concentration

Feed water TDS

Concentrate recycle rate, gpm or %
Operations and Maintenance Procedur es

System sartup

Normal operation

Temporary system shutdown (flush) System shutdown < 48 hours

Prolonged system shutdown (preservation) System shutdown >48 hours
Cleaning Criteria

Allowable normdized product flow decline, % Percent reduction from initid vaue

Allowable increase in differentid pressure, % Percent increase from initia vaue

Allowable normalized sdlt passage increase, % Percent increase from initid vaue
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NITRATE
-————--- AUGMENTATION
(OPTIONAL)

CONCENTRATE RECYCLE

A

|
|
|
|
| ANTICALANT
>
| \
| ACID
4 G |

I 1 l 2 > —

=D — >
U -J (%) Tyer(8)

CARTRIDGE

CLTER FEED PUMP STAGE 1 STAGE 2

> RAW WATER BYPAS

Figure 2 - Sample Monitoring Pointsfor 2-Stage Treatment System
with Concentrate Recycle and Raw Water Bypass

Table3
Sample Operational Data Collection Matrix

Monitoring L ocation Temper- Flow | Pressure | Conduct-

(Refer to Figure 2)? ature ivity
Raw Water
Membrane Feed Water
Stage 1 Permesate
Stage 1 Concentrate
Stage 2 Permesate
System Concentrate
System Permeate

7 |Blended Product Water
(1) Adopt the operationd data collection locations to the particular geometry of
the membrane system

2 indicates no monitoring reguirement

N[O |RAIWIN(F

7.6  (Optional) Nitrate Spiking

If the nitrate concentration at the test Ste does not chalenge the treatment system to the imits of its
performance objectives, an optional nitrate augmentation procedure may be used after the required 1,000
hour operating period is completed. Nitrate spiking would alow demonstration of product water quality
under conditions of elevated nitrate in the feed water.

To spike nitrate, use of an appropriate spiking solution and metering pump will be required. A solution
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prepared from amonovalent nitrate salt (sodium nitrate, potassum nitrate) is preferred to avoid inadvertent
addition of a cation that might increase the scaling potentia of the test water. Use of nitric acid as nitrate
sourceisnot recommended because it would interfere with proper documentation of the acid doserequired
to prevent scaling.

Where nitrate spiking is proposed, the FTO must detail proceduresfor preparation of the spiking solution,
and procedures for proper mixing of the spiking solution into the feedwater. The spiking solution must be
added to the feed water prior to any other chemical addition (acid or antiscalant), prior to the point of
concentrate recycle into the feed water (if used), and prior to raw water bypass for permegte blending.
Refer to Figure 2 for an example of a proper spiking solution addition point.

Where nitrate spiking is proposed, the FTO may choose to operate over a range of feed nitrate
concentrations. For each target nitrate concentration to be tested, the system should be operated for at
least 5 days (120 hours) to alow steady- state performance to be achieved.

80 TASK 3 PRODUCT AND WASTE WATER QUALITY

8.1 I ntroduction

Thistask involves acharacterization of product and waste quality during the system operation described in
Task 2. Product water andysiswill serveto document that the trestment system meetsthe nitrate removal
performance criteriafor which the manufacturer is seeking verification. Additiond water quaity information
isrequired to identify performance of the treetment system relativeto any potentia foulantsidentified during
the raw water characterization performed in Task 1.

The qudity and quantity of concentrate produced by the RO/NF treatment system is a very important
consderation in determining the efficacy and codt- effective use of the RO/NF treetment sysem. Regulators
responsible for permitting the safe and environmentally acceptable disposal of the concentrate typicaly
require preciseinformeation regarding physica, chemicd and microbiologicd characterigtics, dong with other
information relating to the biotoxicity of the concentrate. Cogtsfor concentrate disposal can be significant
based on the type of disposa option selected, particularly for those not utilizing a direct discharge to a
surface water body.

8.2  Objectives
The objectives of thistask are asfollows:

Assess the ability of the RO/NF equipment to meet the water qudity gods specified by the
Manufacturer.
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Monitor the concentrations of any potentid foulants and sparingly soluble sdts that may
interfere with the long-term operation of the treatment sysem. Examples include turbidity,
cdcium, dkainity, and bacterid plate counts in the feed water asidentified in Task 1.

Characterize the volume and composition of the wastewater (concentrate) produced by the
process.

8.3 Work Plan

Water quality datashal be collected for the RO/NF treestment system feedwater, permeate and concentrate
asshownin Table4, during the RO/NF test runsof Task 2. At aminimum, the required sampling schedule
shown in Table 4 shdl be observed by the FTO on behdf of the Manufacturer. Water quadity godsand
target remova goals for the RO/NF equipment shall be clearly delineated in the PSTP.

A lig of the minimum number of water quality parameters to be monitored during equipment verification
testing is provided in the Anaytica Schedule section below and in Table 4. The actud water quality
parameters selected for testing and monitoring shal be stipulated in the PSTP. The limiting salt cation and
anionligedin Table4 shal be determined from source water analyses and estimation of concentrate stream
concentrations of the sparingly soluble sdlts asrequired under Task 1. Each sdt that has been determined
to be present in the concentrate at level s exceeding theoretica solubility or for which chemica conditioning
of the feedwater is required to control solubility shall be monitored per the requirements of Table 4.

The FTO shdl identify the trested water quaity objectivesto be achieved in the statement of performance
objectives of the equipment to be evduated in the Verification Testing Program The statement of

performance objectives prepared by the FTO shall indicate the range of water qudity under which the
equipment can be challenged while successfully treating the feedweter.

Although thisVeification Testing Plan and the ated protocol are oriented towards removd of nitrate,
the Manufacturer may desire to evauate the treetment system’s remova capabilities for additional water
qudity parameters.

Many of thewater quaity parameters described in thistask shdl be measured ontsite by the FTO (refer to
Table5). Andysisof theremaining water quality parametersshal be performed by astate- certified or third
party- or EPA-accredited andytica [aboratory.

Theandyticd methods utilized in thisstudy for on-Ste monitoring of feedwater and permeate water qudities
are described in Task 6, Quality Assurance/ Quality Control (QA/QC).

Where gppropriate, the Standard M ethods reference numbers and EPA method numbersfor water qudity
parameters are provided for both field and laboratory andytical procedures.

For the water qudity parameters requiring analysis at a state- certified or third party- or EPA-accredited
laboratory, water ssmples shall be collected in appropriate containers (containing necessary preservativesas
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goplicable) prepared by thelaboratory. Thesesamplesshadl be preserved, stored, shipped and andyzedin
accordance with appropriate procedures and holding times, as specified by the andytica lab.

Table4
Sample Water Quality Data Collection Matrix

Twiceper Day Once per Day Once Every 5 Days

Monitoring Location | pH | Nitrate | Turbidity | Silt Other | Alka- | Calcium|Limiting|Limiting| Other
(Refer to Figure 2) Density|Potential | linity | Hardnes| Salt Salt |[Scalants
Index |Foulants S Cation | Anion

) @ 4| 8 | @

[ERN

Raw Water

2 [Membrane Feed
Water

Stage 1 Permeate

Stage 1 Concentrate

Stage 2 Permeate

System Concentrate

System Permeate

(oo} NN I IO | BNy BGV]

Blended Product
Water

(1) Adopt the operational data collection locations to the particular geometry of the membrane
system

(2) If identified from raw water quality analysis, Task 1

(3) Asdetermined from raw water quality analysis, Task 1

(4) Limiting salts shall include one or more of the following: CaSO,, BaSO,, SrSO,, SO,, and CaF,

84  Analytical Schedule

Theminimum monitoring frequency for therequired water qudity parametersispresented in Table4. Atthe
discretion of the FTO, the water quaity sampling program may be expanded to include agreater number of
water quality parameters and to require a grester frequency of parameter sampling.

Sample collection frequency and protocol shdl be defined explicitly by the FTO inthe PSTP, however, to
the extent possible, analyses for inorganic water quality parameters shdl be performed on water sample
diquotsthat were obtained s multaneoudy from the same sampling location, in order to ensurethe maxinum
degree of comparability between water quality analytes.

85 Evaluation Criteria

851 Nitrate Removal

The primary evauation criteriawill bethe ability to meet the degree of nitrate rgjection (expressed asa
percentage) clamed by the manufacturer for the gpplication being verified.
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9.0

9.1

Provide a graph showing the RO/NF feedwater and permesate nitrate concentrations as a function of
€lgpsed operating time.

Provide agraph of nitratergection asafunction of elgpsed operation time, asdefined by the falowing:

_ o & - C,0
Nitrate Rgection (%) = g =x 100
C o
Where: Cs = Nitrate concentration in the feed water (mg/L)

Co Nitrate concentration in the product water (mg/L)

85.2 Fouling Indices

Provide graphs of RO/NF system feedwater turbidity and st densty index (SDI) asafunction of
€lgpsed operating time.

Provide atable showing maximum, minimum, and average RO/NF system feedweter turbidity and SDI
vaues over the entire period of operation. The table shdl include a liging of the RO/NF
manufacturer’s recommended maximum turbidity and SDI values to ensure sstisfactory long-term
operation of the RO/NF dements and to ensure that the dement warranty is not voided.

8.5.3 Concentrate Stream Limiting Salts

Provide graphs of each limiting salt that was present in the system as afunction of elgpsed operating
time. These graphs are required only where concentration of the salt is greater than theoretical
solubility or where chemica conditioning of the feedwater was used to control solubility.

Provide atable showing maximum, minimum, and average concentrate sream scaing indices over the
entire period of operation, or where the RO/NF system was operated at more than one feedwater
recovery, for each distinct period of operation. Includein thetable, percent saturation permittedby the
manufacturer of the RO/NF dements used in the study and for which verification is being sought.

TASK 4: RO/NF CLEANING

I ntroduction

During or following thetest runsof Task 2, the RO/NF equipment shall require chemical cleaning to restore
membrane productivity. The number of deaning efficiency evauations shdl be determined by the fouling
frequency of the RO/NF during each 1,000- hour test period. In the case where the rate of fouling islow
and the decreasesin normdized product flow or increasesin normalized sdlt passage do not reach chemica
cleaning criteriaas specified by the Manufacturer in Task 1, chemica cleaning shal be performed after each
1,000- hour test of operation, with an eva uation of cleaning efficiency made by subsequent sysem operaion
for a period sufficient to determine cleaning impact.
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9.2  Objectives
The objectives of thistask are asfollows:

Evauate the effectiveness of chemicd cleaning for reverang lossesin normdized product flow
or increases in normalized salt passage to the RO/NF system.

Confirm that M anufacturer- recommended cleaning practices are sufficient to retore membrane
productivity for the systems being considered under the conditions being evaluated.

9.3 Work Plan

The RO/NF systems may become fouled during the RO/NF test runs conducted for Task 2. Thesefouled
membranes shal be utilized for the dleaning assessmentsherein. No additiona experimentsshdl berequired
to produce fouled membranes, cleaningwill only be conducted if fouling causes performancelossestolevels
recommended by the Manufacturer and aslisted in the PSTP. If losses are not sufficient, cleaning will be
conducted at the conclusion of each 1000- hour test to assess the cleaning efficiency reltive to the degree
that such losses were incurred.

Each sysem shdl be chemicdly cdeaned using cleaning equipment (including chemicas) provided by the
Manufacturer and cleaning solutions and procedures specified by the FTO in the PSTP. After each
chemicd deaning of the membranes, the system shdl be restarted at test conditions and operated for a
period of 72 hours to monitor response to cleaning of the following productivity indicators:

Normalized product flow
Normalized salt passage
Feed-concentrate differentid pressure

Cleaning chemicalsand cleaning routines shal be based on the recommendations of the Manufacturer. The
PSTP shdl specify in detall the procedure(s) for chemicd cleaning of the membranes. At aminimum, the
information in Table 5 shal be provided. In addition, a description of dl deaning equipment and its
operation shdl beincluded in PSTP.

9.4  Analytical Schedule
94.1 Sampling
The pH and temperature of each cleaning solution shal be determined and recorded during various

periods of the chemica cleaning procedure, asindicated in Table 5. No other water quaity sampling
shdl be required.
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94.2 Operational Data Callection

RO/NF system performance datashdl be collected immediately preceding cleaning and for 72-hours
following return of the sysem to normal operation (following completion of ceaning). If the
Manufacturer’s procedures required cleaning with two separate cleaning formulations, the 72-hour
operating period shdl be performed following the completion of theentire cleaning event (fina cleaning
formulation).

95 Evaluation Criteria

At the conclusion of each chemica cleaning event and upon return of the RO/NF system to operation,
system operating data (pressure, flow, conductivity, and temperature) shall be recorded four timesper day
for a72-hour period and each performance parameter cd culated (normalized product flow, normalized sdt
passage, and feed-concentrate differential pressure). The twelve data vaues for each performance
parameter shal be averaged to obtain a*“ post-cleaning” vaueto be used in deaning efficiency caculaions
decribedinthisTask. Theefficacy of chemica cleaning for each performance parameter shdl be evauated
as noted below, with comparisons drawn from the cleaning efficacy achieved during previous cleaning
evaduations (where gpplicable). Comparison between chemicd cleanings shdl dlow evduation of the
potentia for irreversble fouling and projections for usable membrane life.

Two primary measures of cleaning efficiency and restoration of membrane productivity will beexaminedin
this task:
1) Theimmediate recovery of membrane productivity, consdering the value of the productivity
indicator at the start of therun, at the end of the run, and after cleaning.

NPFCIeaned B NPFFouIed)

NPFOrlgmaI - Fouled )

NSP Recovery(%) = (NPFFouled c.eaned)
(NPFFouled Orlglnal )

(DPFouIed Cleaned )

(DPFouIed - DPOriginaI )
2) Thelossof productivity, consdering thevaue of the productivity indicator at the start of therun
and after deaning:

NPF Recovery(%) = (

DP Recovery(%) =

& NPFCIeaned 0
NPF Loss(%) = gl-FE
Original

NSP Increase(%) = gm lg
0 p— 1
NSDOngmal ﬂ

I:)CI eaned

DP Increase (%) = Dp
Original %}
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Table5
Data to be Recorded for Documentation of Cleaning Efficiency
First | Second
Par ameter Units | Solution| Solution Notes
Preliminary Flush
Source
Flow rate gpm
Volume or duration gal or min
Cleaning chemicals used
Cleaning solution batch volume ga
Citric acid Ibs
h Sodium tripolyphosphate lbs
z Trisodium phosphate Ibs
Sodium EDTA Ibs
m Anionic surfactant mL
E Hydrochloric acid mL
: 50% Sodium hydroxide mL
Other: Other solution components
U Other: List Proprietary cleaning
o solution
Solution Recir culation/Soak/Recir culation
n pH Note initial and fina
Temperature deg C Note initial and fina
m Initial recirculation period minutes
> Initia recirculation pH
- Initial recirculation temperature deg C
: Appearance of solution Note color, solids, clarity, etc.
u, Soak period hours
Fina recirculation period minutes
u Final recirculation pH
q Final recirculation temperature deg C
Appearance of solution Note color, solids, clarity, etc.
¢ Final Flush
n Source
w o
Flow rate gpm
m' Volume or duration gd or min
: (1) Provide datafor each stageif cleaned separately
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100 TASK 5: DATA REDUCTION AND PRESENTATION

10.1 Introduction

The data management system used in the verification testing program shdl involve the use of computer
Spreadsheet software, manua recording methods, or both, for recording operationa parameters of the
RO/NF equipment on adaily basis.

10.2 Objectives
The objectives of thistask are asfollows:

Egtablish aviable structure for the recording and transmission of field testing data such that the
Testing Organization provides sufficient and reliable operationd datafor verification purposes.

Develop a datistica andyssof thedata, asdescribed in Test Plansfor Equipment Verification
Tegting for Physical-Chemical Remova of Nitrate by lon Exchange and RO/NF Processes.

10.3 Work Plan

The following protocol has been developed for data handling and data verification by the Testing

Organization. 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

databasesfor operationa and water quality parameters should then be downloaded by manua importation
into Microsoft Excd (or Smilar spreadsheet software) asacommadeimited file. These specific database
parceswill beidentified based upon discrete time spans and monitoring parameters. 1n spreadsheet form,
the datawill be manipulated into aconvenient framework to dlow analyss of equipment operation. Backup
of the computer databases to diskette should be performed on aweekly basis at a minimum.

Inthe casewhen aSCADA system isnot available, field testing operatorswill record dataand calculations
by hand in laboratory notebooks. (Daily measurements will be recorded on specidly-prepared datalog
sheets as gppropriate)) The laboratory notebook will provide carbon copies of each page. The origind

notebooks will be stored on-site; the carbon copy sheets will be forwarded to the project engineer of the
Tegting Organization at least once per week. This protocol will not only ease referencing the origina deta,
but offer protection of the origind record of results. Operating logs shall include a description of the
RO/NF equipment (description of test runs, names of vigitors, description of any problemsor issues, etc.);
such descriptions shall be provided in addition to experimental calculaions and other items.

The databasefor the project will be set up in theform of custom-designed spreadsheets. The spreadsheets
will be cgpable of storing and manipulating each monitored water quality and operationd parameter from
each task, each sampling location, and each sampling time.  All data from the laboratory notebooks and
datalog sheets will be entered into the appropriate spreadsheet. Data entry will be conducted on+Ste by
the designated field testing operators. All recorded caculationswill dso bechecked at thistime. Following
dataentry, the spreadsheet will be printed out and the print-out will be checked againgt the handwritten deta
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sheet. Any correctionswill 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 processwill beinitiaed by the
field testing operator or engineer performing the entry or verification step.

Each experiment (e.g. each test run) will be assgned arun number, which will then betied to thedatafrom
that experiment through each step of data entry and analyss. As samples are collected and sent to state-
certified or third party- or EPA-accredited | aboratories, the datawill 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. Thesedatawill be entered into the data soreadshests, corrected, and verified in the same manner
asthefidd data.

11.0 TASK 6: QUALITY ASSURANCE/QUALITY CONTROL

11.1 Introduction

Quality assurance and qudity control of the operation of the RO/NF equipment and the measured water
quality parameters shdl be maintained during the verification testing program.

11.2 Objectives

The objective of this task is to maintain strict QA/QC methods and procedures during the Equipment
Veification Testing Program. Maintenance of gtrict QA/QC proceduresisimportant, in that if aquestion
arisesswhen analyzing or interpreting data collected for agiven experiment, it will be possibleto verify exact
conditions a the time of testing.

11.3 Work Plan

Equipment flow rates and associated signals should be verified and verification recorded on aroutine bas's.
A routine daily walk through during operation shall be established to verify that each piece of equipment or
ingrumentation is operating properly. Particular care shal be taken to verify that any chemicas are being
fed a the defined flow rate into a flow stream that is operating at the expected flow rate, such that the
chemica concentrations are correct. In-line monitoring equipment such as flow meters, etc. shal be
checked to verify that the readout matches with the actua measurement (i.e. flow rate) and that the sgna
being recorded iscorrect. Theitemslisted arein addition to any specified checksoutlined inthe anaytica
methods.

11.3.1  Daily QA/QC Verifications
Chemicd feed pump flow rates (verified volumetricaly over a specific time period)

Ortline turbidimeter flow rates (verified volumetricdly, if employed).
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11.3.2 Weekly QA/QC Verifications

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

Recdibration of or-line pH meters and/or conductivity meters, if used.

11.3.3  Quarterly QA/QC Verifications
Ontline turbidimeters (clean out reservoirs and recdibrate, if employed)

Differentid pressuretranamitters (verify gauge readings and dectrica sgnd using apressuremds)

Tubing (verify good condition of dl tubing and connections, replace if necessary)
11.34  On-Site Analytical M ethods

The andyticd methods utilized in this sudy for on-Ste monitoring of feedwater and permesate water
quality are described in the section below. Use of ether bench-top or on-line fidd andyticd

equipment will be acceptable for the verification testing; however, on-line equipment isrecommended
for ease of operation. Use of ontline equipment isaso preferable because it reducestheintroduction
of error and the variability of anayticd results generated by inconsstent sampling techniques.

11.3.4.1 pH. Andysesfor pH shdl be performed according to Standard Method 4500-H. A
three-point cdibration of the pH meter used in this study shall be performed once per day when the
insrument isin use. Certified pH buffersin the expected range shal be used. The pH probe shall be
stored in the gppropriate solution defined in the ingrument manud.

11.3.4.2 Turbidity. Turbidity anayses shal be performed according to Standard Method 2130
with ether an on-line or bench-top turbidimeter. On-lineturbidimetersshdl be used for measurement
of turbidity in the permeate waters, and either an on-line or bench-top turbidimeter may be used for
measurement of the feedwater (and concentrate where applicable).

The FTO shdl be required to document any problems experienced with the monitoring turbidity
ingruments, and shal aso be required to document any subsequent modifications or enhancements
meade to monitoring instruments.

11.35  Chemical and Biological Samples Shipped Off-Sitefor Analysis

Totd organic carbon (TOC) and UV absorbance samples shall be collected in glass bottles supplied
by the state- certified or third party- or EPA-accredited |aboratory and shipped at 4°C to theandytica
laboratory within 8 hours of sampling. The TOC and UV absorbance samples shdl be collected and
preserved in accordance with Standard Method 5010B.
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Table 6
Analytical Methods
Parameter Analysis Type Standard Methods™ number EPA Method®
or Other Method Reference
Field |[on-Line| Lab
General Water Quality

pH X X 4500-H+B 150.1/150.2

Total akalinity X X 2320B

Total Hardness X X 2340C

Calcium Hardness X X 3500-CaD

Temperature X X 2550B

Conductivity X X X 120.1

Total Dissolved Solids X 2540C

Turbidity X 2130B/Method 2 180.1

Color X 21208°
h Tasteand Odor X
z Inorganic Water Quality

Calcium X X 3500-CaD/3111B/3120B 200.7
m Magnesium X 200.7

Sodium X 3111B 200.7
E Potassium X 200.7
: Ammonia X 350.3

Strontium X 200.7
U Barium X 3111D/3113B/3120B 200.7/200.8
o Iron X X 3111D/3113B/3120B 200.7/200.8/200.9

Manganese X 3111D/3113B/3120B 200.7/200.8/200.9
n Carbonate, COs X Cadculation

Bicarbonate, HCOs X Cadlculation
m Sulfate X 4110B/4500-S04=C, D, F 300.0/375.2

Chloride X X 4110B/4500-C- D 300
> Nitrate X X 4110B/4500-NO3-D, F 300.0/353.2
H Fluoride X 4110B/ 4500-FB,C,D,E 300
: Carbon Dioxide X 6211 M

Hydrogen Sulfide X 376.1/2
u Silica, SO, X 3120B/4500-S D, E, F 200.7
u Organic Water Quality

Total organic carbon X 5310C
q UV 254 absorbance X 5910B

AOC/BDOC X 9217
¢ Microbiological
n Total coliform X 9221/9222/ 9223

Heterotrophic Plate Count X 9215B
m Notes:

1) Standard Methods Source: 20th Edition of Standard Methods for the Examination of Water
m and Wastewater, 1999, American Water Works Association.
: 2) EPA Methods Source: EPA Office of Ground Water and Drinking Water. EPA Methodsare

availablefrom the Nationa Technica Information Service (NTIS).
3) Hach Co. modification of SM 2120 measured in spectrophotometer at 455 nm.
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Inorganic chemicd samples, including arsenic, dkdinity, hardness, duminum, iron, and manganese,
shdl be collected and preserved in accordance with Standard Method 3010B, paying particular
atention to the sources of contamination asoutlined in Standard Method 3010C. The samplesshould
be refrigerated a approximately 2 to 8°C immediately upon collection, shipped in a cooler, and
maintained at atemperature of approximately 2 to 8°C. Samplesshall be processed for andysis by a
state-certified or third party- or EPA-accredited Laboratory within 24 hours of collection. The
laboratory shal keep the samples at gpproximately 2 to 8°C until initiation of andyss.

Samples for andyss of Totd Coaliforms (TC) and Heterotrophic Plate Counts (HPC) shall be
collected in bottles supplied by the state-certified or third party- or EPA-accredited |aboratory and
shipped with an internal cooler temperature of gpproximately 2 to 8°C to the analyticd laboratory.
Samples shall be processed for andysis by the state-certified or third party- or EPA-accredited
laboratory within 24 hours of collection. TC densitieswill be reported as most probable number per
100 mL (MPN/100 mL) and HPC densties will be reported as colony forming units per milliliter
(cfu/mL).

120 OPERATION AND MAINTENANCE

The FTO shdl obtain the Manufacturer- supplied Operation and Maintenance (O& M) Manual to evauate
the ingtructions and procedures for their applicability during the verification testing period. The following
are recommended criteriafor evaluation of Operations and Maintenance (O& M) Manualsfor equipment
employing RO/NF treatment.

12.1 Operation

Provide clear and concise recommendations for procedures related to proper operation of the RO/NF
treatment systems and equipment. Include as aminimum, information on the following:

Startup

— Initid gtartup of system
— Redart of the system after prolonged shutdown
Shutdown and membrane e ement preservation

—  Short term (less than 48 hours)

— Intermediate term (48 hours to 1 week)

— Long Term (more than one week)
Chemicd Feed Sysems

— Type of chemicd to be used

— Doserate

— Automation of chemica control system (e.g., pH control of acid feed)
Tolerance of the system to operating conditions
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— Feed water temperature
— pH
— Okxidants (eg., chlorine)
— Maximum feed pressure and maximum alowable differentia pressure across each
dage
Adjustment to operating parameters

— Product water flux
— Recovery

12.2 Maintenance

Provide clear and concise procedures for performing maintenance on the system and its components.
Explicit ingructions for in-gtu deaning of membrane dements

— Chemicasto be used

— Guiddines and limits for pH, temperature

— Procedures for flushing before and after cleaning
— Redirculation rates and durations

Ingructions for ingdling or replacing membrane dements into the system.
Recommended or required maintenance schedules for each piece of equipment.

A list of spare parts to be kept on hand.

12.2.1 Troubleshooting

Provide an explicit list of darm conditions that will be raised by the system.

— Pressure

— Temperature

- pH

— Pump Falure

— Chemicd feed low tank leve
Indicate which darm conditionswill cause autometic system shutdown and provideingructions
for clearing each condition.

Provide detailed proceduresfor verifying integrity of membranes, o-rings, etc. on avessa-by-
vess basis.
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CHAPTER 3

EPA/NSF ETV EQUIPMENT VERIFICATION TESTING PLAN
NITRATE CONTAMINANT REMOVAL BY ION EXCHANGE

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

Copyright 2002 NSF International 40CFR35.6450.

Permission is hereby granted to reproduce all or part of this work, subject to
the limitation that users may not sell all 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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10 INTRODUCTION
1.1  Need For ThisVerification Testing Plan

This document is the ETV Tedting Plan for evaduation of water trestment equipment utilizing the ion
exchange processfor nitrateremoval. The Safe Drinking Water Act and its state counterparts set Sandards
for water quality regarding certain contaminants, which are known to occur in public water supplies. The
frequency of testing for these contaminantsis adso specified. However, the Act does not set sandardsfor
the design, performance, testing or operation of treatment facilities for the regulated contaminants. To a
certain extent, individua States place requirements on some of these areas not covered by the Act. For
example, there are training and certification programsfor operators of treatment plants and design reviews
given to proposed treatment facilities followed by a plant operating permit procedure. However, in most
cases, operator training and design reviews are not familiar with the variety of desgns, which use the
gpecidizedion exchangetechnologies. ThisETV Tedting Plan provides background information and testing
procedures, which will be of service to owners, operators, sate regulators and manufacturers who must
ded with these unfamiliar technica subjects. The responghility to make effective trestment rests with the
States and the professond disciplines and organizations involved in the effort and in particular on the
equipment designer and supplier or manufacturer of the trestment system.

Under the ETV tedting program, it is the manufacturers responghility to retain a qudified Fied Testing
Organization to conduct tests on the plant by following an NSF approved preset testing plan contained in
the Product- Specific Test Plan (PSTP). Other subjects treated in the PSTP are set forth in the ETV
Protocol Document, 'EPA/NSF ETV Protocol For Equipment Verification Testing For Remova Of
Nitrate: Requirements For All Studies”” This Equipment Verificatiion Testing Plan is gpplicable only to
processes using ion exchange materids as the mediain the nitrate remova processes.

1.2  Manufacturer’s Responsibility

In order to participate in the equipment verification processfor nitrate removal, the equipment Manufacturer
ghdl retain a qudified Fidd Tegting Organization to employ the terminology, procedures and methods
described in thistest plan and in thereferenced ETV Protocol Document as guiddinesfor the devel opment
of PSTP. The testing procedures shal generdly follow the tasks that are outlined and described in this
document. An attempt has been made to provide test descriptionsto be appropriate to al processesusing
ion exchange rather than to a specific design of a process. However, variaions in these tasks may be
required to modify or adapt to pecific process designsor plant situations. A suggested outline and format
of the procedureswritten by the Field Testing Organization for each task isgiven. The outlinefor each task
will usudly contain the following sections

Introduction
Objectives
Work Plan
Schedule
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Anoverview of the Tasksisgivenin Section4. A ligt of definitionsand terms, which are peculiar particular
to nitrateion exchange, isgivenin Section 6. The specific Tasksto beincluded in eech PSTP are described
in Sections 7 through 13.

2.0 GENERAL BACKGROUND ON ION EXCHANGE PROCESSES
21  Description of Processes

Thisverification testing plan gppliesto awide scope of equipment typeswhich useion exchange processes.
Thereisnolack of creativity among ion exchange process designerswho have had over fifty yearssincethe
avalability of synthetic ion exchange materids to exercise their ngenuity. It is not the intention of a
specificaly defined test planto limit this scope nor to discourageinnovation. On the other hand, regardless
of novelty, dl ion exchange processes are governed by the same basic ion exchange reactions which

constitute the various processes.

Among variousion exchange materids avallable for nitrate exchange, synthetic polymeric resnsthat carry
exchangesble anionsaremost widdy used. Regardlessof exchange materias, the nitrate exchange process
can be expressed in two steps, adsorption and regeneration as shown below:

(Ion Exchanger )CI” + NO,, ® (1on Exchanger )NO;, +Cl

3(aq)

Adsorption Step

(aq)

(1on Exchanger )NO; +Cl pring ® (1on Exchanger )CI + NO;, iy Regeneration Step

The Adsorption Step consists of contacting the nitrate-laden water supply with abed of 1on Exchanger in
the chlorideform. Thenitrateion isremoved from the water and, in exchange, the chlorideion isadded to
thewater. The opposite exchange occursin the Regeneration Step wherethe lon Exchanger isrestored to
itsinitid chloride condition where, after rinang, it can be reused.

I the processwere 100 percent efficient, only one chlorideion would berequired to remove onenitrateion
from the water supply. In terms of energy demands, the Adsorption Step occurs with the equilibrium
favoring the product side of the reaction, nitrate ion is much preferred by resinsin preference to chloride.
All resinsare selectivefor nitrate over chloride. Therefore, for the Regeneration Step, an energy price must
be paid by using an excess of chloride to drive the reaction to the right.

The nitrate exchange process can be represented by asingle overal metathesis or exchangereaction, which
isthe sum of two reactions (adsorption and regeneration steps) with aresin giving anet result:

NO,

3(aq)

+ CI;brine) ® Noé(brine) +Cl, Badsc Nitrate lon EXCha'Ige

(ad1)
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Wherein a chloride ion from a concentrated brine replaces a nitrate ion in the untrested water. The net
resultisremoval of nitrate from thewater supply and production of waste nitrate brine. Thewater softening
process can be represented by asmilar net exchange reaction:

Ca(zf:q) + 2Na(+b|rine) ® Ca(zgrina + 2Na(+aq) lon EXChaﬁge S)fte’]lng

Superficidly, the processes appear dmilar; but they are quite different because of the different
goicheometrieswhich drastically influence processefficiency. Inthe nitrate/chloride exchange, the number
of nitrateionstransferred to the brineisdirectly proportiona to CI (ine according to the law of massaction.
To drive the nitrate reaction to the right, an excess of chloride brine ions is required. However, in the
softening case, the amount of waste calcium ions transferred to the brine is proportional to (N&' (ing)®
according to the mass action law. In the case of waters of norma hardness, and the usua brine
concentrations, the efficiency is nearly 100 percent, requiring relaively little excessbrine. Processdesigns
for efficient water softening, therefore, are not directly gpplicable to nitrate removal.

Because the basic process is carried out indirectly through a sequence of steps, efficiency is greatly
dependent on the nature of the ion exchanger and the physical methods used to bring the water supply into
contact with the lon Exchange medium and then to carry out theregeneration. ThisStuationinvitesavariety
of process designs each employing specific chemica, hydraulic, and mechanica methods. 1n the softening
case, both the adsorption and the regeneration reactions favor the right hand side of the two equations
because of the divdent nature of the cacium ion. (This is probably the least understood aspect of

comparisons between nitrate ion exchange and softening). The practica result isthat near stoichiometric
quantities of salt regenerant are required in softening, whereas in the nitrate case ten (or higher) to one are
required for a complete regeneration.

Thedesign must bring thewater supply into close contact with the lon Exchanger over aspecifictime period
and in a three-dimengond uniform flow. Engineers have devised severd waysto do thisbut it isusudly
done by placing thelon Exchanger in afilter bed or columnar arrangement, distributing the untreated water
over the bed and dlowing water to flow through at uniform rates; then uniformly collecting the treated water
near the exit of the bed. The same type arrangement is used for the Regeneration Step.

The competition between the mgor ions present in awater supply for taking over an ion exchange siteis
aso great enough to be of concernin the design of the equipment and the process. After the lon Exchanger
is exhausted, the different ionswill be concentrated in the resin bed according to the chemicd equilibrium
laws of chromatographic digtribution. Consequently, the use of different ion exchange resns and different
methods of adsorption and regeneration are employed to overcome any difficulties, which thismay cause.
For example, the regenerationswill be conducted by flowing the regenerant through the bed in the same or
opposite direction that the water flows in the adsorption step.

Rinsng and wadting the brine from the bed is dso performed in different ways and givesrise to different
ringng efficiencies. 1n some cases sophigticated designswill reuse a least some of the rinse water, waste
brine, or backwash water. Further variationsin process desgns are made to ensure that theresn bed is
adways in a uniformly packed condition to prevent channding of fluid through the bed and reducing the
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physica contact time between the resin and the fluid.

In essence, each manufacturer has alarge number of variablesto dedl within how to accomplishthesmple
Basic 1on Exchange process with the particular design and operation of plant equipment. Each may clam
some aspect of the design, which makesit superior to another, or make some claim regarding proprietary or
breakthrough designs.

2.2  Classfication of Nitrate lon Exchange Processes

For the purpose of this verification testing plan the different process designswill be classfied according to
common characteristics and expected performanceleves. For example, desgn Class 1 will usudly beused
for samdl unitswhere process efficiency and waste production are of little concern, but high reiability, ease
of operation and water quality objectives are important. In contrast, other design classes may be used
wherethereisconcern about waste disposal and may require more sophisticated regeneration procedures,
adding to the complexity of operation. One cannot, therefore, Sate that one design issuperior to the other,
but only to the extent that the trestment and other related objectives are Smilar.

The verification testing program will verify manufacturer’s objectives regarding the performance of the
equipment. The manufacturer will dassfy the design according to the following desgn classfications,
provide flow diagrams of the design and provide projected performance characteritics of the plant.

2.2.1 Fixed Bed Designs

Fixed bed designs employ the ion exchange resin placed in avessd that is gationary and within
which both the adsorption and regeneration steps are conducted. The contact between resin and
the water (or regenerant) is accomplished by flowing the water (or regenerant) through the
dationary vessel. Thisis the most common type design. (Some movement of the resn occurs
within thevessd during the backwash, declassification, and rinang procedures.) The placement and
operation of anumber of valves accomplishesthe changesin theflow of fluidsthrough thebedina
fixed bed design.

2.2.1.1 Class 1. Conventional Fixed Bed. Thisisthe smplest type of desgn and usesthe same
equipment and regeneration method that is manufactured for water softener use. Instead of usng a
resin for softening water (cation exchangeresin) thisresin isreplaced with an anion exchangeresin.
The specific gravity of anion exchange resins is much lower than cation resns. Therefore, the
backwash step and theion exchange vessd internal components may need to be modified for anion
exchange processes. The bed isrunto near exhaustion, then regenerated with excess st to ensure
regenerdion in adown flow direction then rinsed. 1t is commonly thought, athough erroneoudy,
that nitrate ion exchange differs only from water softening in the kind of resin that is used and the
chemicd, physcd, hydraulic, and regeneration processesareidentica (seeabove). Although such
designs may remove nitrate and operate religbly, they will dso use excessve sdt regenerant and
may aso produce excessve wastewater. A Class 1 design is likely to be low in capita cost
because no specid design considerationsfor nitrate remova chemistry areincluded and designsare
made for the softening mass market. Normally, the sequence of sepsfor onecycleinaClass 1
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design is adsorption, back wash, regeneration and findly, rinse.

2.2.1.2 Class 2. Up Flow Regener ation Fixed Bed. Thisfixed bed design employsregeneration
in an up flow regeneration mode. Didtributors within the vessdl and vaving are designed to

accommodate this design feature. Again, thistype of designis primarily used in softening where
very low leves of contaminant ion are required to meet water qudity objectives. Problems
encountered are that when brine flows upward through the resin, the distance between resin

particles tends to increase, as the bed tends to expand upward. The result isthe regenerant will

channel through the bed with reduced contact with theresin. Designers must somehow compensate
for this problem, e.g., by employing a blocking flow.

The advantage of this design is that the resin a the bottom of the bed has virtudly dl nitrate
removed so when the bed is placed in service, no nitrate gppearsin the initia portion of product
water. However, continued production causes nitrate to gradually rise, with arate dependent on
amount of regenerant used. A second advantage of thisdesign can beredized if the nitrate on the
resin is concentrated at the top of the bed when regeneration sarts. Large amounts of nitrate can
be removed from the top of the bed by the regenerant and give good regeneration efficiency. The
amount of nitrate at the top of the unregenerated bed varies with water compostion. If sulfateis
present, sulfate concentratesat the top of the bed and this advantageis diminished or can becomea
disadvantage. Inthe latter case, declassification of the resin before regeneration can move some
nitrate to the top of the bed.

In generd, a Class 2 design can give aproduct water very low in nitrateinitidly. The more nitrate
removed from the treated supply, the more untrested water can be blended into give an acceptable
nitrate level. Thisin turn is trandated into use of smdler szed vessd's and amounts of medium
(lower capital cost). However, greater sdt demands are the trade off.

2.2.1.3 Class 3. Fixed Bed With Partial Regeneration And Declassification. Thismethod
was developed by the USEPA for demonstration in McFarland, Cdifornia, and is employed in

severd locaionsinthe U.S. wheresulfateis present inthefeed water. Thisdesignismore complex
than the above systems to minimize the amount of brine and wastewater. The process uses
modified vessd designs with efficient flow digtributors and bifurcated collectors. Down flow

adsorption is directly followed with down flow regeneration. This takes avantage of the
concentrated nitrate at the bottom of the bed at the end of the adsorption cycleto give high nitrate
removd efficiency. Thebedisonly partidly regenerated, i.e. large amounts of brinearenot used to
remove al nitrate from the bed, only sufficient nitrate isremoved to meet water quality objectives.
The next sep isto declassify the bed, (accomplished by aseriesof five uneven back washesviathe
bifurcated collector design, to mix the bed) and digtribute the nitrate remaining on thebed uniformly
throughout the bed. Thisis necessary to give aconstant leve of nitrate in the product water asthe
bed is exhausted.

The advantages of this design are more efficient use of brine and less wastewater production than
the above designs especidly if sulfate is present.
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2.2.2 Moving Bed Designs

Moving bed designs require that the resin bed (or part of the bed) move from place to place at
some part of the processcycle. Anexampleisto use onevessd to perform the Adsorption Step,
then removeresin and placeit in asecond vessel where the Regeneration Stepisperformed. Then
move the regenerated resin back into thefirst vessdl. One of the advantages of thistype designis
that lessresin inventory is required.

2.2.2.1 Class4. Loop Designs. Thesedesignsaredso referred to asmoving packed beds or by

different names such as Higgins or Asahi and their variations and have a place in the history of

nitrate treetment, being thefirg large-scaeplant design used inthe U.S. a Garden City Park, N.Y.

Their common feature isthe movement of resin from one vessel to another for different parts of the
cycle.

In the Higgins Loop reactor, the adsorption occurs in a down flow mode through afirst vessd.
Then, thetop portion of the bed ismoved (pulsed) to aregeneration vessd and regeneratedresinis
pulsed back to the bottom of the first vessel. The adsorption and regeneration steps can be
conducted smultaneoudy but in different vessals. Advantages depend on water quality. OnLong
Idand, low sulfate water concentrated nitrate at the top of the bed, which isefficiently regenerated
and the down flow mode in a separate vessel avoids the channeling problems encountered in the
fixed bed Class 2 design. Further advantages claimed are that lower resin inventories are required
making capital cogtslower. Criticsdamlow resinlife, because of resn trition caused by pumping
resin durries from one vessd to another.

The Asahi design is quite complex. Some features are:

1) up flow adsorption and high flow rates, which pin the bed to the top portion of the
adsorption vessd, while the lower portion of the bed is moved by fluidization to a
regeneration vessd,

2) dfter exnaugtion theflow stops, the bed fallsand drawsin regenerated, rinsed resnad

3) dbsorption flow isgtarted again, pinning the fresh resin againg thetop of the vessel and
moving the spent lower portion to regenerdtion.

The advantages appear to be the same asthe Higgins reactor except resnismoved by fluidization
rather than mechanicd pumping.

2.2.2.2 Class 5. Carousel Designs. Inthisdesgn, the resn bed moveswithin severd vessels
within which resinis contained. The vessd's are mounted in “merry-go-round” configuration and
gradually step from position to position by rotation of the entire mechanism. Thecircular platform
sructure contains orifices through which the fluids enter and exit the individud vessdls. When the
vesselsarein postionseg. 1 through 10, they arein the adsorption section of the carousdl. When
they arein positionseg. 11 through 15, they arein the regeneration section, and finaly when they
are in the lagt section, the vessds are rinsed.  This design has potentid to have the highest
regeneration efficiency and lowest wastewater production because various piping arrangementscan
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eadly recycle brine and rinse water.

3.0 NSFQUALIFIED TESTING ORGANIZATIONS

Tegting and evauation of equipment covered by thisVerification Testing Plan will be conducted by aField
Tedting Organization that is quaified by the NSF and sdlected by the Manufacturer. The water quaity
andytica work to be carried out as a part of the Verification Testing Plan will aso be contracted by the
manufacturer with a state- certified, third party- or EPA-accredited laboratory.

40 OVERVIEW OF PHASESAND TASKS

The PSTPwill include a Testing Plan with detail ed tasks described and scheduled that will be followed by
the NSF qudified fidd testing organization. The PSTP plan will be formulated by the Field Testing
Organization to be effective for the particular plant design, operation and field situation. Wide varigbility in
PSTP plansis anticipated because of these factors. The tasks listed below and detailed throughout this
document are formulated to represent the cntent, vocabulary, organization and qudity of testing and
eva uation procedures anticipated by NSFto beincluded in any PSTP. The Feld Testing Organization may
add other tasks. If the tasks listed below are diminated or substantialy modified, a reason for doing o
should be given.

Three phases of testing are to be included in the Verification and Testing Plan.

Thefirst phase consistsof preparation and plant start up. The scope of this phasewill depend on
whether or not the equipment has dready been ingdled at a trestment plant Ste and is dready
treating water or if the plant will be ddivered to the ste and will require set up and start up
procedures.

A mesting of testing personnd with the plant manufacturer will be held to review the materid
contained in the PSTP presented by the Field Testing Organization. Much materia regarding the
plant and its operation were provided inthe PSTPas set forthinthe "EPA/NSF ETV Protocol For
Equipment Verification Testing For Remova Of Nitrate: Requirements For All Studies” This
materid will include, desgn classfication, drawings and diagrams of the plant design, the Start up
and operating procedures. This meeting will alow any questions concerning the plant and the
testing program to be addressed. The manufacturer will confirm the itemswhich will betested for
during the program and present the objectives concerning operation, make projections of the plant
performance characteristics, and review any critica or key measurements to be made.

The meeting or a part of the meeting should take place at the trestment plant site where various
features and components can be directly pointed out and demonstrated. If the plant is not yet
dtarted, the start up could take place at thistime.

- Thesecond phaseisthefield testing phase, which will evauate performance of the equipment over
a 60-day period.
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The third phase will be conducted throughout the testing period to ensure that the data are
collected in ardiable and retrievable manner, properly and completely reported on atimely basis.
A DaaManager will be reponsible for these tasks.

The three phase Testing Plan outlined below is comprised of 8 separate tasks, which are outlined in the
following sections.

4.1  Phasel. Preparation
411 Task 1. Preparation, Coordination, Start Up

An orientation meeting will be held in preparation for the testing program.  The manufacturer will
meet with the field testing organization personnd to review the plant and process desgn and dlarify
the testing program and schedule. It is recommended that a field vist to the plant be made to
acquaint the testing personnd with details of the plant gte.  Discusson of the program, its
objectives, and respongbilities of each participant will be clarified. [If the plant is not aready
operating, the plant will be started approximately 15 days before field tests begin.

4.2 Phase?2. Fidd Testing
421 Task 2. Initial Plant Characteristics

Initial tests will be conducted to measure the plant’ s basic capabilities and cheracteristics. These
testswill be conducted to produce base line information, which can be used to evaluate changes,
which occur asthe plant ages. If the plant does not meet water quality objectives, the Fidld Testing
Organization will be natified and adjustments made.

4.2.2 Task 3. Daily Testing and Data Collection

Routine measurements and datarecording will be conducted on adaily basisfor at minimum a60-
day test period.

4.2.3 Task 4. Cross-Connection And M echanical Inspection

Two certified or registered professionaswill perform inspections of plant equipment and operation:
1) a cross-connection speciaist will ingpect and test dl cross-connection control and back
flow prevention devices, and
2) a mechanicd engineer will ingpect dl eectricd and mechanica equipment for proper
placement and operation.

4.2.4 Task 5. Evaluation of Secondary Data

Data obtained by the owner/operator the 60-day period during regular plant operation will be
reviewed to evauate the data collection, management and reporting system of the plant. The
accuracy of the data and information as well as its adequacy will be evauated. Datafound to be
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accurate can be used to supplement the eva uation and testing program.
4.25 Task 6. Continuous Nitrate Analysisand Monitoring

In order to evaduate the reiability and dability of the plant operation. Frequent sampling and

andysis of the three different streams (feed, treated and blended) for nitrate levels should be
performed. High frequency sampling (a approximately sx-minute intervals) is best done with

modern nitrate measuring indruments. Because of recent improvements and the popular use of

automatic nitrate monitoring instruments a severd nitrate plant locations, it ishighly feesibleto do
close monitoring of nitrate levelsin multiple process streams. It is highly desirable that one nitrate
monitor be used to monitor three different process streams over a period of 60 days. If an

automatic monitor is not used, manua samples should be taken from the three different streams as
frequently asfeasble for andyss.

4.2.6 Task 7. Quality Assurance and Quality Control

A Quadlity Assurance and Quality Control (QA/QC) program will be followed to ensure adequate
qudlity of the data collected.

4.3  Phase 3. Reporting
4.3.1 Task 8. Data Collection M ethods, Management and Reports

Data collection, management and reporting will betasks, which areclosdy integrated. The contents
of thedraft and find report will include specific summaries and itemsto compl ete the eva uation of
the plant performance.

5.0 TESTING SCHEDULE

The PSTP will contain a Schedule of Tasks.

Task 1, Preparation, Coordination and Start Up, shdll be performed before the plant testing program
begins. The plant shall be operated for at least ten cycles before tests can begin.

Task 2, Initid and Find Plant Characterization, shal be performed at the beginning and end of the 60-day
test program.

Task 3, Daly Testing and Data Collection, typica water qudity and operationa monitoring shdl be
performed at |east three times per day and additiona data collection shall be performed every two weeks.

Tasks 4, Cross Connection and Electromechanica Inspection, and 5, Operation Evauation and
Examination of Records, will be done near the end of the 60-day test period.

Task 6, Continuous Nitrate Analysis and Monitoring, shal be a least three times per day over the 60-day
test period
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Tasks 7, QA/QC, and 8, Data Collection Methods, M anagement, Reporting, will be conducted throughout
the test program.

6.0 TERMINOLOGY FOR VERIFICATION TESTING AND EVALUATION
6.1  Perspectiveon Terminology

A uniform and consstent terminology shdl be used for the evduation, testing, and reporting of nitrate
systems. Thiswill alow potentia usersto make direct comparisons between different sysemsand be able
to choosethe mogt suitable system for their needs. Unfortunately, ion exchange technology is not consstent
and varies with the gpplication of interest. A set of terms will be used tha are derived from the Safe
Drinking Water Act (SDWA) itsdlf, from standard chemical terminology, and which are specificaly related
to nitrate ion exchange. It is necessary to make distinct and precise definitions because the ion exchange
process, as used for nitrate remova from municipal water, isareatively new and highly specidized water
treestment method. 1on exchange for nitrate remova is considerably different from older and widdly used
technologies of ion exchange for softening or ion exchange for deminerdization. Because of these
differences, a different terminology is used to be compatible with the SDWA and to represent the
technologica differences between nitrate remova and other gpplications such as softening.  Although this
discussion will gppear superfluous to those skilled inion exchange technology, it is believed to be useful to
those who are not.

For example, the Safe Drinking Water Act specifies Maximum Contaminants Leve (MCL) vaues in
chemical concentration terms of milligrams per liter (mg/L) of the contaminant. Older technology
conventions express concentrationsin terms of mg/L of calcium carbonate equivaents or equivaent grains
of cacium carbonate or eectrica conductivity. This may be suitable terminology to describe hardness
remova or deminerdization, however, for nitrate or any other contaminant, it makeslittle senseto refer to
nitrate as calcium carbonate or grainsof calcium carbonate or conductance equivaents, especialy whenthe
SDWA avoids these terms.

Furthermore, the mgjor differences betweenion exchangefor nitrateremova and ion exchangefor softening
relate to the basic chemigtry differences between the two processes. It is gppropriate to use a different
terminology. The mgor differences are:

A. Inefficiencies Due to Presence of Other lons

Sulfateioninterferesheavily in nitrate removal. Chloride and bicarbonate dso interfere. Remova
of cacium ion by softening resins is not as sendtive to these or other cations. Feed water
compodtion of adl mgor anions isimportant in nitrate treatment.

B. Process Efficiency

The nitrate remova processis less efficient than softening. (For example, at typica regeneration
doses of 5 - 10 Ibs/cubic foot of resin, the hardness leakage will be close to zero, whereas the
nitrate leekage will be 10 to 20 mg/L depending on water qudity.) Designing and operating aplant
for minimum regenerant usage in nitrate removd is critica and process designs different from
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designsfor softening arerequired. Useof sdt inthe softening processis of less concern because of
the greater efficiency of regeneration. Useof sdtinthenitrateremova processisaseriousconcern
because of the rdatively greater quantities of st required and the cost of disposd.

C. Product Water Quality

In trestment for nitrate removal, processes can be designed to dlow some nitrate to pass through
the bed. In softening, only very smal amounts of hardness ions are dlowed to passthrough. To
hold nitrate removad to the same standards of remova as hardnessions can be counter-productive
by increased complexity, lower efficiency and higher cost of the process.

The PSTPwill usethefollowing terminology when describing the plant equipment, itsoperation and
the testing and evauation procedures. The reports prepared n Task 8 will use dso use the
fallowing terminology in describing the evaduation of the plant. This test plan dso uses the
terminology presented here.

6.2 Terms Defined

Adsor ption - (Same aslon Exchange Adsorption). The step in the ion exchange process which removes
nitrate from water by chemicd or physica attraction to amedium such asanion exchangeresn. Itisaso
referred to as the SERVICE step or the EXHAUSTION step.

Adsor ption I sotherm - A graph showing the amount of materia adsorbed asa function of theequilibrium
concentration at a fixed temperature per unit weight of ion exchange materid.

Anion - A negdively charged ion. The mgor anions of concern are nitrate, sulfate, chloride and
bicarbonate.

Anion Exchange Resin - A polymeric materid in the form of granular particles or spheres within which
positively charged ionic sites are chemically bound and which can adsorb anions from an agueous solution
by theion exchange reaction.

Attrition - Breakage and wear of ion exchange resins.

Back Washing - Theupward flow of water through anion exchange bed to cleaniit of foreign materid and
reduce the compaction of theresin bed. Usudly the bed isfluidized by the upward flow of water.

Batch Contact - A method of using ion exchange materiasin which theresin and liquid to be trested are
mixed in avessd and the liquid is decanted off after equilibrium is attained.

Bead Count - Theevduation of anion exchange materid's physica qudity by microscopic evauation and
determination of percent whole, cracked, and broken beadsin awet sample.

Bed - Theion exchange materid contained in a column or vessd of an operating unit.

Bed Depth - The height of the resn materid in the column after the exchanger has settled into a packed
bed condition.
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Bed Expansion - Theeffect produced during back washing: the resin particles become separated and rise
in the column.

Bed Life - Thetimethat aresn bed isdlowed to remain in the adsorption step. With flow rate constant,
the bed life equas the number of bed volumeswhich can betreated divided by the number of bed volumes
treated per unit time.

Bed Volume (BV)- Thevolumeof ion exchangeresn maerid inabed. Thevolumeof theresninthebed
isreferred to as one bed volume and is expressed in cubic feet, gdlonsor liters. (The volume of theresn
includes the summation of the volume of each resin particle plus the void volume between the beads.).

Bed Volumes - (or BED VOLUMES TREATED) - A dimengonlessrtio that refers to the amount of
water, which can betreated, by abed of resin. Theratio isvolumes of water treated per volume of resinin
the bed.

BreakThrough - The rapid increase in concentration in the effluent of a substance which sgnas that
adsorption of the substance is near completion and further operation of the column will not be productive.
During plant operation, the adsorption cycleisterminated prior to breskthrough of theion of interest. (The
breakthrough point can be defined in severd different ways such asthe point on the breakthrough curve
where the concentration of the ion reaches a given value which is hdf the vaue of its feed water value,
hafway between leskage and influent concentration, the MCL or pointsof inflection. Breskthrough can be
gradud or sharp depending on severa factors. Some of these points can be difficult to measure unless
sharp breakthrough occurs. For example, if theinfluent nitrateis 10 percent over the MCL, thecurvehasa
flattened or gradua dopewhenitisat the MCL and the point would be difficult to measureaccuratdy. A
consgtent definition should be adopted for any given verification plan.)

Breakthrough Curve - Also referred to as EFFLUENT HISTORY or LEAKAGE CURVE. A curve
showing the rel ationship between the bed volumes of water passing through abed of ion exchangeresinand
the ionic composition expressed in milliequivaents of the ion per liter in the effluent from the bed over a
range to show sharp or gradual changesin the composition of any ion which denotesits breek through the
resn bed. The BREAKTHROUGH POINT on this curve for nitrate ion is only wel defined for fully
regenerated resins as the point a which the concentration is one-hdf of its influent vdue. The term
EFFLUENT HISTORY isaso used in this context and is a more generd term which denotes a curve of
leakage over atreatment range, leakage curves may not show clearly defined breakthrough points.

Brine Use Factor (BUF) - A quantitative expression of salt used in practice to remove nitrate from water
by the ion exchange process. The BUF is directly proportiona to the sdt costs required to operate the
process and is aso indicative of the amount of wastewater produced by the process. In theory, if the
process of nitrate remova were 100 percent efficient, the BUF would be 1. The BUF changes with
process and therefor useful in comparing different processdesigns. Itsmeasured va ue dependson severd
other process parameters such asBV treated, nitrateleakage, salt |oading, brine concentration, feed water
compoasition, resin characteridtics, direction of flow through the bed, method of regeneration or brine

recycling etc.
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Average number of chemicd egivdents of sdt used in regenerati on
Average number of chemica equivdent sof nitrate removed by treatme nt

BUF =

Inpracticeand in actua plant operation, inefficiencies are experienced because of the inherent chemidry of
the ion exchange process plus the imperfections in process and equipment design.  Inefficiencies are
introduced in the process design, the physica equipment, generation of wastewater, and operating
procedures of aplant. The measured BUF istherefore areflection of the entire plant operation rather than
amply aratio of two substances. The BUF of an operating system can be estimated by the following
formulawhen the nitrate concentration is expressed as milligrams of nitrate ion per liter of water. (Not as
milligrams of nitrogen per liter):

épounds of NaCl used per 1000gdlons of treated water U

BUF = & {1271
& 4.423(untrested mg NIL - treated mg N/L ) i

For example, if aplant treats one million galons of water containing 18 mg-N/L and reducesthe nitrate to
4.5 mg-N/L and uses 2000 pounds of sdt in the process, the BUF is

=S 2 Mo71-426
§4.423(18- 4.5)]

Capacity - The number of chemicd equivdents of exchangegble ion contained in one liter of an ion
exchange materiad. The volume is measured when the materid iswet and isfully saturated with adsorbed
water.

Cation ExchangeResin - A resintowhich negatively charged ionic sSites are bound and which can adsorb
cations from an agueous solution.

Channding - Cleavage and furrowing in the packed resin bed dueto faulty operationa procedures, or any
condition in which the solution being treated followsthe path of least resstance, runsthrough the channdls,
and fails to establish close resin contact.

Chemical Equivalent - Theamount of any ion, which contains Avogadro’ snumber of ionic charges. The
chemicd equivaent is independent of the weight of an ion. Thus, one chemica equivaent of nitrate is
chemicdly equivaent to one chemica equivaent of chloride dthough thelr equivadent weights differ. SEE
EQUIVALENT WEIGHT.

Chemical Stability - The ahility of an ion exchange materid to resst changesin its propertieswhen in
contact with aggressive chemica solutions, such as oxidizing agents.

Chromatography - The separation of ions, molecular species, or complexesinto highly purified fractions
by means of ion exchange materials or adsorbents.

Clumping - The formation of resn agglomerations in an ion exchange bed due to fouling, chemicd
depositions, scaling, or admixture with highly cohesive substances, such as certain clays and silts.
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Column Oper ation - The most common method of employingion exchange materias inwhichtheliquidto
be treeted passes through a fixed bed of ion exchange resin held within a cylindrica vessd or column.

Counter Flow Operation - Anion exchange operation in which the direction of flow of water through a
bed and the subsequent regenerant flow are in opposite directions.

Cross-Linking - Binding of the linear polymer chainsin the matrix of an ion exchange materid with an
agent which produces a three-dimensona insoluble product.

Cycle - A complete series of operationd steps. For instance, a complete cycle of nitrate ion exchange
would involve; the complete adsorption step, followed by completion of dl other steps and return to the
gtart of the next adsorption step.

Declassification - A resn mixing operation performed on aresin bed. Thisisused to evenly digtributethe
nitrate adsorbed on abed of resin to prepare the bed for the following adsorption step. The operationis
performed by using an uneven backwash technique developed a the McFarland, Glifornia EPA
demondtration plant.

Degradation - The physica or chemica reduction of ion exchange properties due to type of service,
solution concentration used, heat, or aggressive operating conditions. Some effects are capacity 10ss,
particle size reduction, excessive swelling, or any combination of the above,

Down Flow - Conventiond direction in which water and brines flow through an ion exchange bed during
processing, inlet at the top, outlet a the bottom of the bed or column.

Dumping - Refersto removd of large amounts of nitrate, or any other substance, from an ion exchange
column asdetected by its gppearance in the effluent in concentrati ons exceeding its concentration in the feed
water. Nitrate dumping from aresin can occur if sulfate is present in the feed water and if the adsorption
cycleisrun beyond nitrate breskthrough. Thisoccursbecause sulfateionisableto displace nitratefromthe
downstream portions of the resin column where nitrate is absorbed. Nitrate dumping does not occur if
nitrate sdective resns are used or if the concentrations of sulfate and chloride are high such as in
regeneration brines.

Effluent - The solution which emerges from an ion exchange column.  Synonymous with PRODUCT or
TREATED water. The regenerant emerging from the column &fter regenerdtion is referred to as the
ELUENT or ELUATE.

Elution - The stripping of ions or complexes from an ion exchange materid by passng through the bed
solutions containing other ions a specific known concentrations.

Empty Bed Contact Time (EBCT)- Thetime it would take for water to pass through the volume of the
column occupied by theresin bed. It is caculated as though the resin is not present, hence "Empty Bed”
Contact Time. For example if the one Bed Volume is 700 gdlons and the flow rate is 350 ga/min, the
EBCT is2 minutes. Or 0.5 BV per minute,
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Entering lon - Theion involved in an ion exchange reaction which is adsorbed by the resn and which
displaces a different ion.

Equivalent - See Equivdent Weight.

Equivalent Weight - The sum of the atomic weightsin achemica formula (the formulaweight) for anion
divided by the absolute value of the charge ontheion. Thisconcept is used to compare relaive weghts of
ions, which caninterchange or combine with each other as expressed in abaanced chemical equation. For
example, the equivaent weight of nitrate ion is 62. The equivdent weight of chloride ion is 35.5 and the
weight of sulfateionis48. If the weights are expressed in grams, 35.5 grams of chlorideionischemicdly
equivaent to 62 gramsof nitrateion (or 48 gramsof sulfateion) in anion exchangereaction. Theequivaent
weight of sodiumion is 23; thus, 23 grams of sodium is combined with 35.5 grams of chlorideion in 58.5
gramsof NaCl. MILLIEQUIVALENT WEIGHT isEQUIVALENT WEIGHT expressedin milligramsof
ion per liter. Oneequivaent weight of nitrateion is62 grams. Onemilliequivaent weight of nitrateionis62

mglL.

Exhaustion - The date of theresin at the end of the adsorption step and when the capacity of theresinfor
adsorbing theion of interest isused up. Theresin is exhausted.

Fouling - Any deposit or concentration of foreign materid on or in an ion exchange materiad which
interferes with the chemicd and physicad processes. Typicd foulants are lubricating oil from pump
lubricants, clays, silts, bacteria, dgaeetc. Fouling can cause reduced efficiency, channedling, lossof resnin
back wash and many other plant malfunctions.

Freeboard - The space provided abovetheresin bed inavessd or column to accommodatethe expansion
of the resin bed during the backwash cycle.

Headloss - The loss of liquid pressure head resulting from the passage of water through a bed of ion
exchange materid.

Hydraulic L oading Rate - The volume of water passing through a given quantity of resin within agiven
time. Flow rateisusualy expressed in terms of gdlons per minute per square foot of bed cross sectiond
areaand asgalons per minute per cubic foot of resin. In nitrate treetment these can be 10to 15 galmin/sg
ft and 3to 5 gdgmin/cu ft.

Influent - The untrested water entering an ion exchange column.

Intertitial Volume - The space between the particles of an ion exchange materid in a column or an
operating unit (see Void Volume).

L eakage - The presence of asubstance, usudly nitrate, in the trested water exiting from an ion exchange
column beforeits breakthrough has occurred giving the impression that the substance has "leaked" through
the resn bed. Leakage of nitrate from aresin bed is purposdy alowed, but controllable, in adl process
designs because it is virtualy impossible to regenerate the resn completely. Leakage is different from
Breakthrough.

April 2002 Page 3-20



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

L eaving I on - Theioninvolvedin anion exchangereaction, whichisdisplaced from theresin by adifferent
ion.

Milliequivalent Weight - One one thousandth of the amount in one EQUIVALENT WEIGHT. See
EQUIVALENT WEIGHT.

Nitrate Selective Resin same as NITRATE-TO-SULFATE SELECTIVE (NSS) RESIN An ion
exchange resn which will adsorb nitrate ions in preference to sulfate from water. The following
generdizations obtain: All resns are sdective for nitrate over chloride, but may not be NITRATE
SELECTIVE. Only specid resins (NSS RESINS) are selective for nitrate over sulfate in the range of
drinking water concentrations. Also, dl resnsare sdlective for nitrate over sulfate at brine concentrations.

Nitrate Concentration - The units of nitrate concentration in the protocol and verificaion test plan
documents must be clearly stated and defined as suchin theintroductory sections. Nitratewill be expressed
asmilligrams of the dement nitrogen (N) per liter of solution (As opposed to milligrams of NO; per liter).
The converson factor is4.423 timesmg-N/L = mg- NO4/L. Cdliforniaprefersthe use of mg- NOs/L as
the expression of nitrate concentration. (Note: The N as the symbol for nitrogen should not be confused
with the N representing solution “Normdity” which is the expresson of concentration in terms of the
number of chemica equivaents of a substance per liter of solution.)

Operating Cycle - A sngle completion of dl stepsin the process conssting of adsorption, regeneration,
rinsng, back wash, stand by.

Osmotic Stability - The ability of an ion exchange material to resst physicd degradation due to volume
changes imposed by repeated, dternate gpplication of dilute and concentrated solutions.

Partial Regeneration - The regeneration process which isterminated before dl of theions are removed
from the bed and replaced by regenerating ions. Thisis practiced in nitrate removal cases because higher
regenerdion efficiency can beredized. Regeneration efficiency decreasesrapidly with decreasing amounts
of gpplied regenerant. In practica casesfor nitrate removal, even complete regenerationswill leave some
nitrate on the bed because of the strong tendency for nitrate to remain attached to the resin. Processes,
which require remova of dl nitrateions (or nearly dl), from the bed will require very large amounts of st
and generate large quantities of wastewate.

Physical Stability - The ability of an ion exchange materia to resst breskage caused by mechanica
manipulation.

Presaturant - The ion adsorbed on the resin by saturating the resin with the ion prior to a column
operation. In nitrate treatment the PRESATURANT is chlorideion

Preferred |on- Theoneof at least two different ions having equa concentrationsthat will be adsorbed on
the resin to the greatest extent.

Recontamination - The process of removing a contaminant from one point in awater supply and then
adding the same and/or other contaminant into the supply a adifferent point. A problem encounteredinion
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exchange systems. For example, by incomplete rinang of resin beds nitrate, chloride, bicarbonate, sulfate
and sodium can be added to the supply. Also, by running beds beyond their bed life, nitrate ion can be
“dumped” from the bed into the treated water.

Regener ant - The solution used to convert anion exchange materia fromitsexhausted sateto thedesired
regenerated form for reuse.

Regeneration - The digplacement from the ion exchange materid of the ions removed during the
adsorption (service) run. In nitrate treatment, the regeneration is performed by passing a sodium chloride
brine dowly through the bed.

Regeneration Level - The amount of regenerant chemica used per unit volume of ion exchange bed,
commonly expressed as Ib/ft®. Also See SALT LOADING.

Resin - Refersto asynthetic ion exchange materid. Resins are compaosed of polymeric weater insoluble
organic substances, which have been chemicdly treated to contain chemicaly charged ionic sites. Innitrate
treatment, the resin contains quaternary amino groups, each bearing a podtive charge. The quaternary
amino groups ®ntain either trimethyl (Type 1), trihydroxyethly (Type 2), or tributyl (NSS, Nitrate
Sdlective) structures.

Rinse - The passage of water through an ion exchange materia to remove excessregenerant. Somerinang
action also occurs during BACK WASH and DECLASSIFICATION.

Salt Loading - Sdt loading isthe amount of regenerant gpplied to aresin during the regeneration step. It
can be expressed in terms of pounds of NaCl per cubic foot of resin, gramsof sat/L of resin, equivaents of
sdt/L of resin or, more conveniently, in termsof bed volumes of brine (volumeshbrine/ volumesresin) having
a specified concentration of NaCl.

Thelatter method alows expression of sdt loading asBed Volumes (BV) of 1 equivaent NaCl/L of brine.
Thisisequivdent to asdt loading of 3.65 Ib. of NaCl/cu. ft. of resin (Derived from 58.5 g/L. x 3.781 gd/cu
ft/453.6 g/lb). This method alows a direct comparison to the resin capacity expressed in chemica
equivaents. For example 1.3 BV of regenerant at 1 equivalent of salt per liter will be chemicdly equivaent
to 1 liter of resn having an exchange capacity of 1.3 equivaents per liter of resin.

The expresson of sdt loading in terms of BV of brine is a practica congderation. Operation of anion

exchange plant requires some metering of the sdt during the regeneration step.  This is conveniently

accomplished by metering the volume of a saturated brine. The amount of salt can be measured from the
volume and brine concentration as determined from specific gravity tables. Salt|oading can beexpressedin
terms of BV of brine in weight percent NaCl. For example, Six percent brine contains 3.901 Ib/ft* and is
dightly more concentrated than abrine containing one equivaent of NaCl/L. Sdlt loading expressedin BV
of 6% brineis 1.068 (or 3.901/3.65) times greater than salt loading expressed in equivaents NaCl/L.
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Volumetric and Sat L oading Interconverson Factors @ 60°F (Note: 1 BV =11L1)

Volumetric Conversons.
1 Volume of (6% brine) = 1.068 Volumes of (1 equivaent NeCl/L)
Therefore: 1 BV of (6% brine) = 1.068 BV of (1 equivaent NaCl/L)

1 Volume of (1 equivaent NaCl/L) = 0.936 VVolumes of (6% brine)
Therefore: 1 BV of (1 equivalent NaCl/L) = 0.936 BV of (6% brine)

1 Volume of (1 equivdent NaCl/L) = 1 Volume of (5.61% brine)
Therefore: 1 BV of (1 equivaent NaCl/L) = 1 BV of (5.61% brine)

SAt Loading Conversions

1BV of (1 equivdent NaCl/L) = 3.65 Ib NaCl/cu ft resin
1BV of (1 equivaent NaCl/L) =585 g NaCl/L resin

1 1b NaCl/cu ft resin = 16.03 g NaCl/L resin

Service Run - The step in the operating cycle during which thewater isbeing treated; i.e., nitrate exchange
for chloride. The same asan ADSORPTION RUN.

Set Points - Thevauesof settings, which control the process. Theseare, Length of Bed Run, Amount of
Brine, Amount of Rinse Water, Amount of Backwash and Declassfication, Percent Treated in Blend (see
“Percent Blend” definition on next page). All are set by controller devicesreading totalizing flow meters. If
controlled on atime basis, report BOTH time and totalized flow as the setting.

Slow Rinse - That portion of the rinse which followsthe regenerant solution and is passed through theion
exchange materid at the same flow rate as the regenerant.

SR-6 Resin - A manufacturer's product identification for astrong baseion exchange resn which hasthree
butyl groups as part of the quaternary ammonium ions in astyrene divinyl benzeneresn. Theresnisan
NSSresn and is highly nitrate sdlective.

Strong Base Resin - A resin that contains quaternary ammonium ions as the functiona group inanion
exchangeresin. These groups provide the positive charge Sites, which adsorb and hold negatively charged
ions such as nitrate, chloride, and sulfate ions.

Throughput Volume or VOLUME TREATED or BV TREATED- Theamount of water passed through
an exchange bed during the service run before.

Type 1 Resin - A strong base resin which has three methyl groups as part of the quaternary ammonium
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ionsin a styrene divinyl benzene resin.

Type 2 Resin - A strong base resin which has one hydroxyethyl and two methyl groups as part of the
quaternary ammonium ionsin astyrene divinyl benzene resin.

Up Flow- The operation of an ion exchange unit in which solutions are passed in at the bottom and out a
the top of the vessd.

Void Volume - See INTERSTITIAL VOLUME.
Voids - The space between the resinous particles in an ion exchange bed.

Thefollowing termswere defined in EPA/NSF ETV Protocol For Equipment Verification Testing For
Removal Of Nitrate: Requirements For All Studies (Chapter 1) and will be used inthistesting program.

Financing Cost - The cost to finance the purchase of the equipment based on the rates of inflation,
borrowed capita, and amortization period. To standardize cost caculations, thesefactorswill beset by the
NSF/EPA.

Untreated Water - Theraw water that isddivered or available a the site for treatment by the equipment
for nitrate removd.

Treated Water - Thewater stream that has passed through treatment (and post treetment) and isavailable
from the equipment either for direct dischargeinto adidtribution system or for blending with untreated water
beforeinjection into thewater supply sysem. The PRODUCT WATER isthewater that isinjected into the
digtribution system. 1t contains TREATED WATER and can dso contain UNTREATED weter if aportion
bypasses the ion exchange vessels.

Blended Water - A mixtureof trested and untreated water that issuitablefor injectioninto the digtribution
gysem. Thisis the same as the distributed water. The blending system may or may not be a part of the
equipment.

Percent Blend - The percent of trested water that isin the blend. Thusa 75 percent blend will refer to
water composed of 75 percent treated and 25 percent untreated water. A 100 percent blended water is
equal to treated water.

Maximum Digtribution Flow Rate - The maximum flow rate (gallons per minute) of blended (digtributed)
water which the equipment can cause to be injected into the distribution mains on a continuoudy operating
basswithanitrate level at or below 80 percent of the MCL.

Maximum Treatment Flow Rate - The maximum flow rate (galons per minute) of treated water which
the equipment can produce on a continuoudy operating basis while maintaining the Maximum Digtribution
Flow Rate.

Plant Factor - A factor used in computing water treatment cogt. It isthe fraction of tota time the plant
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operates or is projected to operate during its period of amortization. NSF will determine this factor to
standardize cost computations.

Percent Waste - 100 timestheratio of the annua wastewater production to the annua amount of trested
water production.

7.0 TASK 1. PREPARATION, COORDINATION AND START UP
7.1 Introduction

A mesting will be held between the manufacturer and the NSF qualified testing organization regarding the
tasks and scheduling of tasks described in the NSF approved PSTP. This task will also include the plant
dart up if it isnot dready in operation.

7.2  Objective

The objective of the meeting will be to provide an opportunity for the manufacturer and the field testing
personnd to reach acommon understanding of the objectives and execution of the testing plan and provide
an opportunity to clarify any areas of concern by ether party. Initid start up datawill be collected if the
plant is not dready in operation. A tour of the test Ste can be a helpful part of this meeting. Other
personnel associated with the plant should attend if possible, such as the owner/operator and the plant
operator and loca or gate hedth officids

7.3 Work Plan

The following items will be covered in this meeting:

The manufacturer will review the materid that was included in the PSTP, in particular, the plant
design, operations, outstanding and distinguishing features and especidly the treatment objectives
and other secondary performance gods clamed for the plant performance. The treatment

objectives will be reviewed as stated in the PSTP.

The objectives mugt include the fallowing:

The nitrate levels in blended water will be 80 percent of the MCL or lessat dl times. No nitrate
level should occur higher than thisleve.

Any secondary standard for any other constituent will not be exceeded a any time.

Any other objective the manufacturer wishesto include. It isdesrable that objectives such asthe
following be included.

a) The BUF will average less than 5.0 during the operation period,

b) The amount of wastewater produced during the operation of the plant will be less than 1.5
percent of the blended water, or
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c) The Operations and Maintenance (O & M) cost of producing blended water will be under 10
cents per thousand gallons.

The Fed Teding Organization will use diagrams, drawings, plans or on Site locations to: Point out the
physicd limits of the system to be tested, the source water supply, the blending facility and the digtribution
lines
Point out the location of the plant control mechanism, pressure gauges, al control vaves, their
function, and dl instrumentation.
Point out the darm system and darm/shutdown devices and their functioning.
Point out all safety valve and crass-connection control devicesand illustrate how they aretested.

Wak the testing personnd through the complete operation of the plant, describe the set up and
gtart up procedures and indicate positions of sampling vavesand any automatic data.collection and
recording devices. Indicate where set points are set and what their current values are.

The FHdd Testing Organization will:
Review the Schedule for the Testing Plan
Prepare the Product- Specific Test Plan

Present the Evaduation Criteria. Theplant will be eva uated based on its performance regarding the
following:

— Ability to consgtently meet water quality trestment objectives

— Ability to meet other dated objectives regarding water qudity, plant efficiency and
wastewater production etc.

—  Sufficiency of cross-connection devices and thelr reliability
—  Ability to produce product water with acceptable and congtant nitrate levels

— Materid baances for water, nitrate, chloride, and sulfate must be established during plant
operation test periods

—  Wastewater production

—  Pant Efficiency (BUF)

— Timeand effort required for plant set up and Sart up
—  Operator time and skills required

—  Maintenance time required

—  Qudity of parts and construction

— Réidhility of operation.

—  Functioning of safety devicesand darms

—  Reportsof plant inspections
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—  Qudlity of the plants data collection and reporting system.
— Costs

Observe and participate in the plant start up procedures. Record the steps of the start up
procedure, note initia set points for the following:

1) amount of water treated by a single vessd,

2) amount of brine set for each regeneration,

3) amount of water used per each rinseg,

4) amount of water used for each backwash, and
5) percent blend.

Theinitid set pointswill be set a the recommendations of the manufacturer.
7.4 Schedule

Before the meeting is held, the Fidd Testing Organization will provide the Manufacturer with the PSTP
containing the Test Plan and any other drawings, plans, Site plans operation manuals and smilar helpful

materids. Sufficient time should be alowed prior to the meeting to alow the testing organization to develop
their testing procedure plans and methods to quantify the evauation criteria. Theorientation meeting will be
held immediatdy prior to the first fidd test period.

8.0 TASK 2. INITIAL PLANT CHARACTERIZATION
8.1 Introduction

Tests will be conducted to get an initid characterization of the plant and to determine if the water qudity
objectives are being met early in the program. These fidd tests and data collection activities will be
conducted at the start of thetesting program to provide abase linefor other field tests conducted in Task 3
and a the termination of thetest programto seeif any operating characteristics change over thetest period.

8.2 Objective

The objectives of this task are to establish the initia plant performance characteristics and provide
benchmark data which can be referred to for evauation of long term changes in plant performance when
future amilar data are obtained. The tests can be repeated at intervals throughout the test program if
desired but will be repested at the end of the test plan.

8.3 Work Plan

At the beginning of the test period, datawill be collected from the operating plant, which will characterize
the plant performance (e.g., regeneration level, flow, etc.). Thesetestswill be started only after the beds
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have gonethrough severa cyclesat the same settingsto dlow the plant to reach asteady state of operation.
Steady date will be confirmed from nitrate measurements by achieving a materia baance of nitrate
removed from the treated stream and nitrate removed in the waste brine.

Fromthefollowing chemica andyses, it shdl bedetermined if thewater qudity performance objectivesare
being achieved. If they are not, the manufacturer shdl be notified, as they may change the settings on the
plant. If changes in settings are sgnificant, the tests should be suspended to dlow the beds to reach a
seady date. It shal be determined if the objectives are being met from the following andyses.

Samples of Feed Water, Treated Water, and Blended Water will be collected for chemica and biological
andyses. The following must be included in the andyses.

Totd Alkdinity - Fe - Sulfae
Bicarbonate - Mn - Sodium
Chloride - Temperature - Cddum
Nitrate - TOC - pH
TDS - HPC

Electrica conductivity - Algee

All andytical data should be reported as mg/L and equivaents per liter of theion. The nitrate will be
reported as both mg-N/L and mg-NOgz/L.
The following data shall be measured or observed and recorded from the operating plant.

Record dl st points: Length of Bed Run, Brine, Rinse, Back Wash, Percent Blend, (in units of time,
flow rate and total gallons for each)

Number of vessasin service, regeneration, and standby

—  Flow rate of trested water.

—  Flow rate of blended water.

—  Amount of regenerant (pounds of salt) being used for each regeneration.

—  Ingpect the plant equipment including piping for any lesks and scale build up.

—  With hdp from the operator, at least one vessdl should be opened and inspected for piping
integrity, dirt, bacterid dime, dgae, oil or other foreign materid.

— Edimate the amount of resn in each vessd ether by direct ingpection or through ste glass
obsavations. Use externa vessd nmeasurements, corrected for internals and wall thickness.
Record the vaues of one Bed Volume for each vessd.

— Takeasgmdl sample of theresin for resin tests. See section on resin tests below.

While onevess isin sarvice, the effluent history curves shall be obtained for each mgjor ion (bicarbonate,
chloride, nitrate, sulfate) from the start of serviceto itstermination. Thisisdone by collecting grab samples
of the treated water at a sample port at or near the exit end of the vessal. (Be sure no ather water is
mingled with the trested water a the sample point). Flow meter readings and time of collection of each
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sample or take readings shdl be obtained directly from acumulative flow meter to determine BV of water
treated by the vessdl at the time of sample collection. At least 20 samples should be collected. The data
ghall be plotted as mg/L of each ion vs. BV of water trested. The data shal be plotted mg-N/L vs. BV
treated.

Any changes in these curves which have occurred since the last measurements shal be noted.
While one vess isin regeneration, the Fied Testing Organization shal:
Obtain a sample of the undiluted brine and a sample of diluted brine.

Obtain datafor abrine eution curve. Thisisdone by taking grab samples at gppropriate intervals
of the brine exiting the regenerating vessdl. Approximately 20 samples should be taken. Each
sample should be andyzed for thefour mgor ionsand eectrica conductivity. Alsofromabrineinlet
flow meter, determine the amount of brine entering the vessal. Plot the concentration of eachion
and the dectrical conductivity versus the amount of brine entering the vessd.

Continue the sample collection after the regeneration from the exit end of the vessd during therinse
period. These samples should be andyzed for the four major ions and the eectrical conductivity.
During the rinse period, record the amount of rinse water used each time a grab sampleis taken.
Plot the concentration of each ion and the eectrica conductivity versus theamount of rinse water
used.

Edtimate the amount of sodium chloride added to the water supply as aresult of regeneration and
rinang. Thisisdoneasfollows When the abovevessd isreturned to service, take grab samples of
the product water at one minute intervasfor ten minutesto twenty minutes. Analyze each sample
for the four mgor ions and the eectrica conductivity. Plot the concentration of each ion and the
electrica conductivity versus the amount of water treated.

During the regeneration and ringng process, record flow meter readings to determine the tota
amount of waste water produced.

From the above collected data, make plots (as aready mentioned) and calculations as follows:
— The effluent history curves

— Thebrine dution curves

— Therindng curves

— The amount of resinin one BV

— Theamount of sat gpplied per regeneration in pounds per cubic foot of resin

— The amount of product water produced per service run

— Theamount of rinse water used

— Thetota amount of wastewater (brine, rinse, back wash) produced per vessal per cycle
— The gdlons of saturated brine used per each regeneration

— The percent blend
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— The percent of wastewater produced
— Thebrine use factor, BUF

From the data collected, determine if the water quality objectives are being met. |If they are nat,
notify the manufacturer. The set points may require readjustment.

The generd gppearance and condition of the plant will be noted. Note the generd appearance of
equipment, new congtruction etc.

Any changes in this data from the measurements made during the previous test periods shdl be noted.

Resn Tedts. Samplesof resnwill beregularly tested. Thesetestsmay be conducted by thetesting
organization or may be submitted to the resn manufacturer who may do such tests on aroutine
basisfor customers using their products. Tests include, bead integrity or breakage tests done by
counting the number whole and partid beads, capacity determinations, and fouling tests made by
observation of foreign materid and chemica anayses.

8.4 Schedule

The abovetestswill be conducted at the beginning of thefield test period after the plant has reached steady
date performance. The tests will be repeated at the end of the field testing period and compared to
previoudy collected data. Thefield testing organization should coordinate thetiming and nature of thetests
with the plant owner/operator to be sure the plant is being operated and the proper tools are available for
opening the ion exchange vessdls for interna ingpections.

9.0 TASK 3. DAILY TESTING AND DATA COLLECTION
9.1 Introduction

The plant will be operated and tested on adaily routine basis during the 60- day testing period. Datawill be
collected to eva uate operator requirements and activity and rdliability of equipment.

9.2 Objective

The objective of routine daly testing is to make close observation of plant operation and to provide
experience and data to evauate operationd characterigtics of the plant such as, ease and rdiability of
operation, start up and shut down routines, noise production and alarm setting and resetting, reliability of
ingruments, flow meters, valve operations and smilar day to day operator tasks.

9.3 Work Plan

One or more Daily Plant Data Forms will be prepared to include specific data obtained directly from the
plant’ sinstrumentation, flow metersand gauges. Each manufacturer will provideasufficient number of flow
meters and instruments for these measurements. Data should be collected daily as described below.
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The data which should be collected daily, a the same time each day, includes the following:
Cumulative flow and gpm of source water and cumulative flow and gpm of treated water
Cumulative flow and gpm of blended water
Cumulative flow and gpm of wastewater
St Inventory Edimate

For each ion exchange vessd callect the following data

Cumulative flow and gpm of treated water

Cumulative flow and gpm of brine

Cumulative flow and gpm of rinse water

Cumulative flow and gpm of back wash weter
Grab samples of raw and finished water streams will be collected once per week for nitrate, chloride,
sodium, sulfate, dkalinity, total hardness, cacium hardness, iron, manganese, color, total organic carbon,
agee, heterotrophic plate count and eectrica conductivity. The samples shall be sent to an andytica
laboratory for analysisto reduce cost and increase accuracy. These samples may also be duplicated with
on-dte field testing kits for immediate results during treatment process adjustments, particularly with the

rinse water stream. On-Site determination of bed exhaustion and regeneration using conductivity metersis
recommended.

Record dl ingrumentation readings for each stream. Readings will be made each hour from 8 am. to 5
p.m. from each vessd.
For each operating ion exchange vessd, the following will be measured and recorded:

The number of galons of treated water produced each time the vessdl isin Service Mode.

The number of gallons of brine, and its concentration, used each time the vessdl isin regeneration
mode as measured at the point of entry into the vessdl.

The number of gdlons of rinse water used each time the vessdl isin Rinse Mode.
Thenumber of gdlonsof back wash water and declassfication water used eachtimethevessd isin
Back Wash.

Sufficient data must be collected to enable the caculation of amateria balance of total water entering and
leaving the vessdl and the total solid regenerant entering and leaving the vessel per each cycle.
Summaries of the data collected during the eight hour period will be made and will indude the following:

Totd daily water treated by the plant

Totd daily untreated water blended with treated water

Totd daily blended water sent to distribution

April 2002 Page 3-31



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

Percent blended water (i.e. Percent of the blended water that is treated.)

Daly summaries for each vessd will include:
Number of completed cycles
Totd daily water treated
Total rinse water used
Tota back wash water used
Totd pounds of solid regenerant used
Tota water used to make the regenerant solution

From the above data and chemica anayses, the following will be estimated:
Materia balances for sdt and water
Material balances for nitrate, sulfate, bicarbonate, chloride
Average untreated water nitrate
Average treated water nitrate
Average blended water nitrate
Amount of salt entering the water supply as aresult of incomplete rinang.
Brine Use Factor (BUF). Include both completed and incomplete cycles.

Percent wastewater produced (Percentage of the tota water supplied for treatment AND
blending that becomes wastewater)

Cogt of regenerant chemica per 1000 gdlons of water distributed

94 I on-Exchange Removal Efficiencies

94.1 Operational Data Collection

Removd efficienciesof nitratesfrom raw water will be assessed by the percentage of removd fromthe
source water. Measurement of influent raw water flow and pressure and finished water flow and
pressure shdl be collected each hour from 8 am. to 5 p.m. per day from each vessdl. Table1lisan
example of ontline readings for a daily operationa data sheet for an ion-exchange systemfor 3 shift
readings. Thistableispresented for informationd purposesonly. Theactud formswill be submitted as
part of the test plan and may be Site-specific.
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TABLE 1. Daily OperationsL og Sheet for an lon-Exchange System
Date:
Parameter Shift 1 Shift 2 Shift 3

Time

I nitial

Raw Water

Qraw (gPM)
Nitrate (before pretreatment) (mg/L)

Nitrate (after pretreatment) (mg/L)

TDS (mg/L)/ Conductivity (nmhos/cm),
(before pretreatment)

TDS (mg/L)/ Conductivity (mmhos/cm),
(after pretreatment)

Praw (Ps)
pH 4y (before pretreatment)

pH .4y (after pretreatment)
T raw (°C)

| on-exchange V essel

Q (gpm)
Nitrate (mg/L)

TDS (mg/L)/ Conductivity (mmhos/cm)
P (psi)
Finished

Qrin (gPM)
Nitrate (mg/L)

TDS (mg/L)/ Conductivity (mmhos/cm)

Regeneration (@ what % brine or NaCl)

Qregen (9PM)
TDS (mg/L)/ Conductivity (mmhos/cm)
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Table 2 presents operationd sampling and sample frequency for ontline, fiedld and laboratory andyss.
Ontline meters and probes should be available for instantaneous recordings. Water quality should be
anayzed prior to start-up and then every two weeks for the parameters identified in Table 2 at a
certified laboratory, except for nitrates, which will be monitored prior to start-up and then weekly.
Feld sampling should be performed weekly, if samples can not be analyzed inthefield then they should
be sent to the certified laboratory once a week. Power costs for operation of the ion-exchange
equipment (pumping requirements, chemica usage, etc.) shal aso be closdly monitored and recorded
by the FTO during the 60-day testing period. Power usage shdl be estimated by incluson of the
following detalls regarding equipment operation requirements.

pumping requirements;

gze of pumps,

name-plate;

voltage;
current draw;

power factor;
peak usage; etc.

In addition, measurement of power consumption, chemica consumption shal be quantified by recording
day tank concentration, daily volume consumption and unit cost of chemicals.

94.2 Feedwater Quality Limitations

The characteritics of raw waters used during the 60-day testing period (and any additiona 60-day
testing periods) shdl be explicitly stated in reporting the removal data for each period. Accurate
reporting of such raw water characterigtics is criticd for the Verification Testing Program, as these
parameters can substantialy influence the range of ion-exchange performance and treated water quality
under variable raw water quality conditions.

Evauation criteria and minimum reporting requirements.
Plot graph of raw and finished nitrate concentrations over timefor each 60-day test period.
Mot graph of remova of nitrate over time for each 60-day test period.
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TABLE 2. Operating and Water Quality Data Freguency for 1on-Exchange Processes

Parameter Fr equency
Raw Water Flow Daly
Finished Water Flow Daly
Regenerant Flow Daly
Raw Water Pressure Daly
Finished Water Pressure Daly
Regenerant Pressure Daly

List Each Chemical Used, And Dosage

Daily Data Or Monthly Average

Hours Operated Per Day Daly

Hours Operator Present Per Day Monthly Average

Power Costs (kWh/Million Gallons) Monthly

Independent check on rates of flow Weekly

Independent check on pressure gages Weekly

Verification of chemical dosages Monthly

Feed Water and Finished Water On-line Field Lab

Characteristics
Nitrate Continuous Daly Weekly
Temperature Continuous Daly
pH Continuous Daly
TDS/Conductivity Continuous Daly Weekly
Chloride Weekly Weekly
Sulfate Weekly Weekly
Sodium Weekly Weekly
Total Hardness Weekly Weekly
Calcium Hardness Weekly Weekly
Totd Alkainity Weekly Weekly
Iron Weekly Weekly
Manganese Weekly Weekly
True Color Weekly Weekly
Total Organic Carbon Weekly
Algae, number and species Weekly
Heterotrophic Plate Count Weekly
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10.0 TASK 4. CROSS-CONNECTION AND MECHANICAL INSPECTION
10.1 I ntroduction

Professonds will participate in the evauation and testing program. Testing and ingpection of dl of the
cross-connection prevention deviceswill be conducted. A professond will dsoinspect and test dl meters,
gauges, valves, indrumentation, motors, compressors and smilar devices for proper placement and
functioning.

10.2 Objective

The objective is to evduate mechanicd, safety and quditative features of the plant including cross-
connection control devices, qudity of components, to test cross-connection prevention devices and
operation. Assstance of aregistered mechanica engineer and acertified cross- connection specidist will be
required.

10.3 Work Plan

A Physicd Testing and Ingpection Schedule and Checklist will be prepared. The checklist will contain the
location of al cross-connection prevention devices, air gaps, check valves, block and bleed valves, back
flow preventers and smilar devices and dl dectrical and mechanica equipment. The testing will be
performed over atime interva to evaluate effects of long term usage.

A dtevidt by aperson certified for ingpection and testing of cross-connection prevention devices will be
made. A separate report will be prepared by the certified ingpector after completing the two following
steps.

All cross-connection prevention devices included in the plant and blending system will be
inspected and tested. A piping plan will be supplied and al such deviceswill beindicated for easy
location. The detectorsto set off darmsor indicatorsin event of failure of these deviceswill also be
ingpected and tested by smulating falure conditions.

The piping plan will aso be inspected to locate potentid trouble spots, where valve leakages,
lossof pressure or back sphoning could result inthetrandfer of waste nitrate and waste sdt into the
drinking water supply and where safety would be enhanced by providing additiona safety devices.

An engineer with specific experience in dedling with ion exchange fidd equipment will inspect the brine
pumps, valves, controllers, compressors, motors, probes, gauges, flow meters, darms, level controllers,
electronic controllers, vessdls, storage tanks and smilar items on the checklist of mechanical eectrica
equipment for functiona operability, wear, leaks, corrosion, scale build up, and any damages and generd
auitability. The accuracy and range of gauges and flow meters should be tested or estimated from
experience and manufacturer’s literature.  The performance of vaves should be ingpected and vave
manufacturer datasheetscritically reviewed to determineif sufficient closure and sedling isaccomplished for
the application and for low maintenance operation. The vave type should be noted and if the location and
functionisgppropriatefor thetype of vavebeing used. Particular attention should be paid to deviceswhich
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are subject to corrosion and wear such as brine pumps, other brine system parts and waste brine pumps
and gorage tanks. All findings will be included in a specid reports prepared by the certified mechanica

engineer listing those items ingpected and an assessment of the condition and an estimate of the lifetime of

theitem if current usage is extended. The reports should include any specific items, which would require
high maintenance, or be particularly costly. Thereportswill dso include an estimate of annua maintenance
cost to maintain, service and replace al mechanica and dectricd itemsto alow the plant to operate without
interruption.

10.4 Schedule

As stated above, two ingpectionswill be performed; the first ingpection will occur at the start of thetesting
program and the second ingpection will be performed after the plant has been in operation for approximately
oneyear. Each ingpector will prepare reports after the first ingpection and after the second inspection.

11.0 TASK 5. OPERATION EVALUATION AND EXAMINATION OF RECORDS
11.1. I ntroduction

The direct collection of field data by the Fidd Testing Organization is consgdered in this test plan as
PRIMARY daa Data collected by others and provided to the testing organization is considered to be
SECONDARY data. This task deds with the latter. This other data can be collected by the

owner/operator as apart of the regular operating procedures of the plant. Thisdatacan bevauableinthe
eva uation testing program to show consstency of plant performance and tofill in any datagapswhich may
occur during the brief test periods of primary data collection.

11.2 Objective

The objective is to make an evauation of the rdiability and accuracy of the plant’s data collection,
management and reporting system used in the regular or routine plant operation and maintenance. If the
data collection are found accurate, they can supplement the primary data obtained by the NSF Qualified
Tegting Organization and will support the evauationsmade using primary data. These datacan bevauable
in the evaluation testing program to show consistency of plant performance and any datamissed related to
rare incidences of operating and maintenance problems. The secondary data will be obtained with
cooperation of the owner/operator from the daily operating logs and records kept by the owner/operator
and other reports on plant operation.

11.3 Work Plan

Preparation. At the beginning of the testing program, the testing organization personnd will meet with the
plant owner/operator and review the daily or weekly plant operating records and logs used for normal plant
operation. The frequency, type, location of recorded data (notebooks, instrument recordings, lab reports
etc) should be noted. The records should include the datalisted below for easy recall. If appropriate and
agreeable, the owner/operator may be requested to provide data on special forms or modem transferable
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computer files provided by the testing organization.

Secondary Data. The data which should be reviewed will be the following:
Dally and Weekly data:
— Totd gdlons of blended water ddlivered into the distribution system
— Totd gdlons of water treated for nitrate remova
— Tota untreated galons blended with treated water
— Percent treated in blended water
— Totd gdlons of saturated brine used in the regenerations
— Totd pounds of sat used
— Tota number of regenerations performed
— Tota amount of wastewater produced

—  Percent of water delivered to plant for treatment and blending that becomes
wasteweter.

Daily and Weekly records of :
— Nitrate in treated water
— Nitrate in untreated water
— Nitrate in blended water
— Electrical conductivity of treasted water
— Equipment and parts ddliveries
— Sdtddiveriesto the plant
Number of occurrences of the following will be recorded:
— Nitrate levelsin digtributed water exceeding 80 percent of the MCL vaue
— Electricd conductivity of rinse water exceeding normd levels
— Alamsand their cause
— Normad maintenance procedures
—  Unscheduled maintenance activity
— Unscheduled plant shut downs and their causes

Use of Secondary Data. The above datawill be reviewed by the testing organization and a Summary of
Secondary Data will be prepared. The following will be estimated on a daily or monthly basis from the
Secondary Data:

Materia baances for salt and water
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Average untrested water nitrate

Average treated water nitrate

Average blended water nitrate

Amount of salt entering the water supply as aresult of incomplete rinsing
Brine Use Factor (BUF). Include both completed and incomplete cycles

Percent wastewater produced. (Percentage of the total water supplied for treatment AND
blending that becomes the wasted water.)

Cost of regenerant chemica per 1000 gallons of water distributed
Agreement or disagreement with primary data and conclusions based on primary data

An evauation of the plant’ s data collection, recording, management and reporting system will be made by
comparing the datawith that obtained by the NSF Qualified Testing Organization. A generd eva uation of
the data collection and reporting system should aso be made from the standpoint of accuracy, sufficiency,
and rediability. s the system giving enough data to tell if the manufacturer’s performance objectives are
being met? 1stoo much data being obtained andistheinterpretation confusing? Aredarmsrecorded? Is
there enough and accurate datafor the operator to determineif the plant is operating efficiently? Isthedata
recal system rdligble and is the data easy to find and well organized?

114 Schedule

The secondary data for this task will be the norma operating data collected by the owner/operator
throughout the 60-day test period concurrent with the test program. The secondary data will be made
availableto thetesting organization on aweekly basis. If additiona secondary dataarerequired, thetesting
organization will make arequest for it a the initid mesting.

12.0 TASK 6. CONTINUOUSNITRATE ANALYSISAND MONITORING
12.1 I ntroduction

Conggtency, rdiability and stability of the operation of an ion exchange plant to produce water of
acceptable quaity should betested on acontinuousbasis, during a60 day uninterrupted period in thetesting
program. Consstency and religbility relate to the long-term operation, while stability rel atesto absence of
spiking and fluctuations which may occur during a reatively short term and which may cause plant
disruptions or maadjustments. Nitrate andysis by occasional grab samples say one or two per day, isnot
frequent enough to detect fluctuations which may occur in the product water or other streams.

Huctuations or swingsin nitrate levels may be expected to some extent because of the cyclic nature of the
ion exchange processing. When aresin bed isplaced into service, thewater quality may changethroughout
the bed run up to the regeneration. Any given bed may undergo up to about five regenerations per day.
For example, after regeneration, some nitrate remains on the bed. If the bed is improperly rinsed or
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declassfied, high nitrate spikes can occur at the start of therun. Also, if nitrateincreases during therun, or
the end of run sat point mafunctions or is set too long, an over run may occur which is the cause of
“dumping” high nitrateinto the product water. Mafunction of equipment during regeneration or rinsing can
adso cause high nitrate levels to rapidly rise in the product when the vessd is returned to service.
Mafunctioning, dow operating, or stuck vaves may aso cause Smilar problems.

If the fluctuations become extreme the plant is described as* unstable” and can be the cause of two mgjor
problems.

1) Thewater qudity standard and treatment objective may be violated, and

2) Theplant may be thrown into an upset, which could cause serious water supply and water qudity
violatiors.

These upsets would be caused by set point changes which either the instrumentation or the operator is
basing on grab sample analyses, which are not typica or average. For example, if ahigh nitrate andytica
result is obtained, an automatic instrument may cause avessd to go off line and regenerate prematurely.
Thisin turn can cause awater supply failure and an excessve use of sdlt.

The above plant mafunctions can best be detected by doing continuous, on stream andyss. Strictly
gpeaking, the best and most reliable analyzers can only do grab samples in ragpid successon. lon
chromatography instruments or insruments using ultraviolet detectors can make andyses a afrequency of
about 12 analyses per hour. One or more of these instruments shoud be employed in this testing
procedure.

12.2 Objective

The objective is to test the consstency, reliability and stability of the plant to produce water meeting the
water quality nitrate objectives. Thiswill be done by monitoring the nitrate levelsin three different streams
and one monitoring stream by using automatic, continuous, on Site, 24 hour per day sampling and andysis
for aperiod of 60 days.

12.3 Work Plan

Preplanning: The most active season of nitrate plant operation should be determined prior to the start of the
testing program. Some plants operate only during summer periods of high water demand others are most
active during the growing season when fertilizersare used. A site plan will be prepared to show, housing,
location of equipment, benches, snks, sampletaps, samplelines, dectrica power and drainage. Location
of computer and/or recording ingtrumentswill be shown. If modems are used, show locations of telephone
access lines. More than one analyzer may be needed.

Set Up: Allow one month for set up and testing the andyzer. The nitrate analyzer will be set up in an
enclosed areaat the plant Ste and separate samplelineswill be connected to supplies of treated, untreated,
blended, and a monitor supply, for delivery to the andlyzer. The monitor supply will be provided from a
batch container and will be prepared from chemical standards having a nitrate composition of 10 mg N/L
and the gpproximate composition of bicarbonate, chloride and sulfatein the product water. Flow of sarpe
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will be regulated or delivered viatimed sample pumps to prevent sample contamination from other water
sources. A cdlibration standard will be used as recommended by the manufacturer of the analyzer.

Operation of Anayzers: Continuous nitrate analyseswill be performed for aperiod of 60 days on each of
thethree streams of blended water, treated water and untreated water. The andyzerswill be programmed
to sample each stream in succession. A sample from the monitor solution will aso be andlyzed to dlow
corrections to the nitrate data to be made.

Automatic andyzersusudly have provisonsfor chart recording or serid portsfor transfer to computer files.
Thelatter can be stored in the computer and aso ddlivered to remote locationsvid modemtransfers. The
latter would have the advantage of low cost data management and collection by the testing organization.

DataInterpretation: The data collected on the three different streams can berapidly and easily examined in
the form of computer data files and spreadsheet grephics. The following data should be obtained:

Tota number of nitrate analyses obtained from each stream
Average nitrate level obtained over each 24 hour period, each week, and for 60 days
Standard deviation for each stream

Number and frequency of exceeding water quality objectives
Number and frequency of nitrate spikes

Duration of nitrate spikes

Reation of soikesto daily time

Reation to diurnd temperature as obtained from local weether data
Relation to vessdl cycles as recorded by plant operator

Relation to operator activities as reported by operator

Relation to maintenance operation as reported by operator
Relation to water production as reported by operator

12.4 Schedule

Task 6 will be conducted over a continuous 60 day period which can coincide with other scheduled tasks.

13.0 TASK 7. QUALITY ASSURANCE AND QUALITY CONTROL
13.1 I ntroduction

Quadlity assurance and qudlity control of the measured water qudity parameters shal be maintained during
the Verification Testing program.
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13.2

Objective

The objective of this task is to maintain strict QA/QC methods and procedures during the Equipment
Verification Testing Program to provide accurate data from which reliable conclusons and eva uations can
be made. Maintenance of strict QA/QC procedures and records is important, in that if aquestion arises
when andyzing or interpreting data.collected for agiven test or experiment, it will be possbleto verify exact
conditions at the time of testing through procedure and record recall.

13.3

Work Plan
13.3.1 Plant Metering Devices

Metering devices, flow meters, pressure gauges, thermometers, sensors, andyzers, probes, and
associated dectronic Sgnals should be ingpected and verified to be working or not on a routine
bass. A daly wak-through during testing will be established to verify that each piece of equipment
or insrumentation isoperating properly. In-linemonitoring equipment such asflow meters, etc. will
be checked to verify that the readout matches with other meters registering the same flow stream
andthat the signal being recorded iscorrect. Accurately cdibrated flow metersmay be attached to
the plumbing to aid cdibration.

Accuracy of readings need be verified at least once per week.
13.3.2 On-Site Analytical M ethods

Use of portablefield test equipment will be used unlessregular |aboratory wet chemical capabilities
areavailable for the on-9te measurements. Accuracy of cdibrated field kits should be determined
by comparison with olit sampleanalysisby acertified lab. For dl samplecollections, preservation
and storagefor later andys's and the andyses themsel ves should be done according to recognized
procedures listed as acceptable for drinking water in Standard Methods or EPA Methods.

13.33 Nitrate Grab Samples

Nitrate andyseswill bethe most frequently performed andysis. Itisvery convenient to usethefield
test kitscommercidly availablefor drinking water samples such asHach NI-11 and amilar kits. A
variety of kit types are available ranging in price and sophidtication. The procedures for using the
kits should be carefully followed. In addition, it has been found that results can vary with the
individua preferencesand practices. Colorimetric comparators are particularly troublesome. The
nitrate measurements should be made by one person who has practice and proven competence
with the method.

If acolor comparator using acolor graduated circular disk isused thefollowing precautions should
be made.

1) Read agang light reflected from awhite pand lit by a good white light dispersed light
source such as a fluorescent bulb.
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14.0

141

2) Never use ky light or sunlight.
3) Usethe samelight source and position for dl readings.
4) Cdlibrate againgt known standards.

5) Make anew cdibration if the anadyst changes, the light source changes, the color whedl
changes, at least once per week in any case.

Inany case, regardless of thekit used, acdibration should be performed against known standards
once per week and every tenth sample should be a sample of known concentrations.

13.34 Continuous Nitrate Sampling and Analysis

The use of continuous sampling nitrate andyzerswas discussed under a separate section of thistest
plan. These instruments can be programmed for calibration at set intervals. The use of a monitor
solution isaso recommended to save calibration solution and time. The monitor solution should be
abatch source of known concentration containing representative concentrations of the other mgjor
ions. Corrected readings will be based on both the monitor readings and the standard solution
readings.

13.3.5 Chloride, Sulfate, Alkalinity

Laboratory and field test kits are also available for doing analysesfor theseions. Thekit selected
should use methods listed in Standard Methods. Each method should be field cdlibrated over a
range of concentrations available in the various streams subject to andyss. Split samples should
a0 be submitted to a Sate certified |aboratory for checking accuracy of the fidd kit anayss.

13.3.6 Off-Site Analyses

Inorganic chemica samples shall be collected and preserved in accordance with Standard Method
3010B. The samples should be refrigerated at approximately 2 to 8°C immediately upon
collection, shipped in a cooler, and maintained at a temperature of approximately 2 to 8°C.
Samples shal be processed for andysis by a dtate-certified, third party accredited or EPA
accredited laboratory within 24 hours of collection. The laboratory shdl keep the samples at
approximately 2 to 8°C until initiation of andysis.

TASK 8. DATA COLLECTION METHODS, MANAGEMENT AND REPORTING

Introduction

It isimportant to give considerable thought prior to the start of any data collection regarding the collection
methods and management of data. Datamanagement and the reporting and eva uation of thedatashould be
integrated with each other because of the limited time adlowed for the testing plan.
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The datacollection methods used in the verification testing program shdl involve the use of manud fied note
books, logs, fidd forms and/or computer files of software programs. Any software used must be
compatiblewith NSF software preferences. It isparticularly important that datafrom the continuous nitrate
andyss indrumentation be kept on computer files, as this provides a convenient method of collection,
transfer, storage and evauation.

It should be consdered from the outset, that the method of data collection and management employed by
the plant owner/operator was designed in response to plant operation and regulatory reporting and should
not be a primary source of the data required by the testing plan. Plant testing is not an objective of plant
operation. The primary objective is to provide safe drinking water to the public. Consequently, it is
preferred thet the field testing organi zation remain asindependent as possible from the data system adopted
by the owner/operator. The datacollection and management systlem used for daily plant operationisitself a
part of the plant and isevauated in Task 5 above. Vdid testing should therefore be done using independent
methods of data collection and management.

14.2 Objective

Theobjective of thistask istoimplement methods of data collection, management, and evdluationwhich are
conggtent with the testing plan and prepare the fina report product.

14.3 Work Plan
14.3.1 Manual Methods

Thefield testing organization will prepare dataforms or log formsto be used by their personnel to
collect the datarequired for each of the specific tasks asdescribed above. Oneindividud, theData
Manager, will be assgned the data management task. All origina completed dataforms and logs
will be submitted to the DataManager for filing and transfer. The DataManager will be an engineer
or scientist experienced in water trestment and testing and will beclosdy involved inthetesting plan
onadally bass. The DataManager will compile the manually obtained datainto computer filesfor
usein spreadsheets or other datamanagement software and retained for dataevauation. The Daa
Manager will dso review data and make eva uations regarding water quaity objectives and plant
characteristics based on current data. The Data Manager will aso organize the data according to
the outlines of the quarterly and fina reports and be active in the preparation of the reports.

14.3.2 Automatic M ethods

Datafrom automatic recording devices may betransferred to dectronic filesfor sorage and recall
ether with field computers or by remote transfer to the DataManager for the project. If avalable,
the Data Manager shal download the files once a day during automatic data collection periods.
The data from the autometic nitrate andyses is an example of this gpplication.
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14.3.3 Secondary Data

The data collected by the plant owner/operator is cons dered as secondary datain thistesting plan.
The Data Manager will coordinate the collection of secondary data with the owner/operator.

14.3.4 Data Interpretation

Thedatawill beinterpretedin light of the water qudity objectivesand other operationa objectives
to verify the plant performance.

14.3.5 Report Preparation

The report will be organized by task number plus other sections appropriate for the 60-day test
period and will contain a description of al data obtained during the test program. The report will
include an executive summary, data summearies, datacharts, datatables, and conclusions, which can
be drawn concerning the plant performance and the achievement of performance objectives.

Thefind report will contain an Executive Summeary that will indude the following information given
in brief tabular form:

Pant Identification:

— Dedgn dassfication of the equipment

— Location of thetest Site

— Maximum flow rate, g.p.m.

— Duration and dates of testing period

Achievement of Objectives.

— Whether or not the water quality and secondary objectives were achieved

— Casss, if any, where the plant failed to meet objectives

Performance Characteritics:

— Theamount of salt used per day, per month, per year

— The amount of sat used to produce blended water, pounds per 1000 and million

gdlons

— Theaverage BUF of the operating plant

— The cost of regenerant per 1000 gdlons of blended water

—  Percent of wastewater produced

— Instances of operationd problems or difficulties

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

— Evauation of equipment qudity, construction and service
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— Evduation results of cross-connection devices

— Number of shut down darms during operation

— Maintenance leve required

— Ovedl rating and evauation

Estimated Cost:

— Annuad maintenance cost

— Annud operating cost including capital amortization
Projections:.

— The performance characterigtics of the plant and costs will be projected for various
representative compositions of feed water with (1) greater and (2)lesser amounts of
each of the four mgor anions.

14.3.6 Report Submission and Comments

A draft find report will be submitted to the manufacturer for comments. The find report will
address the comments of the manufacturer.

14.4  Schedule

The data collection methods and data management will be in effect throughout the test program. A draft
find report will be submitted after the 60-day test period followed by afind report.

150 OPERATIONSAND MAINTENANCE

Thefallowing are recommendationsfor criteriafor O& M Manua sfor ion exchange equipment and should
be evauated by the Field Tegting Organization during verification testing.

15.1 Maintenance
15.1.1 Component Maintenance

The maintenance section will include referencesto equipment manuass, which describe maintenance
procedures and calibration procedures. Refer to manuals prepared by each manufacturer of each
component, which requires maintenance. The manufacturer’s manuas must be provided in an
gppendix. Summarizethe maintenance and cdibration procedures, which are recommended by the
manufacturer of each of the magor components, vaves, meters, ingruments and controllers.

Provide a Maintenance and Cdlibration Schedule or Table indicating recommended frequency of
maintenance and the specific maintenance activity for each maintained component.
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15.1.2 Plant Maintenance

The following items must be addressed regarding generd plant maintenance:
Testing resin samples for capacity and breskage.
Ingpection and cleaning of vessd interiors and ion exchange resin.
Ingpection of dAl piping connections for leskage.
Keeping the plant area clean and free of debris.
Ingpection and renewd of painted surfaces such as vessdls, piping, housings, €tc.
Ingpection of sample linesfor free flow samples.
Inspection of al vaves for leskages.

Inspection and maintenance of dl back flow preventors and cross connection devicesfor
leskages and/or mafunctioning.

Inspection and maintenance of air pressure throughout the system for autometic valves.
Ingpection of al eectrica cables, voltages, and heat production areas and devices.
Inspection of brine pumps and brine leakages in brine maker area.

Ingpection of fire extinguishers, air packs, showers, eye washes and other safety devices.
Inspection of controller cables, cabinet interiors, relays, heat generation and functioning.
I ngpection and routine tests of computer components, printers, modems, etc.

Supply of sdt for brine making.

Chemica suppliesfor andytica devices and procedures.

Supply of andytica sampling bottles.

Supply of recording paper and computer printer paper.

Any other items required for proper plant operation.

15.2 Operation

The operation manua section should be prepared by a person who has field experience and has actually
operated the equipment and can give a clear description of theory and practice of operation. Input from
design engineers or other office-confined personne should be minimized. The materid must be presented
from the plant operator’s point-of-view and should not be highly technica or engineering oriented. The
operation of each mgor component must be addressed without reference to equipment brochures supplied
by subcomponent suppliers.

Water Quality Objectives: These shdl be of primary importance.
Theory of Operation: Text and diagrams shdl be provided, as well as a section on
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terminology. These materials shdl be a alevel understandable by plant operators.

: Description of the Process: Text and diagrams shal be provided, aswell asasection on
terminology.

Flow Diagram: Normd operating flow ratesand daily cumulative amounts shdl be shown.

Piping and Instrumentation Diagram: A non-engineering presentation that can be
understood by non-engineer plant operator shal be provided, referencing al valves and components
according to 1D labels placed on all components (valves, piping, flow direction, etc.). AnID labd and
aclearly marked indicator of OPEN or CLOSED status shdl be provided for each valve.

- Automatic Controller(s): The principle of operation shal be described and the start up
and shut down procedures, reagents required, calibration procedure, accuracy and interface and plant
ghdl be given.

Manual Oper ation: Method of operation if controllersfail to function shall be described.

Data Coallection and Recor ding Devices. A section for each device shdl be provided,
describing the operation and accuracy and calibration procedure.

L ocation and Oper ation of M etersand I nstruments: Eachitem shdl be specified and
an ID labd given.

Alarms.

A section on each of the following shall be included:
Start-up procedure
Plant settings, service batch, blend percent, brine batch, rinse and backwater water
Plant monitoring procedure
Expected typica performance
Manud shutdown of the plant
Redarting the plant after manua shut down darms
Redtarting the plant after automatic shut down darms
Alarm remova procedure
Renitidizing and resarting
Adjugting the plant settings to lower nitrate levels
Adjusting the plant to increased nitrate levels
Adjusting plant to reduce salt consumption
Adjusting plant to reduce waste production
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Adjusting plant in response to changes in untrested water composition
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Table 3. Analytical Methods

Parameters Laboratory Standard Laboratory EPA
Methods' number or Other | Method?
Method Reference
General Water Quality
pH 4500-H" B 150.1/150.2
Total akdinity 2320B
Temperature 2550B
Conductivity 2510B 120.1
Total Dissolved Solids 2540 C
Coalor 2120 B (Hach Company modif. of
SM 2120 measured in
spectrophotometer at 455 nm)
h Inorganic Water Quality
z 4110 B / 4500-NO3” D, F 300.0/ 353.2
m Nitrate
Chloride 4110 B / 4500-CI' D 300.0
E Sulfate 4110 B / 4500-SO," C, D, F 300.0/ 375.2
: 3111 B 200.7
Sodium
U 3500-Ca” D
o Calcium Hardness
n 2340 C
Totd Hardness
m 2320B
> Alkdinity
- Iron 3111 D/3113B/3120B 200.7/200.8/ 200.9
Manganese 3111 D /3113B/3120B 200.7/200.8/200.9
: Bicarbonate, HCO; Calculation
u Organic Water Quality
Tota organic carbon | 5310C |
ﬂ Microbiological
q Algae, number and 10200 F
species
¢ Heterotrophic Plate Count | 9215 B
Notes:
n 1) Standard Methods Source: 20th Edition of Standard Methods for the Examination of Water and
m Wastewater, 1999, American Water Works Association.
2) EPA Methods Source: EPA Office of Ground Water and Drinking Water. EPA Methods are available
m from the National Technical Information Service (NTIS).
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CHAPTER 4

EPA/NSFETV
EQUIPMENT VERIFICATION TESTING PLAN
HETEROTROPHIC BIOLOGICAL DENITRIFICATION FOR
REMOVAL OF NITRATE

Prepared By:
NSF Internationa
789 Dixboro Road
Ann Arbor, M| 48105

Copyright 2002 NSF International 40CFR35.6450.

Permission is hereby granted to reproduce all or part of this work, subject to
the limitation that users may not 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 INTRODUCTION

1.1  Application of ThisTest Plan

Thisdocument isthe ETV Testing Plan for the Biologica Denitrification Processfor the Remova of Nitrates
from Contaminated Water. This Testing Plan is to be used as a guide in the development of Product-
Specific Test Flan (PSTP) proceduresfor testing biologica denitrification (BD) trestment equipment, within
the structure provided by the EPA/NSF Environmental Technology Verification (ETV) Protocol Document
for nitrate removal. Refer to the “EPA/NSF ETV Protocol For Equipment Verification Testing For
Remova Of Nitrate: Requirements For All Studies’ aswell asthe Test Plansfor Equipment Verification
Tedting Plan for Reverse Osmosis and Nanofiltration Processes for further information.

Thisdocument is applicable only to heterotrophic carbon-based fixed- film denitrification sysemsand not to
suspended-growth syssems. Thisdocument isnot gpplicableto autotrophic denitrification sysemsincluding
hydrogen and sulfur-based processes.

Post- denitrification trestment systems for the remova of residua soluble and suspended carbonaceous
materials may be required to bring the biologicaly denitrified water to drinking water sandards. Such
equipment is considered to be a separate treatment module whose performance and operation are outside
the scope of thisdocument. Where such post-trestment isrequired to reduce thefouling potentid of theBD
throughput as measured by turbidity, suspended solids, and resdua Total Organic Carbon (TOC), the
reader should consult other NSF publications related to resdua contaminant removal including the ETV
document Protocol for Physical Removal of Microbiological and Particulate Contaminants, and Test
Plansfor MembraneFiltration, Coagulation and Filtration, Bag and Cartridge Filters, and Precoat
Filtration. These documents should be useful in determining post-denitrification trestment needs.

In order to participatein the equipment verification processfor BD processes, the Equipment Manufacturer
ghdl retain aFidd Testing Organization (FTO) that isNSFqudlified to employ the procedures and methods
described inthistest plan and in the referenced ETV Protocol Document as guidelinesfor the devel opment
of the PSTP. The procedures shdl generdly follow those Tasksrelated to Verification Testing that are
outlined herein, with changes and modifications made for adaptations to specific equipment. A
recommended format of the procedures written for each Task should consst of the following sections:

Introduction
Objectives

Work Plan
Andytica Schedule
Evduation Criteria

1.2  Objectivesof Verification Testing

Testing of equipment covered by this Verification Testing Plan shall be conducted by an NSF-qudlified
FTO. Water quality anaytica work to be carried out as a part of this Verification Testing Plan shdl be
contracted with alaboratory that is certified, accredited or gpproved by a State, athird-party organization
(i.e. NSF), or the U.S. EPA. The FTO shdl provide full details of the proceduresto be followed for each
task inthe PSTP. The FTO shdl specify the operationa conditionsto be evauated during the Verification
Teding.
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The Manufacturer shall define the verification testing objective(s). These specific objectives of the
equipment verification testing should be different for each Manufacturer, depending upon the statement of
objectives of the specific equipment to betested. Thetesting objectives devel oped by each Manufacturer
shall be defined and described in detail in the PSTP devel oped for each piece of equipment. The objectives
of the equipment verification testing may include:

Verifying the performance of the equipment by generating field datain support of meeting aspecific
contaminant level in the trested weter;

Evauating new advancesin equipment and equipment design;

Verifying the performance of the equipment used in aspecific environment such asacoastd region
where ocean digposd is available;

Verifying the performance of the equipment operating within a specific range of untreated water
quality;

Verifying the performance of the equipment used for specific modes of operation such as
continuous or interrupted operation.

Multiple testing objectives may be included in the PSTP. An important aspect in the development of the
verification testing is to describe the procedures that will be used to verify the statement of performance
objectives made for water trestment equipment. A verification testing plan document incorporates the
Qudity Assurance/Quality Control (QA/QC) eements needed to provide data of appropriate quality

aufficient to reach a defengble postion regarding the equipment performance.  Verification testing
conducted at asingle site may not represent every environmental Stuation which may be acceptablefor the
equipment tested, but it should provide dataof sufficient quaity to makeajudgment about the gpplication of

the equipment under conditions Smilar to those encountered in the verification testing.

It isimportant to note thet verification of the equipment does not mean that the equipment is* certified” by
NSF and/or accepted by EPA. Rather, it recognizes that the performance of the equipment has been
determined and verified by these organizations.

1.3  Scopeof the PSTP
Specificaly, the PSTP shdl include at least the following items:

Roles and respongihilities of verification testing participants;

A brief statement of the objectives of the test plan;

A brief satement of the water quality trestment objectives,

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

Experimental design of the Field Operations Procedures;

Quiality assurance and quality control (QA/QC) proceduresfor conducting the verification testing and
for assessing the quality of the data generated from the verification testing;

Hed th and safety measuresrelaing to biohazard (if present), chemicd, eectrica, mechanica and other
safety codes.
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20 BACKGROUND

Heterotrophic biologica denitrification is awell-established processin the realm of wastewater trestment.
However, this process has not been used on afull-scde basisinthefield of water treetment inthe U.S,, but
there are severd full-scale plants being operated in Europe (Dahab et d., 1998; Gayle, et a., 1989). The
primary reason behind the dow transfer of technology from the wastewater trestment to potable water
treatment isthe obvious concern over potential contamination of the treated water by bacteriaand resdua
organics from the bio-denitrification process. Thisisalegitimate concern that must be kept in mind when
designing such trestment processes for water treatment.

Numerous studies (Dahab and Woodbury, 1998 and Dahab and Ka agiri, 1996) reported on the potential

for usng biologicd denitrification for nitrate reduction in groundwater supplies in laboratory-scae
experiments.  The results indicated that fixed-film denitrification can be expected to reduce the nitrate
concentration in theinfluent water supply from ashigh as 100 mg/L (asN) to levelswithinthe 1.0 mg/L (as
N) range. Theseremovastrandateinto an efficiency of nearly 100 percent, which isgeneraly not matched
by other processes available for nitrate reduction. However, some resdud soluble as well as insoluble
organic matter should be expected in the denitrified water supply. Further trestment can reducethese solids
to levels sufficient to meet prevailing drinking water sandards.

In heterotrophic biologica denitrification, facultative microorganisms are contacted with the water supply
containing nitrates and an added carbon source in an anoxic (oxygen-free) environment. Under these
conditions, the bacteria utilize nitrates as a termina electron acceptor in lieu of molecular oxygen. Inthe
process, nitrates are reduced to nitrogen gas, which is harmless and can be directly discharged to the
atmosphere. The extraneous carbon source is necessary since it supplies the energy required by the
microorganismsfor respiration and synthesiswhile serving asan e ectron donor. Mot denitrification studies
have used methanol (CH;OH) asthe carbon source. 1f asmple carbon sourceischosen such asethanol or
acetic acid, then the biomass produced during the process should be correspondingly low; a useful
characterigtic in that the overall excess biomass production is minimized.

Since heterotrophic denitrifying bacteriarequire an organic carbon sourcefor their respiration and growth, a
widevariety of organic compounds have been used. These organicsinclude methanol, ethanal, acetic acid,
glucose, and other more complex organics. Whilethetypes of organic compounds may affect the biomass
yidd, the choice is generaly based on economic comparison. The availability of ethyl dcohol from
agricultura sources could makethis carbon source astrong candidate for denitrification systems. 1t should
be noted that methanol toxicity issuch that it is not recommended as dectron donor and carbon source for
drinking water denitrification.

Another important factor is the presence of dissolved oxygen in the waters and its inhibiting effects. To
effect denitrification, the oxygen concentration must be reduced to aleve low enough to avoid inhibition or
repression of nitrate reductase. Unless dissolved oxygen isremoved by chemical addition, the amount of
€electron donor (organic carbon) added must be equal to that needed to remove the oxygen aswell asthe
nitrate.

Biologica denitrification can be carried out in suspended or attached growth systems. In suspended growth
systems, the bacteria cultureis*suspended” within the contents of the reactor vessdl by constant mixing or
agitation. Inthese systems, sedimentation isrequired to settle out the bacterid biomass so it can bereturned
to thereactor vessd, or otherwiseremoved by wasting. Such systemsare common in wastewater trestment
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goplications. The principa advantages of suspended growth systems include the ability congtantly return
biomassinto the system and small tankage requirements. However, suspended growth systems are subject
to damage or washout by hydraulic transents and influent shock loads. They are generdly not suited for
handling periods of extended shutdown.

In fixed-film (also known as biofilm) systems, the bacterid biomassisphysicdly atached to asolid matrix,
which serves to support the bacterid mass by providing surface area on which the bacteriacan grow ina
film-likelayer. Attached growth systemscan be of the static mediatype or the expanded- bed (i.e fluidized)
type. Indatic mediasystems, the solid matrix typically ismade up of synthetic modulesthat are stacked in
some fashion (or smply dumped, depending on their size and configuration) in the reactor vessd. These
mediacan have high porogity, light weight (when synthetic materialsare used) and high specific surface area
(i.e. surface area per unit volume of medium). Static media attached growth systems are operated in either
downflow or upflow regimes dthough upflow systems are more common due to the reduced chance of
plugging associated with their operation and the fact that the bacterid biomass is congtantly submerged.

Huidized-bed systems are operated in an upflow manner so that the bacteria growth matrix bed is
expanded hydraulically asthewater is pumped from the bottom to the top of thereactor. Inexpanded-bed
systems, the support media are generaly of the granular type (both naturad and synthetic) to facilitate
expansion of the bed. Asthe bed is expanded the entire surface of the granular materia ismade available
for bacteria support. Because of thisfact, expanded- bed systems have been reported to beloaded at rates
exceeding Static-bed systems. However, the additiona costs associated with pumping to maintain bed
expangon or fluidization must aso be consdered during design evauation. With no known exceptions, dl

full-scae biologica denitrification systems designed for potable weter trestment have been of the Static-bed
fixed film type.

3.0 OVERVIEW OF TASKS

This ETV Tedting Plan is divided into 6 tasks. A brief overview of the tasks to be included in the
verification testing program is presented bel ow:

31 Task 1: Characterization of Feed Water

A full characterization of the source water must be made prior toinitiating operation so that the potentia for
fouling and minerd precipitation (scaling) and other possible interferences can be defined and/or predicted.
Reaults of thisandysis shall be used to define feed water pretreatment requirements, chemica doses and
system operating conditions, and to identify potentia foulants in the source water for monitoring during
operation.

32 Taskz2 BD Start-up and Initial Performance

The objective of this task is to evduate BD sart-up and subsequent steady-state operation. Start-up
conditionsincluding the need for bacterial seed (inoculum) must be characterized. Furthermore, the usability
of the biologicd denitrification process and potentia fouling (including excess biomass and potentid
hydrogen sulfide production) shall be evaluated in rdation to feed water qudlity.
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33 Task3: Product and Residual Management

The objective of this task isto evduate the qudity of water produced by the BD system, referred to as
product water or BD effluent. Multiplewater qudity parameters shal be monitored during each operationa

period. A badc god of this Task is to confirm that BD-treated waters meet the manufacturer’s
performance objectivesfor nitrite. BD effluent quality shal be evaluated in rdaion to feed water quality and
operational conditionsto determineif additiona treatment isrequired. Any wastewater or dudge streams
shdl aso be characterized and management plansfor the proper disposa of BD residud biosolidsareto be
idertified.

34 Task 4 Process and Equipment M aintenance

An important aspect of BD operation is the maintenance of the system so that an adequate inventory of
biologicd (bacterid) mass (i.e. biomass) is maintained while avoiding excess biomass conditions thet may
lead to impaired effluent quality or to system support matrix clogging. Another intent of this task isto
provide procedures and methods for insuring the continued integrity and operability of dl equipment and
associated appurtenances.

35 Task 5: Data Reduction and Presentation

The objective of this task is to establish an effective field protocol for data management at the field
operations dte and for data transmisson between the FTO and NSF for data obtained during the
Veification Tedting.

36 Taské: Quality Assurance/Quality Control

An important aspect of Verification Testing is the protocol developed for quaity assurance and quality
control. The objective of this task is to assure accurate measurement of operational and water quality
parameters during Verification Testing.

40 TESTING PERIODS

On the assumption thet the source water is a groundwater, which normally exhibits minor or no sgnificant
changesin seasond water qudity, therequired operationd tasksin the Verification Testing Plan (Tasks 1-4)
shdl be performed at least once during a 1-year period, not including mobilization, start-up, and Initia
Operations.

A minimum of oneVverification testing period shal be performed. Additiond verification testing periods may
be necessary if feed water quality is known to be seasondly variable. If one verification testing period is
selected, thefeed water should represent the worst- case concentrations of nitrate concentration, which can
verify the manufacturer's objectives. Although onetesting period satisfies the minimum requirement of the
ETV program, manufacturers are encouraged to use additiona testing periods to cover awider range of
water quality conditions. Verification testing periods consst of continued eva uation of thetrestment sysem
using the pertinent treatment parameters defined through feed water characterization. Verification test
periodsshdl last aminimum of 3000- hours. The purposes of the 3000- hour test period are: 1) to providea
data base for a long period of time to demongtrate start-up (establishment of biomass in system) and
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steady- state conditions; 2) to assessthe system recovery after short periods of shutdown; and 3) to provide
opportunity for the treetment of feed water having variable qudity.

5.0 DEFINITIONS

5.1 Biological Denitrification: a bacteria-mediated (i.e. biologica) process in which nitrate is
reduced into nitrogen gas by denitrifying bacteria (typicdly facultative heterotrophes) under anoxic (oxygen
free) conditions. The process requires that an eectron donor (typicaly an organic carbon source) be
present for the reaction to go to completion.

5.2  BD Effluent: Product water produced by the biologica denitrification (BD) trestment system.
5.3  Denitrified Effluent: The same as BD Effluent.
54  System Feed Water: Source water introduced into the BD process for treatment.

55  Reactor Feed Water: Influent feed water introduced into the BD reactor system, congisting of
raw system feed water, and in rare occasi ons, acombination of raw system feed water and recycled reactor
effluent being returned for further trestment.

5.6  Fouling: A condition in which the BD effluent qudity is impaired by the presence of excess
biologicd solidsbeing discharged by the BD reactor or fouling resulting from extraneous reactionsinduding
sulfate reduction to produce traces of hydrogen sulfide. Fouling in this case dso is referred to as
“biofouling”. Fouling could aso bethe result of other contaminantsthat might be present in the feed weter.

5.7 Carbon Source The materid to be used as a source of eemental carbon for heterotrophic
bacteria denitrification to proceed. The organic carbon serves as an eectron donor in the heterotrophic
biologica denitrification reaction aswell asasource of energy for bacteria metabolism. Thiscarbon source
can be one (or acombination of) severd organic substances including acohals (such as methyl acohol or
ethyl dcohal), organic acids (such as acetic acid) or other smilar organic substances including sugars.

5.8  Electron Donor/Electron Acceptor: The term dectron donor generdly refers to the organic
carbon source to be used in the heterotrophi ¢ denitrification process whereas the € ectron acceptor refersto
substances being reduced in the denitrification process, principdly nitrate, but it dso may include sulfate, if
present in the raw feed water being denitrified.

5.9 Bacterial Seed (Inoculum): This term refers to the bacteria that must be added to the

denitrification reactor to accomplish the conversion of nitrate biologically into nitrogen gas. Such bacteria
must be inoculated into the reactor system for immobilization on the reactor bacterid support matrix.

Bacterid inoculums can be of a pure culture or amixed culture variety.

5.10 Reactor: The term reactor refers to the vessel in which the denitrification process is to be
accomplished. The combination of the reactor vessd, bacteria support matrix and other related
appurtenances are referred to as the “ Reactor System.”

511 Sartup: Theperiod of time following the indtdlation of the reactor system, addition of bacteria
seed and the commencing of operation. During this period, the product water may contain excess biomass
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and excessive nitrate concentrations indicating that the trestment process has not stabilized yet. Generdly,
start-up should bein the order of 3 to 5 weeks.

512 Steady-State Operation: Steady-State Operation begins after the reactor system had gone
through a successful start-up with nitrate concentrations in the reactor effluent approaching the targeted
concentrations and with minima occurrence of fouling.

5.13 Biofilm: Biofilm isthe structura gppearance of bacterid mass (biomass) on the surface of the
resctor support matrix. Idedlly, the biofilm should be a congstent and uniform accumulation of bacterid
solids that gppear like a gdlatinous and dime-like layer that can be put into contact with the water being
trested for the remova of nitrate contamination.

5.14 Support Matrix: Theporousmeteria to be used asreactor column packing to support the growth
and accumulation of denitrifying becteria These materids typicaly condst of smdl individud packing
modules that can be randomly packed into the reactor or large modular blocks that can be stacked inside
the reactor column. These matrices must be made of materiasthat are known to be non-reactive and non-
leachable and non-biodegradable and be lightweight with high specific surface areaand high porosity.

5.15 Specific Surface Area: Theamount of surface area(e.g. square feet) provided by aunit volume
(e.g. one cubic foat) of packing materid.

5.16 Porosity: The extent of open space provided by the biological denitrification reactor packing
materid; generdly computed as the volume of voids per unit volume of packing materid.

5.17 Post-denitrification Treatment: Refers to al treatment methods that are required to bring
biologicaly-denitrified weter to drinking water quaity and likdly to include filtration and disinfection.

6.0 TASK 1. CHARACTERIZATION OF FEED WATER

6.1 I ntroduction

This task involves a complete characterization of the raw water being fed to the trestment system. The
information isrequired to determinethe suitability of thewater source asafeed water for verificationtesting,
and to document parameters which may be important in predicting the treatability of the water sourceand
treatment efficiency of the trestment process.

6.2  Objectives
The objectives of thistask are asfollows.

Obtain a complete physica, chemical, and biologica characterization of the source water or
feed water that will be treated.

Determinethe degree of nitrate remova needed and the amounts of the organic carbon source
and other chemicals required to carry out the denitrification process.
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Identify potential process contaminants (foulants) such as sulfates, bacterid solids, etc., that
might affect the trestment process, and to determine potentiad and degree of feed water
pretrestment, if any, that may be needed during system operation.

Verify that thewater, as sampled, isrepresentative of the source water based on historica data
(where available).

6.3 Work Plan

This Veificaion Tesing Plan is based on the assumption that biologica nitrate remova will be
predominately gpplied to groundwater which isnot subject to significant seasona changesinwater qudity or
temperature. Water sources with sgnificant variability in nitrate contamination, including surface waters,
requireasgnificantly different approach to address seasond variationsin water qudity. With theexception
of “effluent” dreams that receive a sgnificant component of their base flow from nitrate-contaminated
groundwater sources, surface water suppliestypically have not historicdly exhibited nitrate contamination
that would require treatment.

In caseswherethefeed water quaity isknown to vary seasondly, sufficient informetion shal beobtained to
illustratethe variaionsthat are expected to occur in the parametersthat will be measured during Verification
Tegting for aperiod of timelong enough to demongtrate such variagbility. Thisinformation shall be compiled
and provided to NSF, so NSF and the FTO can determine the adequacy of the datafor use asthe basisto
make decisonson thetesting schedule. Theinitid characterization isimportant to the success of thetesting
programs, asfailureto adequately characterize thefeed water (Sourcewater) could result intesting at alater
Ste deemed ingppropriate. Therefore, theinitid characterization isimportant to the success of the testing

program.

A brief description of the aquifer system that providesthefeed water shal be providedinthe PSTPtoadin
interpretation of feed water characterization results. In addition to water quality parameters, thisdescription
should include aguifer hydrogeologic characteridics that may influence the groundwater qudlity.
Furthermore, abrief description of watershed(s) hydrologic characterigticsthat may havean influenceonthe
aquifer water quality should also be provided. Thewatershed description should include astatement of the
goproximate sze of the watershed, a description of its soils (i.e. clays, slts, sand, etc.) and their
hydrogeologic characteristics as well as a description of it topography (i.e. flat, gently rolling, hilly,
mountainous, etc.). A description of the kinds of human activitiesthat take place (i.e. mining, manufacturing,
cities or towns, farming) with specid attention to potential sources of pollution that might influence feed
water quaity should also be provided. The nature of the water source, such as stream, river, lake, or man-
made reservoir, should be described as well.

Most water sourceswill not have pre-existing water qudity dataof sufficient detail to alow an evauation of
the proper application of biologicd denitrification. Completion of this task involves the following:

Anaysisof grab samplesfor adetailed water quaity andyss. The parameters evauated shal
dlow for the caculaion of a complete cation/anion balance, in addition to genera physicd,
chemicd and biologicd measurements and limited organic anayss.

A review of sdlected historica water quaity data, where available. This should dlow for the
determination of trends in key water quality parameters such as nitrate, sulfate, dkainity and
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total dissolved solids (TDS) (or conductivity), as well as dlowing for the verification that the
water quality measured by the grab samplesis representative of recent historical data

Cdculation of the amounts of nitrates to be removed to meet exigting drinking water quaity
standards as well as the amounts of organic carbon needed to satisfy the stoichiometric needs
of denitrifying microorganism.

Caculation of the buffering capacity of the feed water and the need to control pH. Assessment
of the viahility of the biologica denitrification process as well as other potentid interferences
that may lead to biofouling. This includes estimating the concentrations of the following sats
and speciesin the feed water stream:

carbonate/bicarbonate,
total dkalinity,

aulfate,

phosphates, and

iron and manganese.

TheFTO shdl indludeinthe PSTP guiddinesfor maximum concentrationsfor each of the above sdtsduring
BD system operation, assuming the use of appropriatewater pretrestment and conditioning chemicas, when
needed.

6.4  Analytical Schedule

Parametersrequired for acomplete evauation of source water quaity are presentedin Table 1. Thistable
identifies dl required parameters for evauation in the fied or in the laboratory by a laboratory thet is
certified, accredited or approved by a State, athird-party organization (i.e. NSF), or the U.S. EPA. In
order to ensure that the source water supply is of congstent qudity, it isrecommended that the feed water
be re-evauated periodicaly (monthly basis is recommended) according to Table 1 during ETV tegting.
Parametersin Table 1 that are found to be constant after repested testing over time can be removed from
periodic testing. Table 1 aso identifiesthe recommended Standard M ethods (APHA, 1992) or U.S. EPA-
approved procedures.

Parameters to be andyzed from grab samples shdl be taken in duplicates, asaminimum, or more, at least
oneweek gpart. Potentia sources of historica datainclude the United States Geologica Survey (USGS),
US Environmenta Protection Agency, and state and local approved laboratories.

Manufacturers and suppliersintending to have their equipment verified for uses other than biological nitrate
remova may wish to characterizethe source water in terms of additiona parametersbesdesthoseidentified
inTable 1.
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Tablel. Feed Water Characterization Parameters

AnalysisOptions | Standard Methods'
Par ameter Field | On-Line | Lab | number or Other Method | EPA Method?
Reference
General Water Quality
pH X X 4500-H" B 150.1/150.2
Total akalinity X 2320B
Total Hardness X 2340C
Calcium Hardness X 3500-CaD
Temperature X X 2550 B
Conductivity X 2510 120.1
Total Dissolved Solids X 2540C
Total Suspended Solids X 2540D
Turbidity X X 2130 B / Method 2 180.1
Color X 2120 B (Hach Company modif.
|— of SM 2120 measured in
spectrophotometer at 455 nm)
z Taste and Odor’ X | 2150-2160
Ll I nor ganic Water Quality
Sodium X 3111B 200.7
E Potassium X 200.7
: Ammonia, NH, X 350.3
Strontium X 200.7
U Barium X | 3111D/3113B/3120B 200.7/ 2008
Iron X 3111 D/3113B/3120B 200.7/200.8/200.9
O' Oxygen, Dissolved X 4500-0
a Manganese X 3111 D/3113B/3120B 200.7/200.8/ 200.9
Carbonate, CO,4 X Calculation
Bicarbonate, HCO, X Calculation
m Sulfate, SO4 X X 4110B/4500-S04” C, D, F 300.0/ 375.2
> Chloride X X | 4110B/4500-CI D 3000
Nitrate, NO; X X 4110B/4500-NO3 D, F 300.0/ 353.2
H Nitrite, NO, X X 4110 B/ 4500-NO3 D, F 300.0/353.2
.- Fluoride X | 4110B/4500F B,C,D,E 3000
u Carbon Dioxide, CO, X 6211 M
Hydrogen Sulfide, H,S X 376.1/2
m Organic Water Quality
q Total organic carbon X 5310C
Electron Donor* X X | TBD
UV.5, absorbance X 5010B
g AOC/BDOC X__| 9217A/5310
(a8 Miicr obiological
m Total coliform X 9221, 9222, 9223
Heterotrophic Plate Count X 9215B
m 1) Standard Methods Source: APHA (1999).
2) EPA Methods Source: EPA Office of Ground Water and Drinking Water (1996).
: 3) Taste and Odor measurements are optional.

4) Residual electron donor (i.e. carbon source) concentration; TBD = T o be determined by the FTO. See Section
5.7, FTO must identify Standard Method for their carbon source of interest (i.e. alcohols, organic acids, or sugars).
Note that the choice of electron donor could interfere with ion chromatography-based measurements.
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6.5 Evaluation Criteria

Feed water qudity shal be evauated in the context of the Manufacturer's statement of performance
objectives. The feed water should challenge the capabilities of the equipment with repect to nitrate
concentration, but should not be beyond therange of water qudity parameters suitablefor treatment for the
equipment in question.

The detailed chemica analysisshould leed to adetailed determination of chemica dosesrequired to support
and maintain the biologica process including organic carbon, pH control, dissolved oxygen control, and
other process maintenance measures. Furthermore, the detailed water qudity analysisresults should alow
for the determination of feed water congtituentsthat may causeinterferences, or potentid biofouling, during
biologica denitrification. The andysis should lead to the proper sdection of the chemica pretrestment
options (i.e. chemicd addition), if needed, to control and minimize such interferences.

If the feed water does not contain the level of nitrate concentration required to verify the manufacturer’s
remova objectives, nitrate spiking may be employed. The nitrate spiking procedure must be a peer-
reviewed and published procedure and it must be reviewed by NSF and the EPA prior to implementation.
Manufacturers and FTOs should aso be aware that there are professiona opinions that are opposed to
nitrate spiking for verification testing.

70 TASK 2 BD START-UP AND INITIAL PERFORMANCE

7.1 Introduction

The purpose of this task is to verify that the BD system, when tested in accordance with Manufacturer-
selected operating conditions using the sdected source water, can reach and maintain performance as
defined by:

Productivity (product flow)
Nitrate concentration (and other sdlts, if applicable)
Concentrations of residua dissolved and sugpended organic solids in the BD effluent

Degree of post-denitrification treetment required to € evate the water qudity to drinking water
standards.

Another purpose of thistask isto demongtrate that changesintheleve of these performance characteristics
caused by biofouling or other interactions between the BD system and the feed water can be adequately
managed through conventiona process modifications, chemica addition, or through conventional post-
denitrification trestment.

The start-up of biological trestment systems requires the selection and enrichment of a nonpathogenic
biologica culture cgpable of efficiently and sdlectively removing nitrate from water. Thisbiologica culture
must ke accumulated within the reactor packing materid to provide constant and steady-date nitrate
remova. Theaccumulation of such solidswill require careful operation during the start-up period to avoid
the sudden washout of biologica solids due to hydraulic trangent conditions. Furthermore, the biological
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system will require careful monitoring to assure that minimum trace e ements and buffer are provided and
that excess nitrate loading isavoided. Additiondly, suitable environmenta conditions including moderate
temperature and pH levels must be maintained. Although biologica denitrification can be carried out &t dl

normal temperatures above freezing, the maintenance of moderate temperature (i.e. 50— 80 F) isconducive
to desirable denitrification rates.

Beyond start-up, the BD system must be operated under steady-state operating conditions as specified by
the FTO. While product flow is maintained, measures shal be taken to optimize (i.e. reduce) the
concentrations of residua soluble and suspended organic materids (including bacteria numbers) in the
denitrified effluent to minimize pogt- denitrification treatment needs.

As the biomass inventory in the system increases to the point where it is measurably impacting the BD
system effluent quality, thisbiomassinventory will need to be managed as described in Task 4 to reducethe
concentrations of residua suspended organic metter in the system effluent.

In the event that biofouling is judged to be excessve and unacceptable, the Manufacturer shdl propose
revised operating conditionsto reduce such fouling. Theeffect of corrective measureson water productivity
and BD effluent quaity water shdl then be determined through additiond testing.

Prior to the start of the Verification Testing Program, the operationd conditions to be verified shdl be
specified by the FTO in terms of an average water production rate (gallons per day [gpd]), nitrate remova
efficiency, and organic carbon use rates.

7.2  Objectives

The objectives of thistask are to document the following:
- Conditions for the BD system start-up and long-term operation.

Performance of the BD system when operated under variable loading conditions.
Effluent qudity achieved by the BD system.
Chemicals use and their impact on the treated water supply
7.3  Work Plan
7.3.1 Operational Conditionsand Start-up

The PSTP shdl specify information concerning the design and operation of the BD treatment system
being evduated in the following categories. 1) system design criteria; 2) operating conditions; 3)
written procedures for operation and maintenance; and 4) maintenance criteria. To achieve and
maintain successful long-term biologica denitrification, numerous cond derations need to bekept in
mind during the various phases of reactor sdlection, design, sart-up and operation. These
congderations are discussed briefly below:

1 Reactor sdlection and configuration: To provide an acceptable level of system
reliability, care must be taken during the BD system reactor sdection and configuration. For
example, the use of dngle-stage systems can be acceptable provided that more than one
reector is provided to meet minimum religbility requirements. When economicaly judtifigble,
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two- sage systems can provideacrucia degree of rdiability to ensurelong-term operation and
maintenance. Thislevd of rdiability can yet beincreased by utilizing multipletrains of two stage
sysems. Work by numerous researchers has demonstrated that two-stage reversible-flow
reector configurations are extremely efficient in providing increased levels of operationd
reliability beyond that provided by once-through two-stage systems (Siddique, and Y oung,
1995; Dahab and Kaagiri, 1996; Dahab and Woodbury, 1998). The PSTP should justify the
useof angle-gage sysems, or Sngle-stage sysemswith recycle over two- Sage systems based
on process aswdl as economic considerations.

Furthermore, the type of packing media should be specified based on expected hydraulic flow
regime, packing media porogty, specific surface area and other pertinent consderations
including materids of congruction of packing media, density and chemica characterigtics.
Packing materias that are known to be non-reactive, non-leachable and non-biodegradable
should be selected.

Operational Controls. The PSTP shdl ddlineatethe BD process and its controls based
on kinetic aswedll as process hydraulic consderations, reactor dimensions, flow rates, influent
nitrate concentrations, and proposed detention times. The PSTP shdl aso delineate stepsto
optimize theBD system by consderation of split (partid) trestment to providefor sufficient, yet
flexible, denitrification cgpacity to meet the nitrate and nitrite sandardswhileminimizing thetotd
flow requiring actud biologica trestment (i.e. treating a portion of the flow and blending it with
the remaining untreated portion).

Reactor Seeding and Seed Selection: The PSTPshdl specify how the BD sysemisto
be seeded with denitrifying culture and how such nor pathogenic culture is to be obtained.
There aremany speciesof non-pathogenic bacteriathat are capable of denitrificationwhich are
found in soilsand naturd waters. Such bacteria can be harvested and enriched for inoculation
of the BD reactors. Many such bacterid cultures dso can be obtained from commercid
suppliers.

Carbon Sour ce Selection: Themost efficient Speciesof denitrifying bacteriaaretypicaly
facultative heterotrophs that require organic carbonaceous materia be added as a source of
energy for growth and multiplication. The PSTPshall specify thetype of carbon to be provided
for metering into thefeed water. Typicdly, Smpleorganic carbon sourcesarethe most efficient
from the standpoint of minimizing the amount of biosolids production as well as being fully
utilized during the biodenitrification reaction. Additionaly, the organic carbon source selection
istypicaly based on cost aswell as public hedth consderaions. For example, while being a
fully biodegradable smple organic molecule, methyl acohol may not be acceptabl e because of
potentid toxicity implications. Based on economic and kinetic consderations, ethyl alcohal is
anided denitrification carbon source, but it may, or may not be desirablefrom the standpoint of
public acceptance.

Dissolved Oxygen (DO) Control: Dissolved Oxygen (DO) contral is important to
maintain anoxic conditions for optimum denitrification in the reactor sysem. The PSTP shdll
specify the methods by which dissolved oxygen would be reduced, if present in significant
concentrations. DO can beremoved by the addition of areducing agent (e.g. sodium sulfite) or
by relying on aerobic carbonaceous bacteria reaction to consume the DO in the feed water.
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The latter method implies that additiona organic carbon would need to be provided to satidfy
the dissolved oxygen demand. Subsequent to biologica denitrification, it may be desirableto
restorethe DO concentration in the treated water. Thismeasure generdly should contribute to
theimprovement of the chemica and aesthetic quality of thetrested water as DO will be helpful
inthe oxidation and remova of residud dissolved and suspended organicsin the trested water
as wdll as hdp reduce potentid maodorous conditions. The PSTP should address this
important issue by examining the need for post- denitrification oxygen addition.

6. Product Gas Removal: The PSTP shdl indicate how gases produced during
denitrification will be exhausted from the reactor systlem. These gases are typicaly made of
nitrogen gas and carbon dioxide and thus, need to be properly vented to the atmosphere.

7. Control of pH: The PSTP shdl specify methods to monitor and control pH levelsin the
trested water supply, if necessary. Typicdly, biologica denitrification will result in increasing
the water pH. Depending on the influent nitrate concentration in the feed water and the
available buffering capacity of the water, pH control might be necessary. Fortunately, most
groundwater supplieswill contain sufficient akainity to counteract this phenomenon, assuming
that nitrate contamination is moderate.

8. Excess Biomass Production: During biologica denitrification, a certain amount of
biomassis produced and accumulated in the reactor as ether attached biofilm or suspended
biomassfloc, biomassgranules, or smilar agglomerations. The PSTP shdl specify methods of
biosolids control including wasting frequency and reactor backwash procedures, if necessary.

7.3.2 Responseto Transent Loading Conditions

The ahility of the BD Systemn to respond to changesin loading conditions shal be determined after
steady state operation isreached and maintained for aperiod of about 3-4 weeks. Measuresshal
be taken to challenge the system’ s ability to respond to transent increasesin nitrate concentration
and/or hydraulic loading rates. This can be accomplished by dtering the loading rates to the BD
system for aduration equd to at least 3-4 hydraulic detentiontimes. If the nitrate concentrationin
the water supply is not sufficiently variable, then this can be accomplished by gradudly incressing
the hydraulic loading rate by at least 50 percent (idedlly inincrements spanning about 1-2 hydraulic
detention times). The BD reector system performance shdl then be monitored throughout the
transent test period. If the water supply nitrate concentration is known to be variable, then the
system can be operated at a congtant flow rate while observing and documenting the reactor
performance for a period of time of sufficient length such that a 40-50% change in nitrate
concentration, if possible, is observed.

7.3.3 Responseto Extended Periods of Shutdown

The ability of the BD System to respond to periods of dormancy, or shutdown, shal be determined
after steady State operation isreached and maintained for aperiod of about 3-4 weeks. Theahility
of the system to respond to extended shutdown can be accomplished by gradudly turning the flow
to the system off, keeping it off for aperiod of 5-6 days, and then gradudly restarting the system.
The BD reactor system performance shal then be monitored throughout the restart- up period and
until normd performance is re-established.
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7.3.4 Product Effluent Water Quality

The key parametersin measuring the qudity of the biologicaly treated water are the effluent nitrate
concentration and the concentration of other substances, organic and inorganic, that can result from
the biological treatment process. These byproducts are generally considered to be foulants and
thus must be reduced to acceptablelevels. The PSTP shdl addressthisissueby providing detailed
product water andys's and specifying steps to reduce, or remove foulants resulting from water
trestment. These issues are further detailed in Task 3.

7.3.5 Chemical Use

Successful biologicd denitrification requiresthe use of chemicasthat can fadilitate the vitdity of the
biologica culturethat removesnitrate from water aswell asre-condition thetrested water quaity to
meet prevailing drinking water qudity. Typicd chemicd additivesareligedin Table2 bdow. The
PSTP must address the need for chemica addition either as pre-denitrification or as podt-
denitrification additives and specify chemicd addition rates, metering and dosing systems and
provide for proper storage and handling facilities for these substances.

Table 2. Typical Chemical Additives Required for Biological Denitrification.

Chemical Purpose Use/Addition
| Qo e gt
Hydrochloric acid pH control Denitrification
Bicarbonate pH control Denitrification
Phosphate P-source Pre-denitrification
Phosphoric Acid P-Source Pre-denitrification
Sulfite, Sodium DO Control Pre-denitrification
Oxygen DO Control, Oxidant | Post-denitrification

7.3.6 Power Use

In an attempt to cal culate power costsfor operation of the system, power usage shal be measured
by meter readings or quantified by the following measurements. pumping requirements, size of
pumps, nameplate voltage, current draw, power factor.

7.3.7 Operator Hours

In an attempt to caculate labor hour costs for operation of the system, operator hours shal be
recorded during the verification testing.
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7.4  Analytical Schedule

During Verification Testing of the BD system equipment, the feed water and treated water quaity shdl be
characterized by measurement of the“Field” water quality parameterslisted previoudy in Table 1. These
data are to be collected and anadlyzed to enhance the usefulness of the Verification Testing data.

The sampling schedule and sampling frequency shal conform to sampling schedule and sampling frequency
defined in Task 3 (Product and Residuals Management) and Table 3.

75 Evaluation Criteria

Where applicable, the data developed from this task should be compared to statements of equipment
performance objectives. If no rdevant statement of performance capability exigts, results of operating and
performance data should be tabulated for inclusion in the verification report.

80 TASK 3 PRODUCT AND RESIDUALSMANAGEMENT

8.1 I ntroduction

Under normd conditions, BD involves the production of minor amounts of wastewater; most of which is
associated with the flushing and periodic backwash of the denitrification reactors. This task involves a
characterization of product and waste water quality during the system operation described in Task 2.
Product water andyss shal serve to document that the trestment system meets the nitrate remova

performance criteriafor which the manufacturer isseeking verification. Additiond water quaity information
isrequired to identify performance of the trestment system relative to any potentia fouling identified during
the raw water characterization performed in Task 1.

The qudity and quantity of wastewater produced by the BD treatment systemisan important congderation
in determining the appropriate methods of management and disposa of this wastewater. The cost of
wastewater disposd typically is not a large component of the tota system codt, but it can be significant
depending on the type of disposal option sdected, particularly for those not utilizing adirect dischargetoan
existing wastewater trestment system.

8.2  Objectives

The objectives of thistask are as follows:
- Assessthe ahility of the biologica treatment system equipment to meet the water qudity gods
specified by the Manufacturer.

Assess the amount and concentrations of any potentia foulants which may interfere with the
long-term operation of thetrestment system. Examplesindude excessive sulfate concentrations
that can lead to the production of sulfide and other dissolved and suspended solids that can
interfere with the biologica treatment process.

Characterize the volume and concentration of the wastewater produced by the process.
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8.3 Work Plan

Water qudity data shdl be collected for the BD trestment system feed water and product during the BD
test as outlined in Task 2. As a minimum, the required sampling schedule identified in Table 3 shdl be
observed by the FTO on behaf of the Manufacturer. Water quality goals and target remova goasfor the
BD equipment shall be clearly ddineated in the PSTP.

When necessary, excess solids must be removed from the reactor system to maintain a suitable and
adequate solids inventory in the reactors. When solids remova is implemented, characterization of the
amount and quality of wastewater that needs to be removed must be completed. The biologica solids
(biosolids) to be removed from these reactors are non-toxic, but they must be handled and managedinan
approved manner in consultation with the requisite regulatory agencies. The most appropriate method of
disposa might be the discharge of these solids and wastewater to anearby municipa biologica wastewater
treatment system with adequate capacity to handle the solids load. Otherwise, solids concentration (i.e.
thickening and/or dewatering) might be needed before disposdl of these solidsto land asasoil conditioner.
Additiond disposal methods might be available. The PSTP must specify, based on locd conditions and
regulations, the method(s) of solids handling and ultimate disposd.

8.3.1 Sampling Schedule:

The sampling schedule outlined in Table 3 gppliesto the biologica denitrification system raw feed
water and treated water streams.  Some parameters identified in Table 3, including nitrate and
nitrite, should be analyzed on a continuous basis, or on a multiple daily measurement basis, as
aopropriate.  However, when continuous andysis is not possible, these parameters shal be
andyzed at least once every four to six hours.

The FTO shdl identify the treated water quaity objectives to be achieved in the statement of
performance objectives of the equipment to be evaluated in the Verification Testing Program. The
statement of performance objectives prepared by the FTO shdl indicate the range of water quality
under which the equipment can be chalenged while successfully treeting the feed water.

Many of the water quality parameters described in thistask shal be measured on-site by the FTO
or by alaboratory that is certified, accredited or approved by a State, a third-party organization
(i.e. NSF), or the U.S. EPA.

Themethodsto be used for measurement of water quality parametersinthefield are summarizedin
Table3. Theandyticd methods utilized in this study for on-site monitoring of influent and product
water qualitiesare described in Standard Methods (APHA, 1992) and/or the U.S. EPA. Methods
and are governed by their respective QA/QC measures. Where appropriate, the Standard
Methods reference numbers and EPA method numbersfor water quality parametersare provided
for both the field and laboratory analytica procedures.

For the water quality parameters requiring analysis by alaboratory that is certified, accredited or
approved by a State, a third- party organization (i.e. NSF), or the U.S. EPA, water samples shall
be collected in gppropriate containers (using recommended sample preservatives techniques, as
gpplicable) prepared, or otherwise gpproved, by thelaboratory. These samplesshall be preserved,
stored, shipped and andyzed in accordance with recommended procedures and holding times, as
specified by the andytical |ab.
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TABLE 3.BD SYSTEM SAMPLING SCHEDULE DURING ETV TESTING

Samolin Analvs Standard Methods”
Par ameter . P gl Oni YSS 1 umber or Other Method | EPA Method®
reguency puons Reference
Nitrate, NO® Multiple Daily (or | Field or Lab 4110 B / 4500-NO3 D, F 300.0/ 353.2
continuous)
Nitrite, NO? Multiple Daily (or | Field or Lab 4110 B / 4500-NO3 D, F 300.0/ 353.2
continuous)
pH Multiple Daily (or | Feld or On- 4500-H" B 150.1/ 150.2
continuous) line
Temperature Daly Field or On- 2550 B
line
Dissolved Oxygen Multiple Daily (or Fed 4500-0
continuous)
Turbidity Multiple Daily (or | Field or On- 2130 B Method 2 180.1
continuous) line
TDS Weekly Lab 2540 C
Conductivity Weekly Fdd 2510
Sulfate, SO4 Daily FieldorLab | 4110B/4500-SO4” C, D, F 300.0/ 375.2
Sulfide Daly Lab 4500-S"F, D
TSS Daly Lab 2540 D
VSS Daly Lab 2540 E
TOC Daly Lab 5310 C
DOC Daly Lab 5310 C
Carbon source Daly Field or Lab TBD
(electron donor)
Total Coliform Weekly Lab 9215 B / 9221 / 9222 | 9223
E. Coli Weekly Lab 9221 / 9222 | 9223 (Calilert)
UV Absorbance (254 Daly Lab 5910 B
nm)
Alkdinity Daly Lab 2320 B
Total Hardness Weekly Lab 2340 C
Color Weekly Lab 2120 B (Hach Company
modif. of SM 2120 measured
in spectrophotometer at 455
nm)
Taste and odor* Weekly Lab 2150-2160
Iron and Manganese Wesekly Lab 3111 D/ 3113B/3120B 200.7 / 200.8/
200.9
Chloride Weekly Field or Lab 4110 B / 4500-CI' D 300.0

1 Grab samples unless continuous sampling.

2 Standard Methods Source: APHA (1999).
3EPA Methods Source: EPA Office of Ground Water and Drinking Water (1996).

4Taste and Odor measurements are optional.

84  Analytical Schedule

The minimum sampling frequency for the required Task 3 water quality parametersis presented in Table 3.
At the discretion of the FTO, the water quality sampling program may be expanded to include a greater
number of water quaity parameters and to require agreater frequency of parameter sampling. Asindicated
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earlier in Section 6.4, periodic (eg. monthly) extensve re-evaduation of the feed water supply is
recommended using al parameters listed in Table 1 to ensure that the feed water is of consstent quality.
Such extendve evauation is prudent to guard againgt possible sudden changes in feed water quality.

Sample collection frequency and protocol shal be defined explicitly by the FTO inthe PSTP. However, to
the extent possible, andyses for inorganic water quality parameters shdl be performed on water sample
diquotsthat were obtained smultaneoudy from the same sampling location, in order to ensurethe maximum
degree of comparability between water quality analytes.

85 Evaluation Criteria

Nitrate Removal

Theprimary BD system evauation criterion isthe nitrate remova capacity expressed asthe amount of
nitrate removed per unit reactor volume per unit time (eg. Ib NOs-N/ft®-hr) daimed by the
manufacturer for the application being verified.

Provide a graph showing the BD influent and product water nitrate concentrations as a function of
€lapsed operating time.

Fouling

Asindicated earlier, depending on raw water quality, biologica denitrification can result in additiondl
byproducts of nuisance and/or fouling potentid. Detall must be paid to careful operation to minimize
the occurrence and production of such materias. Optimizing the BD reactor operating conditions
should result in minimization of these substances in the reector effluent.

Provide graphs showing the levels of contaminantsin the raw water and trested water suppliesasa
function of elgpsed time including dissolved and suspended solids, residua organic carbon source
concentrations, and hydrogen sulfide.

90 TASK 4 PROCESS AND EQUIPMENT MAINTENANCE

9.1 I ntroduction

Under this task, the FTO shadl demongtrate that adequate steps are being taken to insure the continued
maintenance of both the biologica denitrification process as well as the BD process equipment. The
process maintenance schedule shal delineate $eps to be taken to preserve process stability while

maximizing the nitrate remova rate and minimizing the extent of potentia fouling of the product water qudlity.
Process maintenance must involve & minimum:

Target nitrate remova rates are met while maintaining potentia nitrite concentration at desired
leves,

Production of minima concentrations of resdua organic carbon,

Production of minimal concentrations of suspended and dissolved organic solids of cdllular or
extracdlular origins, and
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Minimization of the production of substancesthat can cause, or contribute taste, color, and/or
odor in the treated water.

The process equipment schedule shall outline stepsto be taken to insure the continued optimum functioning
of al process equipment including chemica dosing, process control and monitoring equipment.

9.2  Objectives
The objectives of thistask are asfollows:

Ouitline steps to evauate and maintain the continued effectiveness of the biological processin
removing nitrate while reducing the potertia production of fouling substances.

Confirm that Manufacturer-recommended equipment management schedules (Manufacturer
Operationsand Maintenance[O& M] Manua) are sufficient to maintain the continued functiona
integrity of al process control and monitoring, and that procedures and methodsto restore the
integrity of such equipment upon mafunction, are current.

9.3 Work Plan
9.3.1 Process Maintenance
The FTO shdl ascertain that:

1 Organic carbon dosing equipment is set to correspond to stoichiometric limitsdictated by
the influent feed water nitrate concentration and the influent water DO concentration.

2. Reactor environmenta conditions are maintained a optima levels with respect to pH,
temperature, and adequate supply of essentid trace dements and nutrients.

3. The attached and suspended solids inventories in the reactor system are monitored on a
regular and continuous basis and that excess biologica solids are removed by draining or
backwashing, or both. A reactor backwash procedure based on the type(s) of biomass
support matrix characterigtics (packing density, porosity, and specific surface area) should be
maintained. When possble, the frequency of backwash should be established to alow for
better process automation.

9.3.2 Equipment Maintenance

Regular schedule and O& M manudsfor equipment testing, calibration mechanicd mantenanceand
replacement and/or repair arerequired. The following are recommended criteriafor evaluation of
O&M manudsfor BD trestment systems.
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9.3.2.1 Operation. Provide clear and concise recommendationsfor proceduresrelated to proper
operation of the BD treatment system and equipment. Include as a minimum, information on the
following:

Startup

Initid startup of system including reactor seeding
Egtablishment of seady state operation
Restart and possible reseeding of the reactor system after prolonged shutdown

Shutdown and biomass inventory management

Short term shut down (one day or less)
Intermediate term (one day to one week)
Long term (more than one week)

Backwash Procedures

Backwash cycle details including duration
Backwash frequency

Chemica Feed Systems

All chemicas with anticipated use
Dosing rates
Automation of chemica control system (e.g., pH, control of carbon source feed)

Tolerance of the system to operating conditions

Feed water temperature

pH

Oxidants (e.g., dissolved oxygen, chlorine, etc.)

Maximum feed pressure and maximum alowable differential pressure across each stage of the
reactor system

Adjustment to operating parameters

Influent water flow rates
Influent water nitrate and DO concentrations

9.3.2.2 Maintenance. Provide clear and concise proceduresfor performing maintenance on the
system and its components.

Ingtructions for ingaling or replacing system control and process monitoring equipment and
components.

Recommended or required maintenance schedules for each piece of equipment.

A ligt of spare parts to be kept on hand.
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9.3.2.3 Troubleshooting. Provide clear and concise procedures for troubleshooting.
Provide an explicit list of darm conditions that the systlem must respond to:

Pressure

pH

Pump Fallure

Chemicd feed low tank leve

I ndicate which darm conditionswill cause automatic system shutdown and provideingtructions
for clearing each condition.

Provide detailed proceduresfor verifying integrity of the reactor system, back-flow prevention,
al flow control and check valves, etc. on avessd-by-vessd bass.

100 TASK & DATA REDUCTION AND PRESENTATION

10.1 Introduction

The data management system used in the verification testing program shal involve the use of computer
gpreadsheet software, manua recording methods, or both, for recording operationa parametersof theBD
equipment on adaily bass.

10.2 Objectives
The objectives of thistask are asfollows.

Egtablish aviable structure for the recording and transmission of field testing data such that the
FTO provides sufficient and reliable operationd data for verification purposes.

Deveop a datigticad analyss of the data, as described in “EPA/NSF ETV Protocol For
Equipment Verification Testing For Remova Of Nitrate: Requirements For All Studies’
(Chapter 1).

10.3 Work Plan

The following protocol has been developed for data handling and data verification by the FTO. Where
possible, a Supervisory Control and Data Acquisition (SCADA) systemn should be used for autometic entry
of testing data into computer databases. Specific parcels of the computer databases for operational and
water quaity parameters should then be downloaded by manua importation into aspreadsheet softwareas
acommaddimited file. These specific database parcels should beidentified based upon discretetime spans
and monitoring parameters. In spreadsheet format, the data should be manipulated into a convenient
framework to dlow andyss of equipment qoeration. Backup of the computer databases should be
performed on adaily bas's, if possble.

In the case when a SCADA system is not available, fied testing operators shal record al data and
caculationsby hand in laboratory notebooks (daily measurements shdl be recorded on specialy- prepared
datalog shests, as appropriate). The laboratory notebook should provide carbon copies of each page.
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The origina notebooks shdl be stored on-Site; the carbon copy sheets should be forwarded to the project
engineer of the FTO at least once per week. This protocol should not only ease referencing the origina

data, but offer protection of the origina record of results. Operating logs shdl include adescription of the
BD equipment (description of test runs, names of visitors, description of any problemsor issues, etc.); such
descriptions shdl be provided in addition to experimenta calculations and other items.

The database for the project shal be set up in the form of custom-designed spreadsheets. The
spreadsheets shall be capable of storing and manipulating each monitored water quality and operationd

parameter from each task, each sampling location, and each sampling time. All data from the laboratory
notebooks and data log sheets shal be entered into the appropriate Spreadsheet. Data entry should be
conducted on-gte by the designated field testing operators. All recorded caculations should aso be
checked at this time. Following data entry, the spreadsheet should be printed out and the printout is
checked againgt 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 should be printed out. Each step
of the verification process shdl be initided by thefield testing operator or engineer performing the entry or
verification step.

Each experiment (e.g. each test run) shdl be assigned arun number which will then betied to the datafrom
that experiment through each step of data entry and analyss. As samples are collected and sent to
analyticd laboratoriesthat are certified, accredited or approved by a State, athird- party organization (i.e.
NSF), or theU.S. EPA, the datashd| betracked by use of the same system of run numbers. Datafromthe
outside laboratories shdl be received and reviewed by the field testing operator. These data shdl be
entered into the data spreadshests, corrected, and verified in the same manner asthe field data.

110 TASK 6 QUALITY ASSURANCE/QUALITY CONTROL

11.1 Introduction

Quality assurance and qudity control of the operation of the BD equipment and the measured water quality
parameters shdl be maintained during the verification testing program.

11.2 Objectives

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

11.3 Work Plan

Equipment flow rates and associated signals should be verified and verification recorded on aroutine basis.
A routine daily walk through during operation shal be established to verify that each piece of equipment or
ingrumentation isoperating properly. Particular care shdl betakento verify that chemicasare being fed at
the defined flow rate into aflow stream that is operating a the expected flow rate, such that the chemica
concentrations are correct. In-line monitoring equipment such as flow meters, etc. shdl be checked to
verify that the resdout matches with the actua messurement (i.e. flow rate) and that the signd being
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recorded is correct. The items listed are in addition to any specified checks outlined in the anaytica
methods.

11.3.1 Daily QA/QC Verifications
Chemica feed pump flow retes (verified volumetricaly over a specific time period).
Ontline turbidimeter flow rates (verified volumetricaly, if employed).

Ontlineturbidimeter readings checked againg aproperly cdibrated bench modd, if employed.

11.3.2 Weekly QA/QC Verifications

I n+lineflow meters/rotameters (clean equipment to remove any debrisor biologica buildup and
verify flow volumetricaly to avoid erroneous readings).

Recalibration of on-line pH meters and/or conductivity meters, if used.

11.3.3 QA/QC Veifications Performed Before Each Test Period
Ontline turbidimeters (clean out reservoirs and recdibrate, if employed).

Differentid pressure trangmitters, if used (verify gauge readings and dectricd sgnd usng a
pressure meter).

Tubing (verify good condition of dl tubing and connections, replace if necessary).
11.3.4 On-Site Analytical Methods

The andytica methods utilized in this sudy for on-site monitoring of raw feed water and product
water quality aredescribed inthe sectionsbelow. Useof either bench-top or on-linefidd andyticd
equipment should be acceptable for the verification testing; however, ontline equipment is
recommended for ease of operation. Use of on-line equipment is adso preferable because it
reduces the introduction of error and the variability of anayticd results generated by inconsstent
sampling techniques.

11.34.1 pH. Anaysesfor pH shdl be performed according to Standard Method 4500-H. A
three-point calibration of the pH meter used in this study shall be performed once per day whenthe
ingrument isin use. Certified pH buffersin the expected range shal be used. The pH probe shal
be stored in the appropriate solution defined in the ingrument manud.

11.3.4.2 Turbidity. During each verification testing period, the in-line and bench-top
turbidimeters shdl be left on continuoudy. Once each turbidity measurement is complete, the unit
shdl be switched back toitslowest setting. All glassware used for turbidity measurements shall be
cleaned and handled using lint-free tissues to prevent scratching. Sample vids shal be stored
inverted to prevent deposits from forming on the bottom surface of the cell.
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The Field Testing Organization shdl be required to document any problems experienced with the
monitoring turbidity ingruments, and shdl dso be required to document any subsequent
modifications or enhancements made to monitoring insruments.
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Bench-top Turbidimeters. Grab samples shdl be andyzed using a benchtop turbidimeter.
Readings from this instrument shal serve as reference measurements throughout the sudy. The
bench-top turbidimeter shall be calibrated within the expected range of sample measurementsat the
beginning of verification testing and on aweekly basisusing primary turbidity sandardsof 0.1, 0.5,
and 3.0 NTU. Secondary turbidity standards shal be obtained and checked against the primary
sandards. Secondary standards shal be used on a daily basis to verify cdibration of the
turbidimeter and to recdibrate when more than one turbidity range is used.

The method for collecting grab samples shal consst of running a dow, steedy 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-ringng thesamplevid with the
sample, carefully pouring from the beaker down the side of the sample vid, wiping the sample vid
clean, insarting the samplevid into the turbidimeter, and recording the measured turbidity. For the
case of cold water samplesthat cause the vid to fog preventing accurate readings, thevid shdl be
alowed to warm up by partial submersion in awarm water bath for approximately 30 seconds.

In-line Turbidimeters. In-line turbidimeters shal be used for measurement of turbidity in the
filtrate water during verification testing and must be cdibrated and maintained as specified in the
manufacturer’ soperation and maintenancemanud. 1t will be necessary to verify thein-lineresdings
using a benchtop turbidimeter a least daily; dthough the mechaniam of analysisis not identica

between the two instruments, the readings should be comparable. Should the comparison suggest
inaccurate readings, then dl in-line turbidimeters should berecalibrated. 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 produceinaccuratereadings. Periodic verification of the sample
flow should aso be performed using a volumetric measurement.  Instrument bulbs should be
replaced on an as-needed basis. 1t should also be verified that the LED readout matchesthe data
recorded on the data acquisition system, if the latter is employed.

11.3.5 Chemical and Biological Samples Shipped Off-Site for Analysis

TOC and UV absorbance samples shdl be collected in glass bottles supplied by the laboratory
(certified, accredited or approved by a State, a third-party organization (i.e. NSF), or the U.S.
EPA) and shipped at 4°C to the andytical laboratory within 8 hours of sampling. The TOC and
ultraviolet (UV) absorbance samples shall be collected and preserved in accordance with Standard
Method 5010B

Inorganic chemica samples, including akainity, hardness, iron, and manganese, shal be collected
and preserved in accordance with Standard Method 3010B, paying particular attention to the
sources of contamination as outlined in Standard Method 3010C. The samples should be
refrigerated at approximately 2 to 8°C immediately upon collection, shipped in a cooler, and
maintained at atemperature of gpproximately 2o 8°C. Samplesshal be processed for anaysisby
a laboratory that is certified, accredited or approved by a State, a third-party organization (i.e.
NSF), or the U.S. EPA within 24 hours of collection. The laboratory shal keep the samples at
goproximately 2 to 8°C until initiation of anadyss.

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

Samples for andyss of Totd Coliforms (TC) and Heterotrophic Plate Counts (HPC) shdl be
collected in bottles supplied (or approved) by the qudified |aboratory and shipped with an interna
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cooler temperature of approximately 2 to 8°C to the andytica laboratory. Samples shdl be
processed for analysis by the quaified laboratory within 24 hours of collection. TC dendtiesare
reported as most probable number per 100 milliliters (MPN/100 mL) and HPC densities are
reported as colony forming units per milliliter (cfw/mL).
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