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The followmg Field Operatlons Document (FOD) was epared for the Envuonmental
Technology Verification of the Kinetico Macrolite®. CPS100CPT Preﬁltratwn by
Coagulation and Pressure Filtration System. It was prepared by the Field Testing
Organization (FTO) in accordance with the Protocols and Test Plan estabhshed by NSEF
and EPA for the removal of microorganism. contammants

. The ETV program is.a.cogperative program of the NSF and EPA developed to evaluate
in a structured-and comprehensive manner new and innovative water treatment

technologies. The program was designed with the needs of small systems in mind,
although the technologles may be apphcable to larger pubhc water supphes as well.

The purpose of this document is to coordmate the understandmg of the FTO the
manufacturer of the technology, NSF and EPA. with respect to. the olyectlves and
methodologies of the testing. It is intended to serve as an on-site working document, and
is subject to some modification as testmg proceeds. ‘While it is.a public document and is
not intended to be proprietary, it is written for the benefit of principal parties and for the
convenience of the reviewers of the final verification and performance report, and not for
the general public.  Accordingly, while some background 1s offered, it is not intended to
be a tutorial on the technology. It is expected that future reviewers of the performance
report will have at their disposal copies of this document however, to offer them a
background to the testing procedures.

This FOD is based on the Protocols and Test Plans pubhshed as Chapters 1 and 3 of the
EPA/NSF ETV Protocol for Equipment Verification Testing for Physical Removal of
Microbiological and Particulate Contaminants dated April 20, 1998 (updated May 14,
1999), and-coriforms to those documents. -

The Kinetico Coagulation System is a Direct Filtration’ ‘System cons1st1ng of ooagulant
chemical injection into the raw water, a mixing chamber and a backwashable pressure
filter system. The filter system consists of two identical 10 inch diameter filter tanks
piped for alternating service, thereby providing continuous flows. of 5 gpm. The media,
called Macrolite®, consists of synthetic ceramic spheres and is more fully described.
within the body . of the. document. _ v

The technology in this FOD. is well established; however, the use of a synthetic ceramic
ation to the common filtration
technology is required. Macrolite® has properties that the manufacturer feels ideally :
suited to filtration—especially for smaller patticulate matter. . Moreover, the coagulation
and filter system has control and momtonng functions that are excluswe tothe deslgn
These functions are also being venﬁed in this study
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1.0 INTRODUCTION

1.1 EXECUTIVE SUMMARY

The following is the Field: Operahons Document (FQD) for theEnvrronmental
Technology Verification (ETV) third party field testing of the Kinetico, Inc. (Kl)
coagulation and backwashable Macrolite® Pressure Filtration System: "The KI ﬁlter
system will be challenged with Giardia lamblia cysts and Cryptosporidium parvum

oocysts seeded into a blend of untreated water from the Mississippi River; and ﬁmshed . o

~water from the Umversuy of Minnesota St. Anthony Falls Hydrauhc Laboratory

This FOD was prepared by an NSF approved Field Testmg Orgamzatlon (FTO),
Cartwright, Olsen and Assomates LEC, (COA) and is based on the Protocols and Test -

Plans published s Chiapters 1 and 3 of the EPAINSF ETV Protocol for Equzpmem s

Verification Testing for Physical , Remioval of Mzcrobzologzcal and Pamculate
Contaminants , April 20,1998.-

The purpose of the testmg is to verify the performance expectatlons of the manufacturer
through a carefully designed study involving rigorous QA/QC controls. The
manufacturer expects' 2+ log removal of particles 5:um or larger (the size.of G. lamblia)
at flow rates of 5 gpm (10 gpm per square foot ) and 1.5 log removal of particles 3-6 um
in size, which includes C. parvuim. This is the benchmark against which the system will

be tested. This test will employ viable microorganisms and thus, the ETV claimis fora -

1.51og removal of C. parvum, anda2 logr:emoyalof(i Jamblza.

The following are the maximum and minimum influent COIldlthllS as limitations to the
system. - o v

Inlet flow rate—maxim'um , 5 gpm
Inlet flow rate—minimum 0.gpm
Maximum static pressure 100 psi
Minimum inlet dynamic pressure 35 psi
Maximum temperature - 100 F
Minimum temperature 35 F

Maximum inlet turbidity 8 NTU

Testing is performed in the field and consists of two phases:

)  Aninitial operations phase and
I A testing and verification phase

“The initial operations phasecons1sts of two task8'

A) An evaluation of the source water charactenstlcs for estabhshmg the
su1tab1]1ty of the site for the performance study :

‘B) Initial test runs to determine the readiness of the equipment for the second ok
phase - :

The testing and venﬁcatron phase consists of six tasks designed to measure the
equipment performance agamst the manufacturer s clalms The six tasks are:
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1) Verification testing runs and routine equipment operation

2) Test runs for feed and finished water

3) Documentation of operating conditions and treatment equipment. .-
performance S

4) Documentation of microbiological contaminant removal.

5) Datamanagement . . - e e

6) Data quality assurance/quality control -

Inorganic water analyses wil be-o‘ondﬁcted by Spectrum Labs,Inc,o ‘New ‘Bﬁght‘on“

. Minnesota, and Microbiological Laboratory work will be performedbmeVn‘ -

Laboratories, Inc. of Banicia, California.

These tasks:and the testing procedures are more fully described in this document below.
Following the testing and verification phase, the data will be reviewed, summarized and
a full verification report generated by the FTO for submission to the NSF/EPA. ‘EPA
will publish the final report for distribution to interested State and Municipal water

treatment regulators and engineers.

12 ACRONYMS, ABBREVIATIONS; FORMULA AND SYMBOLS -

APHA

*‘American Public Health Association.

American Society for Testing and Materials.

AWWA D
American Water Works Association.

COA ’ L
Cartwright, Olsen and Associates, LLC

DI .
Deionized (demineralized) water.

EPA
US Environmental Protection Agency.

ESWTR - ‘
Enhanced Surface Water Treatment Rule

Environmental Technology Verification.
FOD o
Field Operations Document.



FTO R
Field Testing Orgamzatlon

"ICR S
Information Collectlon Rule

Kinetico In'corpoi‘at'e‘d;‘ RS

MPA .
‘Microscopic Partieula’te Analysis"'." ok

National Instltute of Standards and Technology

NSF :
NSF International, _For_nrerty National Sanitation Foundation.

(Oo)cyst e o
Will be used to refer to both cysts and oocysts when used together o

PFW ) ‘
Particle Free Water. -

PLC
Programmable Loglc Computer

SM
Standard Methods for the Exammatlon of Water and Wastewater

SWTR
Surface Water Treatment Rule.

Total Organic Carbon

TSS _
Total Suspended Solids.

Ten State's Standards
Great Lakes-Upper Mississippi River Board of State Pubhc Health: and Envrronmental

Managers, Recommended .Standards for Water Works. -

USEPA '
United States Envuonmental Protectlon Agency

Water Env1ronment Federatron




2.0 EQUIPMENT VERIFICATION TESTING RESPONSIBILITIES

21 VERIFICATION TESTING ORGANIZATION AND PARTICIPANTS

The Field Testing Organization, Cartwright, Olsen and Associates, LLC (COA), is
responsible for all elements in the testing sequence, including collection of samples,
calibration and verification of instruments, data collection and analysis, and test data .
management. . ' '

" Kinetico Incorporafed (KT) will be res_pohsible for the installation and:.maigtgnance of

the equipment and will provide logistical and technical support during set up.and the
initial operations period. The FTO will supervise any and all repair and maintenance
procedures during the test period for documentation into the final report. - :
Responsibilities Specific to COA:

. COA will act as coordinator of all communications during the test period and
will coordinate all activities. B ,

« COA will ensure that the selected site meets the requirémenté of the teét. |

-« All data relevant to the daté collection, verification studies and analyses will be
managed and controlled by COA. = , o ‘

- COA personnel will operate the equipment during the testing period. The
equipment will be under the supervision of COA as the Field Testing
Organization. . : o

.. COA will interpret the data and wite the final report for submission to
EPA/NSE. | -

Following is a list of the persons, firms and associates of COA as members of the Field
Testing Organization. P .

Cartwright, Olsen & Associates, LLC
19406 East Bethel Blvd.

Cedar, Minnesota 55011
(612)434-1300

Fax (612)434-8450

e-mail: p.olsen@ix.netcom.com

— Peter S. Cartwright, P.E., Principal Investigator, QA/QC.
— Phitip C. Olsen, Managing Partner. Jaoee ig e
' — Debra E. Huffman, Ph.D., Principal Investigator (Microbiology).
— Lawrence Henke, Associate, Documentation, Field Technician.
— Russell G. Olsen, Field Engineer, Technician. P
— Julie A. Tank, Jr. Engineer, University of Minnesota. -
— Scott Morgan, M.S., P.E. Research Fellow, University of Minnesota

— Richard L. Voight, P.E. Research Fellow, University of Minnesota



The 1abbratory selected for nﬁcfobiological‘analysis sy R

BioVir Laboratories, Inc.
685 Stone Road

- Benicia, CA 94510 ,
(707) 747-5906 or (800) 442-7342
Fax (707) 747-1751

—John L. Riggs, Ph.D., President R
— Robert C. Cooper, Ph.D., Vice President, Reseq’rch ’

Staff that will be affiliated with this project:

- Richard E. Daniélson; Ph.D;; Quality Assurance Officer, Principal. ... .
Analyst/Supervisor o s

— Koichi Nakamura, Principal Analyst/Supervisor

~ Mark D. Wallin, Principal Analyst/Supervisor

— Steven J. Mullaney, Analyst R

— Mary P. Philbrook, Analyst '

— Dennis Catanyag, Technician .. 57

— Christine Willits, Technician

~ A Quality ASSuranée Program Plan, sample data sheet/chain of custody form, the
EPA ICR Approval notification, and the State of California Environmental
Laboratory Certification are attached as Appendix F." " =

Additional, off-site analytical work will be performed by:

~ Spectrum LabsInc. . - -

301 West County Road E2

St. Paul, MN55112°
(6516330101 . . o
Fax(eSDeB142

— Tom Halverson, Laboratory Manager
—Wayne Mattsfield, Microbiologist -

1The Spectruth Labs, Tnc. Quality Assurance Plan/Manual, along with appropriate -
chain of custody and other recording andlab-forms aije'mclude'd‘as Appendix Ei+i ¢

The Manufactufer of theEQUipmént is: -

Kinetico Incmporated
10845 Kinsman Road
Newbury, Ohio 44065

(440) 564-9111 or (800) 432-1166
Fax (440) 564-9541

— Bill Prior, Ptesident
- Glen I.atimf;r,;~,0perations Manager




KI staff associated with the ETV Project include: - .

— Skip Wolfe, Project Manager, Engineer
— Chip Fatheringham, Engineering Technician
— Jeremy Litz, Electrical Engineer.

— Wilfreid Schott, Engineer

'~ —Dan Combs, Accountant
— Vicky Zbozein, Administrator
- Holly Nickita, Secretary  ~

22

ORGANIZATION

An organizational chart illustrating communication is shown in Figure 2-1. . .

| FIGURE21 .
ORGANIZATIONAL CHART =~
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" The site selected for challenge testing of the Kinetico CPS100CPT Coagulation and
Filtration System-is the-University.of Minnesota, St. Anthony Falls Hydraulic
Laboratory located at the University of Minnesota campus, Minneapolis, MN‘(Appendix. "
I) . The St. Anthony Falls'Hydraulics Laboratory: is:not a-water treatment plant, .

therefore no historical data is available. The Minneapolis Water Treatment Plant = R

_ however, is located on the Mississippi River in close proximity to the-Hydraulic . - .
Laboratory, thus the historical data is from the Minneapolis Water Treatment Plant.

This site was selected because of the ability to blend treated and raw-water tomeet .. . .
special water quality- matrix requirements and becatise of the proximity to FT O offices -

for test period staffing. "The test site makes available a wide range of water quality o
matrices, and theréby offers'a wide:variety of challenge opportunities. The equipment :
will be connected to.the appropriate water supplies through Watts Reduced Pressure .~ = .

Zone backflow prevention valves. .

The UniversilyﬂofMillIlﬁ‘eSbta, St. Anthony Falls Hydraulic Laboratory takes water .~ = "

directly from the Mississippi River. Typical water guality-of ‘Mississippi River water at,: B

the intake location is summarized in Table 2—1.

The effluent from the pilot plant will be directed to:sanitary sewer.- The Metropolitan =~
Environmental Authority, which encompasses the Twin Cities Metro Area, maintainsa .
primary sewage treatment plant that discharges to the Mississippi River downstream of -~ -
the Hydraulic Laboratory. The addition of this volume of water and particulate matter
from this test is minuscule with respect to the 235,000,000 gallons processed daily.
Metropolitan Environmental Industrial Waste Authorities have given written approval to
disposal of the effluent (letter attached as Appendix J). : ,

River water at the University of Minnesota St. Anthony Falls Hydraulics Laboratory will
be fully compiled as a function of Task A in initial operations and described in the final
report. Water Quality Data for 1997 are included as Appendix B, and are briefly
summarized below. -

24  WATER QUALITY
2.4.1 Summary of Raw Water Quality Parameters
Typical water quality of _i:h’e Mississippi River Water is represented by the data from

1997, which is summarized in Table 2-1. Printouts of water quality parameters are
attached as Appendix B.
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Color
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242 Treated Watgr Data From The Umvers1ty of anesota St. Anthony Falls

Summary of the efﬂuent water at the Umversﬁy of anesota St. Anthony Falls
Hydraulics Laboratory is summarized in Table2-2. Additional parameters will be
collected durmg Task A and mcluded asa part of the final report.

‘ . TABLE22
SUMMARY OF UNIVERSITY OF MINNESOTA ST. ANTHONY FALLS
HYDRAULICS LABORATORY TREATED WATER

(ALL INPPM)
|PARAMETER | AVERAGE |  MAXIMUM | MINIMUM
Shca 7.10 — 030§ 380
Ao X 03 <00
Calcium 23.80 28807 18.80
Magnesium 3730 TR 350"
Eii 3500 TS 18770
Chicrids 370 TS 17700
Tron <00 R At
Manganese <0:01 <001 <001
Flioride S B 1507 0:14
‘Total Akalinity T 39.00™ 33007 3500
["Fotal Fardness ™71 16100 162,00 61700
Total Residue ™7™ 145700 169:00° 10600
pH " gAY B TITE
Chioring/ anine 400 A 360
“Phsphate 1 049 36T 021
“irate-Nitrogen .10 % (R 002




FLOW SCHEMATIC OF EXISTING WATER TREATMENT FACIL

FIGURE 2-2

INCORPORATION OF PILOT INSTALLATION
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SCHEMATIC OF PILOT INSTALLATION FOR VERIFICATION
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3.0 EQUIPMENT CAPABILITIES AND DESCRIPTION

31 EQUIPMENT CAPABILITIES

The highly respected filtration scientist, Appiah Amirthgarajah, once wrote "It is ironic
that filtration fails when pretreatment fails, and theory also fails when pretreatment
fails." Atthe sametime he *Chemical pretreatment with particle
destabilization is the single most important factor for the production of the best quality
filtered water” (Amirtharajah, 1988). These observations are especially important in the
- challenge to filtration of microbial organisms such as Cryptosporidium parvum and
 Giardia lamblia. . . . : R

Pagticles in'colloidal suspensions, where electrostatic forces keep the particles dispersed,
have proven to be a challenge to depth filtration. In many cases, chemical pretreatment,
by agglomerating the particles into-larger floc, will allow solids separation of water
matrices that otherwise resist filtration. -Protozoan (oo)cysts, especially
Cryptosporidium, have a slight anionic surface charge (Cushen et al. 1996) and thus,
along with other similarly charged particles, form a colloid in many surface waters.
Coagulation through chemical addition can also reduce the disinfection byproduct
precursors; however, that aspect of performance is not being studied in this test.

Large water treatment systems have long employed coagulation, flocculation, settling
and filtration for the production of quality water. Small systems have been more
reluctant to build treatment plants that use coagulation because of the higher level of
operator training required and the need for continuing monitoring. With the soon to be
~ implemented Enhanced Surface Water Treatment Rules (ESWIR), however,

“ coagiilation may be a suitable technology for smaller systems allowing them to meet

tough-new standards with a modest increase in costs.

- Of the several treatment regimens that incorporate co ion are those that include a
settling basin, where the floc is allowed to settle by gravity and the supernatant decanted
and filtered. This is a scheme common to municipal gravity filter systems. The
Kinetico Coagulation and Filtration system is a Direct Filtration System, where the
", coagulant is added to the raw water in a constant stream, ‘mixed in a mixing chamber,

* - and then the solids separated through backwashable granulated media filtration..
‘Because the process stream is slow (5 gpm), detention can be accoimiplished with an off-
‘the-shelf pressure vessel. The process rate of 5 gpm allows for a daily total of 7,000

~ -gallons; thus is well suited to small system requirements where surface waters must be

- “treated for turbidity and microorganisms, especially protozoan (oo)cysts such as C.
parvum and G. lamblia. R o (TR R

Kinetico Incomorat_éd has successfully piloted several filtration systems that employ
coagulation as pretreatment. S

Only in recent time have we been able to quantify the collection of material within the
filter bed, especially the particulate matter—including microbes—that lie below our

- visual.capabilities. 'We now know that particles that we cannot see can-also be removed
by filtration. Still under study, however, arethe mechanisms through which particulate
matter, including microscopic life.forms, are accumulated within thefilter media.

It has been assumed that along with simple straining, which is the physiCal"capture ofa
small mass too large to move through the pores between the media granules, small '

12



particles are captured through other attachment mechanisms. Most of those mechanisms
involve a surface charge attraction of the particle to granulated media and'as a result -+ -
~ many experiments have been performed to both better understand the process and to
seek methods to improve it. Some particles are also assumed to be collected by impact
on the surface of the filter'media granules; while the actual mechanisms are not clearly
understood, straining is certainly among them. A ; o

The most common filtration system used in municipal tréatment is the gravity filter, -
which uses the weight or head of the water to force it through the filter at very low flow
rates. Normal gravity filters, often called "rapid" sand filters, have.a normal flow rate of
3 gpm per square foot of siirface, orless. Other filters, such as slow sand filters, have
even slower service flow rates. .. .. R

Also included among rapid sand filters are pressure filters, where the water is forced
through a media bed by high head pressures, and where the media is containedina -
pressure vessel. They have long been used for iron and manganese removal, but have
not been as readily accepted for surface water treatment where microbial matter is of
concem (Ten Stafe’s Standards, 1992). The advantage—especially to small systems—of
rapid sand pressure filters are many. They are relatively passive treatment systems,
involve minimal operator attention, are low in cost and long lived. Of concern, however,
is whether pressure filters can capture and contain particles that are small, and more
importantly, particles that may pose a threat to public health, such as the protozoan -
oocyst Cryptosporidiyum parvigm. -+ ©© 0

C. parvum oocysts are small, from 3 to 5 microns (um) in diameter, relatively round in
shape, and somewhat pliable. They have a slight anionic charge which serves to keep
them separated from“fééich;btl}er'; ‘that is, they behave as colloids in'water‘suspensions.

The primary issue then here is whether the Kinetico pressure filter CPS100CPT can act
as a suitable barrier for these'particles, preventing their passage into drinking water. .

The operation of this equipment is more technically sophisticated than a filter alone, and
requires more extensive training in the proper dosing of coagulating chemistry,: * - '
therefore, the states and‘municipal-health authorities may have requirements for
operation beyond those of a filter. Kinetico, Inc. (KI) requires no special licensing, and
will offer operator training upon equipment installation and start-up. -~ Xk

32 EQUIPMENT DESCRIPTION

This environmental technology verification (ETV) test is designed to challenge the
Kinetico, Inc. CPS100CPT:filter system to capture and contain 5 um particles at flow
rates of 5 gpm (9-10. gpm/ft®), Prior field and pilot testing has demonstrated that -
pressure filters containing Macrolite® can achieve a 1-2'log removal of C. parvum. '
Kinetico, Inc. expects that the filter system will achieve 1.5 log removal of C. parvum
oocysts at a flow zate O£ 5 gpm (9-10 gpm/fY’) filterbed surfacearea.. ... . .

The Kinetico CPS100CPT SYSterﬁ;»Wﬂl';,brdduce thefollowmg efﬂuentcharactensncs T

-_13; '




" TABLE 3-1

KINETICO CPS100CPT SYSTEM EFFLUENT CHARACTERISTICS

| Inlet flow rate—maximuny

Inlet flow rate—mimimum

“Expected pressire diop
' Mlmmum0utlet pressure v by St

LowpH _ | |
[ Mizsitnim temperatire

| Minimum temperature
; »,Normalt)utlétﬁiihidi_ty S
[ Maxinti aliowable outief turbidity 1

The following are the maximum and minimum influent cond1t10ns

YIS T s

Maximum static pressure
“Minimun iniet dynamlc pressure
Tow pH pi3
Maximum temperature RS €1 i

| Minimum temperature- " — 35°F
Maximum inief turbidity - : i e

The filter media is Mécrolit'e®, "s'tavlble,vt ceramlc substalicg synthesuedmto small, "
slightly elongated spheres. The mesh size for this test will be 70 mesh (US Standard
Sieve). For mesh size 70; the individual grains have a diameter of 0.008 inches (210 -
microns). o ‘ '

The equipment tésted will be two identical filters vessels operating alternately. Each
- filter vessel is 10 inches in diameter and 60 inches high, constructed of fiberglass, and
pressurerated to 100 psi. : ‘

14



The water flow will be controlled with air activated George Fischer valves mounted on
face piping constructed of Schedule 80 PVC. ‘The valves also'have handles:for manual
~activation. At the inlet of the filter manifold will be.a Ross motionless mixer with an
injection probe for inoculation of challenge( oo)cysts. '

The system, along with controls and a backwash pump is mounted on an epoxy coated,
welded steel frame.

An illustration of the filter is ja'ttached as Figure 3-1.- -7 =

‘The KI CPS100CPT is an automated, 100% redundant system with electronic
monitoring and electronic controls for placing a filter vessel on line, backwash.and rinse
(filter to waste) cycles. The automation is performed by a programmable industrial
computer with a fouch screen monitor and interface control. Turbidimeters, flow meters
and particle counting serve a monitoring and control function, although in the instance of
the ETV test, monitoring will be subjected to more rigorous QA/QC,

The KI CPS 100CPT Filtér System is designed to backwash under any of the following
conditions: A LR C v

Effluent Turbidity 0.5 or greater (adjustable)
Differential pressure 20 psid or greater-;
RunTime "= - = "24hours .- -

By Manual Initiation S

The KI CPS100CPT is designed to backwash until a'minimum turbidity of 5 NTU is
reached. Built in are several controls to allow repeated backwash if the initial sequence
is insufficient. In addition, controlsto.signal an alarm in the event of backwash failure
are incorporated into the system. R

The usual backwash sequence is as follows:

The off-line tank rinses clean (3-5 min.) . . .
The backwashing tank is drained slightly. (1-min.) o _

The backwashing tank is air sparged fo. nds, with air at 70 cubic feet _
per hour per square foot; - : B i B S S e S
The tank is allowed to settle. (1 min.
The backwashing tank is backwashed with wa
rate no higher than 3.5 gpm. (20 min.) e
Tank returns to service. - |

from the on-line tank at a

SN e o

The KI CPS100CPT assumes a finished water storage tank and intermittent flows, which
are common to small system requirements. -Several of the control functions are initiated

by sensors in the storage tank. One such is the returr to on:line filtration, initiated when

a storage tank reaches a pre-established low level. When that occurs, the next filter

vessel on active standby is placed into a filter to waste position. The verification study
will not employ a storage tank so these functions will be challenged artificially.




- FIGURE 3-1
ILLUSTRATION OF KINETICO KI CPSIOOCPT FILTER

MODEL 100
- TANK DRAWING

KINETICO CONTROL MODULE

FIBERGLASS TANK N~ DISTRIBUTER TUBE -

\
RAW- WATER \

|~ FILTERED WATER

MACROLITE CERAMIC MEDIA—~__ 8 | L

DISTRIBUTER

0000'¥¢

MODEL 100 10 X 54 FIBERGLASS TANK
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32.1 Design Specifications and Limitations

'The Kinetico CPS100CPT is designed for small systein'applications: The tanks canbe -
made of fiberglass or of steel. Fiberglass tanks will be used for this ETV test. The

piping is Schedule 80 PVC. "+

mum and minimum influent conditions.” -~ - -

The following are the fia
 TABLE33

Inlet flow rate—maximum ' o ™3 gpm

Inlet flow rate—minimum o 0 gpm
Maxmlumstatlcpressure s 100ps1
Minimum inlet dynamic pressure” [ 3IPpst |

| Mll"ili'muum:t‘;e‘fmperature SR B }3;5?13'
Wit flel bty SNIU |

The Macrolite® media employed has a US sieve size of 70 That is equivalentto 0.008
inches (0.2 mm or 210 microns) average diameter for each sphere. The pore sizefor - .
three such spheres that-are touching willleave a:void that is 15.47% of the diameter of
the spheres, or 32.5 microns, considerably larger than the size of C. parvum oocysts.
Thus, straining alone is not likely the sole mechanism of removal.

Surface attachment mechanisms, none of which-are entirely-understood, probably play @i :
role in containment. Some of the surface mechanisms have been related to pH and to '
ionic strengths as well as to surface charges. The performance claim however, is not for
removal of particulate matter only, but for protozoan (co)cysts; thus it is of importance

[hy

le (oo)cysts in the trials.

Macrolite® media has a surface charge that varies with pH, At pH 2.3 and pH 8ithas .

no charge. Between those points, the charge is positive, with a maximum positive
charge at pH 3-4; outside that range (<pH2.3 and > pHS) the charge is negative.

Moreover, the surface :oif the spherical granules is roﬁgh, suggesting that some particles
may become trapped on the surface through adhesion as well as through surface charge
attraction. The pore area and volume are described below. -

Macrolite® —a synthetic filter medium—is not covered under AWWA standards for
filter media (B100-89). Standard B100-89 is a purchase guide for filter media and is not
intended as a design standard; however, many of the testing parameters will be of
interest to public health administrators, especially those physical characteristics which
may impact on the longevity of the material. Thus, hardness, specific gravity, acid
solubility, uniformity coefficierits, particle sieve size distributions {within manufacturing

~17- L




lots and from ot to lot) and other similar physical data have been furmshed by the
manufacturer and are noted below. The physical characteristics of Macrolite® will be
further discussed in the final verification report presented to NSFE: ' .

Macrolite® of the 70/80 mesh size has a bulk density of 0.96 grams/cc. ‘The specific
gravity (as measured by ASTM D2840) is 2.23 g/cc. The collapse strength for the
media of this size has not been measured; however, for a larger sphere (30/50 mesh) the
collapse strength (as measured by ASTM D 3102) is a nominal 7000 psi for 10% and
nomina% JqE"%GGG'psi for 20% collapse. A magnified view of Macrolite® is-provided in
Figure 3-2. ; : :

' The uniformity of the Macrolite® 70/80 mesh media was anialyzed in dccordance with
AWWA Standard B100-96 by Bowser-Morner, Inc. in December, 1997. The resuits of
this analysis are summarized below: -~~~ - TR e SRR

. _.TABLE34
UNIFORMITY OF THE MACROLITE® 70/30 MESH MEDIA

Sieve Size, USA Std. | Nominal, mm | Effective, mm | Percent passing.
B 035 | 0360 . 1000 |
VIS S V! IR SR K17 A S
0 11/ S SR\ N S ¥
#70 0312 0913 389

GNUNE ) R SR 1 | R S 161 M R
B 7 (VM S 15 (S B ¥ SR St 7

Effective Size: © 019mm
Uniformity Coefficient:..~ - . 1.2 .

Tn addition, a Kinetico Inc. internal laborator;-?z_md‘lyrsis of 70 mesh média employinga -
mercury/penetrometer Micromeritics Autopore I 9220 instrument produced the
following results: o SR e C
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INTERNAL LABORATORY ANALYSIS OF 70 MESH MEDIA o
Tol mtrusion volome | 02098mllg | =
~Tota1'qué area "0.18 sq—ﬁi}é -

Median pbre diameter volume - 53.7990 ym
Mediaﬁpore diameter‘area' 5575551 um
Median pore diameter 4V/A" 1774675685 pim

A Material Safety Data Sheet is included as a part of Appendix A. Macrolite® media
meets the requirements of NSF Standard 61 and is NSF listed.

322 Statement of Pérformance.
The Kinetico CPS IOQCPPZSystem will produce the following effluent characteristics ‘

i TABLE 3-6 -
KINETICO CPS100CPT SYSTEM EFFLUENT CHARACTERISTICS

Inlet flow réte;—maximum _ 5 gpm
Taiet Tlow tate—minimumm » 0’ gpm

| Expected préssure drop i 15/30psi
Mlmmumouﬂet pressure ) - 10 ps1
Highpl™" T . PH'E
Ii“”lﬁi”fi{' ' SH
Maximum: température i 100°F

| Mimimum _t__émperature o _ 35°F

| Normal onilef turbidity TTTOI0NTU
Waxifiim aliowable outiet furbidity | 050 N1U

The Kinetico CPS100CPT Pressure Filtration System is expected to produce a 95% (1.5
log) removal ofizpalticles. of 3 um and a 2 log removal of particles of 5 pm or larger of 5
gpm (10 gpm/ft*), and with a maximum pressure differential of less than 15 psi. Since
the Kinetico system will be challenged with live organisms, the ETV claimis a 1.51og
removal of C. parvum, and a 2 log removal of G. lamblia. '
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323 Installatlon Requlrements

° * L] .

Room temperature Iange
Voltage/frequency/amperage

- Ceiling height -

Phone service for mstrumentatlon

- 2 lines

50-1 20°F

8 feet

20

120,220,480 v/60 Hy/30amps
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40 EXPERIMENTALDESIGN

a1 PURPOSE

The purpose of th1s test is: to venfy the performance of th 4 metl’
direct backwashable. _depth filtration system'in a formal and com

offer State and Local public health professionals an oppo
for specrﬁc applications. - _,‘fccordin '- y, the test w1]1 :

1) Verify performance clanns»o “the .
to paticle reduetion mthes:Zerangeof‘C parvum;
lamblia cysts are larger (5-15 microns).it is assume:
are contained; the larger cysts will be containec
cha]lengmg w1th G. wmblza cysts w111 conﬁrm Temov

This testing and venﬁcauon perrod is desrgnexi to chall ge the Kinet
CPS100CPT Coagulatlon and Pressure Filtration System, which empl
stable ceramlc 1n_ , ’a—full, Yd,escnbed above—as a bac ‘ ashable gran

A ooagulant chenucal w111 be ad" ed fo the water stream through aRos! M_otlonless
Mixer, followed by a mi chamber consisting of a 13 inch by’ 54 in -rﬁberglass
pressure vessel. The: vessel will also. er 6.2 minutes of detention time,

* Following mixing and detention the water will be directe Cos
used will be selected from‘among seven formulatlons avi
The coagulant will be selected on'the basis of jar testing perform
It is anticipated that one of the filter coagulation chemicals in
Appendlx H will be used, although if none of these are found
testmg, other formnlatrons are ava:lable. , K

| as a part. ofTask B
portiorrof - .

- stream, the coagulant added the W2
through the filters; and the ﬁlter effl
addition, other conditions such as start/stop, backwash ﬁlter npemng “and: (00,
removal from the bed wﬂl also be’ evaluated Loy L

Momtonng of turb1d1ty and partrcle counts of both mﬂuent and effluent wat
investigators to determine fil tratron performance. Particle counts inthe range of 3 to 15
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microns will be studied to offer evaluators a comprehensive overview of performance:
under varying water conditions. '

) / 18 ; < ion of the raw water -
lity considerations are intended to challenge the coagulation
ical applicatiors, fiot necessarily applications of extreme - . .«
likely be encountered. The ability of the coagulant andthe ...
anges in water quality are important, however. =~~~

and filtration process in
conditions which woul
filters to react to Mo

All testing will be pecforiied in accdrdance with the procedires and protocols -
established in Standard Methods. All on-sité testing instruments will be calibrated
and/or standardized daily by FTO staff. :

The analyses of water quahty data from grab samples will be analyzed for 95% - ...
confidence interval by the FTO. The confidence formula is that noted in Chapter 1 of

the EPA/NSF ETV and repeated in sect1on4 Sbelow. =

42 EQUIPMENT CHARACTERISTICS:

The equipment is designed to be used in water asa final barrier to the cysts and.oocysts:©.; -
G. lamblia and C. parvum tespectively. . o ot et s i
The performance ofthe Kinetico, Inc. CPS100CPT Coagulation and Pressure Filtration
system will be challenged by seeding viable G. lamblia cysts and-C. parvum oocysts ata
Known concentration, passing them ‘through the filfer system at the design flow rate, and
then measuring the effluent concentration of those particles: Coagulant:chemicals will-
be added following the (oo)cyst inoculation to simulate real world conditions. . = .-

The primary counting process will be with ‘an electronic optical particle counter,a Met
One Particle Counter with PCC Display and PCX counting sensors, and wiltbe-:.". -
confirmed by grab sample filtration through Gelman track etched filter cartridges. =

Small systems are particularly vulnerable to changes in process flow, and assm‘ancethat
particles will not detach or be driven through the media during these episodes is of  -.
considerable concern to small system operators and purveyors. TR

421 OQualitative Factors

Under test also are operational aspects of the Kinetico CPS100CPT System (for

example, the measurement of head 10s5).as well as other factors that mightimpact = . o
' performance. Hands-on operation of the system by FTO staff will be instrumental in-. - .

determining the skill level required to maintain and service the filter'system.: v o

The KI CPS100CPT ;Filfe‘r’ System can be controlled either automatically;: br:thi'ough a
manual over-ride. - During initial operations, certain functions will be manually

controlled. Daring the operational phase of the verification period, the automatic -
controller will be employed to verify perforn

_23;




422 -Quan,titative Factors

- Among the relevant factors in the verification process are costs associated with the”
system. Especially important is the dosing requirement of the coagulant chemical. The

operating conditions will be recorded to allow reasonable 'p‘redi(‘:ti‘oﬁ of performance = -

under other; similar conditions. The specific parameters 1o be mea: e discussed
below, but their impact on filter run length will be addressed and not; clusion in

the final report. Also to be noted and reported are any occasional, ano

that might Tequire operator response such as unexpected turbidity breakthrough,
chemical dosing alterations, changes in disinfection levels, high levels of algal growth,

. excessive turbidity spikes or frequent filter clogging. .

43 WATER QUALITY CONSIDERATIONS Ay e
The Kinetico, Inc. CPS100CPT Coagulation and Pressure Filtration System is designed

for application to small systems where the source might be surface water or well water -
under the influence of surface water. Along with the challenge microbial contaminants
C. parvum and G. lamblia, the filter system will remove other particulate mater and the
filter 1oad.of those materials—along with their possible origin—will be studied. -
Coagulants are-often used in waters colored by organic acids or excessive turbidities
along with microorganisms that otherwise resist filtration. Specifically, the water
quality characteristics to be recorded and analyzedare: = T

‘Turbidity and Particle concentrations (especially in the rarige of 3-15 microns).
Temperature (the daily range is important to chemical performance -~
pH (also.of significance in chemical prefreatment) '
Total Alkalinity . - - . . - . e

Total Hardnes | ‘ |

Total Organic Carbon

UV Absorption -

True Color. . - .

Total Coliform

‘Algae

Iron . j

Manganese

Free and Total Chlorine

¢ o o o & 0 8 6.0 8 o o o

431 Source Water Quality

The Mississippi River source water historical data are attached as Appendix B. Finished
and taw water will be blended as necessary to provide turbidity levels and other'water
conditions appropriate to the study. S T it £ S :

432 Treated Water Quality .

The Kinetico, Inc. CPS100CPT Coagulation.and Pressure Filtration System is designed
~ toremove particles at the 3-5 micron size range which include C. parvum. 1t is &

that in actual field conditions, disinfection procedures will be employed inaddition to )
filtration to achieve EPA log removal/inactivation specifications under the SWIR or the
ESWTR to include virus and bacterial disinfection. It is assumed that with a 1.5 log
reduction in C. parvum concentration, equal or greater log removal of G. lamblia will

24



result. Disinfection residual levéls will be recorded to allow correlations with other
removal factors. : ,

“The presence of aluminum, iron, manganese, silica or clay particulate matter will
naturally impact on filter performance and may shorten filter rans. Mereover, high
levels of bacteria such as heterotrophic or iron bacteria may produce biofouling effects
which would need to be addressed. Disinfection will therefore be assured:by introducing
a chlorine residual of 0.5 mg/L through @ chemical feed pump upstream of thefiltration

_systems. The chemical feed pump for this ETV test is a ProMinet Gamma G14B. ..

" Chlorine will be fed into the water stream before the injection point to limit biological
growth on the filter media.” In addition, because of the blending of finished and raw
water for the study, some chlorine residual may be present. Note that during the
seedings, the addition of chlorine will be suspended, and sodium thiosulfate will be
added to destroy any possible residual. R . A

Although the filters are not impacted by the viability of the organisms, and it is their = -
- capture, not their ina

ctivation that is being determined, chlorine may influence the

filtration charact Itering the surface charge conditions of the microorganisms. . .. .
or by changing th T T R T ST

teriatics of the coagulant, .

uter spread sheets. Thecontrol'system forthe - .. ... .
ati ta recording access.and-automatic systems willbe . - -
Othier readings will be manuallylogged. =« . wxi o UL

In addition to the items noted in the data sheets (contained in Appendices D), any

variations in the treatment plant regimen will be noted.. Among the changes possibleare .. .
changes in chemical coagulant aids, changes in disinfection levels to respond to varying
biological contamination and unusual source water episodes; such as weather related

incidents (ice outs, storms), unusual river traffic or contaminant spills. The source water

will be a blend of finished and raw water.

- 45 RECORDING STATISTICAL UNCERTAINTY

Statistical 95% confidence calculations shall be performed for water quality data. Each
of the water quality parameters will be analyzed, and confidence intervals determined by
 taking three discrete samples for each of the parameters at one operating set during the
testing period. Sampling 1equirements are noted below in the work plan below. . ‘
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confidence im‘erval | =)_§ + t,,_l 1__ (S / \/— )

S= standard dewatlon Lan
n = number of measurements in. data set ’
t = distributipn value with n-1 degrees. of freedom

o = the significance level defined for 95% conﬁdence as: 1- 0 95 O 05

L 95% coty‘idence,mtgrgyal ; X -.: tn.-1,o.97=5._:(S IE n)

4.6 VER]FICATION TESTING SCHEDULE

The venﬁcatlon testmg will be conducted over a smgle season . Init
expected to be longer in the initial period than in subsequent periods. Fo lowir
operations the verification.period will continue until the tasks are completed acce

to the work plan, but for at least 320 hours. Once begun, the Testmg and Venﬁcatlon
phase will not be stopped and restarted. e ne

Turbidity variations from run to run, and in this mstance from filter t 'ﬁlter, will be .
evaluated at 30 minute intervals during the run (beginning at ,LO ‘hours’into the run). If
the average for the filter run deviates less than 15% (should the averag idity be
>0.11 NTU, or by less than.0.02 NTU. (if the average.is <0. 10.NTU)), the test shall be
considered cons1stent however, testmg shall continue for 320 hours T

An ant101pated Tlmehne is shown m Appendlx C.

2%



50 FIELD OPERATIONSPROCEDURES' E

This section of the FOD describes the testing procedures to be performed for the
verification of the Kinetico, Inc; CPS100CPT Cc n and Pressure Filtration -

System. Each of the following tasks will be performed four tlmes usmg the sa me skld DO

mounted equipment.

5.1 TASK A' CHARACTERIZATION OF FEED WATER

5.14 Obgectlve U

The objective of this: task isto. deternnne the. su1tab111ty of the feed water to the
application of the technology : 0

512 Data

Data from past years ﬁom local and regronal sources wﬂl be compﬂed and analyzed wrthiri.:‘ o
respect to the biological, physical.and chemical characteristics of the’ water Parameters T

to be studied at ‘each site include (but are not limited to) the followmg

- Turbidity, -« )
: Temperature and temperature vanatlons w1th1n a season -

pH,
Total Coliform,
“Total A]kahmty,
‘Hardnéss," .. -
True Color, L
UV, Absorbance, _
v Aluminum, - : {
< Algae,; (number and spemes)
- Total'Suspended Solids- (TSS),
- Iron and:manganese -« -
" Total'‘Organic Carbon: (TOC)
+Total Cohform
- "Escoli ”57:'-:3 ..:'5,;-‘:
Cryptospondzum oH , o
- Giardia T
R Mrcroblal Partrculate Analysrs (MPA)

‘ L] L] . . * L ] [ ) [ ] L] L ] L] L * * L ] L] *

Data from other sources w1]1 be sub] ected to QA!QC evaluatron asto method, samphng i
technique and confidence calculations. : R

Factors that could influence water chemistry, such as weather, recreational or
commercial boat traffic, in and out-flows, and lake bottom composition will be included
where appropriate. Also included will be a discussion of the human impact upon the
source; for example, whether the source is used as a source for other activities, or

whether it accepts waste water of any descnptron




52 TASK B: INITIAL TEST RUNS
521 Objective

The objective of th1stask 1st0 establish operational data including coagulant, filter run.
times and backwashing schedules, and to qualify the equipment for performance with
the selected source water. N ST et T

522 DataRequired

- An important element of this task is the performance of jar testing to select a suitable
coagulant chemical and its proper dosage. Once jar testing is complete, initial test runs
will be performed to both terminal headloss and to turbidity breakthrough. »

Initial test runs will be performed t6 both terminal headloss and to turbidity -
breakthrough. Flow rate variations and the character of finished water will also be-
studied to determine optimum operational conditions. Backwashing will be initiated
manually, when either a terminal headloss is reached or when turbidity breakthrough
occurs. Filters will be backwashed until the waste stream runs clear, as determined by a
turbidity.of 5 NTU or less. Filters will be run to waste for a minimum of two bed
volumes of the filter and the time to. clear noted in the logbook.. Terminal headloss will
be considered to be when the filter experiences a 12 psi-pressure drop.: Turbidity

breakthrough is considered reached when the turbidity in the effluent water is 0.5 NTU.

Upon return to service, the filter ﬁpenmg:period will be monitored and timed. These
data will be used to determine the benchmarks for backwash; rinse and run:cycles during
the testing and verification period.

The coagulant chemistry will be chosen from among seven formuléﬁ&rigffroim the
Aquamark, Inc. company. Specification and data sheets, along with MSDS Sheets for
the several coagulants to be studied are attached as Appendix H. cmll e L :

Also during initial operations, tracer tests using sodium chloride will be.used to time the
residence period of the filter and the side stream through the testing'ports. - This is done
by injecting salt water into the influent stream through the metering pump;injection
probe ahead of the static mixer. The flow can be timed by using a stopwatch anda TDS
meter. The use of salt water over tracer dye in this application is preferable because it
can be conveniently measured at small increments thereby demonstrating both initial and
' final concentrations; it dissolves readily and hence is not itself impeded by the filter; and
after it is rinsed clean it leaves no residual on the filter media. .. e

Data from these tests will be used to establish test runs using polystyrene microspheres
for seeding and recovery studies. These studies will be used to calibrate side stream
flows, capture and recovery parameters for the challenge tests using G. lamblia cysts and
C. parvum oocysts. . .- E R L P e A
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53 TASK 1 VERIFICATION TESTING RUNS AND ROUT]NE
EQUIPMENT OPERATION |

531 ObJectlve LT ; e
The objective of this task 15t/ operate the equipment for the prescnbed penod of 320 -

hours, to monitor and register run lengths, backwash frequenc1es and ripening periods,

and to evaluate equlpment control features

532 Imtlal Operatlons

The venﬁcauon test penod w111 be defined in initial operatlons The equipment is to. be ) .

operated continuously during this  period, under varying conditions. A single season -
period is required, however, varying water quality parameters and other cond1tlons may
impact ofperformance,andtheseshallherecorded. o .

Factors that may effect the treatment performance, and that sha]l be reoorded and
measured where appropnate T , : 9

« High turbldlty ‘duetoice out or snow mel, ramfall excessive traffic or
construction activities up river; .

Algal blooms, poss1b1y seasonal

D1urnalpHchanges S ‘ :

Elevated natural organic matter from runoff :

Changes in feed (blended) water d1s1nfect10n o

53.3 Schedule

The schedule requu'es the equ1pment tobeTun contmuously for 320 hours.-The KI-
CPS100CPT has control functions that allow for differing conditions to initiate
backwash. The control functions that allow backwash initiation due to headloss will be
verified; as well as the controls that untlate backwash on turb1d1ty breakthrough

The venﬁcatlon penod mcludes a rmmmum of two backwashes followed by ﬁltrauon to e

terminal headloss cycles Data wﬂl be; collected durmg the entn‘e penod o
Table 5- 1 below summanzes the operahonal obJectlves of thls ETV challenge L o
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TABLE 5-1

FILTRATION PERFORMANCE CAPABILITY OBJECTIVES

Total rbidity.

CHARACTERISTIC |

“DEFINITION

Tiltrate turbidity at 15
minutes into run

Length of ripening
period

e T Teach 073 NTU

075 foiifs o fess ™

Tipening period -

Time to reach 0.1 NTU

T0 hourorless. -

Operating Turbidity .

Trbidiy from atired
filter |

B.10 N or Tess ™

All turbidity

K data to be takenat ™™

equal intervals

05 NTU or less in 95% ot |
all samples, or in-all data

- i from continuous - -

turbidimeters .

Time 1o Teach turbidity
preakthrough

Time to reach 5 feet
headloss (manufacturer

claims 8.6 feet headloss ..

before breakthrough

8 hours minimum

“Water production

TVolume of water during a

5,000 gallons per sq. fi.

:'ﬁlter-_ un- - .

{2,750 gallons)

During the seedings, 10 liter samples for microbiological evaluation:(identification and
enumeration) will be taken on a side stream and filtered through a Gelman capsule filter
for enumeration. The 10 liter grab samples ‘filtered through a Gelman capsule filter will
be evaluated in accordance with the procedurés indicated'in EPA Method: 1622, (draft of
1999). The enumeration when compared with the particle counts for the same period,

will account for indigenous microbes as well as'those seeded.

534 Verification Period

. Theverification period consists of a 320 hour period, with a minimum of two backwash
sequences per filter, followed by at least two filtration to terminal headloss cycles. Data
will be collected during the entire period. - : :



5.4 TASK 2: FEED AND FINISHED WATER QUALITY
CHARACTERIZATION

541 ObJectlve

The objective of th1s testis to‘ ey_a]uate the water quahty matnces of the mﬂuent water ST

and effluent water and to 1deﬁt1fy the composition of the removed particulate material,

with the relationshipsto the términal headloss and/or turbidity breakthrough point. NS T
Certain feedwater parameters will be noted and finished water wﬂl be examined relat1ve e

- to the level of removal: attamed

542 Initial Test mmg

Based on the initial test runs , thié terminal headloss and turb1d1ty breakthrough pomt wﬂl L
be established; and the performance of the filter will be evaluated relatlve to the water.

quality parametexs.
543 Testmg Schedule For Quahty Parameters S
The testmg schedule for water quahty parameters isas fo]lows

The testing schedule for water quality parameters is mdlcated in Table 5-2. Samples of I
both feedwaterand ﬁlteted water w111 heanalyzed. . el
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LA Talmememesamiioesme s eserencs sapp

TESTING SCHEDULE FOR QUALITY PARAMETERS

—I:ARAMETER L .FREQUENCY TESTED MF;THOD ‘ STD. REF.

[ Temperature . - ;. daily < on-site | instrument i~ - 2550B"

pH , i -onceper 8 hours on-site § instrument i~ 4500H+

Total Alkalmty . - daily Jab p oo 23208

Total Hardness weekly lab _ b 23400

Total Organic weekly Iab ' 5310C

Carbon

UV weekly lab 09910

Absorbance(254)- (with TOC) ) o

Turbidity TR  danly on-site i instrument i - 2130B(2)

Continuous "15750/60 miniites | . on-site i instrument | . 21308 and - |

Turbidity for calculations - instrument

_____ ' plus spiketiok _ _manufacturer

True color weekly Iab mstrument i Hach SM2120 |

Total Coliform semi-weekly b T 009 or 9222

E.coli semi-weekly 1ab UG8 (Colilert) |

Algae (1dentify weekly*¥* Iab TEEETT0200F

number and species) o ‘ .

Aluminum weekly “lab s )

Iron weekly™ lab’ e 3138

Manganese weekly** lab 3113B

Particle Count continuous on-site - per instrument -
* manufacturer,

ASTM 658
Notes: _

*  More often once found in raw water;
Weekly if above 0.05 mg/L in raw water;

sk

**% - Daily if algae bloom occurs;

**** Tyrbidity readings at 30 minute interval

filter consistency -as noted in section 4.6.

] following a filter run will be averages for

All testing will be performed in accordance with the procedures and protocols -
established in Standard Methods. All on-site testing instrumentation or procedures will
be calibrated and/or standardized daily by FTO staff. ‘

Turbidity and particle éounters will be both continuous and on line.  The on line
turbidity meter will be checked daily against a bench turbidimeter which is checked
against turbidity standards. : _

The turbidity instruments for this study are Great Lakes, Model 95T/8220 (bench) and
~ Great Lakes Model 95T/SS4 (on-line). The particle counter is a MetOne PCX.

Operations and maintenance manuals for these instruments are included in the K1

equipment O&M Manual. _ '
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5.4.4 Evaluation Criteria’ S

The package plant will b evaluated with respect to manufacturer’s claims of

performance, with the req ments of the SWTR as a basis. = -

5.4.41 Tubidity ~
Tusbidity will be-analyzed o determine the percentages in the following ranges: o

<0.10NTU
>0.10- 0.20 NTU
© >0.20-0.35NTU
>0.35-0.55.NTU
>0.55 NTU E S

In addition, any occufrences where the filter produced water of > 0.5 NTU following

fours after being placed on line. These events shall be recorded 's'é;parafelyvforfezifc’h‘j e F et

filter, identified as’/ A andB.

particle counts in the ranges 3-5 um, 5-10 um, 10-15 wm and 15+ pm and willbe = = §
reported as log removals in those ranges.. |

ENTATION OF OPERATING CONDITIONS AND '~~~

55  TASK 3: DOCUMEN:
 ATMEN? MENT PERFORMANCE.

TREATMENT EC
551 Objective

The objective of thig denotethe condltlons surrounding the performance of the .

filter system, inclu ysical in: ]
prior to turbidity bre ough. Included in the performance parameters will be flow .. . .
rates (and any variations), pressures of influent and effluent streams, length of filter runs, o
The flowmeter for the eq
will be verified by bucke

The two ﬁlterl..vess,el‘s_;falrﬁg mtended tobe operated on an alternating basis at 5 gpm, fora

! \‘”:’s‘tdpvi'iatCh technique.

physical instrument measurement of pressure lossesatand-

sment is a Data Industrial Corp. Series 2100. Tts accuracy -

throughput flowrate of 9.1 gpm/ft’ bed area. When one filter reaches the end of therun,- -

as determined by one of the conditions noted above, the stand-by vessel is brought on
line and the first backwashed and placed into.a standby mode. This process is
automatically controlléd by electrically activated; motorized ball valves, withno. . .
discernible loss of flow, which are controlled automatically by the.on-board _ . -
programmable computer. : : S o S

While the primary objective is the verification of particle capture in the 3-5 pm range,
additional data regarding the expected expenses related to the technology will be
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comp1led so that regulators can make a reasoned evaluation of filter performance relat1ve

1o costs.

A part of the operational information will include pumps and other motor driven
components associated with the plant and their power consumptlon which, will be related
to the filter performance, specifically to gallons produced per service period and
consumed during backwash cycles Operating data to be included are 1tem1zed in the

- following table
TABLE 5-3
OPERATING DATA
OPERATING DATA ACTION R
Coagulant Used Name of chemical, suppher, "st.rength,
dilution from stock solution, -

1" Check rate-and record every two hours,

refill as required. and note volume

" i consumed and time. °

Feedwater and Filter Flow

Check and record 2X/day -and adjust when
flows are off by +/- 10%. Record rates

i before and after-adjustment in log book.

Filter Headloss

Record at-beginning of run and every two -
hours, also record at end ofr run or when
breakthrough occurs. = *

Air Sparging

i Record date, time and durauon.

Backwashing

Record date, time, feed and filtered water
- meter readmg and calculate filter finished

i water volume.' Note terminal headloss-
1 prior to filter backwash. Describe reason
i for backwash; note backwash rate and - .

volume for each backwash.

’ Read meter once dally at same t1me

Hours of Qperatl,o'n

: ’Record da11y atbegmmng ofﬁrst shaft.

Filtered Water Production '

Caiculate total voltme per filter run and

1 total for each day per filter.

Watershed Events '

Record weather, snow melt, construction, .
excessive trafﬁe or other events that could

impact on source water quahty daﬂy at

. end -of- shift

A utﬂlty power meter readmg in kllowatt-hours w111 be attached to the power o

connection for the pﬂot plant
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5.6 TASK 4: MICROBIOLOGICAL CONTAMINANT REMOVAL TESTING -

The object -(jf this Tasklstomeasure the ability of the filter.to remove seeded . .

" microorganisms.” This portion of the study-is of céntral importance; as it is the ability of - . -

the filters to remové the target microorganisms C. parvum and G. lambliathat isthe . = =~

primary claim of the manufacturer, and of greatest interest to the public water = -
community. _

The ability of the KI CPS100CPT, with Macrolite® media, to remove the oocysts from
water has been demonstrated in prior studies, and the mechanism is nof under
examination here (that is beyond the scope of this ETV-study). ' Here, only the ability to. -
remove particles in the range of 3-6'microns and 6-15 microns, to detach them from the .- -
media during backwash, and to prevent re-entry into the process stream,:will be -+ - :
challenged and verified. -

5.6.1 Prei)arat’idn’?(-if MléroblalDoses Vi

The (00)cyst will be purchased from commercial (academic) sources. Giardia cysts
will be less than four weeks old, and Cryprosporidium oocysts will be less than eight -

_weeks old. The (oo)cysts will be stored in water without preservatives. Ata fieldlab i

near the site they will be divided into the required number of doses, and into the required
concentration of 10° (60)cysts for injection into the Water'stream. - v . s
The doses are prepared by removing an aliquot of the enumerated (0o)cyst suspension
and diluting with deionized water to a volume containing the target number of oocysts.. - ..
These doses are again enumerated with a hemocytometer and analyzed with the Fisher . -
Chi-Squared index. If the variance exceeds chance, the suspension is re-sampled and... -
recounted until an acceptable variance for a minimum of five replicate counts is '
obtained. ‘The hemocyt

oocysts per 10 L de

The inoculation point gh an an ection probe at the mtake of thestatlc mlxer NER

An inert carboy ‘containing a diluted preparation of suspension and stirred by.a magnetic {_;J Gl
stir bar is connected by tubing to an injection probe that reaches into the axis of the static .. .

mixer. Each challenge test will inject 10° (0o)cysts concentrated into 600 milliliters of
deionized, particle fr fait
wetting agents or other

more than 360 gallons (1360 liters) of water will be inoculated. This will be followed by

two volumes of particle free sanitized water to'void the excess (0o)cysts through the . .. v -

injection stream.

A seeded suspension c
feows: The seeding
a density of 1.66 x '10° (oo)cy
dilute this concentration evenly into 1360 liters for a concentration of approximately 75
(oo)cysts/mL. Detection of effluent (0o)cysts by particle counter and by EPA Method,
1622 ‘enumeration at levels less than 5/mL will indicate 2+ log reduction. “Since a*l.O»
liter grab sample isitaken through a Gelman capsule filter for Method 1622 evaluation,
10,000 milliliters will'be evaluated, potentially capable of a 3+log reduction evaluation -

if expected Gelman capstile recovery rates are realized. L e

aining 10° (oog)by_sts is capable of indicating:3 log reductionas . .
oduce 10" (00)cysts concentrated into 600 mL: of water for -
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eter counts are then used to-calculate the mean number of .o

r containing 0.01% Tween 20. There will be no detergents, = ..
chemicals added to the suspension. -The injection will take place. -
evenly over a period of one hour plus three theoretical detention times; such that slightly . .- .

s/iL into the process stream. The process stream will =« = -



" During the seedings, 10 liter samples for microbiological evaluation:(identification and
enumeration) will be taken on a side stream and filtered through a Gelman filter for
enumeration. The 10 liter grab samples filtered through a Gelman capsule filter will be
* evaluated in accordance with the procedures indicated in EPA Method 1622, (draft of
1999). This enumeration, when compared with the particle counts for the same period,
will account for indigenous microbes as well asthose seeded.. ..o . . .. . |

562 Analytical Schedule -

 There will be three challenges employing a mixed cocktall of Giardia cystsand
Cryptosporidium oocysts added to the Taw water prior to the addition of the coagulant.

During the seeding, 10 liter samples for microbiological evaluation .(ideﬁtiﬁéaﬁon and
enumeration) will be taken on a side stream and filtered through a Gelman capsule filter
‘for enumeration. ' R ’

Filter influent (following‘ preireatméit- chambers) aﬁd- effluent grab sampleé will be
taken as follows: -~~~ UL Ty S

1) At time zero (after three detention volumes following initiation of seeding)
2) At 1.0 hours S SRR
3)At3.0hours -~ -

4) At6 hours pasttimezero .- . . .

5) At every 6 hours-following until theend of therun, .~

Simultaneous with the seeding, on line particle counters located at the Taw water intake,
at the filter inlet following the static mixer, and at the effluent of the filter, will record
the particle analyses in the ranges 3-5 pm, 5-10 um, and 10-15 pm. If the particle ™
counter, during initial operations testing, is incapable of the high level of counts, (dueto
indigenous particulate: in that ) grab samples will be evaluated

Four 1 liter grab samples for microbes other than the seeded microbes will'be collected
at the same time. In addition, turbidity grab samples will be collected and evaluated
with the bench turbidimeter. -~ - - . L0 0
In the event of a turbidity breakthrough during the challenge period, an additional
sample of (0oo)cysts will be collected. T T
This sequence will be repeated twice, for.a total of three successive runs. of the same
filter; the second and third runs will follow those of the second, non-seeded filter. Since
both filters are identical, only one filter of the two will be employed for the seeding

563 DataEvaluation R I T 5
The performance Will be cvaluated with respect 10 fhe manufacturer’s expected
performance for inclusion in to the final report to NSF. The data from electronic patticle -
counters shall be analyzed to determine the median log removal as weil:as the 95th.
percentile removal for the verification period. _

36



Par_ticlé cournt data w111beana1yzed at one hour intervals, except during challenge - ... .

periods where additional particle count data will be correlated to grab sample data times

 as closely as possible. The particle counter will be continuous, and willrecordthe .. -~
particle analyses in the ranges of 3-5 jum, 5-10 pm,'and 10-15 pm. ‘The data will be SR
presented as time series data to display trends of particle count over time. -~~~ .~ -

Microbial densities between feed and filtered water will be analyzed for medianlog =« -
removal and 95th percentile log removal for each of the operating points noted above: ==

startup following backwash, following restart after midpoint interruption, and at 85-95%:« -
of terminal head loss. » ' B L

All particle countmg gndff\_irbidit& data taken dunng the challenge period willbe .
correlated with the microbial samples. Microbial results will be compared with thelog
removals for coagulation and filtration processes in he SWTR, and with respect to KI b

expected values. - ;i

5.7 - TASKS: DATA MANAGEMENT

571 Objective

sk is to tabulate the collection of data fo,r- completeness and

B

The objective of this task ) , :
accuracy, and to permit ready retrieval for analysis and reporting. In addition, the useof -
computer spread sheets will-allow manipulation of the data for arrangement into forms, . =
useful for evaluation: ;A second objective is the statistical analysis of thedataas - =~ -
described in the Protocol.” - TR R R e TR T R i

COA as the FTO for the project: will be responsible for the maintenance of the logbooks

and field notebooks. ‘Data will be collected in bound logbooks and-on charts from'the ... -
instrumentation panels and individual testing instruments. There will bea singlefield .~
logbook containing all on-site operating data which will remain on site and will contain - -
instrument readings, on-site analyses and any comments concerning the test run with

respect to either the nature of.the feedwater or the operation of the equipment. The

particle counter produces a-printed copy of the particle count and that tape will be

attached to and become a part of the field log book. -

‘Data will be entered into a computer spreadsheet program (Excel) on a daily basis from
the logbook and from any analytical reports. A back-up copy of thelogbookand.
computer data will be maintained off site, The database for the project will be set up in
the form of a custom-designed spreadsheets.” All data from the laboratory notebooks and
the data logbook will'be entered into the appropriate spreadsheet: Data entry will be |
conducted on-site by COA operators. All recorded calculations will be checked at this
time. Following data entry, the spreadsheet will be printed out and the print-out will be
checked against the handwritten data sheet. Any corrections will be noted on the hard-
copies and corrected on the screen, and then a corrected version of the spreadsheet will

be printed out. Each step of the verification process will be initialized by the COA

operator or engineer performing the entry or verification step.

Each page of the logbook will be sequentially numbered and identified as Kinetico ETV
Test. Each completed page will be signed by the on-duty FTO staff. Errors will be
crossed with a single line and initialed. Deviations from the FOD whether by error or by
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a change in the conditions of either the test equipment or the water conditions will be
noted in the logbook.. The logbook willinclude a.carbon copy of each page:. The
original logbook will be stored on-site, the carbon copy: sheets will be forwarded to the

~ project engineer of COA at least once per week. This will not only ease referencing the
original data, but offer protection of the original record of results. ~* " -

Also entered into the logbook will be any photographs of the station, test equipment or -
the installation. The existence of video tapes.or other documentation‘will be'entered. -
Photographs must be noted as to direction, time, subject and identity of the

photographer. ' . | e T

Included in the logbook will be copies of chain of custody, field sheets and laboratory
notes. Original chain of custody forms will travel with the samples. ‘Examplesof the -
spreadsheet format, chain of custody and laboratory worksheets are included as

While the use of iaptép éomputers an'd4 electronic data recording is encouraged;rany use

~ will be documented in the logbook. Laptop computers will be employed inthe
spreadsheet analysis and the contents of the data spreadsheets will be noted in the

logbook. : S : _

Computer data can be transferred either electronically or by physical tr'éﬁsfer of }data
discs. ’ : B

Each challenge test run will numbered for coordination with the on-site-data from that
run along with the laboratory testing data. . The operating ‘conditions for ‘each test run
will be entered into the loghooks and onto the spreadsheet. The spreadsheet will - - v
consolidate the information from Tasks 2, 3,4, and the results from-any-and all off-site .
laboratory analyses. . SO

 Analysis of al water quality data, including that from each of the seeding stidies from
Task 4 shall be analyzed separately for 95% confidence in accordance withthe -

confidence formula noted in Chapter 1 of the EPA/NSF ETV Protocol:= -

_cbnfiderlce interval =X = tn-ll.ﬁ(‘s,‘/;) S

S = standard deviation
n =number of measurements in data set .
t = distribution value with n-1 degrees of freedom ,

o= the significance level defined for 95% confidence as: 1-095 ‘=',"-'0-.05-:.

- 95% confidence interval =X ;,,;1,0;975'(3?15[5
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5.72 Work Plan
5721DataHandling |

The filtration instrumentatjon is controlled by an industrial, programmable computer
(IC693 9460) readily attachable to data recording devices; maniial logbooks will be used

to record data not connected to automatic records such as flow tates; pressure and *
differential gauge readings and power consumption. All data will be maintained by'the

FTO and the data entered into the spreadsheet database. The data acquisition system for

this evaluation study is.a Telogers R-3000. The O&M manuals forthe PLCandData "+ =
‘system are attached as a portion of this FOD. -~~~ 0 T

573 Statistical Analysis

The water quality data grab samples shall be analyzed for statistical uncertainty: The -
FTO will calculate 95% confidence intervals for all data ad described in the protocol -

Data on coagulation chemical changes during filter runs, or _lbw‘réte variétions,‘Would
require statistical analysis. Two specific conditions requiring statistical analysis are:

1. Runs involving microbiological sampling, grab sample test data following filter - ©-
ipening and prior.to turbidity breakthrough, separate for each run toshow
variations in performance during optimum operations conditions. "

2. Runs involving microbiological sampling, all grab sample test data collected =+ "~
from beginning to end of filter run to show the variability of performance

Such statistical analysis may be presented as graphs to assist regulators and plant -~ -
designers evaluate applicability of the system to specific requirements: ‘Data on the grab- =
samples should be correlated to any pressure losses and the time of the filter run .
(whetherjust prior toor following backwash, for examplie). e T

58 TASK6:QAIQC =

The objective-of this task is to control the methods and instrumentation procedures such - -
that the data are not subjectto corruption. Adherence to analytical methods as published

in Standard Methods will be assured. Moreover, instrumentation and standard reagents -
will be referenced to the National Institute of Standards and Technology (NIST). ~
Instruments used to gather data will be standardized and calibrated in accordance with -

the schedules noted bel sho
581 QAIQC Verifications -~

QA/QC verifications to be performed at the beginning of each testing'period include - - =+ -
instrumentation checks, cleaning and maintenance of the turbidimeters, pressure gauges,

tubing and other components.. Flow meters will be calibrated with "bucketand -~ = = oo
stopwatch”. Turbidimeters. will be tested for volumetric accuracy and standardized: -~ "~ ©
The particle counters will be verified using calibrated microspheres i'the 2,5 and 15 - =

In addition, daily verification of turbidimeters and particle counters will be performed.
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Daily QA/QC Verifications will include:

In-line turbidimeter flow rates verified (bucket and stopwatch), o
In-line turbldlmeter readings standardized against a calibrated bench -
- turbidimeter;
- Batch and m-]me paﬁrc]e countmg flow rates venﬁed (bucketand stopwatch);
Chenucal feed 1 pump flow rates (venﬁed volumetrrcally over iecrﬁc period of

In-line ﬂow meters cleaned and venﬁed (bucket and stopwatch)

QA/QC Verifications at the beginning of each testing period will 1nc1ude

Cleaning and re-calibration of in-line turbidimeters;
- Verification of particle counter calibration with gradated mlcrospheres
- Check differential pressure transmitter signal and pressure gauge readmgs with
pressure meter; . -
Inspectron of partlclecounterand mrbrdrmeter tubmg for ummpeded flow.and
lntegﬂty : - . e

5.82 Speclfic Instrumentatlon Methods R
Specrﬁclnstr:umentauon methods for onsrteQAlQCaccuracy areas fo]lows,

582.1 pH

Analysis will be: by SM 4500—H+ Atwo pornt calibration with NIST tra able
buffers will be performed daily. Between tests the pH probe will be kept wet in KCl
sotution. For on-site-determination of pH, field procedures will be used to timit
-absorbance of carbon d10x1de to av01d skewmg results by poorly buffered water

58.22 Temperature

Temperatures will be measured in accordance with SM 2550 two trmes da11y at t1mes

selected to bracket the extremes of water temperature at the site. The. thermometer will

be in 0.1° C increments, and will be calibrated weekly agamst an NIST precision
-thermometer. R o

5823 u@_tx'

Although turbidity is not an effectlve measure of filter performance w1th respect to the ,
removal of C. parvum, it is an important ‘measure of overall filter

Moreover, turbidity has been recorded in many prior pilot tests, hence the mclusron of
turbidity data along with particle counts, is an important addition to the data collection.
Since the data are only as valuable as the confidence in them allowed by proper testing,
Standard Methods 2130 protocol will'be employed : L

The turbldlmeters wﬂl remam on durmg the duratlon of the testmg penod On hne and
bench top turbidimeters will. be used, and the bench top turbidimeter will'be the
calibration standard for the test.. The benchtop turbidimeter will be calibrated at the start

of testing and then weekly, during the testing period, against standards of 0.1, 0.5 and
3.0NTU. Manufacturers procedures for maintenance will be followed and the schedules
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 for maintenance and’cleamng noted in the log book. All glassware will be dedicatedand
- cleaned with hnt free trssues to prevent scouring or deposits on the cells.

- A copy of SM 2130 is attached to th1s FOD as part of Appendlx G "Testmg and
Calibration Procedures" for on-s1te convenience. - . » o

5.8.2.4 Particle Countmg |

Particle counting is a. rap1d and efficient means of determining,with some accuracy the
size distribution and ennmeration of particles in a sample. While it conveys more.
-information than turbidity, it cannot alone identify the source or nature of any specific
particulate matter. Particle counters are generally calibrated against NIST standards by
the manufacturer. . Calibration shall be verified on-site with calibrated, mono-sized .
polymer microspheres. The procedure for monosphere venﬁcatron is that as follows,
and as described in the Test Plan. . - : R - S

- 1) Estabhsh an 1mt1a1 analy sis of particle concentration in the d11ut10n water. .

2) To that dllutlon water add a sample of each s1ze of the monospheres (2 10 and
15 pm) to achieve a close approximation to 50, 000 particlesin'25 mL, sw1r1 each
suspension in turn. _

3) Quickly run the, partlcle counter through the testmg ranges to deterrmne that the -
peak concentratl ,‘ "esat the s1ze of the added monospheres L o

4) Preparea suspensmn that- combmes a]l three of the partlcle sizesina . R
. concentration of 1000 particles of each of the three sizes (3000 total) m 1 mL

swirl the suspensron.

5) Qurckly run the partlcle counter range to deterrnme that the: partlcle counter
peaks at each of the three partrcle slzes and m approxrmately the proper
enumeration. " . SRR

Maintenance of the particle counters is 1mportant Manufacturer recommended B
maintenance shall be followed and noted in thelog’ book R R

Procedures for partl ‘:“‘countmg w1]1 be those as noted 1n Standard Methods 2560 (and ;
Asubsecttons appropna e to the equlpment in use) : : s

5825 Particle Free Water (PFW)

Particle free water (PFW) is a necessary component of the testing procedure and shall be
prepared fresh and as often as storage limitations will allow. Fresh-water is necessary to
limit biological growth that could affect the particle counts. The water for this study w111
be-commercially available distilled and/or deionized (DI) water that has been /
additionally filtered through a .22 m-cartridge filter. :Field conditions make the
production of PFW in accordance with Standard ‘Methods difficult. Commercially
prepared DI water, filtered on site through a .22 m filter will be suitable for particle

counting and other Teagent preparation in tlus apphcauon

Glassware associated wnh the particle counters will be dedicated and cleaned with
laboratory glassware detergent then triple rinsed w1th PFW
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5.8.2.6 Pressure Gauges

While absolute pressure is less important than relative pressure-and pressure -

-~ differentials, differential pressure gauges, or matched gauges with calibration, and
accurate to 1 psi shall be used to measure pressure losses across the vessels. The
pressure gauges for this study are Orange Research Differential Pressure Instruments. - -
The operating and installation instructions are included as a portion of Appendix X.

5.8.3 Procedures for Chemical and Bidlogiéal Samples Shipped For Off-Site

Procedures for Chemical and Biological Samples Shipped fof Off-Site Analysis.
5.83.1 QOrganic Param,eferg,.Total Organic Carbon and UVAbsorhance o

‘Samples for these analysis shall be collectedin glass bottles supplied by Spectrum Labs:
(a ‘State Qualified Laboratory) and will be delivered by courier (the travel time is
approximately twenty minutes). Samples will be preserved, held-and shipped in

- accordance with Standard Methods'5010B and SM 1060 - . . . ...

5.8.3.2 MicrObial»Samplres: Coliform and Algae

Samples will be collected in glass bottles supplied by Spectrum Labs and kept at 4 C in-
the proper shipping cooler. Coliform samples may be preserved with sodium thiosulfate
if chlorine is present. Algae. samples will be preserved with Lugol's solution.

5.8.3.3 Inorganic Samplés |

Methods 3010B and C and 1060.and EPA §136.3, 40 CFR Ch.1. Proper bottlesand

preservatives where required (fron and Manganese for example) will be used. Although
the travel time is brief, samples will be shipped in coolers at 4° C. -

5.834 Tme Color | o
Tme éolpr’shaﬂ:bem,easureﬂ in-accordance with SM 2120 with a.

455 nm. The sample shall be collected in glass vials and mai tained at a temperature of
4° C during shipment to Spectrum Labs. The sample will be warmed to room
temperature before analysis. SRS o
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6.0 QUALITY ASSURANCE PROJECTPLAN

61 OBJECTIVE

The purpose of this section is to assurethat-the data are reliable.. The primary . . =~
responsibility for recording and monitoring the data lies with the FTO, although other
individuals, especially those in off-site analytical laboratories, have responsibilities for -
supplying the data in accessible and reliable formats.. i R

The inorganic laboratory for this project is Spectrum Labs, Inc. A copy of the Spectrum ~
Labs, Inc. QA/QC manual is attached to this FOD as Appendix E. '

The microbiological portions of this study will be performed by BioVir Laborato des,

Inc. A copy of their QA/QC manual is attached as Appendix F. . ..
62 REPRESENTATIVENESS

Water quality paramiéter samples will be taken as indicated in Table 5-2, Insofar as_
possible, samples will betaken at the same time of day. Off:site samples willbe =~ . =

delivered to‘the laboratory for analysis.. Included.in App ndix E are samples of chainof * -
custody forms, sampling protocols,’ sample volumes required for the different.analyses, S
and holding times. The holding times are those indicated in EPA 40 CFR,Ch. 1, § 1363 - -
and Standard Methods 1060. ' ‘ _ i

time is approximately 20 minutes..

On-site samples. will also be taken utilizing SM 1060 samplihg techniques. © 1_,

The samples will be transported from the test site to the ftlabéjra'tdry v1a couner, ’ ,.thertl'aveif T

ating-data such 2 ﬂawmé;s,amem@em; ent fsfm-;a“p;ésmigaﬁgegiwm be T
recorded and the time noted; they too will be recorded at the same time of day whenever
appropriate. Operational parameters shall be recorded and graphed to indicate changes. .~~~

A +/- 10 percent change in an operating parameter shall be noted.

6.3 COMPLETENESS
" Data collection will becons;deredcompletelfSS %.of the collected data are acceptable.

For the operations period and the measurement of operational parameters such as flow: - .
rate and power consumption, data will be acceptable within +5% of control values.

Instrument failure will be rectified by back-up instrument systems, or through redundant
measurement. For example, flow rates can be measured by stopwatch; continuous o
turbidity failure can be corrected by more frequent bench-top measurements. Particle -
counting data during the operations period can be verified and backed up by bench top
counters as well. Filter measuring data such as particle counts and turbidities willbe "
deemed complete if 85% of the data are acceptable. .. . o "

Outliners and anomalous data will be evaluated for cause and if more than 15% of data
are.not accepted, the corrective action is as follows: if instrumental errors are :
introduced, back-up systems can be employed; if the errors or anomalous data have other
causes such as an abrupt and unforeseeable change in raw water quality, the feed water




can be adjusted; if the errors are beyond adjustment, such as a catastrophi_c failure of the

equipment, that portion of the test may need to be aborted: . -

* Frequent (daily) review of collected data in spread sheet form lsh_o'uld quickly identify
instrument anomalies. - I

The microbial seedings are crucial to the performance:verification and loss of any single
test result will nullify that testing sequence and Tequire repetition. . . .. e

The completeness goal for this project is 85 percent. These data wﬂlbe report orted, at a.‘

. minimum, in the verification report.. ‘ ‘
64 ACCURACY
For water quality parameters, the aé’éuracy:r‘e'fersfto 'the::" differeﬁce betweenthe 's;ampley -
result and the true or reference value. Care in sampling, calibration and standardization
of instrumentation and consistency in analytical technique will ensure accuracy. Also
noted in Appendices E and F are accuracy goals for the off-sitelaboratories. .. - -

For operating paxaméte;s 'such}as flow rates and:pressures, high: levels\;p,f; accuracy can

be ensured by redundant testing with different methods, for example, b confirming flow

meters with bucket and stopwatch measurements. Pressure gauges. will be verified either
by reference to NIST standard gauges, or by changing gauge positions within a process
flow. o R S e T

Performance Evaluation (PE) sample tests will be conducted for on-site water quality
parameters specifically, turbidity and pH measurements. -These will be.conductedby -~
unknown samples supplied by off-site laboratory personnel, tested by on-site FTO staff,
and then verified by the off-site lab.. : v -

Accuracy can be measured by §piking aknown value to a Sblﬁte;: orby usmg a standard
sample. The spiked (or standard) sample is analyzed and the following equations are

For a spiked sample: %R = 100 {-A—-S-—B-}
Forastandard: . %R = 100XM
‘ S e SRR True
Where: |
%R = - Recovery percent -
A = Result of spiked sample
]SS = Result of un-spiked sample

Spike value .



65 PRECISION

Precision is a measure of thedegree of consistency from test to test and ca beassured - = .+
by replication. In the case of n-site testing for water quality, precision will be-ensured -~

by triplicate tests and averaging; for single reading parameters such as pressure and - o

flow rate, precision.will be ensured by redundant readings from operator to-operator. . - e

Travel blanks are not required for this testing.

Matrix and method blanks will be used for turbidity measurements, pH standardization,
and for calibration of the particle counter both with respect to enumeration and size
distribution. : )

Samples to be analyzed-in duplicate and triplicate include only those on-site parameters
consequential to the testing which include bench-top turbidity, pH and bench-top particle
coumnts associated with the calibration of the equipment. : .

Laboratory precision isassﬁr'ed by spiked samples an explanation of those procedures is
included in Appendix E. -

The equation employed for preéision is:

D1 - D

-~ RPD = x 100
, (D1 + D2)/2
RPD = Relative percent difference.
D1 =  First sample value
D2 = Second sample value

6.6 REPORTS

" During the verification testing period, periodic reports will be prepared to detail -
progress, problems and corrective actions. The reports will address problems

~encountered either with the testing procedures or with the equipment, and will include
the corrective action taken. The reports will be distributed to all concemed parties,
specifically to the project manager at EPA, the project manager at NSF, the '
manufacturer's representatives and the staff of the FTO. Brief.reports shall follow the
initial operations, and at thirty day intervals, or more often if warranted. Reporis will be
in brief memo form and written. If instrumentation is the subject of a corrective action,
the manufacturer of the instrument in question will also be copied in the report. -

QA reports will also be forwarded to NSF by the FTO.




677 CORRECTIVE ACTION

Contingencies are by their nature unpredictable; however, the FTO will document
- contingency plans for foreseeable problems to include analytical instrument backup,
delays due to weather, equipment malfunction, or to problems associated-with the site- -
during the initial operations period and before formal verification begins." These plans -
will be maintained on site so that on-site operators can quickly respond to problems.
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7.0 DATA MANAGEMENT, ANALYSIS AND REPORTING

71 DATAMANAGEMENT AND ANALYSIS

Data from daily written logs rélating o the operation of the equipment will be tabulated -~

in electronic spreadsheets. In addition, data from laboratory analysis, along with~ . -
relevant QA/QC data will be entered from hard copy into electronic spreadsheet form.

These data will be correlated with data from the challenge testing of microorganismsand-
the removal values as determined by particle counter, turbidimeter and other on-line -

apparatus. In this manne, graphic displays, of the data showing relationships between -
. meaningful parameters o
verification report.

Raw data will be furnished

e analyzed and conveniently displayed forthe final

ppendices, along with discussion of any anomalies inthe ~~

testing procedure, raw water source, or operating conditions that may impactthe - -~ < -

performance of the equip

Photographs, drawings, visitors logs, and field fiotebooks will be permanent and ¢ <
incorporatedintothe Anal teport. - oo

‘Laboratory Results on Water Quality Parameters
On-site Water Testing Results ' '
Challenge In/Out Enumerations and Reports (from Instruments and Laboratories)
Operations Logs of Flow meters, Pressure Readings, Chemical Consumption,
Power Use, Total Water Volumes, - : :

- Photographs, Visitor Logs, Time Lines.and Schedules.

72  PERFORMANCE REPORT DRAFT

A final report will be prepared by the FTO following the testing period for submission to

NSF and EPA. Included in the report will be a consolidation of the data, achieved ,

results as determined by the data presented, a record of all aspects of the testing period

~ and a discussion of all factors concerning the operation and maintenance of the
equipment. The basic outline for the report will be: '

~ Introduction
Executive Summary- - ‘
Desgription and Identification of the Product Tested
" Procedures and Methods Used in Testing
Results and Discussion ‘
References i '
Glossary e : g - Lo
Appendices (containing logs, prior report copies, relevant correspondence; and
raw data forms) - ) ' v
- FOD . _
« QA/QC Results and Verifications of Instrument Calibrations

e 6 e o o o e @
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80 SAFETYMEASURES e

The testing site is the University of anesota St. Anthonly Falls Hydrauhc Iaboratory
The site safety plan documentation will be. forwarded to COA, and be revrewed for
apphcablhty Io this testing plan : , , Lo _

: vManufacturers safety procedures for handhng pressure vessels and for the use of on-s1te
hazardous chemlcals will be addressed.. , L

~ For protectlon agamst acc1dental infection by (oo)cysts stnct environ ental laboratory
- procedures will be followed. Protective clothing such as lab coats:and gloves will be
used, and the.Gelman capsules removed will be double wrapped. Handling ofall -
(oo)cysts and (oo)cyst oontammg matenals w1]1 be done by laboratory personnel tramed
in biological safety. . - o SR ,

Reduced Pressure Zone (RPZ) backflow prevention dev10es of appropnate plpe sme will -
be.plumbed between both the raw and finished water supplies.to ensure (oo)cysts are not
inadvertently introduced into the treatmient plant water streams. - " -

~ Safety considerations associated with a portable, skid mounted, ﬁltratlon system w1th the
accompanying weight and stability issues must be addressed; however; these are incident
to the test - proper, and not to the use of the equlpment
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9.0 OP.ERATIONS ANDMAINTENANCE E

~ During the testing and verification period, the FTO will evaluate the manufacturer <
supplied O&M manual to evaluate the instructions and procedures for their apphcablhty
to small system operators.

Maintenance issues w1]1
system: o

Valves
Meters
Pumps Ey
Motors R
. Backwashmg apparatus
Pressure vessel opening mechanism ‘ ' x
Measuring and analytrcal mstrumentatlon such as turb1d1meters and pressure e
gauges. . T

¢ & & & o & &

In addition, cleaning and parts replacement shall be addressed to prevent premature
aging and rusting of vessels

The FTO will also evaluate the manufacturer provided operating procedures. Among_
the issues to be addressed are: _

Chemical feed calibration, set points for frequency and stroke
Chemical dilution and mixing
Filtration rate control through flow controls or valves
‘Determination of head loss schedules
Filter run limits determination
Backwashing rates and start mechanisms
Control of backwash rate and duration
Determination of backwash frequency
Determination of backwash length
Return of filter to service, including filter to waste period
Can filter run be stopped without initiating backwash?
Tilet and outlet pressure readings
Head loss indication or calculations
Raw water turbidity
Filtrate turbidity = -
Rate of flow control
" Procedures for turbidity breakthrough
Turbidity levels and turb1d1ty meter cahbratlon procedures

e 6 & & & .8 o 2 & & & o b o 4 o b

Troubleshooting guid'es shall inc_lude contingency plans for:

Joss of chemical feed

lossof flow . .

uncontrolled flow rates _
loss of meter or gauge readings
leaking vessels

¢ o o o @

lude (but not be limited to) the following components of the
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high tutbidity © -,

no turbidity reading
too rapid filter head Joss

" excessive headloss following backwash

stuck, broken (wont seal) or leaky valves.

Questions included in the Test Plan addressing operation and mamtenance of the
package plant —apart from the ETV test set-up itself—will be reviewed by the FTO for
inclusion into the verification report. Among the issues are:

¢ o o 8 e o

pressure measurement at the vessel,

rate of flow measurement device, (Jf volume meter or flow meter),

on line turbidity measurement and any fail-safe controls and signals,
ease of media replacement,

procedure for seal and entrained air release, :

ease of operation relative to other components of the treatment system
(additional prefiltration, chemical feed, check valves, etc.), -

efﬁcwncyandperfonnanceofoﬂlertrcatmenteqmpment.
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11.0 GLOSSARY

Backwashable Depth Filter : :
A bag filter, cartridge filter, or granulated media filter intended to filter uncoagulated or
coagulated water and designed to be backwashed when either turbidity breakthrough
occurs or terminal headloss is reached.

Coagulant e

Although technically the coagulant is the product of a chemical reaction that is formed
-when chemicals are added to water containing colloidal suspensions, the term is often
used to refer to the chemicals that are added. These include aluminum and ferric salts,
along with organic polymers. ‘ .

Coagulant aid
Activated silica when used to coagulate suspensions.

Coagulation : : : '
The destabilization of colloidal and suspended materials in water using coagulant
chemicals, thus allowing the particles to agglomerate into floc. .

Colloid : , A ' ,
In water treatment the term refers to irreversible colloids such as clays, metal salts and

migrebes which coagulate into larger agglomerates in water, thus allowing filtration.

Conventional filtration treatment - A
A treatment train involving coagulation, flocculation, sedimentation, and filtration.

Direct filtration: R : o
A process involving coagulation through chemical coagulant addition and filtration, but
excluding the sedimentation step. | _ |

Filtration v : )
A process for removing particulate matter from water by passage through porous media.

Flocculation ‘ » v -
The employment of stirring through hydraulic or mechanical means to agglomerate

smaller floc into larger particles for more ready separation.

Granular Media Filter . -

A deep bed filter containing granular media used to filter water that has not been
coagulated. These filters rely on straining particles out of the water, or by attachment of
the particles to the media. - : : ' : :

Sedimentation . e - . : _
Separation of solids prior to filtration by gravity settling or through other hydraulic
means. 4

Ten State's Standards | .
A compilation of accepted civil engineering water treatment plant design standards,
piblished as "Great Lakes-Upper Mississippi River Board of State Public Health and -

Environmental Managers, Recommended Standards for Water Works™. :
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