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The U.S. Environmental Protection Agency (EPA) has created the Environmental Technology Verification
(ETV) Program to facilitate the deployment of innovative or improved environmental technologies through
performance verification and dissemination of information. The goa of the ETV program is to further
environmental protection by substantially accelerating the acceptance and use of improved and more cost-
effective technologies. ETV seeks to achieve this goa by providing high quality, peer reviewed data on
technology performance to those involved in the design, distribution, permitting, purchase, and use of
environmental technologies.

ETV works in partnership with recognized standards and testing organizations; stakeholders groups which
consist of buyers, vendor organizations, and permitters, and with the full participation of individual
technology developers. The program evauates the performance of innovative technologies by developing
test plans that are responsive to the needs of stakeholders, conducting field or laboratory tests (as
appropriate), collecting and analyzing data, and preparing peer reviewed reports. All evauations are
conducted in accordance with rigorous quality assurance protocols to ensure that data of known and
adequate quality are generated and that the results are defensible.

NSF International (NSF) in cooperation with the EPA operates the Package Drinking Water Treatment
Systems (PDWTY) pilot, one of 12 technology areas under ETV. The PDWTS pilot recently evaluated the
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the performance of an enhanced coagulation membrane filtration system used in package drinking water
treatment system applications. This verification statement provides a summary of the test results for the
ZENON Enhanced Coagulation ZeeWeed® ZW-500 Ultrafiltration (UF) System. Montgomery Watson,
an NSF-qualified field testing organization (FTO), performed the verification testing.

ABSTRACT

Verification testing of the ZENON Enhanced Coagulation ZeeWeed” UF System was conducted over
two test periods. The firgt test period, from March 22, 1999 to April 19, 1999 represented winter/spring
conditions. The second test period, from September 22, 1999 to October 29, 1999 represented summer/fall
conditions. The test system consists of an enhanced coagulation unit followed by a submerged
ultrafiltration membrane unit.  Verification testing was conducted at manufacturer specified operating
conditions. Alum was added to the enhanced coagulation unit at a dose of 30 mg/L aong with acid to
produce a coagulation pH of 6.2. The membrane unit was operated at a constant flux of 37 gfd (62 L/hr-
m?), with air flow of 15 scfm (420 Ipm) and an overall feedwater recovery of 95 percent. The combined
enhanced coagulation and membrane unit achieved significant remova of organic materid, in addition to
microbia and particulate contaminants (presented later). Chemica cleaning of the treatment equipment
was conducted as part of the verification testing.

TECHNOLOGY DESCRIPTION

The ZENON Enhanced Coagulation ZeeWeed® UF System combines enhanced coagulation, for removal
of organic material, with ultrafiltration, for removal of microbia and particulate contaminants. Enhanced
coagulation relies on addition of coagulant and acid to natura waters adong with mixing to promote
destabilization, charge neutraization and agglomeration of particles and organic colloida materid. This
results in the adsorption of organic material to floc particles. These particles are then removed by
membrane filtration. The ability of the ZeeWeed® OCP UF membrane to operate in a high-solids
environment further enhances the removal of organic material by combining the effects of coagulation,
coprecipitation and adsorption. The ZeeWeed® UF membrane removes particles by physica sieving.
Particulate materia larger than the pore size of the membrane (0.03 um nomina, 0.1 um absolute) are
removed.

The ZENON Enhanced Coagulation unit consists of chemical feed systems for coagulant and acid, a static
mixer, and a serpentine flocculation tank using air diffusers to provide mixing energy. The effluent from
the enhanced coagulation unit serves as the feed water to the membrane unit. The ZeeWeed® OCP UF
membrane is a submerged hollow-fiber membrane that utilizes a vacuum of 1 to 12 ps (0.07 to 0.83 bar)
to draw product water through the membrane. The approximately 4,700 fibers have a combined surface
area of 463 ft? (43 nf). The 5.4 ft (2.7 m) long fibers are connected to top and bottom headers and
submerged in a 200 gallon process tank. The top and bottom headers are connected to the filtrate vacuum
pump. A blower supplies air to a diffuser at the base of the process tank to continuously agitate the fibers
and remove accumulated solids. A bleed pump continuously wastes process tank contents to drain,
limiting the buildup of solids in the process tank. The bleed flow rate and net permeate flow rate
determine overall system feedwater recovery. The system includes a clean-in-place (CIP) tank where
filtrate is stored for backpulsing the membrane. During backpulsing, at regular intervals of from 10 to 20
minutes, the flow through the membrane is reversed for 10 to 15 seconds to remove solids accumulated on
the membrane surface. The system included a diaphragm pump for adding chlorine, in the form of sodium
hypochlorite, to the backpulse water. Both the enhanced coagulation and membrane units are skid
mounted and can be moved by forklift and transported by truck.
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VERIFICATION TESTING DESCRIPTION
Test Site

The verification test site was the City of San Diego’'s Agua 2000 Research Center at 14103 Highland
Valey Road in Escondido, Cdifornia. The Research Center includes office and lab trailers, a covered
concrete test pad and a dedicated operations staff with substantial membrane experience. The source
water for testing was Lake Skinner water via the San Diego Aqueduct. Lake Skinner water consists of
Colorado River water and State Project water, which are two of the mgor raw drinking water suppliesin
Southern Cdlifornia

Methods and Procedures

Turbidity, pH, chlorine and temperature analyses were conducted onsite daily using desk top units. All
other water quality samples were sent to the City of San Diego Laboratory for analysis. These included
akalinity, total and calcium hardness, total dissolved solids (TDS), total suspended solids (TSS), total
organic carbon (TOC), dissolved organic carbon (DOC), ultraviolet absorbance at 254 nanometers
(UV254), duminum, color, total coliform and heterotrophic plate count (HPC). All samples were andyzed
according to the Standard Methods for the Examination of Water and Wastewater, 18" Ed. (APHA, et.
al., 1992) and/or Methods for Chemical Analysis of Water and Wastes (EPA, 1979). Online Hach 1900
WPC particle counters and 1720D turbidimeters continuously monitored these parameters in both the raw
water and membrane system filtrate. The particle counters were set up to enumerate particle counts in
the following size ranges: 2-3 um, 3-5 um, 5-15 um, and > 15 um. SDS DBP formation tests were
conducted during each test period. For this testing, the uniform formation conditions of the EPA
Information Collection Rule were followed. DBP anayses were conducted according to EPA Method
502.2 for trihalomethanes and EPA Method 552.2 for haloacetic acids.

Virus seedings, using MS2 virus, were conducted after membrane cleaning, a system startup with
enhanced coagulation. The first seeding was conducted approximately three hours after system startup
and the second was conducted less than one hour after system startup. During each seeding,
approximately 2 x 10™ virus were added directly to the process tank after the completion of a backpulse.
The system was then alowed to operate for one 10-minute filtration cycle to alow for mixing and
equilibration. Sampling was initiated after completion of the next backpulse, with three process tank and
three filtrate samples being collected in each of the next two filtration cycles. Samples were analyzed
within 24 hours according to EPA 1CR Method for Coliphage Assay (Sobsey, et d. 1990).

VERIFICATION OF PERFORMANCE
System Operation

The flow rate of raw water to the enhanced coagulation unit was controlled manualy using a valve and
rotameter. Coagulant feed to the system was manually set using a diaphragm pump. The coagulation pH
was automaticaly maintained with a Prominent pH controller. A stand-pipe within the flocculation tank
maintained water level in the tank. The flow to the flocculation tank was automatically switched on and
off by process tank level control signals received from the membrane unit to maintain adequate water
levelsin the process tank. Feed-on and feed-off signals generated by the control logic of the process tank
level controlled the influent valve to the enhanced coagulation unit. Water entering the flocculation tank
flowed through four serpentine chambers, then overflowed the standpipe in the last chamber and flowed
under gravity into the top of the process tank. Air from the membrane unit blower was diverted to
diffusers in the base of each of the four serpentine chambers to accomplish mixing. The air flow rate to
each chamber was individually adjustable using a vave and rotameter.
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The enhanced coagulation unit was operated with a raw water flow of 14 gpm (52 Ipm) in the first test
period and 16 gpm (61 Ipm) in the second. The coagulant, coagulant dose and coagulation pH were
established by the manufacturer. Alum was used as a coagulant at 30 mg/L with acid added to produce a
coagulation pH of 6.2. Enhanced coagulation chemica tanks had to be refilled approximately every two

days.

The ZeeWeed” UF membrane system required manua adjustments to the filtrate flow control valve to
maintain a constant flux as the membrane fouled. The bleed waste pump required manua adjustment to
maintain a congtant bleed waste flow from the process tank. In addition, the chlorine dosing pump
required initial manual adjustment to achieve the proper backpulse chlorine dose. Beyond this, the system
was automated. Programmable logic controllers automatically opened the appropriate vaves to initiate
filtration and backpulse based on the settings of two timers mounted on the front panel of the membrane
unit. Control signals were automatically sent to a feed valve to maintain the proper water level in the
process tank. The manufacturer established membrane system operating conditions. The unit was
operated at a constant flux of 37 gfd (62 I/hr-n?) with a bleed waste flow of 0.62 gpm (2.4 Ipm). A
backpulse volume of 4.2 gallon (16 liter), backpulse duration of 15 seconds and backpulse frequency of
every 10 minutes, resulted in overal system recovery of 95 percent. Air flow to the process tank was
maintained at 15 scfm (420 [pm). Flows, pressures and temperatures were recorded twice daily.

At the above operating conditions, the enhanced coagulation UF system was able to operate for
approximately 25 days during Test Period 1 before chemical cleaning was required. During Test Period 2,
however, shorter filtration cycles of 9 to 12 days were observed. A tota of four chemical cleanings were
conducted over the course of ETV testing. To determine the effectiveness of the chemica cleanings in
restoring membrane productivity, recovery of specific flux and loss of origina specific flux were calculated
for each cleaning. Recovery of specific flux ranged from 54 to 69 percent, while loss of origind specific
flux ranged from 11 to 17 percent.

Air pressure-hold tests were conducted by pressurizing the permeate side of the membrane and observing
pressure decay over a 10 minute period. These tests were conducted at the beginning and end of each
test period. The results showed minima pressure decay (<0.5 ps every 5 minutes), indicating no loss of
membrane integrity during the course of testing.

Particle Removal Results

Filtrate turbidity of the enhanced coagulation UF system was 0.05 NTU or less 95 percent of the time
during both test periods. The test system removed greater than 3 logs of both Cryptospordium-sized (3-5
um) particlesand Giardia-sized (5-15 um) particles, 95 percent of the time. Four hour average raw water
and filtrate particle levels and daily average particle remova in these size ranges for Test Periods 1 and 2
are presented in the following table:

ZENON Enhanced Coagulation ZeeWeed® UF System Particle Concentrations and Particle Removalsfor Test

Periods 1/2
3-5 um Particles 5-15 um Particles
Raw Water Filtrate Log Raw Water Filtrate Log
(#/mL) (#/mL) Removal (#/mL) (#/mL) Removal
Average 2400/2400 0.16/0.28 4.3/4.0 1500/1300  0.13/0.29 4.2/4.0
Standard Deviation 750/540 0.25/0.48 0.31/0.43 730/370 0.13/0.29  0.30/0.41
95% Confidence Interval 2300-2500/ 0.12-0.20/ 4.2-4.2/ 1400-1600/  0.80-0.12/ 4.1-4.3/
2300-2500 0.20-0.36 3941 1200/1400  0.13-0.23 3941
Minimum 640/450 0.049/0.06 3.6/3.2 290/390 0.05/0.05 3.5/3.1
Maximum 5200/3800 2.1/4.9 4.7/4.6 3900/2400 1.1/3.0 4.6/4.6
00/02/EPADW395  The accompanying noticeis an integral part of this verification statement. August 2000
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Microbial Removal Results

Total Coliforms were andyzed on a weekly basis during both ETV test periods. Raw water tota
coliforms averaged 15 and 5 MPN/100mL during Test Periods 1 and 2, respectively. No total coliform
were detected in the filtrate of the UF system during both Test Periods. HPC averaged 120 and 600
cfu/mL in the raw water for Test Periods 1 and 2. Filtrate levels of HPC averaged 1 and 4 cfu/mL. Two
microbial seedings with MS2 virus were conducted on the ZENON Enhanced Coagulation ZeeWeed® UF
system. Both seedings were conducted after a membrane cleaning and shortly after system startup with
enhanced coagulation. The first seeding was conducted three hours after system startup. Feed
concentrations of MS2 ranged from 3.5x10° to 5.9x10° pfu/mL, filtrate concentrations ranged from <1x10°
to 1x10% pfu/mL. Log removals of MS2 virus for the first seeding ranged from >5.5 to 5.8. The second
seeding with MS2 virus was conducted |ess than one hour after system startup with enhanced coagulation.
For this seeding, feed concentrations ranged from 2.4x10° to 4.6x10° pfu/mlL, filtrate concentrations
ranged from 3.1x10° to 4.7x10° pfu/mL. Log removals of MS2 virus for the second seeding ranged from
17t021.

Organics Removal Results

The enhanced coagulation membrane system achieved significant removal of naturally occurring organics.
Dissolved organic carbon was reduced on average during Test Periods 1 and 2 from 2.2 and 2.7 mg/L in
the raw water to 1.7 and 2.2 mg/L in the filtrate, respectively. This represents a 23 percent DOC
reduction in each test period. UV254 was reduced on average during Test Periods 1 and 2 from 0.070
and 0.078 /cm in the raw water to 0.048 and 0.043 /cm in the filtrate, respectively. This represents
reductions in UV254 of 31 and 44 percent in Test Periods 1 and 2, respectively. SDS DBP formation
tests were conducted during each test period. Totd trihalomethane concentration was reduced during
Test Periods 1 and 2 from 73 and 69 ug/L in raw water to 43 and 46 ug/L in the filtrate, respectively. This
represents a 41 and 34 percent TTHM reduction in Test Periods 1 and 2, respectively. HAAS
concentration was reduced during Test Periods 1 and 2 from 23 and 26 ug/L in raw water to 10 and 14
ug/L in the filtrate. This represents a 56 and 48 percent HAAS reduction in Test Periods 1 and 2,
respectively. The system also removed 76 percent of color from the source water during Test Period 2.

Operation and Maintenance Results

After system startup, routine operation of the system involved occasional adjustment of filtrate flow rate to
maintain constant flux, and daily verification and adjustment of bleed waste flow and chemical feed flows.
The system experienced one failure of the pH controller, which caused it to run without acid addition for
three days during Test Period 1. The system experienced three high level darms in the process tank
during the first period which caused the system to shut down overnight. During the first test period, the
membrane unit spent approximately 10 percent of filtration time in permeate-recycle mode because of
problems with the process tank level-control logic. This was resolved in Test Period 2 by reprogramming
the level control logic. Operation of the membrane unit consumed 0.05 gd (0.20 L) of 10% sodium
hypochlorite per day to chlorinate backpulse water. Operation of the enhanced coagulation unit consumed
0.89 gd (3.4 L) of 48% aum stock per day on average and 0.6 gal (2.4 L) of 40% Sulfuric Acid. During
the average cleaning, 2 gd (7.8 L) of household bleach (5.25% NaOCI) were used and 8.8 Ib (4.0 kg) of
citric acid. The manufacturer included an Operations and Maintenance manual with their system. The
manual would be improved with better organization and better use of tables and graphics.
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E. Timothy Oppelt 8/21/00 Tom Bruursema 8/25/00
E. Timothy Oppelt Date Tom Bruursema Date
Director General Manager
National Risk Management Research Laboratory Environmental and Research Services
Office of Research and Devel opment NSF International

United States Environmenta Protection Agency

NOTICE: Verifications are based on an evaluation of technology performance under specific,
predetermined criteria and the appropriate quality assurance procedures. EPA and NSF make no
expressed or implied warranties as to the performance of the technology and do not certify that a
technology will aways operate as verified. The end user is solely responsible for complying with
any and al applicable federal, state, and locd requirements. Mention of corporate names, trade
names, or commercia products does not congtitute endorsement or recommendation for use of
specific products. This report is not a NSF Certification of the specific product mentioned herein.

Availability of Supporting Documents

Copies of the ETV Protocol for Equipment Verification Testing for Physical Removal
of Microbiological and Particulate Contaminants, dated April 20, 1998 and revised
May 14, 1999, the Veification Statement, and the Verification Report (NSF Report
#00/02/EPADW?395) are available from the following sources:

(NOTE: Appendices are not included in the Verification Report. Appendices are
available from NSF upon request.)

1. Drinking Water Systems ETV Pilot Manager (order hard copy)
NSF International
P.O. Box 130140
Ann Arbor, Michigan 48113-0140

2. NSF web site: http://www.nsf.org/etv (electronic copy)

EPA web site: http://www.epa.gov/etv (electronic copy)
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Notice

The U.S. Environmental Protection Agency (EPA) through its Office of Research and Development has
financialy supported and collaborated with NSF Internationa (NSF) under Cooperative Agreement No.
CR 824815. This verification effort was supported by Package Drinking Water Treatment Systems Pilot
operating under the Environmental Technology Verificaion (ETV) Program. This document has been
peer reviewed and reviewed by NSF and EPA and recommended for public release.
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Foreword

The following is the find report on an Environmenta Technology Verification (ETV) test performed for
the NSF Internationd (NSF) and the United States Environmenta Protection Agency (EPA) by
Montgomery Watson, in cooperation with ZENON Membrane Systems. The test was conducted in
1999 at the Aqua 2000 Research Center in San Diego, Cdlifornia.

Throughout its history, the EPA has evauated the effectiveness of innovative technologies to protect
human hedth and the environment. The ETV Program has been indituted to verify the performance of
innovative technical solutions to environmenta pollution or human hedth thrests. ETV was cregted to
subgantialy accelerate the entrance of new environmenta technologies into the domestic and
international marketplace. Veifidble, high qudity data on the performance of new technologies are
made available to regulators, developers, consulting engineers, and those in the public hedth and
environmenta protection industries.  This encourages more rapid availability of gpproaches to better
protect the environment.

The EPA has partnered with NSF, an independent, not-for-profit testing and certification organization
dedicated to public hedth, safety and protection of the environment, to verify performance of smal
package drinking water sysems that serve smdl communities under the Package Drinking Water
Trestment Systems (PDWTS) ETV Pilot Project. A god of verification testing is to enhance and
fecilitate the acceptance of smal package drinking water treatment equipment by state drinking water
regulatory officids and consulting engineers while reducing the need for testing of equipment a each
location where the equipment's use is contemplated. NSF will meet this god by working with
manufacturers and NSF-qudified Fied Testing Organizations (FTO) to conduct verification testing
under the approved protocols.

The ETV PDWTS is being conducted by NSF with participation of manufacturers, under the
sponsorship of the EPA Office of Research and Development, National Risk Management Research
Laboratory, Water Supply and Water Resources Divison, Cincinnati, Ohio. It isimportant to note that
verification of the equipment does not mean that the equipment is “certified” by NSF or “accepted” by
EPA. Rather, it recognizes that the performance of the equipment has been determined and verified by
these organizations for those conditions tested by the FTO.
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gpm
HAAS

Abbreviations and Acronyms

Cedusdegrees

Colony forming unit(s)
Cleanin place

Feed concentration
Permesate concentration
Centimeter

Colorado River water
Day(s)

Disinfection by-product
Dissolved organic carbon
U.S. Environmenta Protection
Agency

Environmental Technology
Veification

Field Operations Document
Square foot (feet)

Field Testing Organization
Galon(s) per day per square
foot of membrane area
Gdlon(s) per minute

Sum of five measured
haloacetic acids
Heterotrophic plate count
Hour(s)

Information Collection Rule
Inch(es) of Mercury

Initia oecifictransmembrane flux

Find specific tranamembrane flux
Specific flux

Initid specific transmembrane flux
at t=0 of membrane operation
Filtrate flux

Trangmembrane flux

Kilogram(s)

Liter(s)

Square meter(s)

Cubic meter(s) per day

Million galons per day
Milligram(s) per liter

Minute(s)

mL
MPN
NIST

NSF

NTU
O&M
Pi

Po

Ptm
PDWTS

PLC
ppm
ps
PVC
Qr

Qr
QA
QC

DS
fm

SPW

TC
TOC
TDS
TSS
TTHM

UF

UFC
uv2s4

Viii

Milliliter()

Most probable number

Nationd Indtitute of Standards

and Technology

NSF Internationa (formerly known as
the Nationd Sanitation Foundation)
Nephdlometric turbidity unit(s)
Operations and Maintenance
Pressurea inlet of membrane module
Pressure at outlet of membrane module
Filtrate pressure

Transmembrane pressure

Persona computer

Package Drinking Water
Treatment System
Programmeable Logic Controller
Parts per million

Pound(s) per square inch
Polyvinyl chloride

Feed flow

Process flow

Recycle flow

Quadlity assurance

Qudity control

Membrane surface area
Smulated digtribution system
Standard cubic feet per minute
Second(s)

State Project water
Temperature

Total coliform

Tota organic carbon

Tota dissolved solids

Tota suspended solids

Total trindomethanes
Micron(s)

Ultrefiltration

Uniform formation conditions
Ultraviolet light absorbance
at 254 nanometer
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Chapter 1
Introduction

1.1  Environmental Technology Verification (ETV) Purpose and Program Operation

The U.S. Environmenta Protection Agency (EPA) has created the ETV Program to facilitate the
deployment of innovative or improved environmentd technologies through performance verification and
disssmination of information. The god of the ETV program is to further environmenta protection by
subgtantidly accelerating the acceptance and use of improved and more cogt-effective technologies.
ETV seeks to achieve this god by providing high quality, peer reviewed data on technology
performance to those involved in the design, distribution, permitting, purchase, and use of environmenta
technologies.

ETV works in partnership with recognized standards and testing organizations, stakeholders groups
which conggt of buyers, vendor organizations, and permitters; and with the full participation of individua
technology developers. The program evauates the performance of innovative technologies by
developing test plans that are respongive to the needs of stakeholders, conducting field or |aboratory
testing (as appropriate), collecting and anadyzing data, and preparing peer reviewed reports.  All
evauations are conducted in accordance with rigorous quality assurance protocols to ensure that data of
known and adequate quaity are generated and that the results are defensible.

NSF International (NSF) in cooperation with the EPA operates the Package Drinking Water Treatment
Systems (PDWTYS) program, one of 12 technology areas under ETV. This PDWTS program eval uated
the performance the ZENON ZeeWeed® Enhanced Coagulation System, ultrafiltration (UF) system
used in package drinking water trestment system applications.

This report providesthe ETV results for the ZENON ZesWeed® Enhanced Coagulation System.

1.2  Project Participants

Figure 1-1 is an organizaion chat showing the project participants and the lines of communication
established for the ETV. The Field Testing Organization (FTO) was Montgomery Watson, an NSF
qudified FTO, which provided the overall management of the ETV through the project manager and
project engineer. The ultrafiltration membrane manufacturer for the ETV was ZENON Membrane
Sysems. The operations management and dtaff were from the test Ste a the City of San Diego
Metropolitan Wastewater Department, Aqua 2000 Research Center in Escondido, Cdifornia. Water
qudity analyses were provided by the City of San Diego laboratory, a State-certified |aboratory. Data
management and find report preparation were performed by the FTO, Montgomery Watson.

13 Definition of Roles and Responsibilities of Project Participants

1.3.1 Field Testing Organization Responsibilities

The specific respongbilities of the FTO, Montgomery Watson, were to:



Provide the overal management of the ETV through the project manager and the project engineers.
Provide al needed logisticad support, the project communication network, and al scheduling and
coordination of the activities of dl participants.

Manage, evauate, interpret and report on data generated inthe ETV.

Evduate the peformance of the ultrefiltration enhanced coagulation membrane technology
according to the Fied Operating Document (FOD) and the testing, operations, qudity
assurance/quadity control (QA/QC), data management and safety protocols contained therein.
Provide dl qudlity control (QC) information inthe ETV report.

Provide dl daa generated during the ETV in hard copy and eectronic form in a common
Spreadsheet or database format.

1.3.2 Manufacturer Responsibilities

The specific responghilities of the ultrafiltration membrane manufacturer, ZENON Membrane Systems,
wereto:

Provide complete, field-ready equipment for the ETV at the testing site.
Provide logistical and technica support as required throughout the ETV.
Provide partia funding for the project.
Attend project mesetings as necessary.

1.3.3 Operator and Test Site Staff Responsibilities

The specific responghilities of the operations and test Ste saff from the City of San Diego Metropolitan
Wastewater Department were to:

Provide set-up, shake-down, operations, maintenance and on-Site anaytical services according to
the FOD and the testing, operations, QA/QC, data management and safety protocols.

Provide the necessary and appropriate space for the equipment to be tested inthe ETV.

Provide dl necessary dectricd power, feedwater and other utilities as required for the ETV.
Provide al necessary drainsto the test site.

1.3.4 Water Quality Analyst Responsibilities

The specific responghilities of the water quaity andyticd gaff from the City of San Diego Laboratory
wereto:

Provide dl off-ste water quality anadyses prescribed in the FOD according to the QA/QC
protocols contained therein.

Provide reports with the andytica results to the data manager.

Provide detaled information on the andytica procedures implemented.
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1.3.5 NSF Responsibilities

NSF was regponsible for adminigtration of the testing program.  Specific responsibilities of the NSF
wereto:

Deveop test protocols and qualify FTOs.

Review and approve FODs.

Conduct ingpections and make recommendations based on ingpections.
Conduct financid adminigtration of the project.

Review dl project reports and deliverables.

1.3.6 EPA Responsibilities
The specific respongbilities of EPA wereto:
Initiate the ETV program.

Provide sgnificant project funding.
Review find reports.
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Chapter 2
Equipment Description and Oper ating Processes

The equipment tested in thisETV isthe ZENON Enhanced Coagulation ZeeWeed® UF package system.
This system conggts of two main components. an enhanced coagulation unit, where raw water is dosed
with coagulant and acid, and a ZeeWeed® package membrane unit. The enhanced coagulation unit
includes feed pumps for dosng acid and coagulant, followed by datic mixers, and a serpentine
flocculation tank. The effluent from the enhanced coagulation unit serves as the feedwater to the process
tank of the ZeeWeed® package membrane unit. The ZeeWeed® package membrane unit consists of one
ZeeWeed® ZW-500 UF module immersed in a process tank, aong with associated pumps and blowers.
OCP is the manufacturer’s designation for their drinking water membrane. For the remainder of this
report, the 500 square foot OCP ultrefiltration drinking water module will be referred to as the
ZeeWeed® UF module.  These ultrafilters typically remove particulate materid, including protozoa and
bacteria

The ZENON Enhanced Coagulation ZesWeed® UF system including enhanced coagulation and
flocculation process for removad of organics and color was employed throughout the ETV testing
presented in this report.

Table 2-1 provides the specification of the ZENON Enhanced Coagulation ZesWeed® UF membranes.
The information in Table 2-1 is taken from a letter supplied by the manufacturer (see Appendix A). The
ZENON Enhanced Coagulation ZeeWeed® UF membranes are outside/in hollow fibers. The immersion
of the membrane alows for operation of the ZENON Enhanced Coagulation system under a dight
vacuum, ingtead of under pressure. The vacuum pressure is on the order of 1 to 12 ps (0.07 to 0.83
bar). The membrane surface chemidtry is neutrd and hydrophilic.

A photograph of the ETV test unit isincluded as Figure 2-1. The photograph shows the ZeeVVeed? UF
test unit (on the left) aong with a second unit, which is the flocculation tank. The ZENON ZeeWeed® UF
unit is skid-mounted with dimensions 66 inches (168 cm) long by 36 inches (92 cm) wide by 87 inches
(221 cm) high (Figure 2-2). The flocculation tank is used for enhanced coagulation applications, as
described below. The flocculation tank is 48 inches (122 cm) long by 32 inches (80 cm) wide. The
spatial requirements of the ZENON Enhanced Coagulation ZeeWeed® UF unit are presented graphically
in Figure 2-2.

A schematic diagram of the ZeeWeed® process is shown in Figure 2-3. The membrane module is
immersed in the process tank. The ZeeWeed® system is represented by the half black and half white
rectangle in the process tank, denoting the feedwater sde and the filtrate Sde of the membrane. The
pretreated water from the flocculation basin enters the tank and is pulled by the vacuum pump through the
membrane. A blower provides a congtant supply of ar for agitating the water and solids at the membrane
surface. The resulting scouring action mitigates the build-up of solids on the membrane surface. Waste
dudgeis continuoudy bled at alow flow rate from the process tank for disposd.
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Ultrafiltration enhanced coagulation is achieved by dlowing a solids durry to develop in the process tank.
By coagulaing the organic molecules in a high solids environment, benefits can be achieved from the
mechanisms of coagulation, co-precipitation, adsorption and nuclestion resulting in the effective removal of
organic materias using relatively low coagulant doses, ance the coagulated floc only needs to exceed the
membrane pore size (0.030 microns). Alum at adose of 30 mg/L was the coagulant used during the ETV
testing. The coagulation pH was adjusted to 6.2 by addition of sulfuric acid.

21  Description of the Treatment Train and Unit Processes
The ZENON Enhanced Coagulation ZesWeed® UF system tested included the following components:

Pre-treestment chemica feed systems (acid and coagulant)
Static mixer

Serpentine flocculation chamber with air diffusers for mixing
ZeeWeed® UF module (in a process tank)

Air blower

“CIP’ (clean-in-place) tank

Permeste pump

Sodium hypochlorite dosing system

Bleed waste pump and disposd line

The enhanced coagulation system congists of the pre-trestment chemical feed tanks and dosing pumps,
the static mixer and the flocculation tank. Enhanced coagulation relies on addition of coagulant and acid
to naturd waters along with mixing to promote destabilization, charge neutrdization and agglomeration of
particles and organic colloidal materid. This results in the adsorption of organic materiad to floc particles.
These particles are then removed by filtration. The system uses the capability of the ZesWeed®
membrane to operate in a high-solids environment. A high solids concentration is developed in the
process tank for adsorption and removal of organic carbon.

The ZeeWeed® membrane module was described above. The air blower provides a constant supply of
ar to promote scouring of solid materia from the outside surface of the membrane. The scouring action
dleviates solids accumulaion on the membrane by moving the solids back into the bulk water of the
process tank. During the ETV testing, the ZENON Enhanced Coagulation ZesWeed® UF system was
operated at a congtant flux, with monitoring of the transmembrane vacuum pressure increase necessary to
maintain the target flux over time.

The CIP tank is used for backpulsing of the membranes. In the backpulse mode, the direction of flow
through the membranesisreversed. Filtrate water from the CIP tank is pumped from the clean water Sde
of the membrane back to the feedwater side in order to clean awvay materid accumulated on the
membrane surface. The backpulse process is controlled by a programmable logic controller (PLC),
which closes and opens gppropriate vaves to reverse the direction of flow through the membrane. A
typical operating scenario for the backpulse sysem might involve backpulsing for 15 seconds every 10
minutes. When the backpulse is complete, the CIP tank is firg refilled with filtrate before the membrane
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system darts producing filtrate through the product water line, thus ensuring a sufficient supply of filtrate
water for the next backpulsing cycle.

During backpulsing, solids removed from the membrane surface are washed back into the bulk water of
the processtank. Sludge is bled continuoudy from the process tank at a constant rate, which controls the
overal system water recovery.

2.2  Description of Physical Congtruction/Components of the Equipment

The enhanced coagulation ZesWeed® unit was constructed to alow for quick equipment modifications,
depending on the ste specifications and dso dlows the addition of ancillary equipment. The unit is
congructed of corroson-resstant materias, including PVC, polyethylene, polypropylene and stainless
ged. The main components of the system are:

200 gallon (757 L) polypropylene ZeeWeed? process tank
20 gallon (76 L) polypropylene clean-in-place tank

Becker DT 3.4, 1.7 Hp, carbon vane blower

Service Filtration, GNOK Series self-priming pump
Goulds NPE, 1 Hp, centrifuga pump

The ancillary equipment includes:

Prominent g/4a 1601 NP1 metering pumps
Madgterflex perigtdtic bleed pump

The test system has a total weight in the range of 1,500 to 2,000 pounds (682 to 909 kg). For shipping
purposes, the system is crated and can be moved with aforklift.
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Chapter 3
Materialsand M ethods

3.1 Testing Site Name and L ocation

The test Ste sdlected for the ETV program is the City of San Diego’'s Aqua 2000 Research Center at
14103 Highland Vdley Road in Escondido, Cdifornia

3.1.1 Site Background Information

The Aqua 2000 Research Center was established in 1995 to conduct most of the research work related
to the water repurification project of the City of San Diego. The Center has dedicated full time
operators with substantial experience in operating membrane sysems. This dte is dso connected to
San Diego County Water Authority’s Aqueduct System.  Sufficient influent water supply, eectrica
power, and proper drainage lines were provided to the ETV test system treatment train.

3.1.2 Test Site Description

Figure 3-1 is a schematic diagram of the test Ste and the location of the membrane pilot unit. Below isa
list of the facilities and equipment that were available at the test Site.

Structural
- 5,000 square foot concrete pad.
Semi-permanent shading to protect from sunlight.
Potable water connections.
San Diego County Water Authority’s Aqueduct System connections.
Drainage system connected to a wastewater plant.
Chemica containment area.
Sufficient lighting for 24-hour operation.
Full ectricd supply.
Chemicd safety shower and eyewash.
An operations trailer with conference room, offices, and computers.
A laboratory trailer for on-ste water quaity andyses.

| nstrumentation/Equipment

On-Site Laboratory

- DR 4000 Spectrophotometer by Hach.
Ratio/non-ratio 2100N Turbidimeter by Hach.
pH/Temperature meter by Fisher (No. 13-635-BAA).
Portable conductivity meter by Fisher (No. 09-327-1).
Two TOC Analyzers (Sievers Mode No. 800).
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Concrete Pad

- Feed, permeate, backwash, and waste storage tanks.
Chemica Cleaning Skid with hot water supply.
Chemica Feed Systems.
Micro 2000 On-line Chlorine Andyzer.
Five 1720C On-line Hach Turbidimeters.

Raw Water Intake
The raw water was delivered to the test Site through schedule 80 PV C pipe. The San Diego Aqueduct
connection was gpproximately one mile away from the test Ste. The available water flow rate was 150

gom.

Collection of Raw Water
The raw water was directed to a covered tank with an overflow system. The feedwater pipe of the test
unit was connected to the covered raw water tank.

Handling of Treated Water and Residuals
The Aqua 2000 research center has a drainage system that connects to a wastewater treatment plant.
All of the treated water, backwash water, and any chemicals used were directed to waste.

3.2  Source/Feed Water Quality

The source of feedwater for the ETV testing is San Diego Aqueduct Water. The aqueduct is supplied
primarily from Lake Skinner which recelves Colorado River Water (CRW) from the West Portd of the
San Jacinto Tunnd, and State Project Water (SPW) from Lake Silverwood. A typica blending ratio of
these two waters in Lake Skinner is 70 percent CRW and 30 percent SPW. The lower tota dissolved
solids (TDS) SPW is added to maintain the TDS of Lake Skinner at gpproximately 500 mg/L or less
(depending on avallability of SPW). The agueduct water is characterized by rdatively high leves of
totd dissolved solids, hardness and dkalinity, with moderate levels of organic materid and relatively low
turbidity.

Figure 3-2 illugtrates Lake Skinner water qudity for the period of November 1997 through November
1998, which istypicd for this source water. The stable qudity of the water is apparent in al parameters
illustrated in the figure. Hardness ranged from 200 through 298 mg/L as CaCQOs, dkainity ranged from
108 to 130 mg/L as CaCOs; and cacium ranged from 47 to 75 mg/L. The hardness levels are quite
high, with relatively high akainity aswell. TDS ranged from 429 to 610 mg/L, indicating the relatively
high leve of sdinity in this source water. pH ranged from 8.26 to 8.45 during the year.

Figure 3-3 illustrates turbidity, temperature and tota organic carbon (TOC) for Lake Skinner water.
Turbidity was relaively low with arange of 1.10 to 350 NTU. Lake Skinner exhibits relatively warm
temperatures throughout the year, typica of many water supplies in the southwestern and southeastern
United States. The temperature range was 13 to 27°C. Annua low temperatures on the order of
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10°C are typicd of this supply. The levels of organic materid, as quantified by TOC, are moderate in
thissupply. The TOC range was 2.33t0 2.94 mg/L.

3.3  Environmental Technology Verification Testing Plan

This section describes the tasks completed for the ETV. The test equipment was operated 24 hours a
day, seven days a week, with operations staff on-site Monday through Friday for one 8-hour shift each
day. Tasksthat were performed by the operations and engineering staff are listed below:

Task 1. Characterization of Membrane Flux and Recovery
Task 2. Evauation of Cleaning Efficiency

Task 3: Evduation of Finished Water Qudlity

Task 4: Reporting of Membrane Pore Size

Task 5. Membrane Integrity Testing

Task 6. Data Management

Task 7:  Qudlity Assurance/Qudlity Control

Task 8. Microbid Removd (optiond)

Task 9:  Ultrdfiltration Enhanced Coagulation

An overview of each task is provided below.
3.3.1 Task 1. Characterization of Membrane Flux and Recovery

The objective of this task is to evduate the membrane operationd performance.  Membrane
productivity was evaluated relative to feedwater and pretrested water qudity. The rates of
transmembrane pressure increase and/or specific flux decline were used, in part, to evaluate operation
of the membrane equipment under the operating conditions being verified and under the raw and
pretrested water quaity conditions present during the testing period.

Work Plan

After set-up and shakedown of the membrane equipment, membrane operation was established at the
flux condition being verified in this ETV. Tegting took place over two 30-day test periods. When
substantia specific flux decline occurred before the end of the 30-day test period, chemical cleaning
was performed and (if necessary) adjustments to the operational strategy were made. Measurement of
the membrane feedwater (i.e., pretreated water from the flocculation tank) flow, filtrate flow, and
system pressures and temperatures were collected at a minimum of twice aday.

3.3.2 Task 2: Evaluation of Cleaning Efficiency

An important aspect of membrane operation is the restoration of membrane productivity after specific
flux decline has occurred. The objective of thistask isto evauate the effectiveness of chemica cleaning
for restoring finished water productivity to the membrane sysslem. The recovery of specific flux and the
fraction of origind specific flux lost were determined after each chemica cleaning.
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Work Plan

The membrane was operated a the flux condition being verified in this ETV until such time as the
termination criteria were reached. The two criteria for cleaning of the membrane were: 1) reaching the
maximum transmembrane vacuum pressure operationd limit of the membrane, or, 2) completing the 30-
day test period. The membrane was chemicaly cleaned when ether of these termination criteria were
reached. Chemical cleaning was performed in accordance to the manufacturer procedure (see
Appendix A). For the feedwater utilized in this ETV, the manufacturer recommended their typica
chemicd cleaning procedure which requires soaking the membrane modules for 4 — 6 hours in sequence
using the fallowing two solutions:

1. Approximately 300-500 mg/L sodium hypochlorite solution
2. 5-10g/L of ZENON’s MC-1 cleaner (acitric acid based cleaner)

A flux-vacuum profile was developed a each stage of the chemicd cleaning procedure (i.e, before
cleaning, after firs chemica solution, after second chemicd solution). The dope of the flux-vacuum
profile represents the specific flux of the membrane at each cleaning stage and was used to cdculate the
cleening efficiency indicators. Two primary indicaiors of cleaning efficiency and redtoration of
membrane productivity were examined inthiseTV:

1. The immediate recovery of membrane productivity, as expressed by the ratio between the find

gpecific flux vaue of the current filtration run (Js) and the initid specific flux (Js) measured for the
subsequent filtration run:

Recovery of Specific Flux=100" [1- (Js , Js )]

where: Js =  spedific flux (gfd/ps, L/(hr-nf)/bar) at end
of current run (find)
J = spedificflux (Fd/psi, L/(hr-nf)/bar) at
beginning of subseguent run (initid)

2. Theloss of specific flux capabilities is expressed by the ratio between the initid specific flux for any
given filtration run (J5) and the specific flux (Js,) a time zero, as messured at the initiation of the
fird filtration run in aseries

Lossof Origind Specific Hux =100~ [1- (Js , JSo)]

where: o= pedific flux (gfd/pd, L/(hr-nf)/bar) at
timet = 0 of membrane testing

3.3.3 Task 3: Evaluation of Finished Water Quality

The objective of this task is to evauate the quality of water produced by the UF enhanced coagulation
membrane sysem. Many of the water quaity parameters described in this task were measured on-site.

10



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

Andyss of the remaining water quality parameters was peformed by the City of San Diego
Laboratory, a State-certified andytica laboratory.

Work Plan

The parameters monitored during this ETV and the methods used for their measurement are listed in
Table 3-1. Finished water quality was evaluated relative to feedwater and pretreated water quaity and
operationa conditions, using the ZENON Enhanced Coagulation ZeeWeed® UF test unit as a UF-
enhanced coagulation process.

Simulated Digtribution System (SDS) Test Protocol

The SDS DBP test smulates full-scae disnfection by spiking a water sample with a disinfectant and
holding the spiked sample in the dark at a designated temperature and contact time. For thistesting, the
uniform formation conditions (UFC) specified by the Information Collection Rule (ICR) were used, as
follows

Incubation period: 24 + 1 hours

Incubation temperature: 20+ 1°C

Buffered pH of 80+ 0.2

24-hour free chlorineresdua: 1.0 + 0.4 mg/L

For each SDS sample, three incubation bottles were set up. At the end of the incubation period, each
sample was andyzed for the find disinfectant resdua and the sample with the residud closest to the 1.0
+ 0.4 mg/L range was used for the specified DBP andyses, tota trihdlomethanes (TTHMS) and the sum
of 5 measured haoacetic acids (HAAS). The four trihalomethanes comprisng TTHM are chloroform,
bromoform, dibromochloromethane and bromodichloromethane. The five haloacetic acids included in
HAAS are monobromoacetic acid, dibromoacetic acid, monochloroacetic acid, dichloroacetic acid and
trichloroacetic acid. A sixth haloacetic acid, bromochloroacetic acid, was aso reported, but this DBP
is not included in the caculation of the regulated parameter HAAS.

One liter, amber glass bottles with Teflon lined caps were used to store the SDS samples during
incubation. These bottles were stored in a temperature-controlled incubator at the specified
temperature.  All glassware used for preparation of the SDS samples and reagents were chlorine
demand free.

3.34 Task 4. Reporting of Membrane Pore Size
Membranes for particle and microbid remova do not have a single pore Sze, but rather have a

digribution of pore szes. Membrane rejection capabilities are limited by the maximum membrane pore
sze.

11
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Work Plan

The manufacturer was asked to supply the 90 percent and the maximum pore Sze of the membranes
being tested in the ETV. The manufacturer was aso asked to identify the generd method used in
determining the pore Sze vaues.

3.3.5 Task5: MembraneIntegrity Testing

A criticd aspect of any membrane process is the ability to verify that the process is producing a
specified water qudity on a continud bass. For example, it is important to know whether the
membrane is providing a congant barrier to microbid contaminants. The objective of this task is to
evauate one or more integrity monitoring methods for the membrane system.

Work Plan
The sdected methods for monitoring of membrane integrity of the Manufacturer’ s UF system during this
study are described below:

Air Pressure-Hold Test

The air pressure-hold test is one of the direct methods for evaluation of membrane integrity. This test
can be conducted on severd membrane modules smultaneoudy; thus, it can test the integrity of a full
rack of membrane modules used for full-scae sysems. The test is conducted by pressurizing the
permesete side of the membrane lumen after which the pressure is held and the decay rate is monitored
over time. Minimd loss of the held pressure (generdly lessthan 1 ps every 5 minutes) & the filtrate Sde
indicates a passed test, while a significant decrease of the held pressure indicates afailed test.

Particle Counting
On-line particle counting in the sze ranges of 2-3 um, 3- 5 um, 5-15 um, >15 um was used in thisETV
as an indirect method of monitoring membrane integrity.

Turbidity Monitoring
Ont-line turbidity monitoring was adso used in this ETV as an indirect method of monitoring membrane
integrity.

3.3.6 Task 6: Data Management

The objective of this task is to establish the protocol for management of al data produced in the ETV
and for data transmission between the FTO and the NSF.

Work Plan

According to EPA/NSF ETV protocols, a data acquisition system was used for automatic entry of on-
line testing data into computer databases. Specific parcels of the computer databases for operational
and water quaity parameters were then downloaded for importation into Excel as a comma ddimited
file. These specific database parcas were identified based on discrete time spans and monitoring
parameters. In spreadsheet form, data were manipulated into a convenient framework to dlow andyss
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of membrane equipment operation. For those parameters not recorded by the data acquigition system,
fidd-testing operators recorded data and cadculations by hand in laboratory notebooks. Dally
measurements were recorded on specialy-prepared data log sheets as appropriate.

The database for the project was st up in the form of custom-designed spreadsheets. The
gpreadsheets were cgpable of storing and manipulating each monitored water quaity and operationd
parameter from each task, each sampling location, and each sampling time. Data from the log sheets
were entered into the appropriate spreadsheet. Following data entry, the spreadsheet was printed out
and the print-out was checked againgt the handwritten data sheet. Any corrections were noted on the
hard-copies and corrected on the screen, and then a corrected version of the spreadsheet was printed
out. Each gep of the verification process was initided by the field testing operator or engineer
performing the entry or verification step.

Data from the outside laboratory were recelved and reviewed by the fidd testing operator. Data from
the ongte lab and City of San Diego Microbiology lab were entered into the data spreadshests,
corrected, and verified in the same manner as the field data. Data from the City of San Diego Water
Quadity lab were received both dectronicaly and in hardcopy printouts generated from the electronic
data

3.3.7 Task 7: Quality Assurance/Quality Control

An important aspect of verification testing is the protocol developed for quality assurance and qudity
control. The objective of this task is to assure the high qudity of al measurements of operationd and
water qudity parameters during the ETV.

Work Plan

Equipment flow rates and associated signads were documented and recorded on a routine bass. A
routine daily walk-through during testing was performed to verify that each piece of equipment or
indrumentation is operating properly. On-line monitoring equipment, such as flow meters, were
checked to confirm that the read-out matches the actua measurement (i.e., flow rate) and that the sgna
being recorded is correct. Below isaligt of the verifications conducted:

Monitoring Equipment

System Pressure Gauges

Pressure and vacuum gauges supplied with the membrane systems tested were verified againgt grade 3A
certified pressure and vacuum gauges purchased at the start of NSF testing. The certified pressure and
vacuum gauges were manufactured by Ashcroft and have an accuracy of 0.25% over their range (0-30
ps pressure, 0-30 in Hg vacuum). Where possible, system gauges were removed and tested over the
expected range of operating pressures againg the verification gauge, using a portable hand pump. The
vacuum gauge for the ZENON system had an error well lessthan 5 percent.

13
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System Flow Rates

Membrane and enhanced coagulation system flow rates were verified volumetrically on a monthly basis
near the beginning and end of each test period. System flows were diverted to a 55 gdlon graduated
tank for gpproximatdy 2 minutes. The messured flow rate was compared with flows indicated on
rotameters. Measured and indicated flow rates agreed to within 5 percent for the ZENON permeste
rotameter and enhanced coagulation feed rotameter. The ZENON feed totdizer read gpproximately 8
percent lower than actua measured volume. Calculations made using this parameter were corrected for
thiserror.

Analytical Methods

pH

An Accumet Research Model AR15 laboratory pH meter was used to conduct routine pH readings at
the test facility. Dally cdibration of the pH meter usng pH 4, 7 and 10 buffers was performed. The
dope obtained after calibration was recorded. The temperature of the sample when reading sample pH
was a so recorded.

Temperature

Accuracy of the feed water inline thermometer was verified againg an Nationd Ingtitute of Standards
and Technology (NIST) certified thermometer on 4/14, 6/16 and 12/12/99. Comparisons were made
at three temperatures covering the range of anticipated raw water temperatures. In al cases, the raw
water thermometer compared to within 1 percent of the NIST certified thermometer.

Turbidity

On-line turbidimeters were used for measurement of turbidity in the raw and filtrate waters, and a
bench-top turbidimeter was used for measurement of the feed (pretreated) water and backwash waste
water.

On-line Turbidimeters: Hach 1720D online turbidimeters were used during testing to acquire raw and
filtrate turbidities a 1-minute intervas. The following procedures were followed to ensure the integrity
and accuracy of these data:

a primary cdibraion of the on-line turbidimeters was performed near the beginning of the test
periods.

Aquaview + data acquisition software was used to acquire and store turbidity data. Data were
stored to the computer database each minute. After initid primary cdibration of the turbidimeters,
zero, mid-level and full-strength sgnals (4, 12 and 20 mA) were output from each turbidimeter to
the data acquisition software. The signals received by the data acquisition software from al 4 on-
line turbidimeters had less than one percent error over their range of output (0, 1 and 2 NTU for
permeate, and 0, 10 and 20 NTU for feed) as stored in the Aquaview database.

the manufacturer’ s specified acceptable flow range for these turbidimeters is 250 to 750 mL/min.
The flow range initidly targeted during testing was 500 mL/min +/- 100 mL/min. On-line
turbidimeter flows were verified manualy with a graduated cylinder and stopwatch dally.

14
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turbidimeter bodies were drained and sensor optics cleaned approximately every week on an as
needed basis.

on-line turbidities were compared to desktop turbidities when turbidity samples were collected.
Comparative cdibrations of the raw water on-line turbidimeter against the Hach 2100N desktop
turbidimeter were conducted on as needed basis during the course of the testing when the difference
between online and desktop turbidity readings were greater than 10 percent.

Approximately 50 ppm free chlorine solution was pumped through turbidity sample lines as needed
to clean potentia buildup from these lines.

Bench-top Turbidimeters A Hach 2100N desktop turbidimeter was used to perform onsite turbidity
anayses of raw water, backwash and permeate samples. Readings were recorded in non-ratio
operaing mode. The following quality assurance and quaity control procedures were followed to
ensure the integrity and accuracy of ondte laboratory turbidity data:

Primary cdibraion of turbidimeter according to manufacturer’s specification was conducted on a
weekly bass. Secondary standard calibration verification was performed on a daly basis. Three
secondary standards (approx. 0.8 NTU, 1.8 NTU and 20 NTU) were recorded after primary
cdibration and on a daly bagss for the remaning 6 days until the next primary cdibration. Proficiency
samples with a known turbidity of 0.8 NTU were purchased from a commercia supplier. Turbidity
proficiency samples were prepared and analyzed every two weeks.

Particle Counting
Hach 1900 WPC light blocking particle counters were used to monitor particles in raw and filtrate
waters. These counters enumerate particles in the range 2 to 800 microns.

The particle counters were factory cdibrated. Factory cdlibrations took place from late September,
1998 to October, 1998. The manufacturer recommends factory calibration on a yearly bass. The
following procedures were followed to ensure the integrity and accuracy of the on-line particle data
collected:

the Aquaview software was configured to store particle counts in the following sze ranges. 2-3 um,
3-5um, 515 um and >15 um.

To demonsgtrate the comparative response of the particle counters, NIST traceable monospheres
were purchased from Duke Scientific in the following szes: 2 um, 4 um, 10 um and 20 um. Duke
monospheres were added to congtantly stirred DI water and pumped to one of the congtant head
flow controllers using a perigdtic pump. The flow from this controller was then directed to each of
the particle counters for gpproximatdy 10 minutes. The same solution was used for each particle
counter (raw water and ZENON filtrate).

The precise concentration of each monosphere was not known, but based on Duke Scientific estimates
the following concentration range of each monosphere was targeted in the test solution:

2um 1,000 - 10,000/mL

15
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4um 100 - 1,000/mL
10 um 10 - 100/mL
20um 1-10/mL

A typicd response of the particle counters to this monosphere solution near both test periods is
presented in Figure 3-4. The particle counter response of the raw and ZENON filtrate particle counters
were within 35 percent in al sze ranges. The figures show a good comparative response of the particle
counters to the same monosphere solution.

flows through the particle counters were maintained a 200+/- 10 mL/min with congtant head
devices. Flows were verified on a dally bass with a graduated cylinder and stop watch. FHows
were observed to be extremey consgtent (typicaly within 2 mL/min of the target flow rate).

50 ppm free chlorine was run through particle counters for on an as needed basis to remove
potentid buildup.

Chemical and Microbial Water Quality Parameters

The andytical work for the study was performed by the City of San Diego Laboratory, which is a State
of Cdifornia certified water laboratory. All water samples were collected in appropriate containers
(containing preservatives as gpplicable) prepared by the City of San Diego laboratory. Samples for
andyss of Tota Coliforms (TC) and Heterotrophic Plate Count (HPC) andysis were collected in
bottles supplied by the City of San Diego laboratory and trangported with an interna cooler temperature
of gpproximately 2 to 8°C to the anaytica laboratory. All samples were preserved, stored, shipped and
andyzed in accordance with gppropriate procedures and holding times.  All reported results had
acceptable QA and met USEPA QC guiddines, which was confirmed by letters from the City of San
Diego Laboratory (Appendix A).

3.3.8 Task 8: Microbial Removal (Optional)

The objective of thistask is to evauate microbia remova capabilities by seeding the membrane system
with sdlected virus. Removad capabilities were evaluated under the worst case scenario for the
membrane system operation (in this case, directly after chemica cleaning of the membrane modules).

Work Plan

The seeding experiments were performed at the test Ste and the samples collected during the seeding
experiments were submitted to the City of San Diego Marine Microbiology Lab, a State-certified
laboratory, for andyss of the seeded microorganisms.

Organismsfor Seeding Experiments

The organism selected for seeding experiments is M2 bacterid virus. M2 virus is not a human
pathogen; however, this organiam is amilar in sze (0.025 microns), shape (icosahedron) and nucleic
acid (RNA) to palio virus and hepatitis. Since MS2 is not a human pathogen, live MS2 virus was used
in the seeding experiments.  Organism stocks received from the suppliers were stored refrigerated at
4°C inthe dark until usein the seeding experiments.

16
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Microbial Seeding Protocols

MS2 virus was added directly to the process tank at the completion of a backpulse. The membrane
system was operated for one service cycle to sabilize the organism concentration in the membrane
system, after which sampling was initiated. The microorganism concentration in the process tank was
sufficient to demondtrate aminimum of 4 logs of remova of the seeded organism.

During the M2 seeding experiment, three samples from the bleed waste (process tank waste) and
three samples from the filtrate water were collected during the second and third service cycles after the
initiation of seeding. The fird filtrate sample during each filtration cycle was collected within the first
minute of filtration after completion of backpulse. The ladt filtrate sample during each filtration cycle was
collected within 3 minutes of the end of the cycle. Each sample was collected in sterile 250-mL bottles,
was stored at 1°C and processed within 24 hours.

The MS2 seeding experiments were conducted during the second period of NSF testing. The
experiments were conducted under the operating conditions in which the microorganisms would most
likely penetrate the membrane; when the membrane is clean, and a a high flux rate (Jacangdo et 4d.
1995, Montgomery Watson, 1997 and 1999). Therefore, the membrane was cleaned immediately
prior to MS2 seeding.

3.3.9 Task 9: Ultrafiltration Enhanced Coagulation

The ZENON membrane tested in this ETV has an enhanced coagulation system upstream of the
membrane module. While not a necessary part of the membrane sysem for remova of particulate
materid and microbid contaminants, the enhanced coagulation system can provide removd of organic
materid not otherwise achievable with UF, dlowing effective trestment of a wider range of source
waters, including organic-laden surface waters. The objective of thistask is to evauate the efficiency of
UF enhanced coagulation for remova of organic materid.

Work Plan

Operating conditions for the chemicd pretrestment system were determined based on existing full-scde
water trestment facilities treating the same source water, as well as the Manufacturer’s experience in
optimum pretrestment conditions for the ZeeWeed® system. Pretrestment system operating conditions
determined included coagulant chemical and dose, coagulation pH and flocculaion mixing energy.

Membrane operating conditions to be used in conjunction with the pretreated water were dso
determined based on the Manufacturer’s experience in optimum operation of the ZeeWeed® system.
Membrane system operating conditions determined in conjunction with pretreatment included membrane
flux, backpulse frequency, backpulse duration, backpulse pressure, bleed waste flow rate and air flow
rate.

Evauation criteria for Task 9 are the removd of organic materid as characterized by UV254, TOC,
DOC, color and SDS DBPs, as well as the impact of chemical pretrestment on other water quality

17



parameters such as filtrate pH, dkdinity and duminum or iron concentrations. The DBPs of concern
are TTHMs and HAAS.

3.4  Calculation of Membrane Operating Parameters
3.4.1 Filtrate Flux

The average filtrate flux is the flow of product water divided by the surface area of the membrane.
Filtrate flux is caculated according to the following formula:

3=Qp, S

where J = filtrateflux at timet (gfd, L/(hr-n))

Qp = filtrate flow (gpd, L/h)

S = membrane surface area (ft?, n)

Flux is expressed only as gfd and L/(hr-nf) in accordance with EPA/NSF ETV protocol.
3.4.2 Specific Flux

The term specific flux is used to refer to filtrate flux that has been normaized for the transmembrane
pressure. The equation used for caculation of specific flux is:

dm=%, Pm
where J, = spedificflux a timet
(gfd/psi, L/(hr-nf)/bar)
J = filtraeflux a timet (gfd, L/(hr-nf))
Pm = transmembrane pressure (ps, bar)

3.4.3 Transmembrane Pressure
The average transmembrane pressure is cdculated as follows:

Pm=[(R+PF), 2]-F

where Py, =  transmembrane pressure (psi, bar)
P, = pressurea theinlet of the membrane
module (ps, bar)
P, = pressureat the outlet of the membrane
module (pd, bar)

P, = filtrate pressure (psi, bar)
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3.4.4 Temperature Adjustment for Flux Calculation

Temperature corrections to 20°C for transmembrane flux were made to account for the variation of
water viscogty with temperature. The following equation was employed:

Jm (a 20°C) = [Q, 00239 " (T - 20)) .S

where J, = ingantaneous flux (gfd, L/(hr-nf))
Qp = filtrate flow (gpd, L/hr)
T = temperature, (°F, °C)
S = membrane surface area (ft?, )

345 Feedwater System Recovery
The recovery of filtrate from feedwater isthe ratio of filtrate flow to feedwater flow:

% System Recovery = 100" (Q,/Qy)

where Q, = filtrate flow (gpd, L/hr)
Qr = feed flow to the membrane (gpd, L/hr)
3.4.6 Rejection

The rgjection of contaminants by membrane process was calculated as follows:

R = (1 - Co/Cr) x 100

where R = Rgection, %
Cp = Permeate water concentration, (mg/L)
CF= Feed water concentration, (mg/L)

3.5  Calculation of Data Quality Indicators

3.5.1 Precision

As specified in Standard Methods (Method 1030 C), precision is specified by the standard deviation of
the results of replicate andyses. An example of replicate andysesin thisETV isthe biweekly andyss of

turbidity proficiency samples. The overdl precison of a study includes the random errors involved in
sampling as wdll as the errors in sample preparation and andyss.

n
Precision = Standard Deviation= & (7 - 7)?, (n-1)]
i=1
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where: X = samplemean
i = i thdatapoint in the data set

= number of data pointsin the data set

S5 x|

3.5.2 Relative Percent Deviation

For this ETV, duplicate samples were andyzed to determine the overd| precison of an analyss usng
relative percent deviation. An example of duplicate sampling in this ETV is the daily duplicate andyss
of turbidity samples using the bench-top turbidimeter.

Relative Percent Deviation=100" [(X - X2) , X]

where X = samplemean
x; = firg datapoint of the set of two duplicate
data points

X, = second datapoint of the set of two
duplicate data points

3.5.3 Accuracy

Accuracy is quantified as the percent recovery of a parameter in a sample to which a known quantity of
that parameter was added. An example of an accuracy determination in this ETV is the andyss of a
turbidity proficiency sample and comparison of the measured turbidity to the known leve of turbidity in
the sample.

Accuracy = Percent Recovery =100 " [Ximeasred ,  Xknown]

where Xiown = known concentration of
measured parameter
Xmeasred =  Measured concentration of
parameter

354 Statistical Uncertainty

For the water qudity parameters monitored, 95 percent confidence intervas were cdculated. The
following equation was used for confidence interva caculation:

Confidence Interval = ~+ [th11- @z~ (SO

where = = samplemean
S = samplesandard deviation
n = number of independent measurements
included in the data set
t = Student’'st digtribution vaue with n-1
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degrees of freedom
a = dgnificancelevd, defined for 95 percent
confidenceas. 1-0.95=0.05

According to the 95 percent confidence interval approach, the a term is defined to have the vaue of
0.05, thus amplifying the equation for the 95 percent confidence intervd in the following manner:

95 Percent Confidence Interval = X+ [th.109075~ (SON)]
3.6  Testing Schedule
The ETV schedule is illugtrated in Figure 3-5. The testing program took place starting in November

1998, and finishing by the end of October 1999. Test Period 1 represented the winter/spring seasons
and Test Period 2 represented the summer/autumn seasons.
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Chapter 4
Results and Discussion

This chapter presents the data obtained under each task of the ETV program of the ZENON Enhanced
Coagulation ZeeWeed® UF system.

41 Task 1. Characterization of Membrane Flux and Recovery

The operating conditions for the ZENON Enhanced Coagulation ZeeWeed® UF membrane system and
the enhanced coagulation unit are provided in Tables 4-1 and 4-2, respectively. The manufacturer
edtablished ETV test operdting conditions. The operating conditions verified in both testing periods
were primarily the same. In summary, the enhanced coagulation membrane system ran a atarget flux of
37 gfd (62 L/hr-nT), a back pulse frequency of every 10 minutes, a back pulse duration of 15 sec, air
flow of 15 scfm (420 Ipm) and an overal water recovery of 95 percent. The enhanced coagulation
conditions included dum as a coagulant at a dose of 30 mg/L, and a target coagulation pH of 6.2 via
acid addition.

Figure 4-1 (A and B) provides the membrane vacuum pressure and temperature profiles for Test
Periods 1 and 2. For Test Period 1, the clean membrane vacuum pressure began at approximately 2.5
ps and increased to 9 ps (maximum limit) over 24 days. The membrane was then chemicadly cleaned
to a vacuum pressure of 2.5 ps. There was a two-day period starting March 29, 1999 when the pH
control system was off due to a control sgnd fallure. The system fouled more rapidly over this period
and initidly, after the pH control was repaired. The sysem was dlowed to run and eventudly
recovered on April 4, 1999. For Test Period 2, the filtration runs were relatively shorter, where the
clean membrane vacuum pressure began aso at approximately 2.5 ps but more rapidly increased to 9
ps over 9to 12 days operationd period. The higher suspended solids in the process tank (see Task 3)
may be afactor in the shorter runs observed during Test Period 2. In addition, during Test Period 1 the
membranes were new which may aso have resulted in better performance (i.e. longer operationd runs)
as compared to Test Period 2 where the membranes were fouled and subjected to chemical cleaning

episode(s).

Figure 4-2 (A and B) provides the membrane flux and specific flux data profiles for Test Periods 1 and
2. The target flux for both testing periods was 37 gfd. For Test Period 1 (winter/spring), the average
temperature adjusted membrane flux was gpproximately 40 gfd at 20°C. Due to the rdatively higher
water temperatures during Test Period 2 (summer/autumn), a lower average temperature adjusted
membrane flux of 32 gfd a 20°C was caculated. The temperature adjusted specific flux decreased
from 13.5 gfd/ps a 20°C to 4 gfd/ps a 20°C over 25 days during Test Period 1. A smilar decrease
in the temperature adjusted specific flux was observed in Test Period 2 but over a shorter period (9-12

days).

The same data in Figures 4-1 and 4-2 are aso provided in Appendix A of this report, but with metric
units.
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4.2  Task 2. Evaluation of Cleaning Efficiency

Chemica cleanings were performed when the membrane fouled (vacuum pressure > 9 ps) or the end of
a test period had been reached. The manufacturer’s cleaning procedure was a two step process.
Initidly the process tank was drained and refilled with tep water. A flux-vacuum profile was performed
on the membrane before cleaning. After this, sodium hypochlorite was added to the process tank and
CIP tank to produce a free chlorine residua of approximately 300-500 mg/L. The contents of the CIP
tank were manuadly backpulsed through the membrane and then the system was run in permegte recycle
mode (permeste flow redirected back to the process tank) for a period of 30 minutes with a permeste
flow of 10 gpm and the blower on. After this the unit was shut down and dlowed to soak in the
cleaning solution for a period of several hours. This solution was then drained from the process tank,
the tank was refilled with tgp water and a flux-vacuum profile after the firs cleaning step was
conducted. The same procedure was repeated with a 5-10 g/L citric acid solution.  After this, the
process tank was drained of the cleaning solution, refilled with tap water, and afind, clean-membrane,
flux-vacuum profile was performed.

The flux-vacuum profiles of the membrane system at different stages of the chemica cleaning procedure
for Test Periods 1 and 2 are shown in Figures 4-3 and 4-4, respectively. The dope of the flux-vacuum
profile represents the specific flux of the membrane a each cleaning stage and was used to cdculate the
cleaning efficiency indicators. These are ligted in Table 4-3. The recovery of specific flux for each
cleaning was in the range of 55 to 70 percent. The higher recovery numbers were a result of the lower
specific flux vaues before deaning. Overdl, the specific flux recovery vaues were smilar, indicating
reproducible and efficient chemica cleaning events.

New membranes are generdly expected to have a noticeable loss of the origind specific flux vaues after
the firgt operation cycle. After that, a much lower irreverable fouling rate is usudly observed (if any) as
the membrane gets conditioned to the water chemistry. This was evident in the data presented in Table
4-3, where the maximum loss of origind specific flux was observed &fter the first chemica deaning after
which no loss was observed. In fact, some of the origind specific flux logt in Test Period 1
(winter/spring) was dso recovered in Test Period 2 (summer/autumn), possbly due to the higher
temperatures of the solution used for chemica cleaning. Since no consistent trend was observed for the
loss of the original specific flux data, the usable membrane life can not be estimated. 1t should be noted,
however, that ZENON Membrane Systems typically provide a 5-yr warrantee on their ZeeWeed® UF
membrane modules.

The same data in Figures 4-3 and 4-4 are adso provided in Appendix A of this report, but with metric
units.

4.3 Task 3. Evaluation of Finished Water Quality

Severd water quality parameters were monitored during the testing period. Below is a summary of the
water quality data
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4.3.1 Turbidity, Particle Concentration and Particle Removal

Figures 4-5 and 4-6 present the on-line turbidity profile across the enhanced coagulation membrane
system during Test Period 1 and 2, respectively. Turbidity was dso monitored using an onsite desktop
turbidimeter, dso shown in Figures 4-5 and 4-6 and summarized in Table 4-4. For both testing
periods, the raw water turbidity wasin the range of 1-2 NTU, which increased after coagulant addition
up to the 2-8 NTU range. The turbidity of the bleed stream, which represents the turbidity of the
process tank where the membranes are immersed, reached up to 100 NTU, while the permeate
turbidity wastypicaly below 0.1 NTU.

Figures 4-7 and 4-8 present the particle count profile (2-3 um, 3-5 um, and 5-15 um, >15 um)
collected during Test Period 1 and 2, respectively. The data presented represent 4-hour average values
of data collected a one minute intervals. For both testing periods, the feed particle concentration of the
Cryptosporidium-sized particles (3-5 um) and Giardia-sized particles (5-15 um) was in the range of
1,000 to 10,000 particle/mL, while the permeate concentration was typicaly in the range of 0.1 to 1
paticlemL. Gaps in the permeate particle data for Test Period 2 are due to chemicad cleaning
shutdown periods.

Figures 4-9 and 4-10 present the log remova of particles (2-3 um, 3-5 um, and 5-15 um, >15 um)
based on raw and permesate particle count data collected during Test Period 1 and 2, respectively.
Data presented on this plot represent 1-day average values of data collected at one minute intervals.
Ovedl, 3.51t0 5.0 logs remova was consstently achieved for the Cryptosporidium-sized particles (3-
5 um) and Giardia-szed paticles (515 um). The online turbidity and particle count data are
summarized in Table 4-5.

To assid in assesIng test system performance, Figure 4-11 presents the probability plots of the
membrane system permeste turbidity and particle remova data for the Cryptosporidium-sized particles
(3-5 um) and Giardia-szed particles (5-15 um). The figure shows that the permeste turbidity was
0.05 NTU or less 95 percent of times and that removal of particles (3-5 um and 5-15 um) was greater
than 3 logs 95 percent of times.

4.3.2 Indigenous Bacteria Removal

The remova of naturdly occurring bacteria was dso monitored during the ETV study (see Table 4-6).
The influent total coliform bacteria ranged from <2 to 50 MPN/100 mL during Test Period 1 and from
<2to 8 MPN/100 mL during Test Period 2. Tota coliform bacteria were not detected in the permeate
of the enhanced coagulaion membrane system during both testing periods. HPC bacteria were dso
reduced significantly by membrane filtration. However, very low levels (1 — 4 cfu/mL) were enumerated
in the permeate during both testing periods. Previous sudies (Jacangelo e d., 1995) have
demongtrated that HPC bacteria can be introduced on the permeate side of the membrane rather than
by penetration through it. The above data demongtrate the effectiveness of the ZENON Enhanced
Coagulation ZeeWeed® UF system for removal of indigenous bacteria.
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4.3.3 Other Water Quality Parameters

Table 4-7 presents the concentration of severa other water quality parameters across the ZENON
Enhanced Coagulation ZeeWeed® UF system for Test Periods 1 and 2. The dkalinity of the water was
reduced in the permesate as a result of coagulant addition to the membrane system. As expected, no
change was observed in the tota dissolved solids, totd hardness, and cacium hardness of the water
across the membrane system.  Aluminum concentration in the permeete was gpproximately doubled (up
to 100 ug/L) due to dum addition, but it is ill below the Cdifornia maximum contaminant standard of
primary contaminants of 1000 ug/L. The enhanced coagulation process resulted in a reduction in
organic materid in the permesate. In both test periods, permesate concentrations of tota organic carbon,
dissolved organic carbon and UV-254 were dl significantly lower than raw water concentrations. The
remova of these parameters by the enhanced coagulation test unit will be presented in the discussion of
Task 9 - Ultrdfiltration Enhanced Coagulation.

The total suspended solids (TSS) in the bleed waste reached as high as 330 mg/L (during Test Period
2), while the permeste TSS remained consstently below the detection limit (1 mg/L). As was noted
earlier, the TSS of the pretreated water (membrane feed water) and bleed waste (process tank
contents) during Test Period 2 was higher than in Test Period 1, possbly due to higher water
temperatures resulting in more floc formation. This may have been a factor in the shorter filtration runs
experienced in Test Period 2.

Table 4-8 presents the mass baance conducted on total suspended solids across the enhanced
coagulation membrane system. Two of the caculated results in each test period showed a relaively
good correlation between caculated and measured waste stream TSS.

44  Task 4: Reporting Membrane Pore Size

A request was submitted to the membrane Manufacturer to provide the 90 percent and maximum pore
size of the membrane being verified. ZENON Membrane Systems responded that the ZeeWeed® UF
membrane has 90 percent pore size of 0.03 um and an absolute pore Sze of 0.1 um.

ZENON determines the pore sze digtribution usng flow porometry in accordance with ASTM-F316
“Standard Test Methods for Pore Size Characteristics of Membrane Filters by Bubble Point and Mean
Flow Pore Test.”

The above information are taken from a letter supplied by the manufacturer which is included in
Appendix A of thisreport. This is provided for informationa purposes only and the results were not
veified during the ETV testing.

45 Task 5: MembraneIntegrity Testing

Figure 4-12 shows the results of the air pressure-hold tests conducted on the UF membrane at the
beginning and end of both testing periods. If any of the membrane fibers were compromised, one
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would expect significant loss of held pressure (>1 ps every 5 minutes) across the membrane eement.
Since no ggnificant change in the held pressure (<0.5 ps every 5 minutes) was observed during both
testing periods, it would be reasonable to assume that the membrane module was uncompromised
during both testing periods. The above is aso confirmed with the turbidity profiles shown in Figures 4-5
and 4-6 and the particle count profiles shown in Figures 4-7 and 4-8. The particle concentrationsin the
permeate would be expected to noticeably increase if the membrane module were compromised
(Adham . d., 1995, Montgomery Watson, 1999).

4.6  Task 6: Data Management
4.6.1 Data Recording

Data were recorded manualy on operationa and water quaity data sheets prepared specificaly for the
sudy. In addition, other data and observations such as the system cdibration results were recorded
manually on laboratory and QC notebooks. Data from the particle counters and turbidimeters were
aso recorded via data acquistion systems.  All of the raw data sheets are included in Appendix B of
this report.

4.6.2 Data Entry, Validation, and Reduction

Data were firgt entered from raw data sheets into smilarly designed data entry forms in a Soreadshest.
Following data entry, the spreadsheet was printed and checked against handwritten datasheets.  All
corrections were noted on the electronic hard copies and then corrected on the screen. The hardcopy
of the eectronic data are included in Appendix C of this report.

4.7  Task 7: Quality Assurance/Quality Control (QA/QC)
The objective of this task is to assure the high qudity and integrity of al measurements of operationd
and water qudity parameters during the ETV program. Below is a summary of the analyses conducted
to ensure the correctness of the data
4.7.1 Data Correctness
Data correctness refers to data quality, for which there are five indicators:.

Representativeness

Satigtica Uncertainty

Completeness

Accuracy
Precison

26



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

Cdculation of the above data qudity indicators were outlined in the Materias and Methods section. Al
water qudity samples were collected according to the sampling procedures specified by the NSF
protocols, which ensured the representativeness of the samples. Below is a summary of the calculated
indicators.

4.7.2 Statistical Uncertainty

Ninety-five percent confidence intervas were caculated for the water qudity parameters of the
ZENON Enhanced Coagulation ZeeWeed® UF sysem. These indude turbidity, paticle
concentrations, particle remova, and indigenous bacteria. Ninety-five percent confidence intervals were
presented in summary tables in the discusson of Task 3 — Finished Water Qudlity.

4.7.3 Completeness

Data completeness refers to the amount of data collected during the ETV study as compared to the
amount of data that were proposed in the FOD. Cdculation of data completeness was made for onsite
water quaity measurements, laboratory water quality measurements, and operationd data recording.
These cdculations are presented in Appendix A of thisreport. Nearly al parameters were 100 percent
complete. Overdl, the database of |aboratory water quality data and operationa readings was more
than 85 percent complete, which met the objective of the ETV program.

4.7.4 Accuracy

Accuracy is quantified as the percent recovery of a parameter in a sample to which a known quantity of
that parameter was added. An example of an accuracy determination in this ETV is the analyss of a
turbidity proficiency sample and comparison of the measured turbidity to the known level of turbidity in
the sample. Cdculations of data accuracy were made to ensure the accuracy of the onste desktop
turbidimeter used in the sudy. All cdculations were within 10 percent of the proficiency sample vaues.
Comparative cdibrations of online turbidimeters with the desktop turbidimeters were performed as
corrective actions as needed. All accuracy calculations are presented in Appendix A.

4.75 Precision and Relative Percent Deviation

Duplicate water quaity samples were andyzed to determine the conastency of sampling and andysis
using relative percent deviation. Based on these cdculations, five results from the City of San Diego
Laboratory were excluded from the find dataset. The excluded results were three duminum duplicate
samples, one dissolved organic carbon duplicate sample, and one total suspended solids duplicate
sample. Relative percent deviaion cdculaions were dso performed on online and desktop turbidity
measurements. Calculations of relative percent deviation are included in Appendix A of this report.
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4.8 Task 8: Microbial Removal

To demongtrate microbid remova by the ZENON Enhanced Coagulation ZesWeed® UF system, two
seeding experiments with MS2 bacterid virus were conducted during Test Period 2. The two seeding
experiments were conducted immediately after a membrane cleaning which smulate worst case
conditions for virus remova (Jacangelo et d. 1995, Montgomery Watson, 1997 and 1999). The virus
were added directly to the process tank immediately after completion of a backwash and with coagulant
addition to the sysem. One seeding was conducted three hours after system initiation with coagulant
addition after a chemica cleaning and the second seeding was conducted less than an hour subsequent
to system initiation with coagulant addition after a chemical cleaning. Paired samples from the feed and
filtrate were taken a the beginning, middle and end of the second and third filtration cycles after seeding
the virus resulting in 9x samples per seeding experiment.

The feed and filtrate concentrations and log remova of virus during this seeding are presented in Table
4-9 and Figure 4-13. The membrane demonstrated approximately 2 log virus rgection within less than
an hour of operation after chemica cleaning and more than 5 logs within 3 hours of operdtion after
chemica cleaning. The higher virus log remova observed after three hours of operation may be due to
the higher solids in the process tank where the membrane is immersed. This creates a dynamic cake
layer on the membrane surface, enhancing virus rgection. In addition, the virus may absorb directly on
the coagulation flocs, which are subsequently rejected by the membrane. The above data demonstrate
the ZENON Enhanced Coagulation ZeeWeed® UF system is likely capable of achieving a 2 log
remova of virus under worst-case scenario.

49  Task 9: Ultrafiltration Enhanced Coagulation

The impact of enhanced coagulation on organics remova by the membrane system is presented in Table
4-10. The remova of dissolved organic carbon (DOC) across the enhanced coagulation membrane
system was 23 percent in both testing periods. This removd is mainly due to the addition of 30 mg/L
aum to the membrane system since no DOC remova (0 percent) was achieved when the membrane
system was operated without coagulant addition using the same source water (Montgomery Watson,
1999). Removal of color by the system was 76 percent.

The remova of the SDS disinfection by products (DBPs) was aso evauated during the sudy. Overdl,
34 - 41 percent removd of Tota THMs and 48 - 56 percent remova of HAAS were observed across
the enhanced coagulaion membrane system. Thisleve of removd is Sgnificant asit may help in meeting
Stages | and 11 of the EPA DBP Rule.

4.10 Additional ETV Program Requirements

4.10.1 Operation and Maintenance (O&M) Manual

The O&M manud for the ZENON Enhanced Coagulation ZesWeed® UF system supplied by the
manufacturer was reviewed during the ETV tedting program. The review comments for the O&M
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manua are presented in Table 4-11. Overdl, the review found the O&M manud includes most of the
critical information for process operation. The manud is short and sraghtforward. The manua would
be improved with the addition of more tables, charts, and schematics of the process components and
better organization. Also, a separate O&M manua for the enhanced coagulation system should be
provided. Findly, the O&M manua includes a useful “caculation section” which provides examples of
caculating common process evaluation parameters.

4.10.2 System Efficiency and Chemical Consumption

The efficiency of the small-scale ZENON Enhanced Coagulation ZesWeed® UF system was calculated
based on the electrica usage and water production of the syssem. The data are presented in Table 4-
12. Ovedl, an dficiency of only 1.1 percent was cdculated for the sysem which is typicd of many
amall-scae low pressure membrane systems.

The chemica consumption of the system was aso estimated based on the operating criteria used during
the ETV program. Table 4-13 provides a summary of the chemical consumption of the smdl-scae
ZENON Enhanced Coagulation ZeeWeed® UF system.

4.10.3 Equipment Deficiencies Experienced During the ETV Program

Test Period 1

Enhanced Coagulation System

A failure occurred in the dectricd contral line from the enhanced coagulation system pH probe to the
pH control acid dosing pump during Test Period 1. There was an approximate two-day period when
the system was running without pH adjustment. When the dectrica contral line failed, the pH control
logic read a high pH vaue. This put the acid dosing pump into continuous output and produced pH in
the process tank as low as 2 before the acid dosing pump was manualy stopped. After ingtaling a new
cable, the transmembrane pressure of the system increased to fouled levels. The system was dlowed to
run to determine if it would recover. Within 4 days the transmembrane pressure had recovered
ggnificantly and the test unit continued to run for 10 days before fouling. There was no membrane
damage or loss of integrity from the exposure of the membrane to low pH caused by the acid controller
falure

ZENON Enhanced Coagulation ZeeWeed® UF Membrane System

At the beginning of the firdt testing period, the unit shut down two to three times due to the high leve of
water in the process tank when the system went into backpulse. The water volume added during
backpulse was sufficient to put the system into high levd darm. After shutdown, the suction through the
permeste tubing was sufficient to drain the process tank to a level below the top of the membrane,
exposing them to air and putting the system into low level darm.  Since this occurred overnight, when
temperatures were low, no damage was sustained by the membrane due to exposure to ar. This
problem was solved by decreasing the backpulse volume. After that, the system ran reliably without
going into high level darm of the process tank.
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Another problem identified with the ETV test units had to do with controlling the water level in the
process tank. The membrane system sensitivity to feed level was due to the fact that when the system
sgnaed the feed vave to open after the water level in the process tank was getting low, the feed vave
to the enhanced coagulation system was opened. There was an gpproximate delay of three to four
seconds before the flow from the enhanced coagulation tank reached the membrane system process
tank. Likewise, when the system signaled the feed vave to close because process tank water level had
reached an adequate level, the flow from the enhanced coagulation system to the process tank did not
stop completely for three to four seconds.

A consegquence of the delayed response to feed flow signds was the fact that the system spent
gpproximately 10 to 15 percent of each filtration cycle in permesate recycle. Permeate recycle occurred
when the system sensed alow process tank level and signded feed flow to the processtank. Sincethis
feed demand was not met soon enough, the system would close the permegate to waste vave and open
the permeate recycle valve, directing permeste back to the process tank. Based on flow totdizer and
hour meter readings, it was determined the system was in permeate recycle gpproximately 10 percent of
thetime,

This deficiency was resolved before the start of Test Period 2 by reprogramming the level control chip.
The chip was reprogrammed so feed-on was sgnaled at a higher tank level and feed-off was sgnaled at
alower tank level. During Test Period 2 the system was not observed to switch to permeste recycle
mode during norma operation.

Findly, on March 31, 1999, the chemical used to chlorinate backwash water in the clean-in-place tank
was changed from cacium hypochlorite to sodium hypochlorite. This was done because of concerns
over possble fouling due to cdcium in the backwash water, and to more accurately control the
backwash chlorine dose with liquid hypochlorite and a positive-displacement dosing pump.

Online Turbidimeters

At the gtart of Test Period 1, the flow rate to the Hach 1720D online turbidimeters was maintained at
500 mL per minute as per the manufacturers recommendation. During the course of testing, on
approximatdy 4 readings from March 22 to 25, 1999, the onlinefiltrate turbidity values were up to 50
percent higher than samples of filtrate analyzed on the desktop turbidimeter. Representatives from Hach
were contacted. Cleanings and cdlibration checks were performed on al turbidimeters, but the online
units dill read sgnificantly higher. The flowrate to the online turbidimeter was decreased in a Sepwise
fashion. When the flow was reduced to gpproximatey 225 mL/min, the turbidity readings on the online
filtrate turbidimeter sabilized a the expected levels. The Hach representative speculated that the
problem was due to inadequate degassing in the 1720D online turbidimeter. The degassing capability
was improved by reducing the flow rate through the instrument. Based on the Hach representetive’ s
recommendation, flow rates were decreased to gpproximately 200 mL/min on dl online turbidimeters
after March 26, 1999. It is possible that as the weather warms, this degassing problem also may affect
the performance of online particle counters.
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Test Period 2 ‘

ZENON Enhanced Coagulation ZeeWeed® UF Membrane System

During Test Period 2, at fouled membrane conditions, it was observed that the CIP tank would not refill
after backpulse. After a number of backpulses the remaining filtrate in the CIP tank would be
consumed, and the system was then unable to perform effective backpulses. This condition occurred a
operating vacuum pressure levels between 8 and 10 ps (0.55 to 0.69 bar), when the membrane was
fouled. Another important factor was water temperature. This condition had not developed during
colder westher testing of Test Period 1, but was encountered during the warm water conditions of Test
Period 2. Also, because of the reatively high water temperatures and high operating vacuums,
ggnificant amounts of air were noted in the filtrate water passing through the filtrate rotameter.

This condition was observed twice during Test Period 2. The firgt instance occurred on October 4,
1999 and the second on October 18, 1999. In both cases, the problem was resolved by chemically
cleaning the membrane module.

A chronologica listing of al problems experienced with the ZENON Enhanced Coagulaion ZeaWeed®
UF system during the ETV Program and their associated corrective actions is provided in Appendix A
of thisreport.

4.10.4 Audit Reports

NSF Internationd performed a virus seeding inspection of the Montgomery Watson ETV program at
Aqua 2000 Research Center. Tina Beaugrand of NSF performed the virus seeding inspection on
September 22, 1999. No deficiencies in the virus seeding were noted during the ingpection. A copy of
the audit report isincluded in Appendix A of this report.
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Table2-1. Characteristics of the ZENON Enhanced Coagulation ZeeWeed® UF membrane

Units Value
Commercial designation ZeeWeed®-500 OCP UF
Approximate size of element (L x W x H) ft, (m) 6.6 x 2.5x0.65, (2.0 x 0.75x 0.30)
Active membrane area (outside) ftz, (mz) 463 (43)
Number of fibers ~4700
Inside diameter of fiber mm 0.75
Outside diameter of fiber mm 1.95
Approximate length of fiber ft, (m) 5.4, (1.7)
Flow direction Outside-In
Nominal molecular weight cutoff Daltons ~100,000
Absolute molecular weight cutoff Daltons ~120,000
Nominal membrane pore size um 0.035
Absolute membrane pore size um 0.10
Membrane material/construction Proprietary Polymer
Membrane surface characteristics Hydrophilic
Membrane charge Neutral
Design operating pressure psi, (bar) -1.0to0 -12.0, (-0.07 to -0.83)

Design flux at design pressure

Standard testing pH

Standard testing temperature
Acceptable range of operating pH values
Maximum permissable turbidity
Chlorine/oxidant tolerance

gfd, (L/(h-n?))
°F, (°C)

NTU
mg/L

30 to 100, (51 to 170)
7.0
77, (25)
5.0-9.0 (cleaning range 2.0-10.5)
>1000
>1000
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Table 3-1. Water quality analytical methods.

Parameter Facility Standard Method
General Water Quality
pH On-Site 4500H+
Alkalinity Laboratory 2320 B
Total Hardness Laboratory 2340 C
Calcium Hardness Laboratory 3500Ca D
Temperature On-Site 2550 B
Total Suspended Solids Laboratory 2540 D
Total Dissolved Solids Laboratory 2540 C
Aluminum or Iron Laboratory EPA200.8 or 3500-FeC
Particle Characterization
Turbidity (Bench-Top) On-Site 2130 B
Turbidity (On-Line) On-Site Manufacturer
Particle Counts (On-Line) On-Site Manufacturer
Organic Material Characterization
TOC and DOC Laboratory 5310 B
UV Absorbance at 254 nm Laboratory 5910 B
Color Laboratory 2120 C
Total Trihalomethanes Laboratory EPA Method 502.2
Haloacetic Acids Laboratory EPA Method 552.2
Microbiological Analyses
Total Coliform Laboratory 9221 B
HPC Bacteria Laboratory 9215 B
MS2 Virus Laboratory EPA ICR Method for Coliphage

Assay

Table 4-1. ZENON Enhanced Coagulation ZeeWeed® UF membrane system operating

conditions.

Parameter Unit

Test Period 1 1 2 2 2
Run 1-1 1-2 2-1 2-2 2-3

Start Date & Time
End Date & Time

Run Terminating Condition

Filtrate Flow gpm (Ipm)
Flux gfd (L/hm?)
Air Flow scfm (Ipm)
Backpulse Frequency min
Backpulse Duration sec
Backpulse Volume gal (liter)
Backpulse Chlorine mg/L
Bleed Waste Flow gpm (Ipm)
Volume Reduction %

3/22/99 11:00 4/16/99 15:18
4/15/99 7:10  4/19/99 10:25
Run Length days-hrs 23 days 20 hrs 2 days 19 hrs

Fouled Time
14 (51) 14 (51)
37 (62) 37 (62)
15 (420) 15 (420)
10 10
15 15
4.2 (16) 4.2 (16)
8.0 avg 8.5 avg
0.62 (2.4) 0.62 (2.4)
95% 95%

9/22/99 10:30  10/6/99 13:50 10/20/99 14:55
10/4/99 12:50 10/18/99 10:47 10/29/99 13:05
12 days 2 hrs 11 days 21 hrs 8days 22 hrs

Fouled

14 (51)
37 (62)
15 (420)

10
15
4.2 (16)
8.5 avg
0.67 (2.6)

95%

Fouled Fouled
14 (51) 14 (51)
37 (62) 37 (62)
15 (420) 15 (420)
10 10
15 15
4.2 (16) 4.2 (16)
8.5 avg 8.5 avg
0.67 (2.6) 0.67 (2.6)
95% 95%




Table4-2. ZENON enhanced coagulation operating conditionsduring ETV testing.

Parameter Unit

Test Period 1 2

Start Date 3/22/99 11:00 9/22/99 10:30
End Date 4/19/99 10:25 10/29/99 13:05
Coagulant Alum Alum
Coagulant Dose mg/L 30 30

Acid 40% H2S04 40%-50% H2S04
Target pH 6.2 6.2
Process Water Flow gpm (Ipm) 14 (52) 16 (61)
Baffle 1 Air Flow scfh (Iph) 2.0 (57) 2.0(57)
Baffle 2 Air Flow scfh (Iph) 2.0 (57) 4.0 (110) ™
Baffle 3 Air Flow scfh (Iph) 3.0 (85) 3.0 (85)
Baffle 4 Air Flow scfh (Iph) 3.0 (85) 3.0 (85)

™ Air flow to baffle 2 increased during Test Period 2 to compensate for leak at baffle end.

Table 4-3. Evaluation of cleaning efficiency for ZENON Enhanced Coagulation ZeeWeed
UF membrane.

Specific Flux Specific Flux Recovery of Loss of Original
Clean Clean @20°C @20°C Specific Flux Specific Flux
Number Date Before Clean After Clean
Jsf Jsi 100(1 - Jsf/ Jsi) 100(1-(Jsi/ Jsio))
gfd/psi gfd/psi
(I/hr-m’-bar) (I/hr-m*-bar) % %
Start 3/22/99 13 (330)
1-1 4/15/99 5.1 (130) 11 (270) 54 17
2-1 10/5/99 4.0 (98) 11 (270) 64 16
2-2 10/19/99 3.4 (85) 11 (280) 69 15
2-3 11/1/99 5.0 (120) 12 (290) 58 11
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Table 4-4. Onsgite lab water quality analyses for ZENON Enhanced Coagulation ZeeWeed
UF membrane system.

95 Percent
Standard Confidence
Parameter uUnit Count Median Range Average Deviation Interval
TEST PERIOD 1
Raw Water
pH 28 8.3 8.1-87 8.3 0.17 8.2-84
Desktop Turbidity NTU 52 1.2 0.8-1.7 1.2 0.24 1.1-13
Temperature degC 52 16 11-28 17 3.7 16 - 18
Pretreated Water
pH 49 6.3 5.0-75 6.4 0.39 6.3-6.5
Desktop Turbidity NTU 49 3.6 1.1-7.8 3.7 15 3.3-4.1
Permeate
Desktop Turbidity NTU 26 0.050 0.050-0.10 0.050 0.0098 0.050 - 0.050
Bleed Waste
Desktop Turbidity NTU 49 69 7.9-130 68 28 60 - 76
TEST PERIOD 2
Raw Water
pH 23 8.1 8.0-8.3 8.1 0.077 8.1-8.1
Desktop Turbidity NTU 46 1.8 13-25 1.7 0.34 16-1.8
Temperature degC 46 25 18 -39 27 5.3 25-29
Pretreated Water
pH 46 6.2 49-6.5 6.1 0.27 6.0-6.2
Desktop Turbidity NTU 26 4.0 2.6-55 3.9 0.78 3.6-4.2
Permeate
Desktop Turbidity NTU 22 0.050 0.050-0.10 0.050 0.011 0.050 - 0.050
Bleed Waste
Desktop Turbidity NTU 45 72 14 - 120 71 22 65-77
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Table 4-5. Summary of online turbidity and particle count data for the ZENON Enhanced
Coagulation ZeeWeed® UF membrane system.

95 Percent
Standard Confidence
Parameter Unit Count __Median Range Average Deviation Interval
TEST PERIOD 1
Raw Water
Turbidity NTU 170 1.2 0.85-5.8 1.4 0.51 13-15
> 2 um Particles #mL 167 7500 2200 -16000 7500 2300 7200 - 7800
2-3 um Particles #mL 167 3700 1200-6500 3600 860 3500 - 3700
3-5 um Particles #mL 167 2400 640 - 5200 2400 750 2300 - 2500
5-15 um Particles #mL 167 1400 290 - 3900 1500 730 1400 - 1600
>15 um Particles #/mL 167 63 11-210 71 47 64 -78
Permeate
Turbidity NTU 161 0.050 0.010-0.15 0.05 0.022 0.050 - 0.050
I > 2 um Particles #mL 161 0.32 0.048 - 6.7 0.53 0.87 0.40 - 0.66
z 2-3 um Particles #mL 161 0.17 0.048-3.4 0.31 0.49 0.23-0.39
3-5 um Particles #mL 161 0.11 0.048-2.1 0.16 0.25 0.12-0.20
m 5-15 um Particles #mL 161 0.072 0.048-1.1 0.100 0.13 0.080 - 0.12
E >15 um Particles #mL 161 0.048 0.048-0.13 0.050 0.0088 0.049 - 0.051
’ Log Removal 2-3 um Particles 29 4.2 35-49 4.2 0.39 41-43
Log Removal 3-5 um Particles 29 4.2 3.6-4.7 4.3 0.31 42-44
U' Log Removal 5-15 um Particles 29 4.3 35-46 4.2 0.30 41-43
o Log Removal >15 um Particles 29 3.1 26-35 3.1 0.29 3.0-32
a TEST PERIOD 2
Raw Water
m Turbidity NTU 230 1.7 12-31 1.8 0.33 18-1.8
> > 2 um Particles #/mL 192 7700 2000 -12000 7800 1500 7600 - 8000
H 2-3 um Particles #mL 192 4000 740 - 5700 4100 710 4000 - 4200
3-5 um Particles #mL 192 2400 450 - 3800 2400 540 2300 - 2500
: 5-15 um Particles #mL 192 1200 390 - 2400 1300 370 1200 - 1400
u >15 um Particles #mL 192 41 4.9 - 200 45 21 42 - 48
u Permeate
q Turbidity NTU 217 0.050 0.050-0.050 0.050 0.00 undefined
> 2 um Particles #mL 150 0.58 0.17 - 16 1.00 16 0.74-1.3
2-3 um Particles #/mL 150 0.27 0.11-83 0.51 0.80 0.38 - 0.64
¢ 3-5 um Particles #mL 150 0.14 0.059 - 4.9 0.28 0.48 0.20-0.36
5-15 um Particles #mL 150 0.091 0.046-3.0 0.18 0.29 0.13-0.23
n >15 um Particles #mL 150 0.042 0.041-041 0.078 0.079 0.065 - 0.091
Log Removal 2-3 um Particles 33 4.1 23-49 3.8 0.55 3.6-4.0
m. Log Removal 3-5 um Particles 33 4.2 3.2-4.6 4.0 0.43 39-41
Log Removal 5-15 um Particles 33 4.1 3.1-4.6 4.0 0.41 39-41
’ Log Removal >15 um Particles 33 2.9 22-33 2.9 0.28 2.8-3.0




Table 4-6. Summary of the microbial water quality analyses for the ZENON Enhanced
Coagulation ZeeWeed® UF membrane system.

Standard Confidence
Parameter Unit Count Median Range Average Deviation Interval

TEST PERIOD 1

Raw Water
Total Coliforms MPN/100mL 4 4.5 <2-50 15 23 0-38
HPC cfu/mL 4 120 14 - 240 120 93 29 - 210
Permeate
Total Coliforms MPN/100mL 4 <2 <2-<2 <2 0.00 undefined
HPC cfu/mL 4 1 <1-1 <1 0.00 undefined
Bleed Waste
Total Coliforms MPN/100mL 4 3 <2-170 120 93 29 - 210

TEST PERIOD 2

Raw Water
Total Coliforms MPN/100mL 4 4 <2-8 5 25 26-74
HPC cfu/mL 4 230 26 - 2100 600 980 0-1600
Permeate
Total Coliforms MPN/100mL 4 <2 <2-<2 <2 0.00 undefined
HPC cfu/mL 4 2.5 <1-4 3 13 1.7-43
Bleed Waste
Total Coliforms MPN/100mL 4 111 <2-240 100 130 0-230
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Table4-7. Summary of general water quality analyses for the ZENON Enhanced Coagulation
ZeeWeed® UF membrane system.

95 Percent
Standard Confidence
Parameter Unit Count _ Median Range Average Deviation Interval
TEST PERIOD 1
Raw Water
Alkalinity mg/L 4 120 100 - 130 120 12 110- 130
Total Hardness mg/L 3 240 200 - 280 240 42 190 - 290
Calcium Hardness mg/L 3 150 120 - 220 160 48 110 - 210
Total Suspended Solids mg/L 4 5.0 1.9-95 5.4 3.6 1.9-8.9
Total Dissolved Solids mg/L 4 490 410 - 600 500 75 430 - 570
Total Organic Carbon mg/L 4 2.5 2.3-29 2.5 0.30 22-28
Dissolved Organic Carbon mg/L 3 2.1 21-25 2.2 0.26 19-25
UV-254 /ecm 8 0.070 0.057-0.089 0.073 0.011 0.065 - 0.081
Aluminum ug/L 4 28 22-52 32 14 18 - 46
Iron ug/L 4 55 50 - 58 54 3.9 50 - 58
Pretreated Water
Total Suspended Solids mg/L 4 9.3 46-11 8.6 2.8 59-11
Aluminum ug/L 3 2100 390 - 2200 1600 1000 470 - 2700
Iron ug/L 3 60 50-73 61 12 47 - 75
Color PCCU 4 9.5 8.0-13 10 2.2 7.8-12
Permeate
Alkalinity mg/L 4 38 34 - 46 39 5.7 33-45
Total Hardness mg/L 3 240 200 - 280 240 40 190 - 290
Calcium Hardness mg/L 3 150 120 - 200 150 43 100 - 200
Total Suspended Solids mg/L 4 <1.0 <1.0-<1.0 <1.0 0.00 undefined
Total Dissolved Solids mg/L 4 510 440 - 630 520 81 440 - 600
Total Organic Carbon mg/L 4 1.9 1.7-22 2.0 0.21 1.8-22
Dissolved Organic Carbon mg/L 3 1.6 15-2.0 1.7 0.29 14-2.0
UV-254 /cm 7 0.048 0.043-0.077  0.052 0.012 0.043 - 0.061
Bleed Waste
Total Suspended Solids mg/L 4 120 49 - 190 120 79 43 - 200




Table4-7. Continued.

95 Percent
Standard Confidence
Parameter Unit Count __Median Range Average Deviation Interval
TEST PERIOD 2
Raw Water
Alkalinity mg/L 4 110 110- 110 110 1.7 110- 110
Total Hardness mg/L 2 230 220 - 230 230 2.8 230 - 230
Calcium Hardness mg/L 2 140 140 - 140 140 1.4 140 - 140
Total Suspended Solids mg/L 5 5.0 1.9-50 21 24 -0.037 - 42
Total Dissolved Solids mg/L 5 460 450 - 490 460 17 450 - 470
Total Organic Carbon mg/L 5 2.6 2.3-3.2 2.7 0.34 2.4-3.0
Dissolved Organic Carbon mg/L 4 2.7 25-3.0 2.7 0.25 25-29
UV-254 /cm 7 0.078 0.070-0.097 0.081 0.011 0.073-0.089
Aluminum ug/L 3 38 18-53 36 18 16 - 56
Pretreated Water
Total Suspended Solids mg/L 5 16 14 - 25 17 4.5 13-21
Aluminum ug/L 5 3500 2000 - 6800 4100 1900 2400 - 5800
Color PCCU 5 16 4.0-19 13 6.9 7.0-19
Permeate
Alkalinity mg/L 4 33 27-35 32 3.2 29-35
Total Hardness mg/L 2 230 220 - 240 230 11 210 - 250
Calcium Hardness mg/L 2 170 150 - 180 170 21 140 - 200
Total Suspended Solids mg/L 4 <1.0 <1.0-<1.0 <1.0 0.00 undefined
Total Dissolved Solids mg/L 5 480 480 - 510 490 14 480 - 500
Total Organic Carbon mg/L 5 2.5 1.8-2.8 2.4 0.36 21-27
Dissolved Organic Carbon mg/L 5 2.1 1.7-3.0 2.2 0.55 1.7-2.7
UV-254 /cm 8 0.043 0.038-0.049 0.043 0.0044  0.040 - 0.046
Aluminum ug/L 3 100 67 - 110 92 21 68 - 120
Bleed Waste
Total Suspended Solids mg/L 5 240 150 - 330 240 67 180 - 300

-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=

M




Table 4-8. Comparison of calculated and measured total suspended solids for ZENON
Enhanced Coagulation ZeeWeed® UF membrane system.

Net Measured Measured Calculated
Date Pretreated Bleed Volume Pretreated Bleed Bleed
Flow Flow Reduction TSS TSS TSS
(gpm) (mL/min) (%) (ma/l) (ma/l) (ma/l)

TEST PERIOD 1

3/23/99 12 2300 0.95 4.6 58 90
4/1/99 12 2200 0.95 11 190 230
4/6/99 12 2300 0.95 9.2 49 180
4/15/99 12 2300 0.95 9.5 190 190

TEST PERIOD 2

9/27/99 13 2600 0.95 14 150 270
10/11/99 13 2600 0.95 15 250 280
10/18/99 13 2500 0.95 16 230 310
10/25/99 13 2600 0.95 25 330 480
10/27/99 13 2600 0.95 16 240 300

Note: Pretreated flow based on corrected feed flow totalizer readings and hour meter readings
for Test Period 1. Pretreated Flow based on net permeate flow plus bleed flow for Test Period 2.
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Table 4-9. Feed and permeate concentrations of MS2 virus for the ZENON Enhanced
Coagulation ZeeWeed® UF membrane system.

Seeding #1

Seeding date: 9/22/99

Specific flux at 20°C = 13.0 gfd/psi (259 L/hr-m’-bar)
Time from system startup = 3 hr

Feed concentration Permeate concentration Log removal
(pfu/100mL) (pfu/100mL)
3.7E+8 <1.0E+3 >5.6
5.9E+8 1.0E+3 5.8
4.2E+8 <1.0E+3 >5.6
4.7E+8 <1.0E+3 >57
4 5E+8 <1.0E+3 >57
3.5E+8 <1.0E+3 >55
Seeding #2
Seeding date: 10/20/99
Specific flux at 20°C = 13.7 gfd/psi (271 L/hr-m*-bar)

Time from system startup <1 hr

Feed concentration Permeate concentration Log removal
(pfu/100mL) (pfu/100mL)
4.1E+8 3.7E+6 2.0
2.9E+8 4.7E+6 1.8
4.6E+8 4.0E+6 2.1
4.0E+8 3.8E+6 2.0
2.4E+8 4.3E+6 1.7
2.4E+8 3.1E+6 1.9
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Table 4-10. Effect of enhanced coagulation on organicsremoval.

Parameter Unit Raw Permeate Percer]t
Water Reduction
IESTPERIOD 1
Organic Material
TOC H mg/L 2.5 1.9 23
pocH mg/L 2.1 1.6 23
uv254M Jcm 0.07 0.05 31
Colot¥ PCCU 7.0
SDS DBP
Bromoform ug/L 0.7 1.81
Dibromochloromethane ug/L 28.1 16.2
Bromodichloromethane ug/L 12 11.8
Chloroform ug/L 32.6 13.3
Total THMs ug/L 73.4 43.1 41
h Monobromoacetic Acid ug/L <0.1 <0.1
Dibromoacetic Acid ug/L 2.82 2.83
z Monochloroacetic Acid ug/L <0.3 <0.3
Dichloroacetic Acid ug/L 11.5 5.05
m Trichloroacetic Acid ug/L 8.92 2.26
Bromochloroacetic Acid ug/L 7.47 4.5
E HAA5 2 ug/L 23.2 10.1 56
: TEST PERIOD 2
U pH™ 8.1 6.2 23
o AlkalinitytV mg/L 110 33 70
Aluminum™ ug/L 44 100 -130
n Organic Material
TocH mg/L 2.6 2.5 4.9
m poct mg/L 2.7 2.1 23
uv2s4™ lcm 0.08 0.04 44
> Colot PCCU 8.5 2.0 76
H SDS DBP
: Bromoform ug/L 1.18 2.49
Dibromochloromethane ug/L 22 15.3
u Bromodichloromethane ug/L 13.1 12.6
Chloroform ug/L 32.3 151
m Total THMs ug/L 68.6 455 34
d Monobromoacetic Acid ug/L <0.5 <0.5
Dibromoacetic Acid ug/L 3.25 3.68
Monochloroacetic Acid ug/L <1.0 <1.0
¢ Dichloroacetic Acid ug/L 126 6.26
Trichloroacetic Acid ug/L 10.5 3.74
n Bromochloroacetic Acid ug/L 7.99 5.96
m HAAS5 12 ug/L 26.4 13.7 48
M median value
m' 2 Bromochloroacetic Acid not included in calculation of HAAS.




Table 4-11. Review of manufacturer’s operations and maintenance manual for the ZENON
Enhanced Coagulation ZeeWeed® UF membrane system.

O & M Manual Section Grade* Comment

ENHANCED COAGULATION UNIT - - Flocculation tank volume included in
introductory description of main
components, but operation and

maintenance for enhanced coagulation
system not included in manual beyond this

ZEEWEED ULTRAFILTRATION
MEMBRANE SYSTEM
General Description - Introduction + - Includes a good description of operating
modes, a list of major components and
ancillary equipment, power and water
requirements

Equipment List - - Included in Introduction, but should be
organized into a table

Power and Water Requirements + - Included in Introduction, but should be
organized into a table

Operations

Startup + . Good discussion, includes sections on
installation, initial bubble test and initial
operation

Filtration + - Different filtration modes discussed early in
document and then a more detailed
discussion in the “Control Narrative
Operations” section

Backpulse (backwash) + - A good discussion included in an
introductory narrative at beginning of the
operations section. Also included in
discussion of cleaning operation and
membrane conditioning

Cleaning + - A good discussion of cleaning steps and
methods

The cleaning procedure described is not
exactly the one used during NSF testing

Integrity Testing - - Bubble test description included in
Equipment Startup section, but this
information along with a discussion of air
pressure-hold test and particle counting
should be included in a separate section on
integrity testing

* Grade of “+" indicates acceptable level of detail and presentation, grade of “-“ indicates the manual would
benefit from improvement in this area.
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Table4-11. Continued

O & M Manual Section Grade* Comment

Shutdown and Storage - Includes a description of long term
membrane storage and preservation with a
glycerine and water solution, but does not
include short term storage and shutdown
recommended procedures

Operational Limits - - Operational limits for backwash pressure
and water temperature included in text, but
this information should be summarized in a
table for all significant limitations

Should include a discussion of permeate
recycle mode. Methods for quantifying the
effect on volume reduction, including short-
term and long-term adjustments required to
compensate for this condition or correct it

Maintenance + - Includes maintenance requirements for
membrane, permeate pump and blower

Alarms + - Includes a description of alarm conditions
and what they are designed to protect

Includes alarm control table which shows
effect of various alarms on system pumps
and valves

Troubleshooting + - Manual includes a table of common
problems, possible causes and solutions

Ancillary Equipment Information + - Included as an appendix. The appendix
states ancillary equipment manufacturers
information sheets are available by request.
Phone number included

Drawings and Schematics - - Includes valve chart which shows settings
of all valves in each operating mode

P&ID schematic included but at 8.5 x 11
inch is too small to be readable

Manual should use schematics to more
clearly present settings for manual valves,
etc. during the various operation modes

Use of Tables - . Manual should include more tables to more
clearly organize and present information

* Grade of “+” indicates acceptable level of detail and presentation, grade of “-* indicates the manual would
benefit from improvement in this area.
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Table4-11. Continued

O & M Manual Section Grade* Comment

OVERALL COMMENT + - All the most important information is
included in the manual. The manual is
short and to the point.

The manual could be improved with better
organization and more extensive use of
tables and schematics.

A separate O&M manual for the enhanced
coagulation system should be included
Manual includes a useful *“Calculation
Section” which describes and gives
examples of calculating common
parameters such as net permeate rate and
volume reduction

* Grade of “+” indicates acceptable level of detail and presentation, grade of “-* indicates the manual would
benefit from improvement in this area.

Table 4-12. Efficiency of the ZENON Enhanced Coagulation ZeeWeed® UF membrane
system.

Parameter Unit Value

ELECTRICAL USE

Voltage Volt - single phase 240
Permeate Pump Current Amp 2.8
Blower Current Amp 10
Permeate Pump Power Watt 670
Blower Power Watt 2400
Total Electrical Power Consumption Watt 3100

WATER PRODUCTION
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Vacuum in Hg. 12
Pa 3.9E+04
Flow Rate gpm 14
m3/s 8.5E-04
Power Watt 33
EFFICIENCY % 1.1%
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Table 4-13. Chemical consumption for the ZENON Enhanced Coagulation ZeeWeed® UF

membrane system.
Unit Value
Backwash Chlorine*
Average Chlorine Dose mg/L 8.5
Stock Chlorine Concentration % 10
Average Backpulse Volume L 16
Stock Volume per Backpulse mL 14
Backpulse Per Day # 140
Stock Chlorine Use Per Day Gal (L) 0.05 (0.20)
Enhanced Coagulation Alum '
Alum Stock Used Gal (L) 8.1 (31)
Alum Stock Concentration mg/mL 640
Feedwater Treated Gal 170,000
Days of Operation 9.1
Calculated Alum Dose mg/L 30
Alum Stock Use Per Day Gal (L) 0.89 (3.4)
Enhanced Coagulation Acid ¥
Undiluted 40% H,SO,4 Used Gal (L) 5.6 (22)
Feedwater Treated Gal (L) 170,000 (644,000)
Days of Operation 9.1
Average Enh. Coagulation pH 6.2
Acid Stock Use Per Day Gal (L) 0.63 (2.4)
Cleaning Chemicals
Household Bleach (NaOCI 5.25%) Use Per Cleaning Gal (L) 2.0(7.8)
Citric Acid Use Per Cleaning Ib (kg) 8.8 (4.0)

* Based on average chlorine dose per backpulse
Tt Based on Test Period 2 alum feed tank use and feed totalizer readings, 9/22 to 10/1/99
¥ Based on Test Period acid feed tank use and feed totalizer readings, 9/22 to 10/1/99
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Project Manager
Samer Adham, Ph.D.

Montgomery Watson

-

Project Engineer
Karl Gramith

Montgomery Watson

Manufacturer

Representative
Diana Mourato, Ph.D.

Graham Best
ZENON
Environmental

Water Quality
Analysis

Paul Gagliardo, P.E.
City of San Diego

John Chaffin
City of San Diego

Operations Staff
Jeff Williams
City of San Diego

Figure 1-1. Organizational chart showing lines of communication.

Figure 2-1. Photograph of the ETV test unit.
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Figure2-2. Spatial requirementsfor the ZENON Enhanced Coagulation ZeeWeed® UF unit.
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Figure 2-3. Schematic diagram of the ZENON Enhanced Coagulation ZeeWeed® UF membrane process.
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Figure 3-4. Response of online particle countersto Duke M onospher e Solution.
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Membrane Flux &
Recovery

Task 2: Cleaning Efficiency

Task 3: Finished Water Quality

Task 4: Reporting of Membrane
Pore Size

Task 5: Membrane Integrity

Task 6: Data Management

Task 7: QA/QC

Task 8: Microbial Removal

Task 9: Ultrafiltration Enhanced

Coagulation

California DHS Certification Tests

Figure 3-5. Membrane verification testing schedule.
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: Figure 4-1. Transmembrane pressure and temperature profiles for the ZENON Enhanced Coagulation

ZeeWeed® UF membrane system.




—0— Flux@20C —O— Specific Flux@20C before backpulse —A— Specific Flux@20C after backpulse

60 | ; 20
i | Chemical
] I | cleaning
50 - - :
] I :
! ' +15 _
] | : a
40 - | ! §
he) E : : o
k=) | \ )
o : 5
o) ] ! S
& 30 A : T10 ®
© : E
=] ] L
£ ] i : 2
20 - . 1 ‘S
J | 1 o)
. | a
!E : +5 @
] lg :
10 g . |
] iZ © |
T |
4 ey ]
o+ 0
03/20/99 03/27/99 04/03/99 04/10/99 04/17/99
0 hrs 168 hrs 336 hrs 504 hrs 672 hrs

Time

A —Test Period 1.

—0— Flux@20C —3— Specific Flux@20C before backpulse —A— Specific Flux@20C after backpulse

60 ; 20
| Chemical Cleanings
- |
50 1 \
4 1
1
: T15 %
4 ] E.
40 l z
2 1 ! o
= ! o
[§) ' =)
o) 1 ] 8
S 30 A | +10®
© ! E
S : e
E B ] 2
20 4 : S
4 } ()
] o
! 15 O
4 ] L
10 |
] l
1
|
o+——/— v+ V777177711 7+0
09/20/99 09/27/99 10/04/99 10/11/99 10/18/99 10/25/99 11/01/99
0 hrs 168 hrs 336 hrs 504 hrs 672 hrs 840 hrs 1008 hrs

Time

B —Test Period 2.
Figure 4-2. Operational flux and specific membrane flux profiles for the ZENON Enhanced Coagulation
ZeeWeed® UF membrane system.
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B —Test Period 1: cleaning 1-1 (4/16/99).

Figure4-3. Clean water flux profile during membrane chemical cleanings- Test Period 1.
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Figure 4-4. Clean water flux profile during membrane chemical cleanings- Test Period 2.
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Figure 4-5. Turbidity profile for raw water and ZENON Enhanced Coagulation ZesWeed® UF membrane
system permeate - Test Period 1.
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Figure4-6. Turbidity profilefor raw water and ZENON Enhanced Coagulation ZeeWeed® UF membrane
system permeate - Test Period 2.
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Figure 4-7. Particle counts profile for raw water and ZENON Enhanced Coagulation permeate - Test
Period 1.
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Figure 4-8. Particle counts profile for raw water and ZENON Enhanced Coagulation permeate - Test
Period 2.
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Figure4-9. Particleremoval for ZENON Enhanced Coagulation membrane permeate - Test Period 1.
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Filtrate Turbidity

0.25 T T 1 T T | |
N T —
2 o015 L
©
2
2 01
(0]
[
= 005
L
0 L ool —oah
.01 1 1 5 10 20 30 50 70 80 90 95 99 99.9 99.99
Percent Less Than
Removal of 3-5um Particles
h 6
” [ [ [ [ [ [ [ [
g .o
= S s L
Ll g
o 4 L
= 5
> '
Lo 3 .
- . :
g 2 — = = = =19 = == === L T e - R ':' - ':' """ 1 == == F= == == =1===-=" h—
o 1 1 1 1 1 1 1 1 1 1 1 1 1
U S ' '
o & T e e e ]
m .
9 0 | | [ | [ | | [ 1 [ | | |
a .01 1 1 5 10 20 30 50 70 80 90 95 99 99.9 99.99
Percent Less Than
=i Removal of 5-15um Particles
6
: %) [ [ [ [ [ [ [ [
o .o
2 5 |
u s
(% = T
>
q ﬁ 3 L
Te}
¢ g 2 — = = = =19 = == === L T e - R 'E' - ';‘ """ 1 == == F= == == =1===-=" h—
o ] ] ] ] ] ] ] ] ] ] ] ] ]
n % T _|
ox : : Lo .o : .o Lo : :
Ll S 0 | | Lo | |
- .01 1 1 5 10 20 30 50 70 80 90 95 99 99.9 99.99
m Percent Less Than
e | Figure 411, Probability plots of filtrate turbidity and log removal of particles for the ZENON Enhanced

Coagulation ZeeWeed® UF membrane system.




—{1—New Membrane —O— End of Test Period

Test Period 1
{1 {1 {1 (]
I &
0.8 ]
o 4
2 06
o ]
0.4 1
0.2
Po =4 psi
I 0 T T T T 1 7 T T T T 7T 7T 7T I 1T rrr rr1rr 7rr 1 rr 7r 7 T T Ir T T 1T T T 7T T 1T 7T 7T T T 7T 7T T T T 1 T T T T T T T 71T
z 0 1 2 3 4 5 6 7 8 9 10 11 12
m Time, minutes
:. —{ Start of Test Period —/x— During Test Period —O— End of Test Period
1.2
U Test Period 2
98] o]
> & 061
= ]
= ]
T
u 0.2-:
m Po = 4 psi
q 0|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
0 1 2 3 4 5 6 7 8 9 10 11 12
¢ Time, minutes
Figure 4-12. Air pressure hold test results for the ZENON Enhanced Coagulation ZeeWeed® UF
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Seeding 1 Seeding 2

Seeding date: 9/22/99 Seeding date: 10/20/99
Specific flux at 20°C = 13 gfd/psi (259 L/hr-m?bar) Specific flux at 20°C = 13.7 gfd/psi (271 L/hr-m*bar)
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Figure 4-13. Log removal of seeded MS2 virus by ZENON Enhanced Coagulation ZeeWeed® UF
membrane system.
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