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Introduction

High-pressure membrane technologies, especially reverses osmosis, have been widely used
in indirect potable water reuse projects due to their high removal efficiency for unregulated
and unidentified organics, as well as nutrients and bulk organic carbon (Drewes et al., 2003).
Recent developments in membrane manufacturing have resulted in “lower pressure”
membranes such as ultra-low pressure reverse osmosis (ULPRO) and nanofiltration (NF)
membranes. The focus of this project is to determine if membranes operating at lower
pressures can meet water quality requirements necessary for indirect potable reuse while
meeting acceptable operational parameters such as feed pressure, permeate flux, and flux
decline. For this purpose, a 19 gpm membrane pilot-skid was constructed and installed at the
West Basin Water Recycling Plant (WBWRP) in El Segundo, CA in order to test the
performance of two candidate “lower pressure” membranes in treating non-nitrified and
nitrified wastewater effluents for indirect potable water reuse applications.

In order to select two candidate membranes for pilot-skid testing, a laboratory testing
protocol was developed to investigate the viability of commercially available RO, ULPRO
and NF membranes for treating wastewater effluents during indirect potable reuse projects.
Parameters relevant to indirect potable reuse projects were chosen as criteria for the
evaluation and identification of membranes that could be used to efficiently treat wastewater
effluents. The testing protocol evaluated membranes based on the rejection of relevant
solutes and constituents present in wastewater effluents (TOC, nutrients (NH; and NOy),
conductivity, and selected trace organics), as well as operational performance (specific flux,
and flux decline due to fouling).

Based on the results from the membrane testing, membranes were ranked in order of how
well they performed and the highest ranking membrane was chosen for installation on the
pilot-skid operated at the WBWRP. The purpose of this paper is to present the membrane
testing protocol used to evaluate the candidate membranes and the selection criteria that were
used to select membranes for installation on the pilot-skid operated at the WBWRP.

Candidate Membranes, Testing Equipment and Analytical Methods

Candidate Membranes

Candidate membranes for this study were selected from various manufacturers and represent
a variety of RO, ULPRO, and NF membranes that are commercially available. The TFC-HR,
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a RO membrane, was chosen as the benchmark membrane for which all other candidate
membranes were compared to. A list of the candidate membranes that were considered for
testing is presented in Table 1.

Table 1. Candidate membranes

Membrane | TFC-HR TFC-ULP TFC-S CTA XLE NF-90 NF-200
Vendor Koch Koch Koch Koch Filmtec Filmtec Filmtec
Type RO ULPRO NF RO ULPRO NF NF
Membrane T™GI10 NE-90 RE-BLR ESPA-2 TMG20-430 MX07
Vendor ATI?Si{:a Saehan Saehan Hydranautics Toray, Japan Osmonics
Type ULPRO NF RO RO ULPRO NF
Membrane NF-270 ESNA
Vendor Filmtec Hydranautics
Type NF NF

Fouling Apparatus

A fouling apparatus was constructed in order to investigate the fouling potential of
candidate membranes relative to one another. The fouling experimental design used during
this study has been commonly used by researchers studying membrane fouling
performance and mechanisms in laboratory studies (Balannec et al. 2002, Cho et al. 2000,
DiGiano et al. 2000, Lee et al. 2004, Seidel et al. 2002, and Zhu et al.1997). Two cross-
flow flat-sheet membrane units (Sepa II, Osmonics, Figure 3) were employed in membrane
fouling experiments. The unit consists of two rectangular plate-and-frame cells having a
membrane surface area of 139 cm” and a cross-sectional flow area of 0.90 cm’. A picture of
the fouling set-up is presented in Figure 1. 50 Liters of the WBWRP microfiltered
secondary effluent was used as feed water during fouling tests where two flat-sheet
membrane specimens were fouled in parallel. The pH of feedwater was adjusted to 6.0
using HCl and kept constant during the fouling experiments. Applied feed pressure was 60
psi. The feedwater flow rate for each membrane unit was kept at 1,000 mL/min equaling a
crossflow velocity of 0.19 m/s. The experiments were operated in recycling mode in which
concentrate and permeate were recirculated into the feedwater tank. Feedwater temperature
was kept at 22.5+1.5°C by a stainless steel water cooling loop immersed in the feed
solution. The duration of fouling experiment lasted nine days (218 hours) for all
membranes to ensure that the membranes reached a relatively stable extent of fouling
before experiment was terminated.
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Figure 1. Picture of the fouling apparatus

2-Stage Membrane Testing Unit

A two-stage membrane laboratory-scale unit was employed for testing all membranes
(Figure 2). The membrane unit employed two single element (4040 spiral wound) vessels
arranged in a two-stage array. A baffled stainless steel feed tank (200 liters) was used to
supply the feed water to the high-pressure pump (Figure 2). Experiments conducted with
candidate membranes on the 2-stage testing unit were carried out with 2 feed water
matrices, deionized water and secondary effluent. For deionized feed water matrices, NaCl
and CaSO4 was added to achieve 200 mg/L of hardness as CaCOs and a conductivity of
1200 ps/cm. For all 2-stage membrane experiments a feed water pH of 6.1-6.3 was
maintained using HCl. Secondary effluent used for feed water was 0.04 um microfiltered
prior to membrane experiments. During all 2-stage membrane experiments, a vertical mixer
and a tank recycle pump was used to insure proper mixing. During operation, combined
permeate and concentrate flows from the membrane unit were recycled to the stainless steel
tank. The return lines were situated so as to maximize mixing and hydraulic retention time
before returning to the system feed. A stainless steel cooling loop was used to maintain a
constant feed water temperature (23° C) during membrane experiments.

Membrane performance was evaluated in two flow regimes: flow through and internal
recycle. For all 2-stage membrane experiments, the feed flow was set at 9.2 gpm. Flow
through mode simulates the first stage of a membrane treatment unit, with a system
recovery (Qpem/Qfeed *100) of 13-15 percent per element (26-30 % total) and a permeate
flux (gallons of permeate produced per day divided by the area of membrane (ft*)) of 20-
24. During the internal recycle mode, an internal concentrate recycle loop was used to
simulate higher recoveries and bulk concentrations found in the second stage of a full-scale
membrane treatment plant. During internal recycle experiments a recovery of 80% was
simulated which resulted in a permeate flux of 15-20. When the internal recycle valve was
open, a portion of the combined concentrate flow is diverted to the pump inlet and the
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system feed flow becomes a combination of flow from the feed container and combined
concentrate flow. By reducing the feed flow from the feed container and maintaining the
permeate flow achieved during flow through experiments, higher system recoveries can be
simulated.

During membrane experiments, feed samples were withdrawn from the tank recycle line,
and permeate samples were taken from the permeate line before return to the feed tank. A
LabView SCADA system was used to collect data for: feed flow, permeate flow,
concentrate flow, feed conductivity, permeate conductivity, concentrate conductivity, feed
pressure, and temperature. Data collected by the SCADA system was used to compare
operational performance among candidate membranes.
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Figure 2. Schematic of the two-stage membrane testing unit using 4040 spiral wound
elements.

Analvtical Procedures

TOC and Nutrients

Total organic carbon was measured with a Sievers 800 Total Carbon Analyzer and UV-254
was measured with a UV spectrophotometer. Nitrate was measured using Hach method
10020 and Ammonia was measured using Hach method 8038. The method and detection
limit for TOC, UV-254, nitrate and ammonia analysis is presented in Table 2.
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Table 2. TOC and nutrient analysis method, and detection limit.

Parameter Method Detection limit
Total organic carbon (TOC) Standard Method 5310C 0.06 mg/L
UV absorbance (UVA-254) Standard Method 5910B 0.06 1/m
Ammonia Hach 8038 0.02 mg/L N
Nitrate Hach 10020 0.5 mg/L N

Trace Organic Analysis

The selection of target trace organic used during this study was based on solute
characteristics relevant to drinking water augmentation projects using water of impaired
quality: solute water solubility (polarity/ hydrophobicity), rejection behavior (e.g., molecular
geometry and charge), resistance to biodegradation, and associated potential adverse human
health effects. The analysis of the selected trace organics was performed using a method
published by Reddersen and Heberer (2003). One liter samples collected during 2-stage
membrane experiments were extracted with C-18 material (Solid phase extraction (SPE)),
eluted, derivatized and analyzed by GC-MS. A list of compounds that were analyzed by this
method is presented in Table 3. Compounds are grouped according to physico-chemical
properties including charge and hydrophilicity/hydrophobicity. The criteria for
hydrophilicity/hydrophobicity used during this study was: compounds with a Log Koy
greater than 3 are considered hydrophobic, compounds with a Log K, between 1 and 3 are
considered transition compounds, and compounds with a Log K, less than 1 are considered
hydrophilic. Compounds considered ionic are negatively charged at the feed water pH (6.1-
6.3) used during 2-stage membrane experiments.

Table 3. Trace organics used during candidate membrane experiments

Limit of Detection
Analyte Compound Type Grouping (ng/L)*

Caffeine PhAC Hydrophilic neutral 20

Clofibric acid PhAC Hydrophilic ionic 5
Dichloroprop Pesticide Hydrophilic ionic 5
Diclofenac PhAC Hydrophilic neutral 1

Fenofibrate PhAC Hydrophobic neutral 10
Gemfibrozil PhAC Transition ionic 10

Tbuprofen PhAC Transition ionic 2

Ketoprofen PhAC Transition ionic 5

Mecoprop Pesticide Hydrophilic ionic 5

Naproxen PhAC Transition non-ionic 2
Propyphenazone PhAC Transition non-ionic 2
Carbamazepine PhAC Hydrophobic non-ionic 2
Phenacetine PhAC Hydrophilic non-ionic 25

Primidone PhAC Hydrophilic non-ionic 1

Acetylsalicyclic acid PhAC Transition ionic

Salicylic Acid PhAC Transition ionic 5
Tris(2-chlroethyl)phosphate (TCEP) Flame Retardant Transition non-ionic 25
1,3-dichloro-2-propanol phosphate (TDCPP) Flame Retardant Transition non-ionic 25
Tris(2-chloroisopropyl)phosphate (TCIPP) Flame Retardant Transition non-ionic 10
Bisphenol-A Plasticizer Hydrophobic non-ionic 5

*The limit of detection (LOD) is defined as the concentration (ng/L) at which the signal for the three ions for each individual
compound is greater than baseline noise by 3 times.
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Testing Protocol

Operational Parameters

Permeate Flux and Conductivity Rejection

For each membrane candidate, two operational performance experiments were conducted
on the two-stage membrane laboratory scale unit. Data collected by the SCADA system
during these two-stage membrane experiments were used to compare operational
performance between the candidate membranes. Immediately following the installation of
virgin elements onto the two-stage membrane unit, verification experiments were
conducted in order to verify that the performance of the membrane specimens used during
testing matched manufacturer performance data sheets. During these experiments, feed
water was prepared to replicate the conditions used during manufacturer testing and the
membrane unit was operated so to replicate manufacturer testing conditions. Following the
verification experiment, membrane performance experiments were conducted in
accordance to the testing protocol with different feed water matrices (DI and secondary
effluent) and different flow regimes (internal recycle and flow through). The SCADA
system was used to collect system performance data during these experiments in order to
assess and compare membrane operational performance with different flow regimes and
different feed water matrices.

Fouling Tendency

Fouling experiments were conducted on the candidate membranes according to the fouling
protocol detailed above. Fouling experiments were run for approximately 220 hours and the
permeate flux was monitored over the entire experiment. For fouling tendency experiments,
the extent of membrane fouling was described by permeate flux decline. Permeate flux
decline is defined as the percentage of reduced permeate flux compared to initial permeate
flux, that is

Permeate flux decline (%) = (1-J/J,) X 100 (1)

Where J, is initial permeate flux taken at filtration time of 30 minutes and J is the
permeate flux at filtration time t.

The permeate flux decline for a specific membrane was used to calculate a value called the
adjusted specific flux, which is described further in the next section.

Adjusted Specific Flux

Flux performance of the candidate membranes was evaluated by considering the specific
flux (gfd/psi) observed during two-stage experiments and the flux decline measured during
flat-sheet fouling experiments. The unadjusted membrane specific flux value was measured
at the end of the flow through two-stage unit experiments, using non-nitrified microfiltered
secondary effluent as feed water. This value was chosen, because it most closely
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represented the conditions used during the flat-sheet fouling experiments and the feed
water of the WBWRP. The flux decline was measured during the flat sheet fouling
experiments, and was used to correct the virgin membrane specific flux in order to
characterize the fouling potential of a specific membrane and the permeate flux that could
be expected with a specific membrane on pilot- or full-scale. These two terms were
incorporated into a single term, called “adjusted specific flux” (2) in order to make a
comparison among the target membranes, and also to compare with the performance of the
TFC-HR membrane, which is commonly used during indirect potable reuse applications.
This method of comparison allows for some membrane fouling during operation, as long as
the “adjusted specific flux” was not reduced to below the specific flux of the TFC-HR
membrane. The “adjusted specific flux” is defined as the difference between the specific
flux and the flux lost due to fouling (equation 1). Although the fouling experiments did not
simulate actual hydrodynamic or pressure conditions (1 L/min and 60 psi) found in pilot or
full-scale systems, the membranes were tested under the same conditions, and it is assumed
that the measured flux decline is relative, allowing the use of this data for comparison of
the candidate membranes. The adjusted specific flux for a particular membrane is
calculated with the following equation

Adjusted Specific Flux = Specific Flux * (1 —J/J,) (2)
where J/J, is the flux decline that was measured during fouling experiments.

Nutrient and TOC Rejection

Nutrients

Membranes were evaluated for rejection of inorganic nitrogen species, relevant to differing
wastewater operational conditions for nitrogen conversion and removal. Membrane rejection
for both ammonia and nitrate was used to determine a membrane’s potential for meeting
federal drinking water quality requirements, as well as defining membrane specificity for
rejection of nitrified or non-nitrified waters. In order to evaluate the rejection of ammonia
and nitrate by candidate membranes, experiments with the 2-stage unit were conducted with
deionized and secondary effluent as feed water. When necessary, feed water was spiked with
ammonia and nitrate to achieve concentrations of 40 mg/L as nitrogen. Experiments were run
in both flow through and internal recycle flow regimes with both feed water matrices for
approximately three hours after which samples were taken from the feed, concentrate and
permeate lines. Samples were analyzed for ammonia and nitrate and concentrations were
used to calculate the percent rejection for a particular membrane.

T0C
During flow through and internal recycle flow regime experiments using secondary effluent

as feed water, samples were taken from the feed, permeate and concentrate lines for TOC
analysis. The percent rejection for a specific membrane was then calculated.
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Trace Organic Rejection

2-stage membrane experiments were conducted in order to assess the removal of select trace
organics by candidate membranes. These experiments were performed with both feed water
matrices (DI and secondary effluent) and under both flow regimes (flow through and internal
recycle). Before two-stage membrane rejection experiments were started, selected trace
organic solutes were spiked to the feed water at a nominal concentration of 300 ng/L.
Permeate and feed samples were taken in triplicate after one hour and analyzed by GC-MS
after SPE and derivatization to determine rejection performance.

Selection Criteria

Operational performance was assessed by comparing “adjusted specific flux values” for the
membranes tested, which is presented in Equation 2. Nitrogen rejection was assessed using
the laboratory-scale deionized feed water experimental data at the end of the flow through
experiments. If the membrane exhibited more than 92 percent rejection for both ammonia
and nitrate (based on a feed concentration of 40 mg/L N), the membrane is considered to
have sufficient nitrogen rejection to meet federal drinking water requirements of 10 mg/L
N with feed concentrations up to 40 mg/L N. This does not reflect compliance with
California Groundwater Recharge Draft Regulations limit of 5 mg/L total nitrogen, which
should be considered when selecting membranes for compliance in that state. If the
membrane has more than 92 percent rejection for ammonia, but not for nitrate, the
membrane might be considered acceptable for treating only non-nitrified feed waters. If the
membrane has more than 92 percent rejection for nitrate, but not for ammonia, then the
membrane might be considered acceptable for treating only fully nitrified feeds. For the
purpose of this study, it was necessary to select a membrane that has 92 percent rejection
for both nitrate and ammonia. Trace organic rejection was assessed using the number of
detections in membrane permeates from the laboratory-scale membrane experiments.
Permeate concentrations of any compound above the limit of detection (LOD) were
considered detects for ranking purposes.

Membranes with adjusted specific flux values less than the adjusted specific flux value for
the TFC-HR and ammonia or nitrate rejection less than 92 percent were not considered for
further selection. Membranes that meet the initial criteria are then ranked according to
performance in each of four categories: operational performance (“adjusted specific flux”),
ammonia rejection, nitrate rejection, and trace organic detections above the limit of
detection (LOD, signal to noise exceeding 3:1). Ranking was done using whole number
integers, with the best performing membrane receiving a value of 1, the second receiving a
value of 2, and continuing with the next whole number integer in series for the remaining
membranes. Membranes that performed similarly to one another were given the same
ranking, with the next best membrane receiving the next available ranking. Ranking in
each category was summed, and the membrane with the lowest summed score was chosen
for pilot-scale testing at the WBWRP. A flow schematic of the selection process is
presented in Figure 3.
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Figure 3. Flow schematic used for selection of candidate membrane for installation on pilot-
skid.

Pilot-Skid Description

For this study, a 19-gpm pilot-skid was designed, constructed and installed at the West Basin
Water Recycling Plant (WBWRP) in El Segundo, California. The pilot-skid was designed to
mimic a full-scale 2-stage membrane treatment train for the treatment of secondary and
tertiary treated effluents for indirect potable reuse applications. The skid is configured in a
2:2:1:1 pressure vessel array and a 3:4:3:4 element array with fourteen 4040 elements in the
first stage and seven 4040 elements in the second stage. Candidate membranes selected for
installation onto the pilot-skid were tested for 3 months with non-nitrified feed water and an
additional 3 months with denitrified feed water. The pilot-skid SCADA system continuously
logs operational data during operation that allows for the monitoring of flux decline, feed and
concentrate pressure increases, and changes in conductivity rejection that will occur with
membrane fouling. In addition, sampling campaigns will be conducted to evaluate the
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rejection of TOC, nitrate, ammonia, select hormones, disinfection by-products, and select
trace organics.
Results and Discussion

In order to pick the first candidate membrane for installation on the pilot-skid operated at the
WBWRP, the testing protocol was implemented using commercially available ULPRO
membranes. Using the data generated during the testing protocol with the ULPRO
membranes, the selection criteria outlined in this document was used to select the first
membrane for installation on the pilot-skid. The protocol allowed for a clear ranking of the
different membrane products that were tested and an ULRPO membrane was selected and
installed on the pilot-skid.

Three ULPRO membranes were tested in accordance with the testing protocol and the
ranking for the membranes are summarized in Table 4. The membrane ULPRO #1 received
the best ranking for the operational parameter (adjusted specific flux), ammonia rejection,
and nitrate rejection and was second for trace organic permeate detections. When the
rankings were summed, the ULPRO #1 membrane had the lowest value and was chosen for
installation on the pilot-skid.

Table 4. Rankings for ULPRO membranes during testing protocol.

Membrane Operational NH, NO5 Trace Organics Sum of
Ranking Rejection Rejection Detections Ranking Ranking
Ranking Ranking (>LOD)
ULPRO #1 1 1 1 2 5
ULPRO #2 3 2 2 1 8
ULPRO #3 2 2 3 3 10

Table 5 presents a comparison of select parameters obtained during laboratory testing with
the ULPRO #1 membrane (using secondary effluent as feed water and the flow through
regime) and during pilot-skid operation with the ULPRO #1 membrane. The testing protocol
effectively evaluated the performance of the ULPRO #1 membrane on the pilot-skid in
respect to TOC rejection, ammonia rejection, and increases in feed pressure due to fouling.
Trace organic rejection data could not be completed for this comparison, but will be
presented at the 2005 Awwa Membrane Technology Conference in Phoenix, AZ.

Table 5. Comparison of parameters from ULPRO #1 during laboratory testing and pilot-skid
testing.

Parameter ULPRO #1Testing Protocol ULPRO #1 Pilot-Skid
TOC Rejection (%) 96 97.3
Ammonia Rejection (%) 95 94.5
Conductivity Rejection (%) 99.3 97.5
Feed Pressure Startup (psi) 141 135
Feed Pressure after fouling period (psi)* 159" 157°

*The change in feed pressure is the result of fouling and represents the feed pressure needed to maintain a permeate flux equal to the initial
permeate flux.
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#
The fouling protocol was operated for 219 hours.

The pilot-skid feed pressure stabilized after 200 hours and has been stable for over 600 hours.
Conclusions

This paper summarizes a comprehensive laboratory testing protocol that can be used for the
selection of NF/ULPRO candidate membranes for pilot- and full-scale applications. For
indirect potable reuse applications, it is necessary to investigate the viability of a specific
membrane in terms of operational performance and the rejection of compounds and
constituents present in wastewater effluents. The testing protocol was used to select an
ULPRO membrane for installation on the pilot-skid operated at the WBWRP in El
Segundo, CA. The protocol allowed for a clear ranking of the different ULPRO membranes
tested and the selection of a membrane based on operational and rejection performance.

Acknowledgements

The authors thank the American Waterworks Association Research Foundation (AwwaRF)
for its financial, technical, and administrative assistance in funding and managing the
project through which this information was derived. The comments and views detailed
herein may not necessarily reflect the views of AwwaRF, its officers, directors, affiliates or
agents. The authors also thank the West Basin Municipal Water District for its financial
and technical support, Applied Membranes for the superior construction of the pilot-skid
and Dr. Gary Amy for technical assistance.

References

Balannec, B., Gesan-Guiziou, G., Chaufer, B., Rabiller-Baudry, M., Daufin, G. Treatment
of dairy process waters by membrane operations for water reuse and milk constituents
concentration. Desalination, 2002, 147, 89-94.

Cho, J., Amy, G., Pellegrino, J. Membrane filtration of natural organic matter: comparison
of flux decline, NOM rejection, and foulants during filtration with three UF
membranes. Desalination, 2000, 127, 283-298.

DiGiano, F. A., Arweiler, S. and Riddick Jr, J. A. Alternative tests for evaluating NF
fouling. JAWWA., 2000, 92(2), 103-115.

Drewes, J. E., Reinhard, M., Fox, P. Comparing microfiltration-reverse osmosis and soil
-aquifer treatment for indirect potable reuse. Water Research, 2003;37:3612-3621.

Lee, S., Cho, J., Elimelech, M. Influence of colloidal fouling and feed water recovery on
salt rejection of RO and NF membranes. Desalination, 2004, 160, 1-12.

Reddersen, K., and Heberer, T. Multi-compound methods for the detection of
pharmaceutical residues in various waters applying solid phase extraction (SPE) and

2005 © American Water Works Association - Membrane Tech. Conference (All Rights Reserved



gas chromatography with mass spectrometric (GC-MS) detection. J. Sep. Sci., 2003,
26, 1443-1450.

Seidel, A., and Elimelech, M. Coupling between chemical and physical interactions in
natural organic matter (NOM) fouling of nanofiltration membranes: implications for

fouling control. Journal of Membrane Science, 2002, 203, 245-255.

Zhu, X., and Elimelech, M. Colloidal fouling of reverse osmosis membranes:
measurements and fouling mechanisms. Environ. Sci. & Technol. 1997, 31, 3654-3662.

2005 © American Water Works Association - Membrane Tech. Conference (All Rights Reserved



	PREVIOUS DOCUMENT
	---------------------------------
	CD-ROM Help
	Search CD-ROM
	Search Results
	Print
	---------------------------------
	Speakers and Moderators
	A
	B
	C
	D
	E
	F
	G
	H
	I - No Speakers
	J
	K
	L
	M
	N
	O
	P
	Q - No Speakers
	R
	S
	T
	U - No Speakers
	V
	W
	X - No Speakers
	Y
	Z

	---------------------------------
	Table of Contents
	Monday, March 7, 2005
	MON1 Membrane Procurement
	1. Procurement of Proprietary Membrane Systems From the Engineers Perspective
	2. I'll Take a Double Order of Membranes, Extra Value, Hold the Problems Please: Lessons Learned in Membrane Procurement
	3. Price Sensitivity for Evaluated Bid Membrane Procurements

	MON2 Regulatory Issues
	1. The Membrane Filtration Guidance Manual: Overview and Update
	2. California's Approach to Assignment of Pathogen Removal Credits and Membrane Acceptance as an Alternative Filtration Technology
	3. Beginning of Concentrate Management Working Group

	MON3 Perchlorate Removal
	1. Membrane Biofilm Reactor for Reducing Nitrate, Perchlorate, and Other Oxidized Contaminants
	2. Perchlorate Rejection by High-Pressure Membranes and Brine Stream Treatment by Chemical and Biological Processes
	3. Transport of Oxyanions, Chromate, Arsenate, and Perchlorate Through Negatively Charged RO, NF, and Tight UF Membranes

	MON4 Low-Pressure Membrane Fouling I
	1. Membrane Stretching: Impact on Flux and Particle Rejection
	2. Effect of Pretreatment on MF/UF Fouling by Foulants in Specific Size Ranges
	3. Impact of Operating Parameters on the Trans-Membrane Pressure in a Submerged Hollow-Fiber Membrane System

	MON5 Case Studies of System Design and Operation (Poster Session)
	1. Design of a High Recovery, LT2ESWTR Compliant, Low-Pressure Membrane Filtration System for the Eastern Municipal Water District
	2. Considerations for Expanding a Conventional Water Treatment Plant With Low-Pressure Membranes
	3. Conventional to Membrane Filtration: Meeting Expansion and LT2 Requirements for a 42-MGD Facility
	4. From Source Water to Sludge: State-of-the-Art Technologies Used in the New Membrane Plant for the City of Clovis
	5. Design, Construction and Commissioning of a 200 ML/d Ultrafiltration Water Treatment Plant
	6. Upgrading the Columbine Water Treatment Plant With UF and RO Membrane Processes
	7. Treating Surface Waters Using Coagulation and High-Flux Pressurized Microfiltration Membranes
	8. Good Water, Aggressive Flux, and Challenging Implementation
	9. Commissioning and Operation of One of the First Large-Scale Dual-Membrane Water Treatment Plants in Texas
	10. Impacts of Long-Term Raw Water Quality Changes on High-Pressure Membrane Process Design
	11. From Concept to Water in Six Months: Implementing a Groundwater RO Treatment Facility for Goodyear, Arizona
	12. Challenges and Solutions in Contracting for the Successful Installation of Low-Pressure Membrane Systems
	13. From Notice to Proceed to Breaking Ground in 10-Months: How to Implement a Membrane WTP Under a Tight Schedule
	14. Piloting, Design, and Construction of the City of Chesapeake's New 8-MGD Lake Gaston Water Treatment Plant
	15. Efficient 3-D Design of Membranes: Engineering and Supplier Benefits
	16. Fast-Track Installation and Start-Up of Membrane Filtration at an Operating Plant: The Parsons, Kansas Experience
	17. Recovery and Reuse of Energy Derived From Waste and Brackish Water Reverse Osmosis Brine Streams
	18. "No-Concrete" Option Doubles the Kennewick Water Filtration Plant's Capacity: The Submerged Membrane Retrofit Approach

	MON6 Piloting for System Design (Poster Session)
	1. Deep Aquifer Treatment System (DATS): Concentrate Treatment and Recovery Pilot Study
	2. Optimizing Operations of an Ultrafiltration Pilot System in Preparation for Full-Scale Plant Startup
	3. Performance of NF & RO Membranes on VOC Contaminated Groundwaters: Literature Summary and Pilot Test Results
	4. Membrane Separation of Ion Exchange Resin: A Novel Approach to NOM Removal
	5. Planning and Design for a Large Membrane Bioreactor System
	6. Demonstration Testing of Microfiltration for Microbial Reduction for Ocean Discharge: Phase II Membrane Performance
	7. The Application of Membrane Technology in Wastewater: Implementation of a Wastewater Reuse Strategy
	8. Modeling and Testing a Pilot-Scale Wastewater Reclamation Plant
	9. Procedure for Scale-Up of Bench-Scale Results to Full-Scale Submerged Membrane System Applications
	10. Application of Integrated Membrane Systems to Develop an Alternative Water Supply in Central Florida

	MON7 Membrane Water Treatment Plant Engineering
	1. Current Status of Worldwide MF/UF Full-Scale Plants
	2. Retrofitting Granular Media Filter Infrastructure With Low-Pressure Membrane: Costs, Layouts, & Design Considerations
	3. Primary and Secondary Membrane Treatment With Gravity Siphon–Design and Startup
	4. Looking Forward and Learning from the Past-Strategies for Dealing With Rapid Technological Evolution in Low-Pressure Membranes
	5. Predicting Performance of Membrane Systems–Neural Networks
	6. Membrane Softening for Ammonia Reduction and Copper Corrosion Control Enhances Drinking Water Quality & Wastewater Effluent

	MON8 Disinfection & Post-Treatment
	1. Classification of Low-Pressure, Hollow-Fiber Membranes Through Bacterial and Viral Profiling
	2. Impact of Solids Deposition Layer on Virus Removal by Hollow-Fiber Membrane Filtration
	3. Managing Fibre Breakage: LRV Operations and Design Issues Under the LT2 Framework
	4. Submerged Membranes Provide a Double Barrier Against Cryptosporidium and Prosecution
	5. Design of Calcite Contactors for Post-Stabilization of a Low-Pressure Reverse Osmosis Expansion to Cost- Effectively Stabilize Finished Water and Control Internal Pipe Corrosion
	6. Post-Treatment of Reverse Osmosis and Nanofiltration Systems for Municipal Water Supply

	MON9 Operations
	1. 5 Years of Operational Experience at Plant "C", a 7.8-MGD Microfiltration Water Treatment Plant
	2. Eight Years and Two Billion Gallons Later: An Update on a Triple Membrane Plant
	3. Guantanamo Bay, Cuba, Seawater Desalination Plant Operation and Experience
	4. Optimizing Existing Facilities
	5. Making Membrane Plants Operator Friendly
	6. Comparison of Membrane and Traditional Softening Technologies for Use at an Existing Groundwater Treatment Plant

	MON10 Advances in Desalination
	1. Membrane Consortium Analysis of Large RO/NF Element Diameters
	2. Meeting the Challenge of Construction, Operation and Maintenance of Large-Scale RO Elements
	3. Developing an Experimental Protocol for Evaluating Low-Pressure Desalting Membranes for Seawater Desalination
	4. Bench-Scale Testing of Seawater Desalination Using Nanofiltration
	5. Theoretical Modeling of a Novel Membrane-Based Seawater Desalination System
	6. Prototype Testing Facility for Two-Pass Nanofiltration Membrane Seawater Desalination Process

	MON11 Membrane Fouling (Poster Session)
	1. The Effects of Chlorine Exposure on the Performance and Properties of Polyamide Reverse Osmosis Membranes
	2. Combination of Coagulation and Ion Exchange for NOM Fouling Reduction Ultrafiltration of A High DOC Surface Water
	3. NOM Composition–Effect on Microfiltration Fouling
	4. A Two-fiber, Bench-Scale Test of Ultrafiltration (UF) for Investigation of Fouling Rate
	5. Identification of Low-Pressure Membrane Fouling Mechanisms by Application of Fouling Models to Drinking Water Sources
	6. Desalination Membrane Scaling in Agricultural Drainage Water Reclamation
	7. CMF-L Process: Memcor Takes the Next Step in Pressurized Membrane Filtration

	MON12 Membrane Residuals (Poster Session)
	1. Disposal of Membrane Reject Water at Four Florida Water Treatment Facilities
	2. Forward Osmosis for Concentration of Anaerobic Digester Centrate


	Tuesday, March 8, 2005
	TUE1 Low-Pressure Membrane Fouling II
	1. Using HPSEC and Pyrolysis GC/MS to Characterize Organic Foulants From MF and UF Membranes During Algal Bloom
	2. Influence of NOM and Membrane Surface Charge on UF Membrane Fouling
	3. Bench-Scale Evaluation of the Fouling of Low-Pressure, Hollow-Fiber Membranes by Different Types of Natural Organic Matter
	4. Modeling of the Fouling Mechanisms Occurring in Low-Pressure Membranes During Organic Fouling by Municipal Wastewater
	5. Bench-, Pilot-, and Full-Scale Studies of Pretreatment for MF/UF Membrane Applications
	6. Determining the Effects of Coagulant Pretreatment on Ultrafiltration

	TUE2 Water Reuse
	1. Applying Advanced Membrane Technology for Orange County's Water Reuse Treatment Facilities
	2. Evaluation of an MBR-RO System to Produce High-Quality Reuse Water
	3. Reclamation of High TDS Effluent Using Microfiltration and Composite Membrane Reverse Osmosis
	4. Scottsdale, Arizona: A Microcosm of Communities Striving to Meet Long-Term Supply and Quality Issues in a Desert Environment
	5. Evaluation of Strategies to Reduce Loadings of Total Dissolved Solids From the Truckee Meadows Water Reclamation Facility to the Truckee River
	6. WateReuse Foundation National Database of Water Reuse Facilities

	TUE3 Advances in Drinking Water Membrane System Pretreatment
	1. Membrane Filtration of Complex Surface Waters: Evaluation of Direct Coagulation and Clarifier Pretreatment Approaches
	2. A New Approach to Low-Pressure Membrane Filtration–Direct Coagulation Reduces Costs
	3. Chlorine Dioxide and Submerged MF/UF Membranes Are In for Surface Waters With High Bromide and Reactive TOC
	4. Ultrafiltration Membrane Fouling by Increased Solids and Polymer Carryover From the Presedimentation Process
	5. Study of Upgrading Advanced Water Purification System by Using Ozone Resistant Microfiltration Membrane
	6. Integrating 80 MGD of Membranes, Ozone, and Biological Pretreatment at Lakeview WTP

	TUE4 Residuals Management
	1. Strategies for Concentrate Management From Inland Desalination
	2. Development of Sludge Thickening Utilizing Membrane Filtration for Upgrading Purification System
	3. A New AWWARF/CEC Research Project: Zero Liquid Discharge for Inland Deslination
	4. Low-Pressure Membrane Solids: Not Just Another WTP Sludge
	5. Oxnard Membrane Concentrate Pilot Wetland Study: Phase 3 Preliminary Results
	6. Controlling Costs for Desalting and Zero Liquid Discharge Brine Disposal

	TUE5 Membrane Bioreactors I (Poster Session)
	1. Membrane Bioreactor Pilot Studies in the Arctic Alaska
	2. Membrane Bioreactors Provide Reuse Solutions for Two California Communities
	3. Commissioning and Startup of the Largest MBR Plant in California
	4. Three Liters of Soda in a Two-Liter Bottle The Use of MBRs at a Bottler's WWTP

	TUE6 Contaminant Rejection by Low-and High-Pressure Membranes (Poster Session)
	1. Implementation of Coagulation/Microfiltration for Arsenic Removal
	2. Bench Scale Evaluation of Low-Rejection Nanofiltration Membranes for DBP Control at the Yucaipa Valley Water District
	3. An Economic and Environmental Framework to Fully Assess the Bene.ts and Costs of Reuse and Desalination
	4. Removal of Hormones by Nanofiltration: Effects of Hormone Concentration and Natural Organic Matter Fouling on Removal
	5. Rejection of Non-ionic Organic Micropollutants by Reverse Osmosis and Nanofiltration Membranes: Effect of Membrane Fouling

	TUE7 Desalination (Poster Session)
	1. Consideration of Naturally Occurring Toxins and Seawater Desalination Facilities in Carlsbad and Huntington Beach, California
	2. Energy Consumption in Desalination Processes: Why It Is So High and How to Optimize
	3. Eastern Municipal Water District Brackish Water Desalination Facilities
	4. The Effect of Feed Salinity on RO Membrane Salt Passage
	5. Seawater Desalination for Corpus Christi, Texas

	TUE8 Membrane Bioreactors II
	1. Integration of MBR Technology and Desalting Membranes for Water Reuse
	2. Water Reclamation: Combining Water and Wastewater Technologies for Integrated Water Resource Solutions
	3. Traverse City: North America's Largest Operating Membrane Bioreactor Facility
	4. MBR Steps Up to Meet Reclamation Challenge
	5. Universal Design of a Submerged Hollow-Fiber Membrane System for a Membrane Bioreactor
	6. Understanding Membrane Fouling at High Organic Loading Rates in the Submerged Membrane Bioreactor Treating Municipal Wastewater

	TUE9 Membranes for Small Systems
	1. Removing Multiple Inorganic Contaminants Using Reverse Osmosis Treatment
	2. Fourteen Years Later–North Dakota's First Successful Membrane Softening Plant
	3. Small Systems Lead the Way in Washington State: Implementing Submerged Membrane Technology to Meet Filtration Challenges
	4. Evaluation of Membrane Filtration for Noncommunity Surface Water Supplies
	5. Seven Years and Counting: The Ultrafiltration Plant in Littleton, Massachusetts
	6. Retrofitting a Poorly Operating Activated Sludge System With Membranes to Achieve High-Quality Ef.uent That Will Protect the Environment

	TUE10 High-Pressure Membrane Fouling
	1. Reverse Osmosis Membrane Fouling in Agricultural Drainage Water Reclamation
	2. Evaluating Chloramines for Control of RO Membrane Biofouling With Ground and Surface Water Supplies
	3. Chloramine Tolerance of Polyamide Membranes: Experiences With Iron-Coagulant Residuals
	4. Low-Fouling Membranes: Evaluating Performance From a Thermodynamic Perspective
	5. Analysis of Foulant Layer in all Elements of an RO Train
	6. Direct Observation of Biofouling on NF/RO Membranes in Wastewater Reclamation

	TUE11 Organic Removal by High-Pressure Membranes
	1. Mechanism Elucidation and Modeling of Solute Transport Through Nanofiltration and Reverse Osmosis Membranes
	2. Trace Organic Contaminant Removal by Nano.ltration: From Pilot Plant to Full Scale
	3. Rejection of Trace Organic Compounds by Reverse Osmosis and Nanofiltration Membranes
	4. Rejection Behavior of Amino Acids in Terms of Partitioning and Steric Effects
	5. Effects of Nanofiltration on NOM and AOC
	6. Construction of Sherwood Correlation of Bovin Serum Albumin (BSA) and Soluble Microbial Products (SMP) During Nanofiltration


	Wednesday, March 9, 2005
	WED1 Pharmaceuticals & Personal-Care Products
	1. Viability of Reverse Osmosis Membrane in Removing Emerging Organic Micropollutants in Indirect Potable Reuse Applications
	2. A Promising Prescription: Removal of PPCPs and EDCs in Wastewater Through Advanced Separation Membrane Processes
	3. Effect of Water Quality on Rejection of Selected Human and Veterinary Antibiotics by Nanofiltration & Reverse Osmosis Membranes
	4. Transport of Pharmaceuticals and NOM in NF and Tight-UF Membranes
	5. Evaluation of Personal Care Products (PCP) Removal Efficiency: NF Membranes, Granular Activated Carbon (GAC) and Ozone Process
	6. Pilot-Scale Study Investigating the Performance of RO and NF for the Removal of Organic Micropollutants, Nutrients, and Bulk Organic Carbon

	WED2 Case Studies on Membrane Fouling
	1. Removing Dissolved and Suspended Solids Using a Hybrid Vibratory Filtration Process
	2. Integrated Biofiltration-Membrane Process for the Treatment of a Water with a High Humic Acid Content
	3. Low-Fouling Microfiltration of Agricultural Drainage Waters
	4. Combat Membrane Fouling: A Case Study at a 20-MGD Microfiltration Plant
	5. Biofouling Control on RO Membranes by Dosing Anti-Fouling Chemicals
	6. Aerobic Membrane Feedwater Conditions: Friend or Foe?

	WED3 Desalination Pretreatment
	1. Comparison of Pretreatment Alternatives for Seawater Reverse Osmosis
	2. An Integrated Approach to Pretreatment Evaluation for Seawater Reverse Osmosis Using Bench- and Pilot- Scale Testing
	3. Impact of Conventional Pretreatment Prior to Reverse Osmosis Desalination Membranes on Fouling Potential of Seawater
	4. Alternative Pretreatment Considerations for the Tampa Bay Water Gulf Coast Desalination Project
	5. Ultrafiltration versus Conventional Pretreatment Upstream RO on Seawater: Advantages and Limits
	6. Economic Evaluation of Membrane and Conventional SWRO Pretreatment–Results From Pilot Study

	WED4 Advances in Membrane Materials I
	1. Ultrafiltration Revolution: A Backflushable, Immersed, Spiral-Wound UF Membrane
	2. Next-Generation Membrane Filtration Technology to Enable High Flux and Direct Filtration
	3. Research for Application of Ceramic Membrane to Medium and Large-Scale Water Purification Plant
	4. Characterization of Ceramic Membranes by Electrochemical Impedance Spectroscopy
	5. Fabrication and Characterization of Polymeric Microfiltration Membranes Using Aperture Array Lithography
	6. Hydrophilic and Antibiotic RO Membranes for Wastewater Reclamation

	WED5 Energy Recovery and Economics
	1. Life-Cycle Economics: Comparative Evaluation of SWRO Energy Recovery Devices
	2. The Effect of Site Specific Factors on Membrane Systems Capital and Operating Costs
	3. A Review of Current and Future Brine Disposal Options for Inland Reverse Osmosis Plants: Where Is the Technology Heading?

	WED6 Low-Pressure Membrane Performance
	1. Enhanced Removal Performances of Ceramic MF by Submicron PAC Adsorption and PAC1 Coagulation Pretreatments
	2. Increasing MF/UF Reliability in Seawater Desalination Pretreatment Applications Using Enhanced Prefiltration
	3. A Pilot Study on Optimization of Membrane Performance With Varying Water Qualities

	WED7 Pretreatment
	1. A Guide for the Selection of Pretreatment When Using Submerged Membrane Systems
	2. Evaluation of Membranes and Dissolved Air Flotation to Treat High Organic and High Turbidity Water
	3. Sensitivity of New Submerged Membranes to Pretreatment: A Case Study for Membrane Retrofit

	WED8 Advances in Membrane Materials II
	1. Direct Capillary Nanofiltration for Surface Water Treatment
	2. Increasing Membrane Fouling Resistance Via In-situ Surface Modifications
	3. Modeling Membrane Behavior During Stretching



	--------------------------------------
	© 2005

	01: 2005 © American Water Works Association - Membrane Tech. Conference (All Rights Reserved)
	02: 2005 © American Water Works Association - Membrane Tech. Conference (All Rights Reserved)
	03: 2005 © American Water Works Association - Membrane Tech. Conference (All Rights Reserved)
	04: 2005 © American Water Works Association - Membrane Tech. Conference (All Rights Reserved)
	05: 2005 © American Water Works Association - Membrane Tech. Conference (All Rights Reserved)
	06: 2005 © American Water Works Association - Membrane Tech. Conference (All Rights Reserved)
	07: 2005 © American Water Works Association - Membrane Tech. Conference (All Rights Reserved)
	08: 2005 © American Water Works Association - Membrane Tech. Conference (All Rights Reserved)
	09: 2005 © American Water Works Association - Membrane Tech. Conference (All Rights Reserved)
	10: 2005 © American Water Works Association - Membrane Tech. Conference (All Rights Reserved)
	11: 2005 © American Water Works Association - Membrane Tech. Conference (All Rights Reserved)
	12: 2005 © American Water Works Association - Membrane Tech. Conference (All Rights Reserved)


