
-

-

-

-

_

Study of Wastewater Reclamation Using
Backwashable Capillary Ultrafiltration

And Encapsulated Reverse Osmosis
Membrane Modules

by:
Hydranautics

401 Jones Rd.
Oceanside. CA 92054

Contract No. 1425-97-FC-81-30068

Water Treatment Technology Program Report No. 42

June 1999

U.S. Department of the Interior
Bureau of Reclamation

Technical Service Center
Water Treatment Engineering and Research Group



Hydmnautics
401 Jones Rd.
Oceanside CA 92054

Denver Federal Center
PO Box 25007

WTTP Report No. 42

Denver CO 802250007 I
11. S”PPLEMENrARY  NOTES

Available from the National Technical Infcrmation Service, Operations  Division,
5285 Port Royal Road, Springfield, Virginia 22161

Hydmmmtics  has develd  a new packaging configuration for spiral wound  elements. This contigumtion  is self-encapsulated tad  doe
nd  rapire a pressure vessel housing. The encaprmlati  design eliminates o-rings between  the feed and permeate streams and has th
potential to provide more reliable retention of pathogens in reclamation of contaminated waters. This  test progrnm  evaluated tb
effectiveness of the encapsulated desip  with respect to: retention of pathogens; reliability and  convenience of monitoring membran
ehmat  integrity; fouling tendency of the encapsulated design and  effectiveness of cleaning procedures; and optimization of operatin,
pammeters with respect to design of commercial systems. Results indicated: the encapsulated design enabled conwnient monitorin,
of individual element integrity; Virus rejection tests resulted in S-log rejection; fouling rates were low and comparable to stat&n
co&igurations;  a cleaning pmce&re, after  eight months of operation, resulted in complete restoration of penwate  flux; tertiary effluen
water is of good quality and enables stable operation of RO; and  low fouling  membnmes can operate at high  flux rate, provide stab14
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Mission Statement

The mission of the Department of the Interior is to protect and provide access  to our
Nation’s natural and cultural heritage and honor OUT  trust respanslbdlttes to  tribes.

The mission of the Bureau of Reclamation is to manage, develop, and protect water and
related resources in an  environmentally sound manner in the interest of the American
Public.

Disclaimer

The  information contained in this report regarding commercial products or firms  may not
be used for advertising or promotional purposes and is not to be construed as an
endorsement of any product or firm by the Bureau of Reclamation.

The information contained in this report was developed for the Bureau of Reclamation: no
warranty as  to the accuracy, usefulness, or completeness is expressed or implied.
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1. EXECUTIVE SUMMARY

Hydranautics has developed a new packaging configuration for spiral wound elements. This new
configuration is self-encapsulated and does not require a pressure vessel housing, hence it has
been dubbed the “free” style. For this study, Hydranautics encapsulated its new neutrally
charged, Low  Fouling Composite reverse osmosis (RO) membrane, LFCl.  The free design
eliminates o-rings seals between the feed and permeate streams, and therefore has the potential to
provide more reliable retention of pathogens in reclamation of contaminated water sources.

The objective of this test program was to evaluate the effectiveness of the encapsulated element
design with respect to;

. Retention of pathogens

. Reliability and convenience of monitoring membrane element integrity

. Fouling tendency of the new element configuration and the effectiveness of
cleaning procedures.

. Optimization of operating parameters with respect to the design of commercial
systems.

This work was conducted in cooperation with the San Diego Metropolitan Waste Department.
The pilot unit was operated at the San Pasqual Aqua 200 Research Facility in Escondido,
California.

Results obtained during the test program indicate the following:

. The encapsulated element design enables convenient monitoring of individual
element integrity in field conditions.

. Virus rejection tests indicate 54og pathogen rejection by encapsulated elements.

. Fouling rates of encapsulated elements were low and comparable with fouling
rates observed with the standard configuration elements operating in parallel.

. A simple cleaning procedure applied after eight months of operation consisting of
the recirculation of an NaOH  solution resulted in the complete restoration of
permeate flux.

. Tertiary effluent water treated with HYDRAcapTM  capillaty  ultrafiltration
membrane is of good quality and enables stable operation of RO membranes.

. Low fouling membranes (LFCl)  can operate at high flux rate, provide stable
performance and low fouling rates in reclamation of municipal effluents.



2. BACKGROUND

2.1. IINTRODUCTION

The application of reverse osmosis technology for municipal wastewater reclamation traces back
to the early stages of the commercialization of the RO process. It was soon realized that the
application of membrane technology to the treatment of municipal effluent water represents a
challenge due to the very high fouling potential of the water. Therefore, the development of an
effective pretreatment process and the demonstration of performance stability was the main
objective of the early studies ( 1, 2,3,  and 4). As early as the 1960’s,  the City of San Diego
conducted the first  testing program using RO technology for the reclamation of wastewater. This
attempt was not successful due to severe membrane fouling (5). Since then, a number of field
tests have been conducted at different sites, which has enabled the development of process
parameters and system components used in commercial plants (6,7,  8, 9).

The first large reverse osmosis plant operating on waste water began operation in the late 1970’s
as part of what is known as “Water Factory 21” in Orange County, California. This RO system
has 5 MGD of product capacity and reduces the salinity of municipal wastewater after tertiary
treatment. Product water is blended and then injected into local aquifers to prevent seawater
intrusion (10, 11).

The next large RO system for water reclamation, the Arlington Desalter (12, 13),  located in
Riverside County, California, commenced operation in 1990. This system processes agricultural
drainage water of about 1000 ppm TDS salinity, containing a high concentration of NO,
(100 ppm) and SiO, (40 ppm). The plant produces 6 MGD of low salinity water by blending
4 MOD  of RO permeate with 2 MGD of ground water. The blending ratio is determined by the
limit of nitrate ion concentration in the blend water, which must be below 40 ppm (12). Today, a
large number of new membrane projects for municipal waste water reclamation are under design
or extensive pilot testing. In the majority, new, advanced membrane pretreatment methods are
evaluated. The objective is to improve the stability of the RO membrane performance and to
improve the process economics.

2.2. CONVENTIONAL PRETREATMENT

The municipal effluent after secondary treatment contains high concentrations of colloidal
particles, suspended solids and dissolved organics.  The municipal treatment process usually
includes biological treatment (activated sludge clarification) which results in a high level of
biola#gical  activity in the effluent. This effluent has to be treated to reduce the concentration of
colloidal and solid particles and to arrest biological activity prior to the RO.

A typical conventional pretreatment configuration is shown in Fig. 1, which outlines the tertiary
pretreatment process applied currently at Water Factory 21. The current pretreatment process is a
result of evolution, improvements and simplification of the original design (5). The pretreatment
cons~ists of flocculation, lime clarification, recarbonation with CO,, settling, and slow gravity
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filtration. Chlorination controls the biological activity. The lime clarification is a very effective
process for improving feed water quality. However, it is expensive, requires large area and
produces sludge:, which can present disposal problems. In some smaller systems the lime
clarification and gravity filtration is replaced by in-line flocculation followed by two stage
pressure filtration and cartridge filtration. Typically, this simplified pretreatment produces
effluent of lower quality than the lime clarification process, but the equipment is significantly
smaller and simpler to operate.

RAPID
RECARBONA MEDIA

M I X I N G  -
FLOCCULA --,

TION
SElTLlNG  --+ TlON8

SElTLlNG
- FILTRATION -

TO
INJECTION *

RO

WELLS
8  STORAGE DESALTING

I-

Figure l-Water factory 21 wastewater Reclamation system flow diagram

Water after conventional pretreatment has a high fouling potential for membranes. It is not
uncommon for RO membranes in water reclamation applications to experience 25% - 30% per
year a.verage  flux decline, even with frequent membrane cleanings.

2.3. ADVANCED PRETREATMENT

The benefit of membrane technology is the physically barrier layer between the feed and
processed water streams. The use of this definite barrier in the RO pretreatment process has been
proposed in the past (5). Ultrafiltration (UF)  and microfiltration (MF) membranes have the
ability to produce feed water of significantly better quality than the conventional pretreatment
process based on lime clarification followed by media and cartridge filtration. However, the
conventional, spiral wound configuration of ultrafiltration membrane elements is not suitable for
the treatment of highly fouling wastewater. These UF elements could not operate at high
permeate flux rates without severe fouling of the membrane surfaces and plugging of the feed
channels. High cross flow feed velocities, required to reduce concentration polarization, resulted
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in high power consumption. (Concentration polarization is the buildup of salt concentration at
the membrane surface that hinders the diffusion of water and contributes to membrane fouling).
Mem.brane  cleaning, frequently required, was cumbersome and not very effective in restoring
permeate flux.

The new microfiltration and ultrafiltration technology offered recently (14) is based on a fat
capillq membrane configuration. The capillary bore is of 0.7 - 0.9 mm diameter. The outside
diameter of the capillary is in the range of 1.3 - 1.9 mm. Membrane material can consist of
polypropylene, sulfonated polyether sulfone or cellulose acetate polymer. In some capillary
element design configurations the feed - permeate flow direction is outside-in (i.e. feed water
flushes the outside of the capillary fiber, water permeates through the wall and is collected as a
permeate inside the fiber). Other element configurations have an inside-out flow direction.

There are two common properties of the new commercial capillary equipment;

1. Frequent, short duration, automatically sequenced flushing (or backflushing in some models)
of the capillary fibers, which clean the membrane surface and enable stable permeate flux rates
with little off-line time.

2. The ability to operate at very low feed cross flow velocity, or even in a direct filtration flow
(deadi end) mode.

The off-line time due to pulse cleaning is very short, compared to the off-line time of
conventional filters for filter backwashing. The frequent pulse cleaning of the capillary
membrane  results in stable permeate flux rates. Required feed water pressure is in the range of 1
to 2 bar. Operation at low feed pressure and low rate of feed cross flow or in a direct filtration
mode results in high recovery rates and very low power consumption, about 0.4 kWhAcgallon
(0.1 kWbr/m’)  of filtrate. The membrane type is either microfiltration (nominal pore size 0.2
micron) or ultrafiltration (molecular weight cut off 100,000 - 200,000 Dalton). The dimensions
of the capillary ultrafiltration modules are in the range of 40” - 52”  ( 100 - 130 cm) long and 8” -
13” (20 - 32 cm) in diameter. In actual field operation, a single module can produce 8,000 -
40,000 gallons per day (30 - 150 m’/day) of filtrate. Compared to conventional water treatment
technology, the new process offers a modular design, high output capacity from a small footprint,
no need for continuous handling and dosing of chemicals, and limited labor requirements. The
major advantage, however is inherent to membrane technology: the existence of a membrane
barrier between feed and permeate which enables a several log reduction of colloidal particles
and pathogens.

This new capillary technology was developed initially for the treatment of potable water
origi:nating  from surface sources. It has been extensively tested and a large number of systems,
primarily utilizing microfiltration  membranes, are already in operation. Following successful
applications in potable water applications, the capillary technology was been tested as a potential
pretreatment for RO systems operating on highly fouling water. One of the first targets was the
RO processing of municipal effluents. The objectives were to replace the expensive and
cumbersome conventional tertiary treatment and to increase the flux rate of the RO system. Field
tests have been conducted for over three years now, and have confirmed the technological and

.-
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economic feasibility (14). The results are promising and large commercial installations are under
consideration (14). Large capacity systems, combining capillary UF pretreatment with RO
technology are currently being designed. The capital cost of the capillary membrane pretreatment
is estimated to be similar to the cost of the extensive multistage conventional pretreatment
usually required for RO reclamation of the municipal waste water. The use of capillary
technology will simplify the pretreatment system and reduce the use of chemicals. The ne,w
capillary technology is capable of reliably producing RO feed water with a very low
concentration of colloidal particles and bacteria.

The present offering of commercial capillary products for the treatment of municipal effluents is
included in Table 1.

Table 1. Offering of commercial capillary MF-UF products for treatment of municipal

sizelMWC0

Fiber I.D. 0.3 mm
Fiber O.D. 0.7 mm
Membrane 22 m’
area per 233 ft2

0.9 mm
1.9 mm
14m2
15OV

0.8
1.4
7.5 mz
61 ft2

Dalton
0.94 mm 0.7mm
1.3 mm 1.3 mm

-55.4 mz 25 m2
596 ff 27Ofti!

module
Flow direction out - in out - in out - in in - out in - out

Ed
I

pressure 10 .5 - 2 bar < 0.5 bar 10 .5 - 2 bar 10 .5 - 2 bar 10 .5 - 2 bar
range. vacuum
Operation type Dead end and Immersed Cross flow Partial Dead end

cross flow fibers cross flow and cross

Capillary
backflush

Compressed
air backflush
every 20min.

Filtrate
backflush
and air

Filtrate
backflush
and air

Filtrate
backflush
every 20

Filtrate
backflush
every 20 - 30

TvDical
I scouring I scouring 1 min. ) min.

-t  27 m31d 1 1 3 m3/d 1 9 . 5 m3/d 1 130 ma/d i 6 0 m3/d~,r  ~~~~

module 7000 gpd 3600 gpd 2500 gpd 36000 gpd

-L-

16000 gpd
c a p a c i t y _-

A comprehensive description of the field tests of the new technology conducted at the Orange
County Water Factory 2 1 test facility has been published recently (15).



2.4. SPIRAL WOUND RO MEMBRANE ELEMENTS

The concept of the spiral wound membrane element device was introduced shortly after the
invention of the hollow fiber configuration (16). In the spiral wound configuration, two flat
sheets of membrane are separated with a permeate collector channel material to form a “leaf.”
This :assembly is sealed on three sides with the fourth side left open for permeate to exit (Fig 2).

Glue line

-Permeate  ---,
tube

Membrane +

Permeate
channe l  spacer

Glue l ine  4

u Feed Feed
u

Membrane leaf cross
section

Figure 2-Conventional  spiral wound module configuration

A feed/reject spacer material sheet is added to the leaf assembly. A number of these assemblies
or leaves are wound around a central plastic permeate tube. The permeate tube is perforated and
collects the permeate from the multiple leaf assembly. The typical industrial spiral wound
membrane element is approximately 100 or 150 cm (40 or 60 inches) long and 10 or 20 cm (4 or
8 inches) in diameter. The feed/reject flow through the element is a straight axial path from the
feed #end  to the opposite concentrate end, running parallel to the membrane surface. The
feed/reject channel spacer induces turbulence and reduces concentration polarization, or buildup
of salts at the membrane surface. Manufacturers specify reject flow requirements to control the
concentration polarization by limiting permeate recovery rate per element to 10 - 20 percent.
Therefore, the recovery rate is a function of the feed-reject path length. In  order to operate at
acceptable recoveries, spiral systems are usually staged with three to six membrane elements
connected in series in a pressure tube (Fig. 3).



Figure 3-Pressure  vessel with three membrane elements

The concentrate or reject stream from the first element becomes the feed to the following
element, and so on for each element within the pressure tube. The reject stream from the last
element exits the pressure tube as a concentrate. The permeate from each element enters the
permeate collector tube and exits the vessel as a common permeate stream. A single pressure
vessel with four to six membrane elements connected in series can be operated at up to
50-percent recovery under normal design conditions. The concentrate seal (similar to an o-ring)
on the element feed end outer diameter prevents the feed/reject stream from bypassing the
following element. Spiral wound elements are most commonly manufactured with flat sheet
membrane of either a cellulose diacetate/triacetate (CA) blend or a thin film composite. A thin
film composite membrane consists of a thin active layer of one polymer cast on a thicker
supporting layer of a different polymer. The composite membranes usually exhibit higher
rejection at lower operating pressures than the cellulose acetate blends. The composite membrane
materials may be polyamide, polysulfone, polyurea, or other polymers. The spiral wound
configuration of RO elements is the least affected by fouling by particulate matter in the feed
water. Therefore, for the reclamation of highly fouling municipal effluents or polluted surface
water, spiral wound RO elements are used almost exclusively.



3. APPLICATION OF RO MEMBRANES FOR
PATHOGEN REMOVAL

3.1. THE CONVENTIONAL SPIRAL WOUND CONFIGURATION

RO membranes can be used to retain pathogens, which may be present in contaminated water
source. The pores of the reverse osmosis membrane barrier layer are significantly smaller than
the size of bacteria or viruses. However, there is always a possibility of permeate contamination
by microbiological pollutants passing through structural defects. These defects may include:

. Membrane imperfections (pinholes)

. Damaged glue lines

. Damaged o-rings, which provide a separating seal between the feed and permeate
streams. These o-rings are housed in the jnterconnectors  that attach the permeate
tubes of membranes in series together. O-rings are also present in the adapters
that connect the first and last elements to the end plates of the pressure vessel.
Fig  3)

During the manufacturing process membrane elements undergo tests of structural integrity. The
integrity tests include a bubble test (application of air pressure to the permeate side of membrane
element), a vacuum test and the determination of salt rejection rate. After the elements are
assembled into pressure vessels (which usua.lly contain 6 - 7 elements connected in series), the
determination of the integrity of individual elements is much more difficult. The tests which can
be conducted while an element is installed in the system include probing of permeate
conductivity and measurement of number of particles. Each of these is time consuming, and
requires a significant level of expertise in the interpretation of the results. A bubble test or
vacuum test cannot provide any meaningful indication of membrane integrity while elements are
installed in a pressure tube. During the operation of the RO system, the feed water flow results in
the creation of a significant axial force applied to the elements. This force can shift the elements
back and forth inside the pressure vessel. This movement of elements may, in some cases, result
in th,e  breaking of the o-ring seals separating the feed and permeate streams. Large leaks can be
easily identified by monitoring the permeate conductivity from individual pressure tubes.
However small  leaks, which can result in significant passage of pathogens, may remain
unde:tected  for some period of time.

3.2. THE ENCAPSULATED SPIRAL WOUND CONFIGURATION

The LFCI-FREE,  or encapsulated element, is a new configuration, which consists of packaging a
spiral wound membrane element into an individual pressure vessel. The schematic of the new
configuration is shown in Fig. 4.



Permeate
Poe

F e e d

1 Concetrate
Port

Figure 4-Encapsuled  spiral wound element configuration

The encapsulation of individual elements has potential to be cost competitive with the
conventional de!Zgn of 6 -7 elements loaded into a single pressure vessel. The newer composite
membrane technology provides membranes with high specific fluxes, allowing them to operate at
low feed pressures typically below 200psi. Therefore, an inexpensive outer shell can be applied
for element encapsulation.

The encapsulated element has advantages for applications where membrane barrier integrity is of
special importance for the following reasons:

a) The encapsulated element configuration does not contain interconnector or adapter o-rings.
This eliminates ,the possibility of leaks through the o-ring sealing surfaces.

b) The encapsulated elements are connected individually to a permeate manifold, allowing
sampling to be taken from individual membranes. Therefore, any changes of permeate
conductivity can be easily identified and localized.



c) The encapsulated elements allow for the possibility of continuous sampling of permeate from
the pe.rmeate  tubes while the elements are assembled into a system. This enables convenient
determination of particle concentration in the permeate from a single element.

d) The encapsulated element configuration ako enables the determination of element integrity.
An in-situ vacuum test can be applied.

e) There is good probability that a meaningful, on line, bubble test (a permeate pressure holding
test) can be developed for the encapsulated elements.

After the above listed advantages are demonstrated, engineering will be required to optimize the
RO system design using encapsulated elements. The design should minimize the pressure drop
which may be created in systems consisting of a number of encapsulated elements connected in
series. In RO systems utilizing the conventional spiral wound configuration elements, the average
apparent recovery rate per element is in the range of 6% - 10%. The low recovery rate per
element is a result of the design requirement for sufficient cross flow feed velocity. This cross
flow -velocity is required to reduce the concentration polarization at the membrane surface. In an
RO system operating at 85% recovery the combined length of elements operating in series along
the system would be 14 to 18 elements. To apply a similar arrangement to an RO system utilizing
encapsulated elements, the entry and exit pressure losses at the feed-concentrate ports must be
minirnized. Pressure drop in RO systems utilizing ultra-low pressure membranes may have a
significant impact on performance.
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4. EXPERIMENTAL RESULTS

4.1. MEMBRANE PREPARATION AND ELEMENT ROLLING

In order to assure good element integrity special precaution was observed during the preparation
of materials for element construction. The flat sheet composite membrane was examined for the
presence of surface defects. Double glue lines were applied to the “leaf’ seals. A total of twelve
4” LFCl elements were manufactured for this project; six elements in encapsulated configuration
and six elements in standard configuration. Each element had four leaves and a nominal
membrane area of 75 ft*.

4.2. NOMINAL ELEMENT PERFORMANCE AND INTEGRITY TESTING

Elements were tested at standard test conditions. The standard test conditions are:

Feed pressure 225 psi
Feed salinity 1500 ppm NaCl
Recovery rate 15%
Feed t:emperature 25°C

The elements produced permeate fluxes in the range of 22 - 26 gfd (gallons per square foot per
day) and salt rejections between 99.5% - 99.6%.

After this testing a vacuum hold test was performed by applying -20.9 in. Hg to the permeate side
of the elements. The membranes were then isolated, and the vacuum decay rate was measured
for one minute. In general, a vacuum decay rate of less than 5 in Hg per minute is acceptable.
The results of the initial test of the LFCl elements are included in Appendix A.

4.3. TEST SITE DESCRIPTION

Operation of the pilot unit was conducted at the San Pasqual Aqua 2000 Research Facility in
Escondido, Cahfomia.  The San Pasqual municipal wastewater is processed through water
hyacinth secondary treatment. After secondary treatment the water maintains a high load of
suspended solid.s, and the turbidity is in the range of 10 - 20 NTU. This secondary effluent is
processed by coagulation with ferrous salts and media filtration. The quality of tertiary effluent is
included in Table 2, and has an average turbidity of about 2 NTU. This water flows into a
holding tank where it is pumped to the HYDRAcapm capillary ultrafiltration unit. The
ultrafiltration unit is equipped with two 8” HYDRAcapTM capillary elements. A specifica,tion
sheet for the HYDRAcap IX is included in Appendix B. The composition of the UF filtrate
produced by the HYDRAcapTM  operating on tertiary effluent is included in Table 2. The UF
filtrate is pumped under pressure into two parallel manifolds of the RO unit. One manifold is
connected to a pressure vessel housing three 4”  LFCl elements in standard spiral wound
configuration. The other manifold is connected to three LFCI-FREE encapsulated elements

1 1



connected in series. Each encapsulated element has a sampling port to enable individual
permeate sampling from each element, while the RO system is in operation. The same ports are
used ~to  conduct the in-situ vacuum hold test. The schematic of the system is included in Fig 5.

Figure S-Pilot Site at San Pasqual,  California

A detailed process and instrumentation diagram (P&ID) of the test equipment is included in
Appendix C. During the pilot testing period the water temperature fluctuated between 15°C to
28°C (Fig 6). Feed water conductivity fluctuated in the narrow range of 1500 - 1700 uS/cm
(Fig. 7).
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Table 2. San Pasqual analytical results
Parameter UF lnfluent UF Effluent RO permeate

Average Range Ave. Range Ave. Range
OH 7.3 - 7.5 7.4-8.1 5.7-6.4
I-~

Turbidity, NTU
Ammonia, ppm
Nitrate, ppm
Nitrite, ppm
Nitrate, TKN,
rm
Bromide, ppm
Chloride, ppm
Sulfate, ppm
Sodium, ppm
Silica, ppm
Iron, ppm

2 0.5-5.2 0.07 0.04-0.15 0.05 0.03-0.09
12.2 1.8-21.7 12.3 1.3-20.0 0.3 0.01-l .o
8.9 8.6-9.5 7.5 7.5-7.6 0.4 0.3-0.5
8.6 8.6-8.7 5.9 5.9-5.9 0.18 0.18-0.18

12.7 7.1-18.2 12.6 8.8-l 8.0 0.29 0.12-0.64

9.85
264.5

298
204

18
0.25

Chromium, ppb
Calcium, ppm
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Phosphorous,
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TDS,  ppm
Hardness, ppm
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TOC, ppm
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74
39
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UV-254 0.152

HPLC, cfulml 22.1e4

Total coliforms 8000
Total chlorine, 3.8
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0.093-
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4.7-25.4

330-427
135-205

3.6 -
19.0

0.123-
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1.6e4-
2.le4
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7.27 7.27-7.27 0.06 0.06-0.06
257 242-280 1.32 0.71-2.28
291 241-321 0.4 0.3-I .4
204 191-221 5 5 - 9

17 14-21 1 l - l
0.05 0.05-0.06 0.05 0.05-0.06

2.9 1.4 - 6.0 1.1 1 .O - 1.6
79 72-83 1 l - l
39 36-41 3 3 - 3

7.4 3.6-17.8 0.08 0.01-0.46

1106 1000 12
395 347-448 5
175 152-204 7
6.9 5.2 - 17.6 0.08

0.121 0.010

1.6

0.106-
0.141

N D - 2 0 1.2

ND
3.1 2.0 -3.9

ND
3.5

1 O-23
5-6

5-  19

0.002-0.024

ND - 10

2.0 - 5.2
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Figure 6-SAN PASQUAL SITE
Wastewater Effluent, Capillary UF Pretreatment

Apr98 to Nov98

.

Figure 7-SAN PASQUAL SITE
Wastewter Effluent, Capillary UF Pretreatment

Am98 to Nov98

!
A
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4.4 OPERATING PARAMETERS AND RESULTS

4.4.1 CAPILLARY UF EQUIPMENT

The UF pilot unit consists of two 8” HYDRAcapTM capillary ultrafiltration modules running in
parallel. Flow through the capillaries is inside out, i.e., feed water enters the center of the
capillary tubes and filters through the wall and is collected outside the fibers. The capillary
material is Poly Ether Sulfone (PES). The UF unit runs in dead-end mode (no concentrate flow)
with filtrate flow of 7 gpm (38 gfd) per element. Recovery is 100%.  Here, recovery is
synonymous with reverse osmosis technology and is equivalent to the Filtrate/Feed flow ratio as
the unit is processing water. The conversion of feed water to filtrate is approximately 85%.
Conversion considers that 15% of the filtrate is required for automatic backwash cycle. The unit
also consists of tone feed and one backwash pump, actuated valves, a control panel with a PLC to
control backwash frequency and duration, a citrate  hoIding  tank, a chlorine metering pump and a
day storage tank. Flow and pressure are monitored with flow meters and pressure gauges. Two
UF modules are needed to supply adequate flow to the RO units downstream.

Table 3. Representative operating parameters of
the capillary UF pilot unit.

*Tram Membrane Pressure is the difference between the feed/concentrate and filtrate pressures.

The unit is operated in the following sequence:

Filtration step-

Feed pressure is applied to the inside of capillaries. The system operates in a dead end mode
(100% recovery rate), and all feed water is converted to filtrate. This steps lasts between 15 -
30 min.

Backwash cycle-

The backwash cycle is a sequence of short steps. Initially, the concentrate valve is opened for a
period of about 8 seconds and the inside of the capillaries are flushed with feed water. Next the
feed pressure is reduced to ambient and filtrate pressure is applied to the outside of capillaries for
a period of about 20 sec. Filtrate water permeates through the capillary walls, dislodges the
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foulants  from the inside of the capillaries, and discharges them drain. During this step, chlorine
is added to the filtrate at the level of about 20 ppm. The filtrate pressure is then reduced and the
system stays idle (soak step) for about 20 seconds. The objective of the soak step is to allow the
chlorine to oxidize the organic material deposited in the capillaries. After the soak step filtrate
under pressure is again applied to the outside of the capillaries for a period of 12 seconds to rinse
the chlorinated water from the system. The total time of the backwash cycle is about 60 sec. After
rhe backwash the UF system is returned to normal operation. Periodically, when the TMP reaches
1.5 - 20 psi, the UF membranes are cleaned with 2% citric acid solution (low pH  cleaning),
followed with 0.5% NaOH  solution (high pH  cleaning). A detailed description of filtration,
backwash and the cleaning procedure is included in Appendix D.

4.4.;!.  RO EQUIPMENT

The II0 portion of the system contains two sets of three 4”  membrane elements each operating in
paralllel. The membranes are Hydranautics new low fouling neutrally charged polyamide
membrane (LFCl).  One set of three membrane elements is housed in a standard pressure vessel.
The other consists of three LFCl-Free  membranes in a self-encapsulated configuration, i.e. stand
alone membranes that do not require a pressure vessel. The encapsulated elements are also
connected in series, i.e. concentrate outlet of one element is connected to the feed port of the next
module. The permeate from all three encapsulated elements are combined together. However, the
permeate line from each encapsulated membrane module can be individually accessed. Such a
configuration provides the capability of in-situ integrity testing and individual permeate sampling
for thhe  membrane elements.

The filtrate from the UF system is collected in a tank and then fed to the RO membranes via two
centrifugal pumps in series. The RO membranes further remove bacteria and viruses as well as
dissolved solids. The instrumentation of the RO system includes a temperature gauge, permeate
and concentrate rotameters, feed, concentrate and permeate pressure gauges. All conductivity
readings of individual permeates are done by grab samples. A conductivity monitor of feed and
combined permeate conductivity is included.

One Iof  the objectives of the test program was to test the possibility of applying the encapsulated
configuration to the design of commercial systems. For this reason, the encapsulated and
stand.ard  configuration elements were operated in parallel at the same recovery and permeate flux
rate. The summary of the RO unit operating conditions is given in Table 4.

Analytical results for selected constituents are given in Table 2.
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4.4.3. UF MEMBRANE PERFORMANCE RESULTS

The results of the HYDRAcapTM capillary UF operation are summarized in Fig. 8 through 14.
Two UF elements were operated in parallel, designated as elements A and B. Fig 8 and 9 show
the trans membrane pressure (TMP), which had to be applied to maintain the design filtrate flow.
The TMP is calculated by subtracting the filtrate pressure from the average feed -concentrate
pressure.

TMP = 0.5 * (Pt  + P,)  - P,

For the majority of the study, the TMP fluctuated between 4 - 12 psi. Some excursion of the
TMP was experienced, mainly due to membrane fouling resulting from operating condition
changes such as increased period between backwash operation (increased length of operating
cycle) and increased permeate flux rate. Stable results were obtained with a filtrate flux rate at
about 38 gfd between backwash intervals of 15 minutes. Both~UF  elements operated most of the
time at flux rate of 38 gfd, (Fig 10 and 11) which corresponds to filtrate flow of 7 gpm per
element (Fig 12). The filtrate turbidity was below 0.1 NTU while processing tertiary effluent of
average turbidity of about 2 NTU (Fig 13 and 14). The silt density index (SDI) of the UP feed
was unmeasurable. The SD1 of the UP filtrate was in the range of 2 - 4. It is interesting that the
HYDRAcaprM  UF membrane had a marginal retention for dissolved organics.  TOC reduction of
about 20 % was, obtained. The capillary UF membrane has a molecular weight cut off of about
150,000 Dalton, which provides insight on the size of the dissolved organic matter.

Figure E-SAN PASQUAL SITE,
Capillary UF Unit Operating on Wastewater, UF-A , (Feb98 to Nov98)

30 - -1
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I
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Figure g-SAN  PASQUAL SITE,
Capillary UF Unit Operating on Wastewater, UF-B , (Feb98 to Nov98)

Figure IO-SAN PASQUAL SITE,
Capillary UF Unit Operating on Wastewater, UF-A,

(Feb98 to Nov98)
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Figure 1 I-SAN PASQUAL SITE,
Capillary UF Unit Operating on Wastewater, UF-B,

(Feb98 to Nov98)

Figure 12-SAN  PASQUAL SITE,
Capillary UF Unit Operating on Wastewater, (Feb98 to Nov98)
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Figure 13-SAN PASQUAL SITE
Capillary UF Unit Operating on Waste Water

Turbidity Reduction, UF - A

Filtrate

Figure 1CSAN  PASQUAL SITE
Capillary UF Unit Operating on Waste Water

Turbidity Reduction, UF - B

-

!
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4.4.4. RO MEMBRANES PERFORMANCE RESULTS

The results of the operation of the encapsulated and standard configuration LFCl membrane
elements are included in Fig. 15 - 21 and Fig. 22 - 28 respectively. The graphs include field data
of permeate flow, average permeate flux, specific permeate flux (corrected for temperature and
net driving pressure), permeate conductivity, salt rejection, recovery and feed pressure. Both the
standard and encapsulated membrane elements operated at very similar conditions and exhibit
similar performance. An important observation is related to the relative stability of the salt
rejection, The feed water contains a high level of total chlorine (1 - 7 ppm) in the form of
chloramines. The presence of chloramine prevents bacteria growth in the elements. The small
decline of salt rejection, from 99.6 to 99.2, (Fig. 19 and 26) after eight months of field operation
provides contimaation  of previous findings that chloramines can be used to control biofouling in
RO systems equipped with polyamide composite membranes. The LFCl membranes operated at
initial flux rate of 11 gfd, which was increased up to 16-20 gfd. The feed pressure remained
stable (Fig. 21 gl28)  and calculations of specific flux (Fig. 17 & 24) indicate very little decline
of water permeability. The stability of specific flux is much higher than observed in the operation
of the same type of membranes on conventionally pretreated municipal effluent. The typical RO
membrane flux decline caused by fouling for conventionally pretreated efflent is in the range of
50 - 80%,  and is quite common (16). This difference of fouling rates, in our opinion, is due to a
significant reduction of colloidal particles by the HYDRAcapTM  capillary membrane
pretreatment

Figure 15-SAN PASQUAL SITE
Wastewater Effluent, Capillary UF Pretreatment

Encapsulated LFCl  Membrane Elements
Aor98  to Nov98
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Figure 16-SAN  PASQUAL SITE
Wastewater Effluent, Capillary UF Pretreatment

Encapsulated LFCl  Membrane Elements
Apr98 to Nov98

i

0.2

Figure 17-SAN PASQUAL SITE
Wastewater Effluent, Capillary UF Pretreatment

Encapsulated LFCl  Membrane Elements
Apr98 to Nov98

-7
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Figure l&SAN PASQUAL SITE
Wastewater Effluent, Capillary UF Pretreatment

Encapsulated LFCI  Membrane Elements
Apr98  to Nov98

.

Figure 19-SAN PASQUAL SITE
Wastewater Effluent, Capillary UF Pretreatment

Encapsulated LFCl  Membrane Elements
Apr98 to Nov98
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Figure 20-SAN  PASQUAL SITE
Wastewater Effluent, Capillary UF Pretreatment

Encapsulated LFCl  Membrane Elements
Apr98 to Nov 98

Figure 21-SAN  PASQUAL SITE
Wastewater Effluent, Capillary UF Pretreatment

LFCl  Encapsulated RO Membrane Element
Apr98  to Nov98
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Figure 22-SAN PASQUAL SITE
Wastewater Effluent, Capillary UF Pretreatment

Standard Configuration LFClMembrane  Element
Apr98 to Nov98

-/

Figure 23-SAN  PASQUAL SITE
Wastewater Effluent,Capillary  UF Pretreatment

Standard Configuration LFCI  Membrane Element
Apr98 to Nov98

, * ,.....  - - -
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Figure 24-SAN PASQUAL SITE
Wastewater Effluent, Capillary UF Pretreatment

Standard Configuration LFCl  Membrane Elements
Apr98 to Nov98
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Figure 25-SAN  PASQUAL SITE
Wastewater Effluent, Capillary UF Pretreatment

Standard Configuration LFCl  Membrane Elements
Apr98 to Nov98
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Figure 26-SAN PASQUAL SITE
Wastewater Effluent, Capillary UF Pretreatment

Standard Configuration LFCI Membrane Elements
Apr96  to Nov96

Figure 27-SAN  PASQUAL SITE
Wastewater Effluent, Capillary UF Pretreatment

Standard LFCI Membrane Elements
Apr98  to Nov 96

27



1250

Figure 28-SAN  PASQUAL SITE
Municipal Effluent Treated with capillary UF Pretreatment, LFCl

Standard Configuration Membrane Element, April 98 - Nov 98

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
operaing  Time,  moun

4.5. VIRUS CHALLENGE RESULTS

Virus retention tests of HYDRAcap rM UF and LFC 1 RO membrane elements were conducted on
June 25, 1998 and October 23, 1998. Each test consisted of a separate seeding of feed water to
both the UF unit and the RO unit with MS2 stock seeding solution. The concentration of MS2
virus in the feed water was in the range of ld to 10’ plaque forming units per ml (pfu/ml).
Samples of UF filtrate and RO permeate were collected at the time intervals after the backwash
of the capillary UF system. The details of the seeding protocol and the reports of each challenge
test are included in Appendix E.

4.5.l. VIRUS RETENTION BY CAPILLARY UF MEMBRANES

The results of the MS2 virus challenge test are included in Fig. 29 and 30 for the first seeding test
(June 98) and Fig. 32 and 33 for the second seeding test (October 23). Fig. 29, which includes
results for module A, indicates an increase of MS2 virus concentration in the second and third
filtrate samples. The first result corresponds to 5.2 log removal immediately after backwash. The
subsequent results correspond to only 3.4 - 3.7 log removal. These results are consistent with the
particle count results for module A taken on the evening prior to the next day challenge test. The
parUe  count results in the filtrate indicated a step increase in particle size over 2 urn. This is
indicative of broken fibers. The bubble test of module A conducted after the virus challenge test
confirmed the presence of two broken fibers. Pluggjng  the broken fibers with plastic pins
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repaired module A. The results for module B consistently indicated over 5 log virus removal
(Fig. :30).  The challenge test conducted on October 23 indicated 5 - 6 log virus removal for both
UF modules (Fig. 32 & 33).

Figure ZB-Virus  rejection by capillary membrane Module A, two fibers broken.
June 1999

Minutes after Backwash

Figure 30-Virus  rejection by capillary membrane Module 6.
June 1999

Minutes after Backwash
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Figure 33-Virus rejection by capillary membranes. UF-6.
October 1998

1

/
Filtrate

Minutes after Backwash

Figure 34-Virus rejection by RO membranes.
October 1998

Middle Encapsulated ‘*

Minutes after Capillary UF Backwash End

31



4.52. VIRUS RETENTION BY RO MEMBRANES

The virus  challenge results are included in Fig. 3 1 (June 98) and Fig. 34 (October 98). The first
seeding results (Fig. 3 1) indicate the same level of virus rejection of over 5 log for both
mem.brane element configurations: standard and encapsulated. The second seeding results
(Fig. 34) indicate overall higher virus rejection, up to 6.7 Iog. On the average the virus rejection
by the encapsulated elements was slightly higher than that measured for the standard elements.
During the first seeding, the concentration of the MS2 virus in the feed was about lo5 pfu/ml.
The results of virus concentration in the permeate from all RO elements was less than 1 pfu/ml,
practically below the detection limit. During the second seeding the concentration of MS2 virus
in the feed was about lo7 pfu/ml.  The virus concentration in the filtrate was in the range of 5 to
35 pfii/ml.  It is very likely that the lower virus rejection results during the first challenge are the
resuh  of lower concentration of the MS2 virus in the feed water. In other words, the June test did
not have enough virus in the feed water to show detectable virus in the RO permeate.

4.6. ON LINE INTEGRITY DETERMINATION

4.6.1. INTEGRITY TEST OF UF MEMBRANE ELEMENTS

Commercially applied methods of testing the integrity of capillary membrane elements include
particle counting, particle monitoring, air pressure hold test, bubble release test, turbidity
measurement, and sonic test (18, 19, 20). A11  the above methods are feasible for monitoring
membrane integrity in small systems consisting of a limited number of membrane elements.
However, only the particle counting, particle monitoring and turbidity measurements are
continuous monitoring methods. The other methods can be applied only when the block or
membrane module is taken off line. Turbidity monitoring can be useful in detecting only large
leaks.. In large capacity membrane treatment systems the particle counting and monitoring
methods can only be effective if multiple sensors are applied. As described in a recent
pubhcation  (19) the number of particle monitoring sensors per number of capillary modules
depends on the sensitivity of apparatus and the concentration of particles in the feed water.
Particle counters are relatively expensive and require a significant level of maintenance.
Furthermore, after the existence of a leak in the UF/MF system has been established using either
particle monitoring device, the module with compromised integrity has to be located in order to
repair the broken fiber(s). Following the location of a leaking element, the leaking fiber(s) must
be plugged or isolated. This can only be done off-line.

4.6.2. INTEGRITY TEST OF RO MEMBRANE ELEMENTS

The integrity of RO elements is determined by measuring salt passage, by a bubble test, or by a
vacuum test. The salt passage determination is not very sensitive to small leaks. The other two
tests are conducted on individual elements, and the elements must be outside the RO system. One
of the objectives of this study was to test the advantage of the encapsulated configuration with
respect to on-line determination of element integrity. As shown in the P&ID (Appendix C), the
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permeate tube of each encapsulated element is connected individually to the permeate manifold.
The permeate tube also consists of a side port with a valve, which can be connected to the
vacuum line reqnired  for the vacuum test. The encapsulated elements are assembled vertically in
the pilot unit. To conduct a vacuum integrity test the feed pump is stopped and water from the
element is drained by opening the dram valves on the feed and permeate lines. When draining is
completed both drain valves are closed. The permeate side port is connected to a vacuum pump
and the permeate side of the membrane is evacuated to a stable vacuum of about 20 inches of
mercury. The valve on the vacuum line is then closed and the vacuum decline is measured. If the
vacuum is higher than 15 inches of mercury after one minute, the element has good integrity.
Only the encapsulated elements can undergo this in-situ vacuum test. The same vacuum test was
conducted on both standard and encapsulated elements before installation in the system. The
vacuum test results are listed in Table 5. All results indicate good membrane barrier integrity.
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Table 5. Vacuum test results of standard and encapsulated elements

1 Da te 1 Element 1 Decline 1 Location 1 Element configuration 1
S/N “Hglmin

X 0 1 1 8 3  ’ -1.20 At San Pasqual before inc+arr,* ly.yll t .F32”rl!Ad
Yn9  4 E(? -’  .40 At San Pasqual before install

1.60 At San Pasqual before installI
1.50 At San Pasquel hefore I

Standard I
am-h-d I
Standard I?.20 .-. -_.-._ ..-.-..

1 At San Pasqual before install 1 Standard
1 x01181 1 -0.30 1 At San Pasqual before install 1 StandardI

3/l  :2/98I= x01 190 -0.25 At San Pasqual before install Self encapsulated
xn119n -0.30 At San Pasqual before install Self encapsulated

X01 187 -0.25 At San Pasqual before install Self encapsulated

X01 187 -0.20 At San Pasqual before install Self encapsulated

X01  185 -0.15 At San Pasqual before install Self encapsulated

X01 185 -0.10 At San Pasqual before install Self encapsulated

1 X 0 1 1 8 5  1

I- I
-0.44

X01  185 -0.59

In situ post 400hours operation Self encapsulated
In situ post 400hours operation Self encapsulated
In situ post 400hours operation Self encapsulated
In situ post 400hours operation 1 Self encapsulated
In situ post 400hours operation Self encapsulated

-0.30 In situ post 400hours operation
-0.15 In situ post 400hours operation
-0.15 In situ post 400hours operation
-0.06 In situ post 400hours operation
-0.06 In situ post 400hours operation

Self encapsulated
Self encapsulated
Self encapsulated
Self encapsulated
Self encapsulated

I.59 I In situ post 400hours operation Self encapsulated
‘--hours operation Self encapsulated

1 XUllBI  I -U.lS f rn  srtu  posr wuhours  operation Self encapsulated

X01  187 -0.15 In situ post 400hours operation Self encapsulated

1
-2 1 ln situ post 400hours operation I

I
X01 187 !.66 Self encapsulated I
X01 187 4
X01 187 -0.30 1 In srtu post 4uu
..-. .-- ^ _- I . ̂  ̂

6/l

E
I

challenge-l 900 hours 1 Self encapsulatedPre MS2
Pre MS2 challenae-1900 hours
Pre MS2 challenge-l 900 hours
Pre MS2 challenge-l 900 hours
Pre MS2

Self encapsulated
Self encapsulated
Self encapsulated
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5. RO MEMBRANE CLEANING STUDY

The specific flux results included in Fig. 17 and 24 indicate some degree of permeability decline
during field ope:ration. After the completion of the field operation the LFCl elements were
returned to Hydranautics and tested at nominal test conditions. The test results confirmed that the
encapsulated and standard configuration elements lost, an average of 10% and 20% of the initial
flux respectively. The salt rejection results were about the same as the initial values. After the
test, the lead elements from each group were put aside for autopsy including flat cell membrane
testing and membrane surface analysis. The remaining two elements from each group were
cleaned by applying 0.25% NaOH  solution. After cleaning the elements were tested again. The
test re,sults  are summarized in Table 6. High pH  cleaning completely restored the flux to the
initial values. However, the salt rejection was reduced to some extend. For the encapsulated
elements the salt rejection was reduced from 99.5% to 99.4%,  and the standard element salt
rejection was reduced from 99.6% to 99.2% as a result of cleaning.

Table 6. Performance change and cleaning results of the LFCI membranes, San Pasqual

Position  during test
(April - November 1998).

Ex-Factory After Operation After Cleaning

Average 99 .5 1647 99 .6 1492 99.4 1788
Change % +20 -9.4 - 2 0 +8.5

ztandard  Element
Configuration
Lead

Middle
Tai l

99 .6 1908 99 .5 1629

99 .6 1908 99 .6 1596
99 .6 2082 99 .6 1578

Not Not
cleaned cleaned

99.2 2317
99.2 1708

1Average 99 .6 1966 99 .6 1601 99.2 2012
Change, % 0.0 -18.5 -100 +2.3

operation

&capsulated

Rejection
%

Flux,
gpd

Rejection Flux, Rejection Flux,
% gpd % gpd

Element
Configuration
Lead

Middle
Tai l

99 .5 1629 99 .6 1.512

99 .5 1629 99 .6 1466
99 .5 1684 99 .6 1499

Not Not
cleaned cleaned

99.4 1788
99.4 1788
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6. RO MEMBRANES AUTOPSY RESULTS

After cleaning, the tail elements, one from each group, were dye tested. After the dye test all
elements were autopsied. The dye test consists of the operation of element at normal feed
pressure with feed water containing dye (methyl violet). The objective of applying the dye test is
to determine the presence of surface defects or leaks. After unrolling of dyed elements some
minor surface defects were observed. No major leaks were found. On the membrane surface from
ail elements  a small amount of fouling deposit was found. No blockage of feed channels was
obsewed. The report of autopsy results is included in Appendix F.
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7. BACTERIOLOGICAL TESTS

SamplIes  from the membrane surfaces were analyzed for the presence of bacteria. The feed water
to the RO elements was treated with capillary UF membranes and a concentration of chloramines
in the range of 1 - 7 ppm was maintained. The capillary membrane barrier prevented the majority
of the bacteria from reaching the membrane elements and the presence of chloramines should
have controled bacterial growth. Results of the tests indicated that some bacteria were present in
the membrane elements. However, the presence of chloramines prevented growth, that would
have affected element performance. No significant increase of pressure drop was observed.
Results of the microbiological tests are included in Appendix G.
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8. FLAT CELL RESULTS

After element autopsy, the membrane coupons were tested in flat cell apparatus. The results are
summarized in Table 7. Table 7 also includes the element performance test results conducted
before the autopsy. For comparison purposes, flat cell results of new LFCl membrane are also
included. Each result represents an average of six membrane samples. There is general agreement
between element data and flat cell results. Some discrepancy can be expected due to membrane
variability and the large difference of membrane area between the flat cells and elements. A
listing of all flat cell results is included in Appendix H.

Table 7. Flat cell results
r Element Element results after field Flat cell results

t

operation
Flux, gfd Rej., % Flux, gfd Rej., %

New membrane 22.9 98.9
X0181 1 21.7 99.5 21.6 99.3
x01 184 * 30.9 99.2 30.9 99.4
X01183’ 22.7 99.2 26.5 99.2
x01  185 21.2 99.6 24.5 99.3
x01190* 23.8 99.4 28.9 99.0
X01187 * 23.5 99.4 24.5 99.6-

Element has been cleaned before autopsy
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9. SEM AND EDX TESTS

Samples of used membrane were examined using Scanning Electron Microscopy @EM).  The
composition of the foulant  layer was determined using X-ray Electron Diffraction (EDX). The
resultis are included in Appendix I. The SEM pictures clearly indicate that the membrane surface
contains bacteria and other fouling deposits. The EDX spectra enables a determination of the
composition of fouling layer. The summary of EDX analysis for each element is included in
Tables 8 through 13. For comparison each table includes the EDX spectra of a clean LFCI
membrane. The X-ray beam penetrates through the surface and reaches into the polysufone
support layer of the membrane. The spectrum of a clean membrane sample shows the presence of
carbon (about 63%),  oxygen (about 16%) and sulfur (about 12%). The gold peak originates from
the gold coating applied during sample preparation. Some of the spectra of membrane surfaces
coverled  with a light deposit are similar to the spectra of the clean membrane (C, 0, S) but also
include a small concentration of iron, silica and phosphorous. Some samples show the presence
of chromium, origin of which is not clear at this time. The true composition of the foulant  layer is
determined by scraping the foulant  from the membrane surface and analyzing it separately. These
spectra (Table 8, scan #l), show the presence of organics  and a high concentration of iron. The
iron deposit originates most likely from the iron-based flocculant,  FeC13, which is used in the
tertiary treatment step of the feed water. The four membrane elements (SN # 01190,01187,
01184,01183)  were cleaned only with a high pH  solution of NaOH. The application of h,igh pH
cleaning solution is not effective in dissolving and removing iron deposits. It is important to note
that the high pH cleaning restored the membrane flux completely despite the presence of foulant
deposit clearly visible in the SEM pictures. It is possible that the cleaning operation increased the
permeability of the fouling layer by removing organic material, which binds together colloidal
particles.

Table 8. Concentration of constituents on membrane surface, element 01185.
Constituent of Scan’#i  , Scan #2, S c a n  #3, Control, clean
surface layer foulaiit  only middle section feed~side LFCI  membr.

C 13.6 48.0 53.8 62 .7
23 .6 21 .2 23.8 16.2
0 .4 12.9 12 .4 11.9

48 .7 4 .5 6 .6
1.2 0.6 0 .3
1.7
1.5 0 .15 0.22 -

Table 9. Concentration of constituents on membrane surface, element 01190.
Constituent of Scan#  1, Scan # 2, Scan # 3, Control, clean
surface layer foulant  only feed side middle section ‘LFCl  memk

C 18.3 49.6 50.9 62 .7
0 27 .2 21.9 21.5 16 .2
S 1 .o 12 .6 12 .3 11.9
F e 44 .0 4 .9 4.6
Si 1 0.2 0.2
P 0 .6
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Table 10. Concentration of constituents on membrane surface, element 01187.
Scan,#l, Scan # 2, Scan #3, Control, clean

foulant  only feed side middle section LFCI membr.
16 .6 55.8 57 .35 62.7

0 21 .o 19 .7 18 .7 16 .2
S 11 .8 12 .3 11 .9

F e 45.5 2.7 2 .3
Si 1 .8 0.3 0 .3
P 0.8 0.1 0 .22

Table 11. Concentration of constituents on membrane surface, element 01181.
Constituent Of

!

Scan .# 1, heavy Scan #2, Scan # 3, Control, clean
surface’layer foulant,  layer feed side concentrate LFCI membr.

side
C 66.4 62.5 62 .7 62.7
0 23.8 15 .2 15 .49 16 .2
S 3.5 11.86 11.8 11 .9

F e 0.35 0.25 0 .25

Table 12. Concentration of constituents on membrane surface, element 01184.
Scan #I; Scan #2, Scan # 3, Control, clean

foulant  only feed side middle,,section LFCI membr.
23.6 59.7 63 .2 62.7

0 21.1 16 .3 12.4 16 .2
S 4.2 11 .o 11.6 11 .9
F e 28.8 1 .2
Si 1 .7 0 .2 0 .2
P 1 . 1

Table 13. Concentration of constituents on membrane surface, element 01183.
IZonstituent  of Scan#l, Scan #2, Scan #3.  heavy Control, clean
-surface layer middle section heavy foulant foulant LFCl  membr.

C 63 .5 33.0 14.5 62.7
0 12 .03 24.4 29 .8 16 .2
S 12.1 3.29 0.4 11 .9

F e 21.3 40 .3
Si 1 .8 1.9
P 0 .6
Cr 0.7 1 . 1
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10. SUMMARY AND CONCLUSIONS

The operation of the integrated membrane system (IMS), consisting of UF pretreatment followed
by RO, confirmed that such a system configuration is vety effective in providing stable
performance in the reclamation of municipal effluents. The observed fouling rates of RO
membranes were very low, in the range of 10 - 20%. Such fouling rates are significantly lower
than those usually observed in other membrane systems operating in similar applications. In our
opinion there are two reason for low fouling rates experienced during this study:

a) Use of membrane pretreatment reduces concentration of colloidal particles in the feed water.
It is known (17) that the presence of colloidal particles in combination with high concentrations
of organic matter forms ian impermeable layer on the membrane surface.

b) Another fact,or in reducing RO membrane water permeability is the adsorption of organics on
the membrane surface (17). The LFC 1 membrane used in this study has a modified membrane
surface, making it more hydrophilic than the conventional composite polyamide membrane
material. The hydrophilic nature of the membrane potentially reduces the affinity and adsorption
of hydrophobic organic material present in feed water. Furthermore, the bonds between deposited
organics are not. very strong. The cleaning results demonstrate that the deposited organics are
easily removed by the cleaning procedure.

The results of this work show that the encapsulated RO membrane elements can be configured
into systems that operate similar to those designed around standard RO membranes. For
applications where the barrier integrity is critical, the encapsulated elements offer some distinct
advantages. The major advantage is the ability to perform an in-situ integrity test. Furthermore,
the vi,ms challenge results show slightly higher virus retention for encapsulated elements. Due to
the small number of elements tested however, it is difficult to assess how meaningful these
result:3 actually are.

The instrumental analysis results (SEM and EDX) give some insight into the operation of lMS on
municipal effluent. The important observations are:

a) The presence of chloramine enables control of biological activity and effectively prevents
biofouling.

b) In this environment, (presence of chloramines in municipal effluent feed) the composite
polyamide LFCl membrane is sufficiently stable with respect to salt rejection.

c) In spite of UF membrane pretreatment, foulants  did accumulate on the membrane surface. The
EDX spectra enable foulant  identification as being composed mainly of organic material, iron
(probably mixed hydroxide form) and silica. The iron probably originates from iron salt
flocculation in t,he tertiary treatment step. Silica could be introduced to the feed water from a fine
dust deposit. There is also indication of presence of chromium of unknown origin.
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During the latter period of the tests the LFCl membrane elements operated at relatively high flux
rates, without a noticeable increase of the fouling rate. If such high fouling rates could be
sustained in long term operation they would have a significant impact on RO system costs for
wastewater reclamation. It is prudent for further testing to confirm the feasibility of such a
system design.
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APPENDIX A

TEST CONDITIONS

I

See PD TB 1020
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Appendix B

HYDRAcapTM Membrane
Configuration
Membrane Polymer
M W C O
Nominal Membrane area
Capillary ID/OD

Application Data:
Typical filtrate flux range
PH range
Chlorine tolerance
Peroxide tolerance
Operating mode
Maximum operating temperature
*Transmembrane  pressure (TMP) range

Typical Process Conditions
Backwash pressure
Backwash flow
Backwash frequency
Backwash duration

Disinfection frequency
Disinfection duration
Disinfection chemicals

Cleaning frequency
Cleaning chemical types:

*TMP  = (Feed P + Cone P)/2 - Filtrate P

Capillary
Hydrophilic polyether sulfone
1 OO,OOO-  150,000 Daltons
270 !I? (25 m’)
0.031” (0.8mm)/0.047” (1.2mm)

36-75 gfd (60-130L/ma*hr)
2-13
200 ppm
200 ppm
cross-flow or dead-end (direct flow), backwashable
104°F (40°C)
4-22 psig (28-150 !#a

35 psig (240 kPa)
35 gpm (8m3/hr)
lo-30  minutes
30-60 seconds

l -4x/hour
-1 minute
NaOCl  (hypochlorite) and Hz02 (peroxide)

I-2lmonth
Citric acid
NaOH
NaOH+EDTA





APPENDIX D

OPERATION SEQUENCE OF CAPILLARY UF SYSTEM

Normal Operation-Direct Flow

Direct flow is synonymous with “dead-end” flow, i.e. all feed water is forced

through the membrane and exits as filtrate. This is equivalent to having no

concentrate stream flow, and thus maximizes the recovery of the system. During

normal operation, the feed pump is ON and the backwash and metering pump

are OFF. Automatic valves AV-1, AV-2A,  and AV-2B are OPEN, while AV-4,  AV-

7A,B,  AV-8 and AV-9A,B  are CLOSED. Globe valves on the individual filtrate

lines control the amount of filtrate flow.

Normal Operation-Crossflow

This mode is the similar to a standard reverse osmosis system in that a

concentrate stream allows continuous removal of rejected matter. In crossflow,

AV-1, AV-2A,B.  and AV-4 are OPEN. The concentrate stream is sent directly to

drain.

Backwash

Backwash is necessary to remove the particulate matter that accumulates on the

membrane surface. Each element is backwashed individually, and the sequence

is the same for each.. The backwash cycle is initiated and controlled by a timer

in the PLC and consists of the following steps:

Fast Flush

Here the feed pump remains ON and ramps up to full capacity. All of the feed

water is forced out the concentrate line in an effort to physically blow the

particulate matter off the inner surface of the membranes. AV-1 and AV-8 are

OPEN.
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During the remainder of the backwash cycles, the feed pump is OFF and the

backwash and metering pumps are ON. (The metering pump may only come on

during selected cycles). The backwash pump produces -35gpm and runs at 25

35 psi depending upon the TMP.

Bottom Backwash

The backwash pump is initiated, and the feed pump shuts OFF. Backwash water

is imroduced into the filtrate side of the membranes and is removed out of the

feed (bottom) end to drain. Valves AV-7A,  and AV-QA, are OPEN. The chlorine

feed pump is initiated and remains ON until the soak cycle.

Top ‘Backwash

Similar to bottom backwash, but the water exits out the concentrate (top) line to

drair. Valves AV-QA and AV-8 are OPEN.

Full I3ackwash

This is a combination of both top and bottom backwash. Backwash water is fed

through the filtrate line and exits out both the concentrate and the feed lines to

drain. This is the same as the final rinse cycle, only no chlorine is used in the

final rinse.

Soak Cycle

Essentially, this is a pause where the chlorinated water has time to disinfect the

membranes. All valves are CLOSED, and all pumps are OFF.

.-,

Flush

As previously mentioned, same as Full Backwash.
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Table I. UF pilot sequencing control

Closed
Closed
Closed
Closed
Closed

Closed

Note: All Valves are Normally Closed Except AV-1

Hydracap UF Cleaning Protocol:

Cleaning is necessary when the Trans Membrane Pressure (TMP) rises to

-1Spsi.  The unit has been cleaned successfully by heating the following

solutions to 38°C  and recirculating them through the feed side of the membranes

with the filtrate valves CLOSED for 1 hour each, followed by the filtrate valves

partially OPEN for 15 minutes. This cleaning is done individually for each

membrane, with a flow rate of IOgpm. The solutions are then backwashed to

drain at the end of each cycle, followed by three backwashes with RO permeate

water.

Solution I- 2% Citric Acid pH -2.2 Solution 2- 0.5% NaOH pH-12.0
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Table 2- Hydracap UF Backwash conditions and Net water production
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APPENDIX E

To: Mark Wilf and Steve Ah Date: June 25, 1998
From: Samer Adham,  Ph.D.
Prepared by: Lii Boulos Client: Hydranautics

Subject: Results of MS2 Challenge Experiments on UF  and RO Sheets

INTRODUCTION

On June 6 1998, Montgomery Watson was retained to conduct MS2 virus challenge experiments
on two UF membranes, mounted in parallel, three RO modules, mounted in series in a pressure
vessel, and three non-contained RO modules, mounted in series. These membranes were operated
by Hydranautics, as part of a project funded by the Bureau of Reclamation.

MATERIALS AND METHODS

Membranes

Figure 1 provides a schematic of the treatment train employed.

Two different UF membranes were evaluated in the study: UFA  and UFB Both membranes are
hollow fiber in configuration with 150,000 molecular weight cut-off (- 0.01 to 0.02 micron, pore
size range).

Two RO systems were also challenged in the study. The tirst  system consisted of three non-
contained RO modules (ROFREE  1,2,  and 3). The second system consisted of a pressure vessel
containing three RO elements.

Challenge Microorganism

MS2 bacterial virus was employed as the model virus for the microbial challenge studies. It is
recommended by the EPA for such challenge experiments because it is similar in size (0.025 pm),
shape (icosahedron) and nucleic acid (RNA) to polio virus and hepatitis. In addition, this virus is
not a pathogen which minimizes the risk of infection to system operators and can be safely
discharged into the waste stream atIer  chlorination.
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Hydranautics UF & RO Membrane MS2 Virus Rejection Pilot-Scale Testing Results

Seeding Protocol

Microbial challenge tests were conducted on each treatment process separately. This was done to
allow better evaluation of the log removals achieved by each process. The challenge experiments
were conducted in reverse order of the treatment train to avoid potential carry over
contamination. Therefore, virus testing was conducted on the RO systems before the UF systems.

For the UF membranes experiments, the MS2 stock seeding solution was initially prepared in a
seeding tank using a certain volume of UF permeate. The seed solution was then dosed
continuously to the feed of each UF system to get a steady feed concentration. Since the
membranes are backwashed every 15 minutes, three samples were collected from the feed line and
three samples were collected from the permeate line (beginning, middle, and end of the filtration
cycle), that is, after 0.5, 7.5 and 14.5 minutes. The MS2 feed-stock solution concentration wa,s
monitored at the start and end of the experiment. All samples were collected as grab samples and
assayed by the Applied Research Department Laboratory within 24 hours from the time of sample
collections

For the RO seeding experiments, the MS2 phage seeding solution was initially prepared in a
seeding tank using a certain volume of the UF permeate. Seeding experiments were conducted on
all of the RO membrane systems connected to the UF units. In these experiments, the seed
solution was dosed continuously to the RO influent  line (h4F  or UF permeate) to get a si:eady
concentration. A stabilization period of approximately 10 minutes was allowed, after which
sample collection began. Three samples were collected from the RO feed line and three samples
were collected from the permeate line of each of the RO systems (after  10, 15 and 20 minutes).
The MS2 feed-stock was also monitored at the beginning and the end of the experiment to verify
the consistency of the MS2 seed concentration. All samples were collected from each stre‘am at
matching time intervals, All samples were collected as grab samples and assayed by the Applied
Research Laboratory within 24 hours from the time of sample collection.

Bacterial Virus Assay

MS2 samples were assayed by the agar overlay technique described by Adams’ (1959) with
some modifications. Host cultures of E. coli were grown on the day of the assay in TYE broth at
37°C under aerated conditions for 5 to 6 hours and dispensed in 20 mL aliquots  in sterile
dropper bottles. Just prior to use, 1.0 mL of 0.1 M sterile CaCl2 solution was added to the
dropper bottle. After the MS2 samples were serially diluted in 0.001 M phosphate-saline buffer
(PBS), 0.1 mL was added to 2 mL of TYE soft agar, which was maintained at 46 to 48°C.
Three to four drops of the host E. coli were added, and then the soft agar was mixed gently and
poured on a TYE hard agar petri dish. After the soft agar solidified, the petri dishes were
incubated at 37°C for 24 hours, after which the plaques, which are clearings in the bacterial
lawn, were counted. All dilutions were plated in duplicate. Results were expressed in plaque
forming units pfu/mL.

’ M.H. Adams. Bacteriophages. Interscience Publishers, New-York, 1959

-
MONTGOMERY WATSON 2
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Hydranautics  LF & RO Membrane MS2 Virus Rejection Pilot-Scale Testing Results

1 OOE+06

1 .OOE+05

1 OOE+04

1 OOE+03

1 OOE+02

1 .OOE+Ol
1 OOE+OO Permeate

Minutes after Backwash UFB  M e m b r a n e

Figure 3 : Results of MS2 Virus Removal by UFB Membrane

Table 2 summarizes the microbial seeding results from the RO membranes

Table 2: Virus Concentration in lnfluent and Eftloent of the RO Membranes

Minutes
after

Backwash
1 0
1 5

Concentration (pfu/mL)

Influent Permeate

3.20E+05 <I
I .70E+05 <I

Log Removal

> 5.5
> 5.2

Comments

ROCODE
ROCODE

20 2.95E+05 <l > 5.5 ROCODE
1 0 3 20E+05 <I >55 ROFREE 1
1 5 1.70E+05 <1 > 5.2 ROFREE 1
20 2.95E+05 <1 > 5.5 ROFREE I
IO 3.20E+05 51 >55 ROFREE 2
1 5 1 70E+05 <I > 5.2 ROFREE 2
20 2 95E+05 <l > 5.5 ROFREE 2
IO 3 20E+05 <1 > 5.5 ROFREE 3
1 5 I .70E+05 <I > 5.2 ROFREE 3
20 2.95E~05 <I >55 ROFREE 3

The results are firther plotted in Figure 4

M O N T G O M E R Y  W A T S O N 4
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Hydranautics UF & RO Membrane MS2 Virus Rejection Pilot-Scale Testing Results

1  OOE+O

ROCODE
ROFREEl ‘ 5  20’,,-

ROFREEZ
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Minutesafter  Backwash

Figure 4: Results of MS2 Virus Removal by the RO Membranes

DISCUSSION AND RECOMMENDATIONS

Results from the UF seeding testing show that one membrane (UFB) achieved complete rejection
of MS2 virus  (UFB membrane was capable of removing 5.1 logs or more of MS2 virus). This is
expected since the UF membrane pore size of 0.01 to 0.02 urn  is smaller than the MS2 virus size
of 0.025 urn. On the other hand, UFA  membrane achieved only an average of 3.5 logs removal of
virus after 7.5 minutes of seeding which demonstrates that some virus was able to pass through
the membrane. While this result is surprising, it may be explained by the existence of some
compromised fibers in the UFA  module. This assumption was reaffirmed with higher particle
counts (data not presented) measured in the permeate of the UFA  membrane.

Results obtained from the RO SeedingJesting  show that each of the three RO membranes was
capable of completely removing the MS2 virus, with a calculated log removal greater than 5.2.
This was confirmed by the non-detect results measured in the permeate of each of the ‘free” RO
modules, and in the permeate of the combined permeate of the three RO modules mounted in the
pressure vessel. These results demonstrate that no leaks were present from the membrane nor
from the o-ring fittings and glue lines.

MONTGOMERY WATSON 5
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MONTGOMERY WATSON

To: Mark Wii and Steve Ah Date: October 23, 1998

From: Samer Adham, Ph.D.

Prepared by: Lina Boulos Client: Hydranautics

Subject: Results of MS2 Challenge Experiments on UF and RO Sheets

INTRODUCTION

On October 16 1998, Montgomery Watson was retained to conduct MS2 virus challenge
experiments on two UF membranes, mounted in parallel, three RO modules, mounted in series in
a pressure vessel, and three non-contained RO modules, mounted in series. These membranes
were operated by Hydranautics, as part of a project funded by the Bureau of Reclamation.

MATERIALS AND METHODS

Membranes

Figure 1 provides a schematic of the treatment train employed.

Two different UF membranes were evaluated in the study: UFA and UFB. Both membranes are
hollow fiber in configuration with 150,000 molecular weight cut-off (== 0.01 to 0.02 micron pore
size range).

Two RO systems were also challenged in the study. The first system consisted of three non-
contained RO modules (RO-FREE 1, 2, and 3). The second system consisted of a pressure vessel
containing three RO elements.

Challenge Microorganism

MS2 bacterial virus was employed as the model virus for the microbial challenge studies. It is
recommended by the EPA for such challenge experiments because it is similar in size (0.0’25 pm),
shape (icosahedron) and nucleic acid (RNA) to polio virus and hepatitis. In addition, this virus is
not a pathogen which minimizes the risk of infection to system operators and can be !rafely
discharged into the waste stream after chlorination.



CODELINE PRESSURE VESSEL b

ROCODE

6
i-

UFA
Tertiary

Seed Point

UF Virus
Seed Point

RO R O R O
FREE1 FREE 2 FREE 3

! ! I

Figure 1: Schematic of Treatment Train

I ! I I



Hydranautics UF & RO Membrane MS2 Virus Rejection Pilot-Scale Testing Results

Seeding Protocol

Microbial challenge tests were conducted on each treatment process separately. This was done
to allow better evaluation of the log removals achieved by each process. The challenge
experiments were conducted in reverse order of the treatment train to avoid potential carry over
contamination. Therefore, virus testing was conducted on the RO systems before the UF
systems.

For the UF membranes experiments, the MS2 stock seeding solution was initially prepared in a
seeding tank using a certain volume of UF permeate. The seed solution was then dosed
continuously to the feed of each UF system to get a steady feed concentration. A stabilization
period of approximately 15 minutes was allowed, after which sample collection began. Since the
membranes are backwashed every 25 minutes, three samples were collected from the feed line
and three samples were collected from the permeate line (beginning, middle, and end of the
filtration cycle), that is, after 1.0, 13 and 24 minutes. The MS2 feed-stock solution concentration
was monitored at the start and end of the experiment. All samples were collected as grab
samples and assayed by the Applied Research Department Laboratory within 24 hours from the
time of sample collection.

For the RO seeding experiments, the MS2 phage seeding solution was initially prepared in a
seeding tank using a certain volume of the UF permeate. Seeding experiments were conducted
on all of the RO membrane systems connected to the UF units. In these experiments, the seed
solution was dosed continuously to the RO influent line (MF or UF permeate) to get a steady
concentration. A stabilization period of approximately 15 minutes was allowed, after which
sample collection began. Three samples were collected from the RO feed line and three samples
were collected from the permeate line of each of the RO systems (after 5, 10 and 15 minutes).
The MS2 feed-stock was also monitored at the beginning and the end of the experiment to verify
the consistency of the MS2 seed concentration. All samples were collected from each s&am  at
matching time intervals. All samples were collected as grab samples and assayed by the Applied
Research Laboratory within 24 hours from the time of sample collection.

Bacterial Virus Assay

MS2 samples were assayed by the agar overlay technique described by Adams’ (1959) with
some modifications. Host cultures of E. coli were grown on the day of the assay in TYE broth at
37°C under aerated conditions for 5 to 6 hours and dispensed in 20 mL aliquots  in sterile
dropper bottles. Just prior to use, 1.0 mL of 0.1 M sterile CaCl2 solution was added to the
dropper bottle. After the MS2 samples were serially diluted in 0.001 M phosphate-saline buffer
(PBS), 0.1 mL was added to 2 mL of TYE soft agar, which was maintained at 46 to 48°C.
Three to four drops of the host E. coli were added, and then the soft agar was mixed gently and
poured on a TYE hard agar petri dish. After the soft agar solidified, the petri dishes were
incubated at 37°C for 24 hours, after which the plaques, which are clearings in the bacterial
lawn, were counted. All dilutions were plated in duplicate. Results were expressed in plaque
forming units pfu/mL.

M.H. Adams. Bacteriophages. Interscience Publishers, New-York, 1959

MONTGOMERY WATSON 2
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Hvdranautics  UF Kr  RO Membrane MS.2  Virus Reicction Pilot-Scale ‘Testino Results

RESULTS

H~dronartrics  C’F4  md UFB  A4emlmne.s

Table I summarizes the microbial seeding results from the UF membranes.

Table 1: Virus Concentration in Intluent and Effluent of UFA and UFB Membranes

Minutes
after

Backwash
I

13
24

I
13
‘-I

Concentration (pfu/mL)

Influent Permeate

I .16E+06 1.90E+O  I
I .9OE+06 O.jOE+OO
1.79E+O6 <I
I .16E+06 1 SOE+OO
1.90E+O6 I JOE+00
I .79E+O6 O.jOE+OO

Log Removal Comments

4.88 UF.4
6.58 UFA

>6.25 UFA
5.99 UFB
6.10 UFB
6.55 UFB

The results are  further plotted in Figure 2.

Figure 2: Results of MS2 Virus Removal by UFA and UFB Membranes

MONTGOMERY WATSON 3
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Hvdranautics  UF & RO Membrane MS2 Virus Reiection Pilot-Scale Testinz  Results

RESULTS

Hydrunautics  UFA  and UFB  Membranes

Table I summarizes the microbial Feeding  results from the UF membranes.

Table 1: Virus Concentration in Influent and Effluent of UFA and UFB Membranes

Minutes
after

Backwash
I

13
2 4

I
1 3
24

Concentration (pfu/mL)

Influent Permeate

I .46E+O6 1.90E+Ol
I .90E+06 OSOE+OO
I .79E+06 <I
I .46E+O6 1 SOE+OO
1.90E+06 I .50E+OO
I .79E+O6 OSOE+OO

Log Removal Comments

4.88 UFA
6.58 UFA

%.25 UFA
5.99 UFB
6.10 UFB
6.55 UFB

The results are further plotted in Figure 2.

Figure 2: Results of MS2 Virus Removal by UFA and UFB Membranes
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Hydranautics UF & RO Membrane MS2 Virus Rejection Pilot-Scale Testing Results

Hydranautics RO Membranes

Table 2 summarizes the microbial seeding results from the RO membranes.

Table 2: Virus Concentration in Intluent  and Effluent of the RO Membranes

Concentration (pfu/mL)

The results are further plotted in Figure 3.

MONTGOMERY WATSON 4
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Hydranautics UF & RO Membrane MS2 Virus Rejection Pilot-Scale Testing Results

Figure 3: Results of MS2 Virus Removal by the RO Membranes

CONCLUSIONS

Results from the UF seeding testing show that the UF membranes were very effective in removing
MS2 virus (4.9 to 6.6 log removal). These results are expected from UF membranes. Some virus
was recovered in the permeate which may be due to the pore size distribution of the membrane,
which may include few pores that are larger than virus  size of 0.025 pm.

Results obtained from the RO seeding testing show significant removal of virus by all RO
membranes (5.9 to 6.7 log removal). It appears that the RO Free membranes achieved slightly
higher removal of virus as compared to the pressure vessel elements.



APPENDIX F

BUREC Autopsy Findings
Jan. 22,1999

LFCI -FREE’s

Serial # X01 185 - Lead element - this element was not cleaned and not dyed

After deshelling the element, it was noticed that a green algae-like growth was
present on one side of the unrolled element. It appears that the fiberglass shell
is translucent enough to allow sunlight through, and that the side that was
exposed to the sun had these algae present. A heavy orange foulant  completely
covered the membrane surfaces. This foulant was easily wiped away with a wet
paper towel. After drying though, this foulant was very hard to remove. The glue
lines were very large, which should be expected due to the fact that these
elements were manufactured with double glue lines.

The approximate square footage of this element was 73 f?.  There were some
glue drops present on the membrane surface which caused the membrane to
delaminate upon unrolling the element. Several creases were found on the
element, all of them running parallel to the core tube. There was a thin spattering
of glue on one side of the tricot on one of the leaves.

Serial # X01 190 - Middle element - this element was cleaned and not dyed

A heavy orange foulant  was covering the membrane surface. This foulant  was
easily wiped off with DI water and a wet paper towel, but once again was hard to
remove after it had dried. One leaf was again found to have glue between the
tricot and the back side of the substrate.

Serial # X01 187 - Tail element - this element was cleaned and was dyed

This element was covered with a heavy foulant  that had been dyed purple by the
dye test. Several creases were observed, some were small and others were
larger. A very small amount of dye appeared to penetrate at some of the larger
crease points. It was noticed that there was blistering on the side seal glue lines
at the brine end of the element, but there was no indication of this blistering on
the feed end side seal. In addition, the end seal had more blisters on the brine
side with a gradual lessening of blisters toward the feed side. Heavy glue was
observed on the back side of the tricot on one leaf.

4040UHT-  LFCl’s

Serial # X01 181 - Lead element - this element was not cleaned and not dyed

This element had a light foulant  covering the membrane surface. This foulant
was easily rinsed away with DI water. One leaf had glue between the tricot and
the back of the membrane. All glue lines appeared strong and intact.

Serial # X01 184 - Middle element - this element was cleaned and not dyed
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A light foulant was observed in patches on the feed end of the element, but the
rest of the membrane appeared very clean. Glue was found between the tricot
and the back side of the membrane on one leaf. No creases found on this
element. No unusual blistering found.

Serial # X01 183 - Tail element - this element was cleaned and was dyed

Blisters on the brine end side seals were noticed, but there were no blisters on
the feed end side seals. The end seals had blisters, but the blisters lessened
from the brine end toward the feed end. There were splotches of orange colored
foulant present on the brine end of each leaf (see Fig.1).  The spacing of these
splotches indicate that they might be caused by the element sitting in a solution.
Th’ese splotches were rinsed off relatively easily with DI water. It appeared that
some of this orange colored foulant  had passed into the permeate channel of one
leaf, but this was determined to just be the same glue that was present in the
permeate channels of one leaf in all the elements.

Thlsre were several creases present on the convex side of several of the leaves.
Thfsre  was an indication of very slight dye passage at these creases. All glue
lines were very strong and intact. One leaf had lots of glue drops present on the
membrane surface. This caused the membrane to delaminate as the element
was unrolled. The measured membrane area was 76.7 square feet.

L -1

After a discussion with the production manager, it was determined that the most
likely cause for the glue deposit found between the tricot and the back side of
one membrane leaf in each element is that each packet was placed on a table
thalt had not been cleaned of residual glue. This would explain why it was only
on one leaf per element, and why it was between the tricot and the back side of
the membrane.
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Another finding is that it appears that the cleanings performed on the LFCI-
FREE modules were not as effective as the cleanings performed on the 4040-
UHT-LFCI  elements. This could be partly due to the fact that the inlet piping
size for 4040-UHT-LFCI  vessel is 3/4”  NPT while the inlet port on the LFCI-
FREE module is only l/2”. This could mean that we had higher flow velocities for
the 4040-UHT-LFCI  cleanings.

Creases that were found on the different elements were primarily on the convex:
side. The blistering that was observed on the elements was most pronounced at
the brine end of both tail elements.

The membrane area averaged about 76 square feet due to the fact that these
elements were manufactured with double glue lines to prevent the chance of
failure.
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APPENDIX G

-
February 10, 1999

MEMORANDUM

TO : Mark Wilf

C C : K. Matsumoto. J. Tomaschke

FROM : Chris Gioe

SUBJECT : BuRec  Microbiological Studies

Six different membrane samples in plastic bags were received on l/21 and
l/22/99  from Keith Andes. Cultures were taken on each sample and colony
counts were performed on the water in each plastic bag.

RODACTM  contact plates were pressed directly onto the surface of each
membrane, in several different areas, and Easicult TTC were dipped into the
re!sidual  water. The Easicult TTCs and the RODAC plates were incubated and
checked macroscopically at 24 hours and 48 hours. The organisms on the plates
were gram-stained and plated to the appropriate medias, and identification
studies were done on each organism isolated. The Easicult colony counts were
re’corded.  Both RODAC plates and Easicult TTCs were held at room
temperature for seven days for the possible growth of fungus and/or molds.

The following is a summary of bacteria identified and colony counts

6 8



l Psuedomonas cepacia
. Alcaligenes denitrificans

udomonas putida
l Staphylococcus sp. x2

l Pseudomonas aeruginosa (classic)
. Pseudomonas aeruginosa (mucoid)

l Flavobacterium odoratum

l Pseudomonas sp.

10’ - 1 O3 = light growth
IO4 = light to moderate growth
IO5 = moderate growth

6 9



APPENDIX HMEMORANDUM

TO: D. R. Carlton

FROU:  T. Tran

DATE.: 2/l/99

RE:=lat Cell Test Results of HYD-LFC-l-981201-A-VIRGIN-MEMBRANE.

Purpose: To verify membrane performance prior to rolling elements .

Membrane source:Element  from customer;part  of BIJREC  grant study (via K. Andes).

Start test (at 150 PSIG). After reading, increase pressure to 225 PSIG  and read again.

Flat Cell Test Conditions: 0.15 % NaCI,  150 and 225 psig, pH 7 Duration: 45 min.

Flux values are corrected to 75 Deg. F and reported as GFD. .

% Rejection is based on ppm NaCl  in feed and permeates.

All values are means of 6 coupons (1 2 3 4 5 6 cut a cross in the sample).

REZ

(Virgin Memb-LFC-1)

WLTS: 1500ppm-NaCI-150-psig.

ICoupon FIux(GFD)= % Rej

-1 25.2 98.7

2 24.8 98.9

3 22.8 99.0

4 22.0 98.9

5 21.2 99.0

L StD 1.8 0.1

cc: K. Andes, M. Wilf

(Virgin Memb-LFC-1)

1500ppm-NaCI-225-psig.

Coupon Flux(GFD) % Rej

1 44.2 99.0

2 41.9 99.2

3 37.9 99.3

4 35.1 99.3

5 34.8 99.2

6 34.2 99.1

Avg 38.0 99.2

StD 4.2 0.1

tt..LFC-l-VIRGIN-MEMBRANE-R # 981201-A\test\990121.wql

70

printed/2/i/99



MEMORANDUM

TO: D. R. Carlton

FROM: T. Tran

DATE: 1 I29199

RE: Flat Cell Test Results of HYD-4040~UHT-LFC-1  -Element # X01 1 i81.

Purpose: To verify membrane performance of elements dissected.

Membrane source:Element  from customerapart  of BUREC grant study (via K. A.ndes).

Start test (at 150 PSIG). After reading, increase pressure to 225 PSIG  and read again.

Flat Cell Test Conditions: 0.15 % NaCI,  150 and 225 psig, pH  7 Duration: 45 min.

Flux values are corrected to 75 Deg. F and reported as GFD.

% Rejection is based on ppm NaCl  in feed and permeates.

All values are means of 6 coupons (1 2 3 4 5 6 cut a cross in the sample).

RE

(X01 181 -LFC-1)

ULTS: 1500ppm-NaCI-150~F

Coupon FIux(GFD) % Rej

1 21 .o 99.4

2 23.7 99.4

3 21.8 99.1

4 20.2 99.6

5 23.3 99.3

6 19.7 99.1

Avg 21.6 99.3

StD 1.6 0.2

cc: K. Andes, M. Wilf

ig.

(X01 181 -LFC-1)

1500ppm-NaCI-225-m

Coupon FIux(GFD) Y&i

1 33.4 99.5

2 36.8 99.5

3 34.5 99.3

4 33.4 99.6

5 37.3 99.4

6 31.7 99.3-
Avg 34.5 99.4

StD 2.2 0 .1

tL.4040~UHT-LFC-l-S\N  XOll61\test\990121.wql
71
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MEMORANDUM

TO: D. R. Carlton

FROLIC:  T. Tran

DATE:: 1127199

RE:I’lat  Cell Test Results of HYD-4040~UHT-LFC-1  -Element # X01 183.

Purpose: To verify membrane performance of elements dissected .

Membrane source:Element  from customer,parl  of BUREC grant study (via K. Andes).

Start test (at 150 PSIG). After reading, increase pressure to 225 psig and read again.

Flat Cell Test Conditions: 0.15 % NaCI,  150 and 225 ,,pslg,  pH 7 Duration: 45 min.

Flux values are corrected to 75 Deg. F and reported as GFD.

% Re,jection  is based on ppm NaCl  in feed and permeates.

All values are means of 6 coupons (1 2 3 4 6 6 cut a cross in the sample).

(X01 183-LFC-1) (X01 183-LFC-1)

RESULTS: 1500ppm-NaCI-150-pslg. 1500ppm-NaCI-225-psig.

Coupon Flux(GFD) % Rej Coupon FIux(GFD) % Rej

1 23.6 99.4 1 33.1 99.5

2 30.6 99.5 2 43.1 99.6

3 27.0 99.5 3 37.9 99.6

4 27.7 99.3, 4 37.9 99.4

5 27.2 99.2 5 37.9 99.3

6 22.7 98.6 6 31.1 99.0

Avg 26.5 99.2 Avg 36.8 99.4

StD 2.7 0.3 StD 4.2 0.2

cc: K. Andes, M. Wilf

tt..4040-UHT-LFC-1  -S\N X01  183\test\990121.wql
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MEMORANDUM

TO: D. Ft.  Carlton

FROM: T. Tran

DATE: l/29/99

RE: Flat Cell Test Results of HYD-4040~UHT-LFC-1  -Element # X01 184.

Purpose: To verify membrane performance of elements dissected .

Membrane source:Element from customer;part of BUREC grant study (via K. Andes).

Start test (at 150 PSIG). After reading, Increase pressure to 225 PSIG  and read again.

Flat Cell Test Conditions: 0.15 % NaCI,  150 and 225 psig, pH 7 Duration: 45 min.

Flux values are corrected to 75 Deg. F and reported as GFD.

% Rejection is based on ppm NaCl  in feed and permeates.

All values are means of 6 coupons (1 2 3 4 5 6 cut a cross in the sample).

(X01 184-LFC-1)

RESULTS: 1500ppm-NaCI-150-psig.

Coupon Flux(GFD) % Rej

1 29.5 99.2

2 34.6 99.4

3 30.9 99.5

4 30.9 99.5

5 31.5 99.2

6 28.1 99.2

Aw 30.9 99.4

StD 2.2 0.2

cc: K. Andes, M. Wilf

tL.4040~UHT-LFC-1  -S\N X01  184\test\99012:  -*ql
13

(X01 184-LFC-1)

1500ppm-NaCI-225.,psig.

Coupon FIux(GFD) O/y

1 42.0 99.3

2 48.7 99.5

3 44.2 99.6

4 43.1 99.5

5 44.6 99.4

6 40.1 99.3-
Avg 43.8 99.4

StD  2.9 0.1

printed/i/29/99



MEMORANDUM

TO: I>. R. Carlton

FRONI: T. Tran

DATE:: 2/l 199

RE:lat  Cell Test Results of HYD-LFC-1 -FREE-Element # X01 185.

Purpa’se:  To verify membrane performance of elements dissected .

Membrane source:Element from customer;part  of BUREC grant study (via K. Andes).

Start Itest  (at 150 PSIG). After reading, increase pressure to 225 PSIG  and read again.

Flat C,ell  Test Conditions: 0.15 % NaCI,  150 and 225 psig, pH 7 Duration: 45 min.

Flux values are corrected to 75 Deg. F and reported as GFD.

% Rejection is based on ppm NaCl  in feed and permeates.

All vallues are means of 6 coupons (1 2 3 4 5 6 cut a cross in the sample).

RE

(X01 185-LFC-1)

;IJLTS: 1500ppm-NaCI-150-psig.

Coupon FIux(GFD) % Rej=
1 26.2 99.2

2 26.2 99.2

3 25.0 99.4

4 23.7 99.3

5 23.3 99.5

t 6 Aw  StD 22.8 24.5 1.5 99.3 99.3 0.1

cc: K. Andes, M. Wilf

tt..LFC-1  -FREE-S\N X01  185\test\990125.wql
14

(X01 185-LFC-1)

1500ppm-NaCI-225-psig.

Coupon FIux(GFD) % Re

1 42.8 99.3

2 44.3 99.3

3 40.6 99.4

4 37.3 99.4

5 40.3 99.5

6 38.0 99.3

Am 40.6 99.4

StD 2.7 0 .1

printed/2/i/99



MEMORANDUM

TO: D. R. Carlton

FROM: T. Tran

DATE: 2/l I99

RE: Flat  Cell Test Results of HYD-LFC-1 -FREE-Element # X01 187.

Purpose: To verify membrane performance of elements dissected.

Membrane source:Element  from customer;part of BUREC grant study (via K. Andes).

Start test (at 150 PSIG). After reading, increase pressure to 225 PSIG  and read again.

Flat Cell Test Conditions: 0.15 % NaCI,  150 and 225 psig, pH 7 Duration: 45 min.

Flux values are corrected to 75 Deg. F and reported as GFD.

% Rejection is based on ppm NaCl  in feed and permeates.

All values are means of 6 coupons (1 2 3 4 5 6 cut a cross in the sample).

RE:

(X01 187-LFC-1)

iULTS: 1500ppm-NaCI-150-p

Coupon Flux(GFD) % Rej

1 25.6 99.6

2 25.6 99.7

3 24.4 99.6

4 23.8 99.6

5 23.8 99.5

6 24.0 99.6

cc: K. Andes, M. Wilf

ig.

Coupon FIux(GFD)

1 39.6

2 40.3

3 38.0

4 35.4

5 37.3

6 36.9

(X01 187-LFC-1)

1500ppm-NaCI-225-m

7%=-
99.7

39.8

193.7

39.7

99.6

39.7

Avg 37.9 ‘99.7

StD  1.8 0 .1

tt..LFC-1-FREE-S\N X01167\test\990125.wql
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MEMORANDUM

TO: D. R. Carlton

FROMI:  T. Tran

DATE:: 2/l/99

RE:lat  Cell Test Results of HYD-LFC-1 -FREE-Element # X01 190.

Purpose: To verify membrane performance of elements dissected.

Membrane source:Element  from customer;part  of BUREC grant study (via K. Andes).

Start lest (at 150 PSIG). After reading, increase pressure to 225 PSIG  and read again.

Flat Cell Test Conditions: 0.15 % NaCI,  150 and 225 pslg, pH 7 Duration: 45 min.

Flux values are corrected to 75 Deg. F and reported as GFD.

% Rejlection is based on ppm NaCl  in feed and permeates.

All values are means of 6 coupons (1 2 3 4 5 6 cut a cross in the sample).

R E

(X01 190-LFC-1)

:SIJLTS: 1500ppm-NaCI-150-psig.

FIux(GFD) % Rej

31.9 99.0

33.7 98.9

29.8 99.1

26.2 98.8

26.5 98.7

cc: K. Andes, M. Wilf

tt..LFC-1-FREE-S\N  X01190\test\990125.wql

(X01 I gO-LFC-1)

1500ppm-NaCI-225psig.

Coupon FIux(GFD) % Rej

1 51.4 99.0

2 52.9 99.0

3 47.0 99.1

4 41.5 99.0

5 43.3 98.9

6 40.0 99.4

Avg 46.0 99.1

StD  5.3 0.2

76
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Analytical & Testing - Membrane Cell Test Data

1  Sample arrival date: i - 2 i .-  4 7 1 Feed conductivity (pmho): 1

1  Test loop: ‘2- DH value: 1 C, . G c

1 Further tests (treatments) on these coupons:

“,d  *.fZi[)‘lT(z  ,~~~,~~~  pl-&.g.gs  !’ L- r D T(, fl

t

t

Notes:
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Analytical & Testing - Membrane Cell Test Data

mme:  $1; 1: D&i--xl: I! _ zi,- 9  q hrc  vc ,q”-1u.d  .L II/7 1 Continuing: 0 Yes @No  ’

Flux I Flux 1 Perm.  I Conduct. I % I ions in
or Siation  ! Side ! Cell # ) ml ) min ) Factor 1 GFD ) Cond. ) Conv.  Factor Rej. ) Sump

A T  F M  2 1 2 1 R e v .  B (DCR8261) 78



Analytical & Testing - Membrane Cell Test Data

$~,:I.$~  :p-:,  ::

~:T&$t:#j~;~,‘,~:  D a t e :  I.- z-i- ‘7 1
ii; 2-s

Tfmi 2-i , (i
Dura t ion :

m i nhrs 4.c
Sample ID Flux Flux Penn.
or Station Side Cell#  ml min Factor GFD Cond.

1 Further tests Itreatments)  on these coupons:

AT FM 2121 Rev. 6 (DCR8261) 79



Analytical & Testing - Membrane Cell Test Data

I _ zs-9fi  Time:  7: CC Duration:
Jr;  55 m i nhrs  r 7 1 Continuing: q Yes

Flux Flux P e n n . Conduct. %
min Factor GFD Cond. Conv. Factor Rej. Sump

1 Further tests (treatments) on these wuoons:

I _ I Duration: I - - I

i4
I

A T  F M  2 1 2 1 Rev. B (DCR8261) 8 0



Analytical & Testing - Membrane Cell Test Data
Membranetypew,qii9Y  i CP~-ISI)= p$:::;?[

Sample anival  date: 1:: zz-  yy Feed conductivity (pmho): 3mr  ,r -

Test loop: 2 pH value: & , 4 ;I
Routine test: Feed temperature (“C): 23, .z
Non-routine test: Conversion factor:

1 Further tests (treatments) on these coupons:

Notes:

AT FM 2121 Rev. B (DCR8261) 81



Analytical & Testing - Membrane Cell Test Data

1 Further tests (treai~ments)  on these coupons:

_--. ~

-_, . .._

AT FM 2121 Rev. B (DCR8261) 82



Analytical & Testing - Membrane Cell Test Data

Feed temperature (“C):

Conversion factor:

Date: 1 lime:

AT FM 2121 Rev. I3 (DCR8261)



i
REQUEST FOR SEM and EDAX  TESTING 1

Initiator: Please answer the following to ensure a complete report.
-

/Lk?-i  ANmj Date:
I

LAB USE ONLY

What: membrane type?: L F C i
feed water?: (hj6-e W&-r&!

When: is the report needed?:

was the membrane or element made?: FGfi,  19  7 8

How long was it in use?: 6 ko/rl’iWJ

”

I=Where: Country, Company, City? .SA  h) PAS  W&L,  C+

or problem is being studied?:

GviegC  G(vtfl SJdy
6 %‘~ JAPW-G  -

photos are provided. If original photos are needed, the film

AT FM 2112 Rev. A



APPENDIX I

Log 99005

SEM REPORT

To : K. Andes
From : J. Rockoff
CC : D. Canton, K. Matsumoto, M. Wilf
Date : February 16,1999

SUBJECT : FOULANT  ON LFCI  MEMBRANE USED AT
THE SAN PASQUAL WASTE WATER PLANT

PURPOSE :
This is part of the Bureau of Reclamation grant study, Fouling on
4040 LFCI modules is being compared to fouling on 4040
standard elements before and after cleaning.

PROCEDURE:

These samples came from elements installed at the San Pasqual
wastewater treatment plant. Standard 4040 elements were in one
train in the orderX01181, X01184, and X01183. The LFCI
modules were in a train in the order X01 185, X01  190, and
X01  187. The first elements in each train (X01 181 standard, and
X01 185 module) were not cleaned prior to dissection. All others
were cleaned prior to dissection. The last elements in each train
(X01 183 standard, and X01  187 module) were also dye treated
before dissection. Pieces were cut from these dissected
elements, dried, mounted and gold coated for SEM. A sample of
never-used, clean LFCI  was also mounted and gold coated for
comparison.

RESULTS :

Part I : Clean LFCI

Photo # Description

1 LFCI  coating on ESPA membrane is shown at 10,000X.
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EDX Scan # Description

1 This scan shows the elemental composition of the LFCI
membrane layer, and the polysulfone that is beneath and serves as
the control. The sulfur is found only in the polysulfone layer. Scans of
samples from previously used elements should be compared to this
standard scan when one tries to determine foulant  composition.

Partil :Standard  4040 s/n  X01181

Photo: # Description

1 Bacteria are shown at 7,000X  on this fine-grained foulant.  Patches
of yellow foulant  covering a few percent of the surface were seen
during dissection. The foulant  came in the grid like pattern of the brine
spacer. Bacteria were less numerous on most of this foulant.

2 A small piece of membrane taken from the feed side is seen at
10.000x.

3 A small piece of membrane taken from the brine side is shown at
10,000x.

4 Foulant  described in photo #I. This piece was tilted to give an
edge view of this ridge of foulant  rising above the membrane surface.

EDX Scan# Description

1 This is a scan of the foulant  that is on photos #I and #4.  This
foulant  was almost entirely composed of carbon and oxygen. The
sulfur content is low when compared to clean membrane. This shows
that the foulant  was thick enough to block some or all of the electron
beam from reaching the polysulfone layer. Some of the carbon,
oxygen and sulfur may have came from the membrane below the
foulant.  The iron content is much lower than that seen in foulant  from
the other five samples.

2 This scan shows membrane taken from the feed side. It has a
composition very similar to clean LFCI. This feed side sample was
collected in an area where foulant  was not seen during dissection.

3 This scan shows membrane taken from the brine side. It has a
composition very similar to clean LFCl.
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Part Ill : Module s/n X01  185

Photo # Description

1 This photo shows the feed side of this sample at 100X. The
vertical line on the left side of the photo is thicker foulant  collected at a
brine spacer line. When examined at higher magnification the LFCI
surface was not seen. The foulant  covered the surface. Some bacteria
were seen at higher magnification.

2 This photo shows a piece taken from the middle of this sample at
100X. The vertical band on the left side is thicker foulant  collected
along a brine spacer line. About 20% of the surface had LFCI  visible
when examined at higher magnification.

EDX Scan # Description

1 This scan is of foulant  from the feed side of the modu1.e  which was
collected with a scalpel. This technique produces a thicker foulant
sample so that the membrane under the foulant  is not scanned. This
scan is high in iron, oxygen, and carbon. The chromium is notable
since it may represent corrosion of steel somewhere in the system.
Small amounts of silicon, aluminum, chlorine and sulfur were seen.

2 This is a scan of a spot like that seen on photo #2.  The iron,
oxygen, and chromium of the foulant  are all higher than the clean
LFCI. The foulant  is thin enough to allow scanning of the polysulfone.

3 This is a scan of a spot from the feed side like that seen on photo
#I. This shows more iron, oxygen and chromium foulant  than scan #2.
Sulfur and carbon from the polysulfone below the foulant  are also
seen.

Part IV : Standard 4040 s/n  X01 184

Photo # Description

1 An isolated group of bacteria is shown at 7,000X.  Bacteria were
not easy to locate on this sample. The LFCI  surface is also shown.

2 This is an average looking spot found in the middle of the element.
The LFCI  surface is exposed with little or no foulant.  The
magnification is 10,000X.
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Photo # Description

3 This is a sample of the four-inch feed side strip which appeared
fouled during dissection. The LFCI  surface is visible along the bottom
of the photo. Thin foulant  occurs over most of the photo.

EDX Scan # Description

1 Feed side foulant  was collected with a scalpel to increase sample
thickness. This foulant  is high in iron and oxygen. The chromium is
notable since it may represent corrosion of steel. Small amounts of
aluminum, silicon, phosphorous, chlorine, potassium, calcium and
copper were seen, The sulfur and carbon values are lower than seen
on clean LFCI  It is not known what part of these values came from
the foulant,  and what part came from the materials below the foulant.

2 The feed side fouled strip was used for this scan. Low
magnification was used to scan a larger area. The foulant  was thin, so
most of the material scanned. was below the foulant.  Some iron,
calcium, aluminum, and silicon from the foulant  were seen.

3 A surface from the middle similar to photo #2 was scanned. This
sample had very little foulant.  Traces of silicon and aluminum were
seen.

Part V : Module s/n  X01190

Photo # Description

1 This sample was taken from the middle of the element. Some
LFCl surface was seen when this sample was examined at higher
magnification. More than 80% of the surface appeared covered with
foulant  when this was examined at higher magnification. The vertical
band about a third of the way from the right side is thicker foulant
collected along a brine spacer line. Bacteria were not found at higher
magnification.

2 This sample was taken from the feed side. The vertical line is
heavier foulant  associated with a brine spacer mark. The foulant
appeared thicker here than the foulant  on the middle sample. Most of
the LFCI  surface could not be seen due to the foulant  coating. LFCI
coating was visible at higher magnification in small patches ( ~20%  of
the surface.
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EDX Scan # Description

1 This foulant  from the feed side was collected with a scalpel to
make it thicker. It is high in iron, oxygen and carbon. The chromium is
notable because it could have been produced by corrosion of steel.
Small amounts of calcium, aluminum, silicon, phosphorus, and sulfur
were seen.

2 This is a scan of a feed side region much like photo 772.  The
foulant  is thin so the scan resembles clean LFCI  except for the iron
and extra oxygen.

3 This is a scan of middle area much like photo #I. A little less
foulant  is seen than scan #2.

Part VI : Standard 4040 s/n  X01183

Description

1 Mr. Leitz requested that a small black spot of loosely attached
foulant  be examined. This photo shows a piece of a diatom on this
foulant  at 6,000X.

2 This element was dye treated. Mr. Leitz suggested this spot of dye
uptake be examined to determine the cause. This hole was found.

3 About 5% of this sample had rust colored foulant  arranged in the
grid pattern of the brine spacer. One of these lines of foulant  is shown
here at 400X.

4 This sample piece was collected from the middle of the
membrane. LFCI  coating is seen. There appears to be little or no
foulant.

EDX Scan # Descriotion

1 This scan closely resembles clean LFCI. It was taken on the
middle sample shown in photo #4.
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EDX Scan # Description

2 This is a scan of the isolated spot of black foulant  seen in photo
#I. The foulant  is high in iron, and oxygen. The chromium and
manganese are notable since they may have come from corrosion of
steel. Small amounts of calcium, aluminum, silicon, chlorine and
copper were also seen. The sulfur and carbon could have come either
from the foulant  or the materials under it.

3 This is a scan of the rust colored foulant  shown in photo #3.  It is
high in iron, oxygen, and carbon. Small amounts of silicon,
phosphorous, sulfur, chlorine, calcium, chromium and copper were
also seen. The chromium is notable since it may show corrosion of
steel is occurring.

Part VII : Module s/n X01 187

Photo # Description

1 The feed side and middle samples from this element both
appeared very similar under SEM. Only the feed side was
photographed. Most of this sample was covered with thin foulant.  The
magnification is 100X. A band of heavier foulant  along the left side of
this photo is associated with the brine spacer.

2 This shows some LFCI  surface visible behind the second zero of
“Xl 00”  on photo #I. The magnification is 1,500X.

EDX Scan # Description

1 This is a scan of foulant  collected with a scalpel from the feed
side. The foulant  is high in iron, oxygen and carbon. The chromium is
notable because it may show corrosion of steel occurred. Small
amounts of aluminum, silicon, phosphorous and calcium were also
seen.

2 This is a scan of feed side foulant  like that seen in photo #3.  The
composition is similar to clean LFCI. Foulant  was thin allowing layers
below the foulant  to be scanned. Iron is the most significant foulant
element seen.

3 This is a scan of a sample taken from the middle of the membrane.
It is very similar to scan #2 except the iron content is a little lower.
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DISCUSSION:

Iron, oxygen and carbon were the main constituents of the foulant.
Chromium may indicate corrosion of steel is occurring. The feed side
of most of these elements was more fouled than the brine side. This is
unusual because solutes usually come out of solution a little more on
the brine side where concentrations are higher. The cause of this is
unknown. The elements and modules in each train position were
compared. The elements all had less foulant  than their corresponding
module.
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LFCl Control 10,000x Photo i/l

253-75-4
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LFCl Control Scan

Untitled:1

Label:

Ti1t:O.O Take-offz25.0 Det Type:SUTW+ Res:l34 Tc:40

Lsec : 308 21Jan-99 l&32:57

2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00

EDAX W Quantiication  (Standardless)
Element Normalized

Element Wt% At% K-Ratio 2 A F

C K 62.68 78.18 0.1425 1.0282 0.2210 1.0001
O K 16.18 15.15 0.0234 1.0110 0.1428 1.0001
AuM 7.91 0.60 0.0807 0.6808 1.4964 1.0012
S K Ill.92 5.57 0.0967 0.9539 0.8495 1.0008
ClK 1.04 0.44 0.0076 0.9123 0.8014 1.0000
CuK 0.27 0.06 0.0023 0.8264 1.0109 1.0295

Total 100.00 100.00
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LFCI Control

Element Net Inte. Bkgd Irate. Inte.  Error P/B

1:  K 218.78 0.64 0.39 343.05
0 K 45.21 5.20 0.89 8.70
ALlM 59.46 18.79 0.85 3.16
I3 K 251.76 17.35 0.37 14.51
ClK 18.69 16.26 1.80 1.15
ICUK 1.21 5.25 11.94 0.23
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On Ridge  of Yellow Foulant Photo ii1

253-75-1 LFCl  Element it X01181

Feed Side 10,000X Photo #2

253-75-2 LFCl  Element ii X01181
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Photo #3
Brine Side 10,000X

253-75-3 LFCI Element ii X01181

Poulant  OR Brine Spacer Tilted for Side View  Photo # 4

253-75-5 LFCI  ii X01181
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XO!181 Scan ?i

’ Untitled:1

Label:

EDAXZAF Quantification (Standardless)
Element Normalized

Element

C K
O K

-wt%  At% K-Ratio 2

66.40 76.75 0.2521 1.0170
23.80 20.65 0.0368 l.COOG

A
I

F

0.3733
O.i547

1.0002
1.0000

NaK
ALK
SiK
AuM
S K
C1K
FeK

Total

0.40 0.24 0.0014 0.9362
0.06 0.03 0.0004 0.9317
0.20 0.10 O.OOi6 0.9590
4.52 0.32 0.0453 0.6717
3.50 1.51 0.0295 0.9405
0.79 0.31 0.0065 0.8998
0.35 0.09 0.0030 0.8436

100.00 lOC.00

0.3735
0.6845
0.8130
1.4912
0.8952
0.9135
1.0208

1.0003
: 0011
1:co20
1.0034
1.0038
1.c001
1.0074
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X01181 Scan ii1

Net Me. Bkgd Me. Me.  Error P/B

524.68 0.48 0.20 1098.08
96.50 4.88 0.48 19.79
5.66 16.85 3.87 0.34
1.58 27.86 15.87 0.06
6.21 20.36 3.84 0.30

45.20 20.09 0.83 2.25
103.98 18.85 0.49 5.51
21.53 18.28 1.35 1.18
3.62 1.12 4.30 0.47
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k\

F!

cr

ntitled:l

abel:

k20.0 TiltzO.0 Take-off:250 Det Type:SUTW+ Res:l34 TOO

s : 19101 Lsec : 381 21Jan-99 14:25:12

:

S K

.%ican  #2 feed side

CuK
FeK A

2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00

EDAX W Quantification (Standardlees)
Element Normal&d

E l e m e n t  W t  % At% K-Ratio 2 A F

C K 62.15 78.63 0.1420 1.0315 0.2215 l.OCOl
O K 15.21 i4.46 0.0220 1.0142 0.1426 1.0001
AiK 0.03 0.01 0.0002 0.9447 0.6852 l.CO28
SiK O.il 0.06 0.0008 C.9723 0.8099 1.0052
AUM 9.45 0.73 0.0959 0.6836 1.4,831 i.0011
S K 11.86 5.63 0.0936 0.9580 0.8233 1.0005

/ C1K 0.66 0.29 C.0048 0.9160 0.7848 l.OOOC
/ FtZK 0.25 0.07 0.0022 3.8586 1.0025 l.OC97
/ CuK 0.29 0.07 0.0025 0.83Oi 1.0090 1.0321
/ Total 100.00 100.00
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X01181 scan #2

g&nent Net Inte. Bkgd Inte. Me. Error PIB

CK 280.i8 i.18 0.31 238.19
O K 54.66 13.42 0.76 5.24
ALK 0.65 29.49 43.08 0.02
SiK 3.16 26.05 8.77 0.12
ALL?4 90.82 25.36 0.61 3.58
S K 313.20 23.68 0.30 13.22
CiK 15.05 22.72 2.09 0.66
Ft?K 2.52 9.99 7.18 0.25
CUK 1.70 7.83 9.31 0.22
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Untitled:1

X01181 Scan B3

1

Label:

kW20.0 Ti1t:O.O Take-off250 D e t  Type:SUTW+  Res:l34 Tc:40

FS : 19796 Lsec  : 393 21Jan-99 14:48:30

S K

Scan #3 Brine Side

EDAX ZAF Quantiication  (Standardless)
Element Normaliied

Element Wt% At% K-Ratio 2 A F

C K 62.14 78.71 0.1447 1.0297 0.2240 1.0001
O K 1~5.  49 14.59 0.0224 1.0125 0.1426 1.3001
AlK G.C3 0.02 O.OOC2 0.9431 0.6891 1.0029
SiK 0.12 0.06 0.0009 0.9707 0.8138 1.0053
AUF 8.67 0.66 0.3881 0.6821 1.4881 1.0012
S K 11.80 5.55 0.3943 0.9558 0.8356 1.0005
C1K 0.66 0.28 0.0048 0.9140 0.7934 1.0000
?‘eK 0.25 0.07 0.0022 0.8567 l.GO42 1.0092
CUK 0.24 0.06 0.0021 0.8281 1.0099 1.C308

"-Sal lOO.OG 100.00

101



X01181 Scan +3

g&mlt Net Inte. Bkgd Inte. Me.  Error P/B

CK 290.88 l.i3 0.30 258.02
O K 56.65 9.85 0.74 5.75
A1K 0.80 29.38 34.92 0.33
SiK 3.64 26.16 7.66 0.14
AuM 85.04 25.82 0.63 3.29
S K 321.50 23.98 0.30 13.41
ClK 15.28 22.17 2.06 0.67
FeK 2.53 9.20 6.91 0.28
CuK 1.46 7.50 10.46 0.19
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Photo #I

253-83-l LFCI  Element X01185 Feed Side

Photo # 2

253-83-2 LFCl  Element X01185 xiddle

1 0 3



Untitled:1
-
Label:

iGo. Ti1t:O.O Take-offz25.0 D e t  Type:SUTW+  ResA38 Tc:40
-
FS : 15347 Lsec  : 326 8-Feb-99 l&43:06
-

FeK

OK

XOll85SCbN#l

-
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00-

-

EDAX ZAF Quantification (Standardless)
Element Normaiiied

cement  WtX  At % K-Ratio Z A F

C K 13.82 31.15 0.0309 1.1138 0.2004 1.0004
O K 23.60 3 9 . 9 3  0 . 0 7 3 0  1 . 0 9 4 9  0 . 2 8 2 1  1.0015
AlK 0.26 0.26 0.0009 1.0186 0.3542 1.0010
SiK 1.16 1.12 0.0058 l.p480  0.4759 1.0014
P K 1.70 1 . 4 9  0 . 0 1 0 3 1 . 0 1 8 8  0 . 5 9 1 0  1 . 0 0 1 6
AuM 8.67 1.19 0.0658 0.7448 1.0190 1.0000
S K 0.40 0.34 0.0025 1.0467 0.6103 1.0024
ClK 0.15 0.12 0.0011 0.9991 0.7101 1.0042
CrK 1.52 0.79 0.0156 0.9333 0.9779 1.1246
FeK 48.72 23.62 0.4533 0.9348 0.9917 1.0035

'Total 100.00 100.00
-



X01185 Scan ii1

Element Net Inte. Bkgd Inte. Inte. Error P/B

C K 64.50 0.53 0.69 120.85
O K 192.32 4.27 0.40 45.07
AlK 4.00 18.99
SiK 23.23 20.13
P K 37.76 20.84
AuM 65.99 21.02
S K 9.01 23.34

0.21
1.15
1.81
3.14
0.39

I ClK 3.68 22.79 7.74 0.16
18.18 1.44 1.40
16.98 0.24 32.32
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-

Untitled:1
-
Label:

Gzo.0 Ti1t:O.O Take-oW25.0 D e t  Type:SUTW+  Res138 Tc:40
-
FS : 10139 Lsec  : 377 8-Feb-99 11:01:12
-

“1”
:

X01185ScanH

2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00-
-

EDAX ZAF Quantification (Standardless)
Element Normalized

Element  Wt% At% K-Ratio Z A F

C K 47.96 67.55 0.0951 1.0459 0.1897 1.0002
O K 21.18 22.40 0.0347 1.0283 0.1591 1.0002
SiK 0.60 0.36 0.0044 0.9855 0.7452 1.0050
AuM 11.75 1.01 0.1139 0.6948 1.3938 1.0010
S K 12.94 6.83 0.0957 0.9744 0.7584 1.0008
ClK 0.90 0.43 0.0062 0.9312 0.7331 1.0004
CrK 0.15 0.05 0.0013 0.8723 0.9758 1.0148
EeK 4.52 1.37 0.0395 0.8726 0.9936 1.0084

rot.31 100.00 100.00
-



X01185 Scan f/2
-

Element Net Me.

r----
C K 1 2 6 . 0 6
O K 57.86

Bkgd Me.

0.41
3.16

Inte.  Error PIE

0.46 309.27
0.69 18.29

SiK 11.28 16.92 2.42 0.67
AuM 72.42 15.49 0.67 4.68
S K 214.99 16.11 0.36 13.34
ClK 13.03 14.49 2.07 0.90
CrK 1.36 8.64 11.96 0.16

I FeK 30.31 7.02 1.04 4.32
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Untitled:1

tLiabel:

kW20.0

t

Ti1t:O.O Takeoff:250 D e t  Type:SUTW+  Res:X38 Tc:40

FS : 9735 Lsec : 390 8-Feb-99 11:18:04

c K

At M
3K

x01 1 a5  SCAN #3

2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00

EDAX ZAF Quantification (Standardless)
Element Normalized

Element Wt % At % K-Ratio 2 A F

C K 43.85 63.34 0.0871 1.0491 0.1894 1.0002
O K 23.82 25.83 0.0412 1.0315 0.1678 1.0002
NaK 0.48 0.36 0.0014 0.9653 0.3093 1.0006
SiK 0.32 0.20 0.0023 0.9885 0.7181 1.0047
AuM 11.40 1.00 0.1087 0.6971 1.3664 1.0010
S K 12.36 6.69 0.0908 0.9777 0.7509 1.0009
ClK 0.92 0.45 0.0063 0.9343 0.7325 1.0006
CrK 0.22 0.07 0.0019 0.8751 0.9763 1.0201
FeK 6.64 2.06 0.0582 0.8755 0.9938 1.0078

Total 100.00 100.00
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Xfl1185 Scan $3

Element Net Inte. Bkgd Inte. Me.  Error P/B

C K 122.25 0.26 0.48 465.10
O K 72.91 1.76 0.63 41.43
NaK 3.93 13.70 5.71 0.29
SiK 6.19 20.58 4.41 0.30
AuM 73.20 18.49 0.70 3.96
S K 216.02 19.04 0.38 11.35
ClK 14.08 16.79 2.11 0.84
CrK 2.07 9.17 8.64 0.23
FeK 47.28 8.07 0.84 5.86
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Isolated Spot with Bacteria

253-82-5 LFCl  Element # X01184

10,000X Average Surface Photo ;12

253-82-6 LFCl  Element X01184
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F o u l e d  S t r i p  F e e d  S i d e P h o t o  1’13

253-82-7 LFCL  Element X01184

1 1 1



-
Jntiitled:l
-
.abtsl:
-
:v:20.0 Ti1t:O.O Take-offz25.0 D e t  Type:SUTW+  Res:137 Tc:40
-
:S : 4726 Lsec : 246 5-Feb-99 16:23:37
-

2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00-
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X01184 Scan 81

EDAX W Quantification (Standardless)
Element Normalized

Element Wt% At% K-Ratio 2 A F

C K 23.59 46.78 0.0490 1.1002 0.1889 1.0003
O K 21.07 31.38 0.0484 1.0815 0.2122 1.0008
AlK 0.89 0.79 0.0038 1.0062 0.4267 1.0015
SiK 1.71 1.45 0.0097 1.0354 0.5490 1.0020
P K 1.14 0.88 0.0075 1.0068 0.6540 1.0029
AuM 15.83 1.91 0.1300 0.7361 1.1156 1.0003
S K 4.18 3.11 0.0259 1.0345 0.5983 1.0017
ClK 0.58 0.39 0.0039 0.9873 0.6735 1.0024
K K 0.19 0.12 0.0015 0.9886 0.7885 1.0066
CaK 0.19. 0.12 0.0017 1.0108 0.8353 1.0104
CrK 1.28 0.59 0.0121 0.9222 0.9579 1.0629
FeK 28.83 12.30 0.2629 0.9242 0.9795 1.0074
CuK 0.51 0.19 0.0044 0.8969 0.9574 1.0167

Total 100.00 100.00

Element Net Inte. Bkgd Inte. Inte.  Error P/B

C K 71.44 0.48 0.76 147.57
O K 88.86 3.27 0.69 27.20
AlK 11.38 15.36 2.90 0.74.
SiK 27.30 15.50 1.53 1.76
P K 19.32 15.28 1.94 1.26
AuM 90.96 15.11 0.72 6.02
S K 64.06
ClK 9.00
K K 2.97 14.76 9.04 0.20
CaK 3.01
CrK 13.67
FeK 221.94 10.01 0.44 22.18
CuK 2.23 7.73 9.01 0.29
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/Untitled:1

Ti1t:O.O Take-offr25.0 D e t  Type:SUTW+  Res:137 Tc:40

Lsec : 231 5-Feb-99 16:53:20

CuK

2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00

EDAX ZAF Quantification (Standardless)
Element Normaliied

Bment  Wt % At % K-Ratio Z A F

C K 59.73 77.27 0.1403 1.0355 0.2269 1.0001
O K 16.31 15.84 0.0243 1.0182 0.1461 1.0001
AlK 0.07 0.04 0.0004 0.9483 0.6654 1.0025
SiK 0.17 0.09 0.0013 0.9760 0.7910 1.0045
AuM 10.92 0.86 0.1094 0.6869 1.4582 1.0010
S K 10.99 5.32 0.0841 0.9628 0.7946 1.0003

I ClK  CaK 0.37 0.04 0.16 0 . 0 2 0.0026 0 . 0 0 0 3 0.9204 0 . 9 4 7 7 0.7729 0 . 9 0 0 7 1.0001 1 . 0 0 0 6
FeK 1.22 0.34 0.0107 0.8627 1.0000 1.0099
CuK 0.20 0.05 0.0017 0.8344 1.0064 1.0330

Total 100.00 100.00

-

-
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X01184 Scan #2

Element -Net  Inte. Bkgd Me. Inte.  Error P/B
C K 218.78 0.72 0.44 303.80
O K 47.66 5.10 1.00 9.35
AlK 1.31 21.03 23.68 0.06
SiK 3.99 19.97 8.06 0.20
AuM
S K
ClK
CaK
FeK
CuK

81.88 17.79
222.24 18.24

6.49 15.94
0.67 11.29
9.63 6.68 2.75 1.44
0.91 5.93 18.87 0.15

0.80 4.60
0.46 12.18
4.79 0.41

33.98 0.06
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Untitled:1
-
Lahl:-

-

kW20.0 Ti1t:O.O Take-oW25.0 D e t  Type:SUTW+  Re.5137 Tc:40
-
FS : 7259 Lsec : 143 5-Feb-99 17:16:25
-

11  SK

EDAX W Quantiication  (Standardless)
Element Normalized

Barnerd Wt% At% K-Ratio 2 A F

C K 63.18 81.13 0.1463 1.0355 0.2236 1.0001
O K 12.39 11.94 0.0176 1.0182 0.1395 1.0001
AlK 0.14 0.08 0.0009 0.9483 0.6842 1.0026
SiK 0.18 0.10 0.0014 0.9760 0.8056 1.0047
AuM 11.74 0.92 0.1190 0.6871 1.4739 1.0010
S K 11.58 5.57 0.0882 0.9631 0.7909 1.0002
ClK 0.36 0.16 0.0026 0.9207 0.7656 1.0000
CuK 0.42 0.10 0.0037 0.8348 1.0073 1.0366

Total 100.00 100.00

--

-

-
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X01184 Scan li3

Element Net Inte. Bkgd Me. lnte. Error P/B

C K 313.94 2.09 0.47 149.96
O K 47.53 13.15 1.37 3.62
AlK 3.97 28.79 12.04 0.14
SiK 5.93 27.72 8.17 0.21
AuM 122.56 24.83
S K 321.03 25.53
ClK 8.75 22.43 5.33 0.39
CuK 2.72 7.02 9.58 0.39
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-

Photo Ii1

253-84-l LFCl  Element # X01190 ?liddle

Photo 112

-

253-84-2 LFCl  Element !i X01190 Feed Side

1 1 8



Untitled:1

Label:

w20.0

ES : 7909

Ti1t:O.O Take-offz25.0 Det Type:SUTW+ Roe:138 TcAO

Lsec : 271 8-Feb-99 15:11:26  -

SK
AuM

2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00

EDAX W Quantification (Standardlees)
Element Normalized

Element Wt% At 36 K-Ratio 2 A F
CK 18.31 36.58 0.0441 1.0963 0.2195 1.0004
O K 27.21 40.80 0.0813 1.0777 0.2769 1.0013

0.20 0.0009 1.0029 0.3722 1.0008
0.85 0.0051 1.0320 0.4976 1.0012

I P K 0.57 0.44 0.0035 1.0009 0.6145 1.0018
AuM 6.21 0.76 0.0480 0.7313 1.0563 1.0001
S K 0.99 0.74 0.0067 1.0269 0.6580 1.0024
CaK 0.18 0.11 0.0017 1.0062 0.9064 1.0206
CrK 1.30 0.60 0.0133 0.9170 0.9891 1.1291
FeK 44.01 18.91 0.4049 0.9180 0.9993 1.0028

I Total 100.00 100.00
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x01190 Scan ii1

qement Net Inte. Bkgd Inte. Inte.  Error P/B

C K 62.53 0.38 0.77 166.32
O K 145.28 2.33 0.51 62.46
AlK 2.41 11.87 9.31 0.21
SiK 13.92 12.16 2.23 1.14
P K 8.80 12.16 3.16 0.72
AuM 32.65 12.10 1.24 2.10
S K 16.14 13.14 2.04 1.23
CaK 2.95 11.98 7.96 0.25
CrK 14.63 11.39 2.12 1.28
FeK 332.64 9.83 0.34 33.85
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Untitled:1 -
Label:

kV:20.0 TWO.0 Takeoti25.0 Det Type:SUTW+ Res:138 TC40

FS : 10580 Lsec  : 304 8-Feb-99 15:4o:oA

x01 190 SCAN #a

FeK

1. A

2~00 A . 0 0 6.00 8.00 jo.00 12.00 ?A.00 1 6 . 0 0 in.00

EDAX ZAF Quantification (Standardless)
Element Normalized

Element

C K
O K

wt %
49.65
21.91

At%

67.97
22.51

NaK 0.34 0.24
AlK 0.02 0.02
SiK 0.24
AuM 9.43
S K 12.59
ClK
FeK

Total

0.95
4.87

100.00

0.14
0.79
6.46
0.44
1.43

100.00

K-Ratio Z A F

0.1015 1.0408 0.1963 1.0002
0.0358 1.0234 0.1598 1.0002
0.0011 0.9578 0.3294 1.0007
0.0001 0.9531 0.6170 1.0028
0.0018 0.9809 0.7487 1.0052
0.0917 0.6906 1.4075 1.0011
0.0965 0.9681 0.7914 1.0009
0.0067 0.9254 0.7578 1.0004
0.0425 0.8673 0.9992 1.0074



x011s0 Scan 112_

Net Inte. Bkgd Me. Me.  Error P/B

173.07 0.54 0.44 319.81
77.03 4.34 0.67 17.74
3.54 16.30 7.20 0.22
0.51 26.60 59.03 0.02
5.75 25.15 5.54 0.23

75.12 23.19 0.76 3.24
279.25 23.58 0.36 11.84
18.15 20.28 1.96 0.89
42.01 8.92 0.97 4.71
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Untitled:1 -
Label:

kVz20.0 TiltzO.0 Take-offz25.0 D e t  Type:SUTW+ ResA38 Tc:40

FS : 10545 Lsec : 321 8-Feb-99 15:58:23  -

x01 190 SCAN #3

IK

FeK

I, A
i.00

.--
2.00 4.00 8.00 10.00 12.00 14.00 16.00 16.00

EDAX W Quantification (Standardless)
Element Normal&d

Element Wt% At% K-Ratio 2 A F

C K 50.90 69.14 0.1068 1.0401 0.2017 1.0002
O K 21.52 21.95 0.0349 1.0227 0.1584 1.0002
NaK 0.07 0.05 0.0002 0.9572 0.3314 1.0006
AlK 0.00 0.00 0.0000 0.9524 0.6224 1.0027
SiK 0.18 0.10 0.0013 0.9802 0.7539 1.0050
AuM 9.66 0.80 0.0944 0.6901 1.4148 1.0011
S K 12.31 6.26 0.0943 0.9674 0.7917 1.0008
ClK 0.78 0.36 0.0055 0.9248 0.7603 1.0004
FeK 4.59 1.34 0.0400 0.8667 0.9994 1.0076

Total 100.00 100.00
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x01190 Scan #3

Element Net Me. Bkgd Me. Me.  Error P/B

C K 174.83 0.44 0.42 400.98
O K 71.93 3.25 0.67 22.10
NaK 0.68 16.83 34.39 0.04
AlK 0.00 26.80 0.00 0.00
SiK 4.21 24.65 7.12 0.17
AuM 74.19 20.97 0.73 3.54
S K 261.78 21.35 0.36 12.26
ClK 14.29 18.42 2.23 0.78
FeK 37.96 8.60 1.00 4.41
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Isolated Diatom Piece on Isolated Black Spot Photo #l-- _

253-82-l LFCl Element :i X01183

Photo #2

253-82-2 LFCI Element ii X01183

125



Photo !13

253-82-3 LFCl  Element ii X01183

Photo 114

253-82-4 LFCl  Element ;i  X01183
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Untiiled:l

Label:

kV:20.0 TiltzO.0 Takeoffz25.0 Det Type:SUTW+ Res:l3? Tc:40

FS : 7884 Lsec:305 3-Feb-99 13:12:27

SK

S K

X01183sean#l

2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00

EDAX ZAF Quantification (Standardless)
Element Normalied

Element Wt% At% K-Ratio Z A F

C K 63.65 El.44 0.1451 1.0348 0.2202 1.0001
O K 12.03 11.56 0.0170 1.0174 0.1386 1.0001
AuM 1 1 . 3 0  0 . 8 8 0.1152 0.6864 1.4839 1.0011
S K 12.14 5.82 0.0935 0.9622 0.8004 1.0003
ClK 0.45 0.20 0.0032 0.9198 0.7675 1.0000
CuK 0.43 0.10 0.0037 0.8339 1.0076 1.0356

Total 100.00 100.00



X01183 Scan f/l

Element Net Inte. Bkgd Me. Inte.  Error P/B

C K 158.81 0.83 0.46 190.26
O K 23.41 5.01 1.30 4.67
AuM 60.55 12.58 0.81 4.81
S K 173.58 12.69 0.45 13.67
ClK 5.59 10.76 4.14 0.52
CuK 1.41 3.83 9.27 0.37
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Label:

kW20.0 Ti1t:O.O Take-offz25.0 D e t  Type:SUlW+  Red37 Tc:40

FS : 5015 Lsec : 302 3-Feb-99 13:32:14

FeK

AUM

X01183 SCAN #2

iK
I

Sit

CaK
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X01183 Scan 112
-

EDAX W Quantification (Standardless)
Element Normalized

Element Wtti At% K-Ratio Z A F

C K 33.00 55.12 0.0808 1.0743 0.2278 1.0003
OK 24.44 30.65 0.0518 1.0562 0.2007 1.0006
AlK 0.53 0.39 0.0024 0.9831 0.4682 1.0013
SiK 1.83 1.31 0.0111 1.0117 0.5971 1.0015
AuM 11.83 1.20 0.1002 0.7160 1.1831 1.0003
S K 3.29 2.06 0.0222 1.0051 0.6687 1.0017
ClK 0.47 0.26 0.0033 0.9600 0.7393 1.0025
CaK 1.03 0.52 0.0090 0.9854 0.8827 1.0096
CrK 0.65 0.25 0.0060 0.8981 0.9759 1.0564
MnK 1.22 0.45 0.0107 0.8821 0.9864 1.0045
FeK 21.33 7.66 0.1916 0.8991 0.9924 1.0069
CuK 0.38 0.12 0.0033 0.8710 0.9725 1.0154

Total 100.00 100.00

Element Net Inte. Bkgd Inte. Inte.  Error P/B

C K 102.25 0.39 0.57 264.38
O K 82.68 2.50 0.64 33.13
AlK 6.30 11.43 3.84 0.55
SiK 26.99 11.60 1.32 2.33.
AuM 60.89 11.42 0.80 5.33
S K 47.59 12.33 0.94 3.86
ClK 6.74 11.83 3.68 0.57
CaK 14.25 10.68 2.01 1.33
CrK 5.95 8.10 3.62 0.73
MnK 9.12 7.97 2.61 1.14
FeK 140.48 7.30 0.50 19.24
CuK 1.43 5.69 10.74 0.25

-
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Untitled:1

Label:

kVc20.0 Ti1t:O.O Take-ofiz25.0 D e t  Tvpe:SUTW+ Res:l37 TCAO !

FS:8048 Lsec  : 221 4-Feb-99 11:01:05

AUM
K

-.FP

Xl1083 SCAN #3

I

“r’l CaK

2.00 4.00 6. 8.00 10.00 12.00 14.00 16.00 18.00
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X01183 Scan #3

EDAX W Quantification (Standardless)
Element Normalized

Element Wt% At%  K-Ratio Z A F

C K 14.48 30.20 0.0342 1.1023 0.2145 1.0004
O K 29.76 46.61 0.0896 1.0836 0.2774 1.0011
AlK 0.13 0.12 0.0005 1.0082 0.3748 1.0010
SiK 1.91 1.71 0.0099 1.0374 0.5004 1.0010
P K 0.60 0.49 0.0037 1.0077 0.6086 1.0015
AuM 10.06 1.28 0.0775 0.7366 1.0465 1.0001
S K 0.36 0.28 0.0023 1.0348 0.6190 1.0022
ClK 0.09 0.07 0.0007 0.9879 0.7184 1.0038
CaK 0.77 0.48 0.0069 1.0123 0.8793 1.0167
CrK 1.11 0.53 0.0110 0.9231 0.9759 1.1026
FeK 40.34 18.10 0.3716 0.9'246 0.9914 1.0049
CuK 0.39 0.15 0.0034 0.8964 0.9474 1.0095

Total 100.00 100.00

Element Net Inte. Bkgd Irate. Inte. Error P / B

C K 50.22 0.47 0.95 107.85
O K 165.53 2.89 0.53 57.30
AlK 1.43 16.11 19.65
SiK 27.99 16.16 1.60
P K 9.57 15.81 3.54 0.60
AuM 54.58 15.60 1.03 3.50
S K 5.71 16.68 5.58 0.34
ClK 1.56 15.75 17.94 0.10
CaK 12.65 12.85 2.68 0.98
CrK 12.51 10.40 2.57 1.20
FeK 315.64 9.58 0.38 32.97
CuK 1.70 6.64 11.45 0.26
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253-83-3 LFCI  Element # X01187  Feed Side

Area Near the Zero of Xl00 on Photo (13 Photo 112

253-83-4 LFCI  Element ii X01187

1 3 3



-

Untitled:1 -
Label:

kW20.0 Ti1t:O.O Take-offz25.0 DetType:SUTW+  Res:138 Tc:40 --
FS: 3518 Lsec:l29 8-Feb-99 13:06:09 -

FeK

3K

XOl'l87  SCAN #I

2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 -
-

EDAXZAFQuantifkAion(Standardless)
Element Normallied

Element Wt% At% K-Ratio Z A F

C K 16.55 36.94 0.0386 1.1144 0.2095 1.0004
O K 2 1 . 0 0  3 5 . 1 8 0.0581 1.0954 0.2522 1.0014
AlK 0.38 0.38 0.0014 1.0190 0.3643 1.0010
SiK 1.84 1.76 0.0094 1.0484 0.4860 1.0011
P K 0.83 0.72 0.0050 1.0199 0.5949 1.0015
AuM 11.02 1.50 0.0842 0.7458 1.0247 1.0001
CaK 1.39 0.93 0.0126 1.0240 0.8687 1.0179
CrK 1.45 0.75 0.0145 0.9342 0.9697 1.1072
FeK 45.54 21.85 0.4224 0.9361 0.9866 1.0043

Total 1,oo.oo  100.00
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X01187 Scan irl
I -,

Element Net Inte. Bkgd Inte. Inte.  Error Pm
C K 49.10 0.52 1.26 94.97
O K 92.99 2.41 0.92 38.63
AlK 3.65 11.49 9.36 0.32
SiK 22.91 12.01 2.27 1.91
P K 11.27 12.27 3.78 0.92
AuM 51.37 12.31 1.36 4.17
CaK 19.87 13.12 2.54 1.51
CrK 14.35 11.17 3.09 1.28
FeK 310.78 9.56 0.51 32.51
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Untitled:1

Label:
-

kW20.0 TiltzO.0 Take-offz25.0 D e t  Type:SUTW+  Res:138 Tc:40

FS : 7638 Lsec : 322 8-Feb-99 13:13:24  -

S K

I

XOll87SCAN#2

2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00

EDAX W Quantification (Standardless)
Element Normalized

Element Wt% At% K-Ratio 2 A F

C K 55.81 73.06 0.1267 1.0352 0.2193 1.0001
O K 19.69 19.35 0.0306 1.0179 0.1526 1.0001
AlK 0.11 0.07 0.0007 0.9480 0.6492 1.0027
SiK 0.28 0.16 0.0021 0.9757 0.7768 1.0048
P K 0.08 0.04 0.0007 0.9410 0.8699 1.0086
AuM 9.45 0.75 0.0935 0.6864 1.4406 1.0010
S K 11.76 5.77 0.0911 0.9621 0.8045 1.0002
CaK 0.14 0.06 0.0012 0.9473 0.9069 1.0012
FeK 2.68 0.75 0.0233 0.8621 1.0017 1.0082

Total 100.00 100.00

-
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X01187 Scan #2

Element Net Me.

C K 148.65
O K 45.21
AlK
SiK
P K
AuM
S K
CaK
FeK

Bkgd Inte.

0.39
2.76

1.65
4.78

15.53
15.91

1.40 15.28
52.68 14.60

181.18 14.77
1.82 a.77

15.83 5.64

Inte.  Error P/B
0.46 377.71
0.85 16.39

13.95 0.11
5.30 0.30

16.27 0.09
0.87 3.61
0.43 12.27
9.97 0.21
1.63 2.81
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Untitled:1

Label:

kV:ZO.O Ti1t:O.O Take-offZ25.0 Det Type:SUTW+ Res:l38 Tc:40 -

FS : 7241 Lsec : 299 8-Feb-99 13:28:31

dK S K

2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 16.00

EDAX  ZAF Quantification (Standardless)
Element Normalized

Element Wt% At% K-Ratio 2 A F

C K 57.35 74.15 0.1283 1.0329 0.2166 1.0001
O K 18.74 18.19 0.0286 1.0157 0.1502 1.0001
AlK 0.14 0.08 0.0009 0.9460 0.6607 1.0030
SiK 0.32 0.18 0.0025 0.9736 0.7872 1.0053
P K 0.22 0.11 0.0019 0.9385 0.8780 1.0092
AuM 8.55 0.67 0.0851 0.6845 1.4526 1.0011
S K 12.26 5.94 0.0964 0.9593 0.8195 1.0002
CaK 0.13 0.05 0.0011 0.9450 0.9123 1.0011
FeK 2.29 0.64 0.0199 0.8597 1.0033 1.0077

Total 100.00 100.00

.
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X01187 Scan 113

Element Net Me. Bkgd We. Inte. Error P/B

C K 148.25 0.50 0.48 298.09
O K 41.62 3.37 0.93 12.36
AlK 2.03 14.43 11.55
SiK 5.56 13.80 4.57

0.14
0.40

P K 3.80 12.77 6.19 0.30
AuM 47.20 12.30 0.94 3.84
S K 188.79 12.61 0.43 14.97
CaK 1.57 8.99 11.99 0.17
FeK 13.29 4.98 1.86 2.67
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