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1. EXECUTIVE SUMMARY

Hydranautics has developed a new packaging configuration for spird wound eements. This new
configuration is self-encapsulated and does not require a pressure vessel housing, hence it has
been dubbed the “freg’ style. For this study, Hydranautics encapsulated its new neutraly
charged, Low Fouling Composite reverse osmoss (RO) membrane, LFC1. The free design
eliminates o-rings sedls between the feed and permeate streams, and therefore has the potentid to
provide more rdiable retention of pathogens in reclamation of contaminated water sources.

The objective of this test program was to evauate the effectiveness of the encapsulated eement
design with respect to;

Retention of pathogens

Rdigbility and convenience of monitoring membrane dement integrity
Fouling tendency of the new éement configuration and the effectiveness of
cleaning procedures.

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

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

Results obtained during the test program indicate the following:

The encgpsulated dement design enables convenient monitoring of individua
dement integrity in fidd conditions.

Virus rgection tedts indicate 5-log pathogen rejection by encapsulated elements.
Fouling rates of encgpsulated dements were low and comparable with fouling
rates observed with the standard configuration eements opereting in paralé.

A dmple cleaning procedure applied after eight months of operation conssting of
the recirculation of an NaOH solution resulted in the complete restoration of
permeete flux.

Tertiary effluent water trested with HYDRAcap™ capillary ultrafiltration
membrane is of good quaity and enables stable operation of RO membranes.
Low fouling membranes (LFC1)} can operate a high flux rate, provide stable
performance and low fouling rates in reclamation of municipd effluents.



2. BACKGROUND

2.1. INTRODUCTION

The application of reverse oamoss technology for municipa wastewater reclamation traces back
to the early stages of the commercidization of the RO process. It was soon redized that the
gpplication of membrane technology to the treatment of municipa effluent water represents a
chdlenge due to the very high fouling potentid of the weater. Therefore, the development of an
effective pretreatment process and the demondration of performance dability was the man
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 stes, which has enabled the development of process
parameters and system components used in commercid plants (6, 7, 8, 9).

The firgt large reverse osmosis plant operating on waste water began operation in the late 1970's
as pat of what is known as “Water Factory 21” in Orange County, Cdifornia This RO system
has 5 MGD of product capacity and reduces the sdinity of municipa wasteweter after tertiary
treatment. Product water is blended and then injected into loca aguifers to prevent seawater
intruson (10, 11).

The next large RO system for water reclamation, the Arlington Desdter (12, 13), located in
Riversde County, Cdifornia, commenced operation in 1990. This system processes agricultural
drainage water of about 1000 ppm TDS sdinity, containing a high concentration of NO,

(100 ppm) and Si0, (40 ppm). The plant produces 6 MGD of low sdinity water by blending

4 MGD 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 beow 40 ppm (12). Today, a
large number of new membrane projects for municipal waste water reclamation are under design
or extendve pilot testing. In the mgority, new, advanced membrane pretreatment methods are
evaduated. The objective is to improve the stability of the RO membrane performance and to
improve the process economics.

2.2. CONVENTIONAL PRETREATMENT

The municipa effluent after secondary trestment contains high concentrations of colloidd
particles, suspended solids and dissolved organics. The municipd trestment process usudly
includes biologicad trestment (activaied dudge darification) which results in a high leve of
biological activity in the effluent. This effluent has to be treated to reduce the concentration of
colloidal and solid particles and to arrest biologica activity prior to the RO.

A typica conventiona pretreatment configuration is shown in Fg. 1, which outlines the tertiary
pretrestment process applied currently at Water Factory 21. The current pretreatment process is a
result of evolution, improvements and smplification of the origind design (5). The pretreatment
consists Of flocculation, lime clarification, recarbonaion with CO,, settling, and dow gravity



filtration. Chlorination controls the biologicd activity. The lime daification is a very effective
process for improving feed water quaity. However, it is expensve, requires large area and
produces dudge:, which can present digposa problems. In some smdler systems the lime
clarification and gravity filtration is replaced by inline flocculation followed by two sage
pressure filtration and cartridge filtration. Typicdly, this smplified pretreetment produces
effluent of lower qudity than the lime daification process, but the equipment is dgnificantly
smdler and smpler to operate.

RECARBONA
RAPID | FLOCCULA N | MEDIA
MIXING | TION ¥ SETTLING _"| S-EnTQI‘EIﬁG "| FILTRATION '
[y
r
mglf\llilf'lr“ATngh? " LIME CARBON
DISTRICT RECOVERY REACTIVATION
ACTIVATED |,
ng:IT-'I%N CARBON
ABSORPTION
TO
BLENDING RO
INJECTION ———
WELLS & STORAGE DESALTING

Figure |-Water factory 21 wastewater Reclamation system flow diagram

Water after conventiona pretrestment has a high fouling potential for membranes. It is not
uncommon for RO membranes in water reclamation applications to experience 25% - 30% per
year average flux dedine even with frequent membrane cleanings.

2.3. ADVANCED PRETREATMENT

The benefit of membrane technology is the physicdly barier 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). Ultrefiltration (UF) and microfiltration (MF) membranes have the
ability to produce feed water of sgnificantly better quality than the conventiona pretrestment
process based on lime darificaion followed by media and cartridge filtration. However, the
conventiona, spird wound configuration of ultrafiltration membrane dements is not suitable for
the treatment of highly fouling wastewater. These UF dements could not operate a high
permesate 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 sat concentration at
the membrane surface that hinders the diffuson of water and contributes to membrane fouling).
Membrane cleaning, frequently required, was cumbersome and not very effective in restoring

permegte flux.

The new microfiltration and ultrefiltration technology offered recently (14) is based on a fa
capillary membrane configuration. The capillary bore is of 0.7 - 0.9 mm diameter. The outsde
diameter of the capillary is in the range of 1.3 - 1.9 mm. Membrane materid can consst of
polypropylene, sulfonated polyether sulfone or celulose acetate polymer. In some capillary
element desgn configurations the feed - permeste flow direction is outsde-in (i.e. feed water
flushes the outsde of the capillary fiber, water permeates through the wal and is collected as a
permegte ingde the fiber). Other dement configurations have an ingde-out flow direction.

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

1. Frequent, short duraion, automaticaly 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 a very low feed cross flow veocity, or even in a direct filtration flow
(dead end) mode.

The off-line time due to pulse cleaning is very short, compared to the off-line time of
conventiond filters for filter backwashing. The frequent pulse cdeaning of the capillary
membrane results in stable permeate flux rates. Required feed water pressure is in the range of 1
to 2 bar. Operation a 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 kWh/kgallon
(0.1 kXWhr/m®) of filtrate. The membrane type is either micrdfiltration (nomind pore size 0.2
micron) or ultrafiltration (molecular weight cut off 100,000 - 200,000 Ddton). The dimensons
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 actud field operation, a sngle module can produce 8,000 -
40,000 gallons per day (30 - 150 m*/day) of filtrate. Compared to conventiond water trestment
technology, the new process offers a modular design, high output capacity from a smal footprint,
no need for continuous handling and dosing of chemicas, and limited labor requirements. The
mgor advantage, however is inherent to membrane technology: the exisence of a membrane
barrier between feed and permeate which enables a severd log reduction of colloida particles
and pathogens.

This new capillary technology was developed initidly for the trestment of potable water
originating from surface sources. It has been extensvely tested and a large number of systems,
primaily utiliang microfiltration membranes, are dready in operation. Following successful
applications in potable water gpplications, the capillary technology was been tested as a potentia
pretrestment for RO systems operating on highly fouling water. One of the firgt targets was the
RO processing of municipal effluents. The objectives were to replace the expensve and
cumbersome conventiond tertiary trestment and to increase the flux rate of the RO system. Field
tests have been conducted for over three years now, and have confirmed the technologica and
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economic feaghility (14). The results are promiang and large commercid inddlations are under
congderation (14). Large capacity systems, combining capillary UF pretreatment with RO
technology are currently being designed. The cepitd cost of the capillary membrane pretrestment
is edimated to be amilar to the cost of the extensve multigage conventiona pretrestment
usudly required for RO reclamation of the municipd waste water. The use of capillary
technology will smplify the pretreatment system and reduce the use of chemicds. The new
capillary technology is capable of rdiably producing RO feed water with a very low
concentration of colloidal particles and bacteria

The present offering of commercid capillary products for the trestment of municipd effluents is
included in Teble 1.

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

Manufacturer . Memcor Zenon Pall Agquasource | Hydranautics
Membrane Polypropylene | Proprietary | Proprietary | Cellulose Modified
material acetate polysulfone
Type MF MF UF UF UF
Configuration | Capillary Capillary Capillary Capillary Capillary
Nominal pore 0.2 micron 0.2 micron 13,000 100,000 100,000 -
size/MWCO Dalton Dalton 200,000

Dalton
Fiber 1.D. 0.3 mm 0.9 mm 0.8 0.94 mm 0.7mm
Fiber O.D. 0.7 mm 1.9 mm 1.4 1.3 mm 1.3 mm
Membrane 22 m? 14 m? 7.5 m? 55.4 m? 25 m?
area per 233 ft? 150 ft 61 ft? 596 ft? 2701t
module

Flow direction out = in out = in out = in in = out in = out
Feed pressure | 0.5= 2 bar < 0.5 bar 0.5 =2 bar 0.5 =2 bar 0.5 =2 bar
range. vacuum
Operation type | Dead end and Immersed Cross flow Partial Dead end

cross flow fibers cross flow and cross
flow
Capillary Compressed Filtrate Filtrate Filtrate Filtrate
backflush air backflush backflush backflush backflush backflush
every 20min. and air and air every 20 every 20 - 30
scouring scouring min. min.
Typical 27 m¥/d 13 m*/d 9.5 m*/d 130 m¥%d 60 md
module 7000 gpd 3600 gpd 2500 gpd 36000 gpd 16000 gpd
capacity

A comprehendve decription of the fied 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 spird wound membrane eement device was introduced shortly after the
invention of the hollow fiber configuration (16). In the spird wound configuretion, two flat
sheets of membrane are separated with a permeate collector channe materid to form a “leaf.”
This assembly is sedled on three sides with the fourth Sde left open for permesate to exit (Fig 2).
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Figure 2-Conventional spiral wound module configuration

A feedirgect spacer materiad sheet is added to the leaf assembly. A number of these assemblies
or leaves are wound around a central plastic permeete tube. The permesate tube is perforated and
callects the permeete from the multiple leaf assembly. The typicd indudrid spird wound
membrane dement is approximately 100 or 150 cm (40 or 60 inches) long and 10 or 20 cm (4 or
8 inches) in diameter. The feed/rgect flow through the dement is a draight axial path from the
feed end to the opposite concentrate end, running pardld to the membrane surface. The
feed/rgect channel spacer induces turbulence and reduces concentration polarization, or buildup
of dts a the membrane surface. Manufacturers specify rgect flow regquirements to control the
concentration polarization by limiting permeate recovery rate per dement to 10 - 20 percent.
Therefore, the recovery rate is a function of the feed-rgject path length. In order to operate at
acceptable recoveries, spiral systems are usudly staged with three to Sx membrane dements
connected in series in a pressure tube (Fig. 3).
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Figure 3-Pressure vessel with three membrane elements

The concentrate or rgect stream from the firs dement becomes the feed to the following
element, and s0 on for each dement within the pressure tube. The rgect sream from the last
element exits the pressure tube as a concentrate. The permesate from each eement enters the
permesate collector tube and exits the vessdl as a common permeate stream. A sSingle pressure
vessel with four to six membrane eements connected in series can be operated at up to
50-percent recovery under norma design conditions. The concentrate sed (Smilar to an o-ring)
on the element feed end outer diameter prevents the feed/irgect stream from bypassng the
following dement. Spird wound dements are most commonly manufactured with flat sheet
membrane of either a celulose diacetateltriacetate (CA) blend or a thin film composite. A thin
film composite membrane consds of a thin active layer of one polymer cast on a thicker
supporting layer of a different polymer. The composte membranes usudly exhibit higher
rgection at lower operaing pressures than the cellulose acetate blends. The composite membrane
materids may be polyamide, polysulfone, polyurea, or other polymers. The spirad wound
configuration of RO dements is the least affected by fouling by particulate maiter in the feed
water. Therefore, for the reclamation of highly fouling municipd effluents or polluted surface
water, spird wound RO dements are used dmost exclugvely.



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 oamoss membrane barrier layer are sgnificantly smaler than
the dze of bacteria or viruses. However, there is dways a possbility of permeate contamination
by microbiologica pollutants passng through sructurd defects. These defects may include:

Membrane imperfections (pinholes)

Damaged glue lines

Damaged o-rings, which provide a separating seal between the feed and permeate
sreams. These o-rings are housed in the interconnectors that attach the permeate
tubes of membranes in series together. O-rings are aso present in the adapters
that connect the first and last eements to the end plates of the pressure vessd.

(Fig 3)

During the manufacturing process membrane dements undergo tests of gructurd integrity. The
integrity tests include a bubble test (gpplication of ar pressure to the permeate sde of membrane
element), a vacuum test and the determination of sdt rgection rate. After the ements are
assembled into pressure vessels (which usually contain 6 - 7 elements connected in series), the
determination of the integrity of individua dements is much more difficult. The tests which can
be conducted while an dement is indaled in the sysem include probing of permeeie
conductivity and measurement of number of patides Each of these is time consuming, and
requires a sgnificant level of expertise in the interpretation of the results. A bubble test or
vacuum test cannot provide any meaningful indication of membrane integrity while dements are
ingaled in a pressure tube. During the operation of the RO system, the feed water flow results in
the cregtion of a sgnificant axia force gpplied to the dements. This force can shift the dements
back and forth insde the pressure vessd. This movement of dements may, in some cases, result
in the breaking of the o-ring sedls separating the feed and permeste streams. Large lesks can be
esdly identified by monitoring the permeate conductivity from individud pressure tubes
However small lesks, which can result in Sgnificant passage of pathogens, may remain
undetected for some period of time.

3.2. THE ENCAPSULATED SPIRAL WOUND CONFIGURATION
The LFC1-FREE, or encapsulated dement, is a new configuration, which conssts of packaging a

gpird wound membrane dement into an individua pressure vessd. The schemdic of the new
configuration is shown in FHg. 4.
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The encgpsulation of individud elements has potential to be cost competitive with the
conventional design of 6 -7 eements loaded into a single pressure vessd. The newer composite
membrane technology provides membranes with high specific fluxes, dlowing them to operate a
low feed pressures typicaly below 200ps. Therefore, an inexpensve outer shell can be gpplied
for dement encgpsulation.

The encgpsulated dement has advantages for gpplications where membrane barrier integrity is of
specid importance for the following reasons.

a) The encapsulated element configuration does not contain interconnector or adapter o-rings.
This diminates the possbility of lesks through the o-ring sedling surfaces.

b) The encapsulated dements are connected individudly to a permeste manifold, dlowing
sampling to be taken from individua membranes. Therefore, any changes of permesate
conductivity can be easly identified and locdized.



€) The encgpsulated dements dlow for the possbility of continuous sampling of permeste from
the permeate tubes while the elements are assembled into a system. This enables convenient
determination of particle concentration in the permeate from a sngle dement.

d) The encgpsulated eement configuration also enables the determination of eement integrity.
An in-Stu vacuum test can be applied.

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

After the above lised advantages are demondtrated, engineering will be required to optimize the
RO sysem design usng encgpsulaied dements. The design should minimize the pressure drop
which may be created in sysems conssting of a number of encgpsulated eements connected in
sies. In RO sysems utilizing the conventional spird wound configuration elements, the average
gpparent recovery rate per dement 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 a 85% recovery the combined length of eements operating in series dong
the system would be 14 to 18 dements. To aoply a Smilar arrangement to an RO system utilizing
encagpsulated elements, the entry and exit pressure losses at the feed-concentrate ports must be
minirnized. Pressure drop in RO systems utilizing ultralow pressure membranes may have a
ggnificant impact on performance.
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4. EXPERIMENTAL RESULTS

4.1. MEMBRANE PREPARATION AND ELEMENT ROLLING

In order to assure good dement integrity specia precaution was observed during the preparation
of maerids for dement condruction. The flat sheet composte membrane was examined for the
presence of surface defects. Double glue lines were applied to the “leaf’ seds. A totd of twelve
4" 1FC1 dements were manufactured for this project; sx eements in encapsulated configuration
and sx dements in sandard configuration. Each dement had four leaves and a nomind
membrane area of 75 fi’.

4.2. NOMINAL ELEMENT PERFORMANCE AND INTEGRITY TESTING

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

Feed pressure 225 ps
Feed <dinity 1500 ppm NaCl
Recovery rate 15%

Feed temperature ~ 25°C

The dements produced permesate fluxes in the range of 22 — 26 gfd (galons per square foot per
day) and sat rgections between 99.5% - 99.6%.

After this testing a vacuum hold test was performed by applying -20.9 in. Hg to the permegte sSde
of the eements. The membranes were then isolated, and the vacuum decay rate was measured
for one minute. In generd, a vacuum decay rate of less than 5 in Hg per minute is acceptable.
The results of the initid test of the LFC1 elements are included in Appendix A.

4.3. TEST SITE DESCRIPTION

Operation of the pilot unit was conducted a the San Pasqual Aqua 2000 Research Fecility in
Escondido, California. The San Pasqua municipal wastewater is processed through water
hyacinth secondary treatment. After secondary treatment the water maintains a high load of
suspended solids, and the turbidity is in the range of 10 — 20 NTU. This secondary effluent is
processed by coagulation with ferrous sats and media filtration. The qudity 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 HYDRAcap™ cepillay ultrfiltration unit. The
ultrefiltration unit is equipped with two 8 HYDRAcap™ capillary dements. A specification
sheet for the HYDRAcap™ s included in Appendix B. The compogtion of the UF filtrate
produced by the HYDRAcap™ operating on tertiary effluent is included in Table 2. The UF
filtrate is pumped under pressure into two pardld manifolds of the RO unit. One manifold is
connected to a pressure vessel housing three 4” LFC1 dements in standard spird wound
configuration. The other manifold is connected to three LFCI-FREE encapsulated eements
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connected in series. Each encgpsulated dement has a sampling port to enable individua
permeate sampling from each eement, while the RO system is in operation. The same ports are
used to conduct the in-Stu vacuum hold test. The schematic of the system is included in Fg 5.

Primary .
Municipal —_ Water Hyacinth Secondary Treatment

Etfiuent

15 ppm NH3, 18 NTU

20 ppm FeCi3 E—— c/oaguration - Clarification

5NTU

Tertiary Filtration - Antracite

2NTU, 10
ppm TOC <0.1 NTU, 2 - 4 SDI

Capillary UF

1800 :
Holding us
Tank Filtrate Tank

15 u§, 0.5 ppm TOC
Permeate ‘.“'"——T-—r———--——-1 ~~~~~

1
Caoncentrate 1
1
1
1
|

1 Encapsulated RO,
: LFC1 elements

Concentrate ‘——-I _r-'

Standard RO, LFC1
elements

ISR AP

Figure S-Pilot Site at San Pasqual, California

A detailed process and instrumentation diagram (P&ID) of the test equipment is induded 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 Influent UF Effluent RO permeate
Average Range Ave. Range Ave. Range
OH 73 =75 7.4-8.1 5.7-6.4
Turbidity, NTU 2 0.5-5.2 0.07 0.04-0.15 0.05 0.03-0.09
Ammonia, ppm 12.2 1.8-21.7 12.3 1.3-20.0 0.3 0.01- .0
Nitrate, ppm 8.9 8.6-9.5 7.5 7.5-7.6 0.4 0.3-0.5
Nitrite, ppm 8.6 8.6-8.7 5.9 5.9-5.9 0.18 0.18-0.18
Nitrate, TKN, 12.7 7.1-18.2 12.6 8.8-1 8.0 0.29 0.12-0.64
ppm
Bromide, ppm 9.85 9.85-9.85 7.27 7.27-7.27 0.06 0.06-0.06
Chloride, ppm 264.5  231-288 257 242-280 1.32 0.71-2.28
Sulfate, ppm 298  247-339 291 241-321 0.4 0.3-1 .4
Sodium, ppm 204 193-214 204 191-221 5 5-9
Silica, ppm 18 15-23 17 14-21 1 [ -1
Iron, ppm 0.25 0.093- 0.05 0.05-0.06 0.05 0.05-0.06
0.922
Chromium, ppb 5 19-10.2 2.9 14 = 6.0 11 10-16
Calcium, ppm 74 74-74 79 72-83 1 -1
Magnesium, ppm 39 38-38 39 36-41 3 3-3
Phosphorous, 13.8 4.7-25.4 7.4 3.6-17.8 0.08 0.01-0.46
ppm
TDS, ppm 1106 1000 12 1023
Hardness, ppm 389 330-427 395 347-448 5 5-6
Alkalinity, ppm 170 135-205 175 152-204 7 5-19
TOC, ppm 9.1 36 = 6.9 52 - 17.6 0.08
19.0
uv-254 0.152 0.123- 0.121 0.106- 0.010 0.002-0.024
0.188 0.141
HPLC, cfu/mi 22.1e4 1.6e4- 16 ND-20 1.2 ND - 10
2.1e4
Total coliforms 8000 ND ND
Total chlorine, 3.8 1.0=6.8 3.1 20 -39 35 20 -52

ppm




RO Feed Temperature, deg. C

RO Feed Conduclivity, uS/cm

Figure 6-SAN PASQUAL SITE
Wastewater Effluent, Capillary UF Pretreatment
Apr98 to Nov93
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4.4 OPERATING PARAMETERS AND RESULTS

44.1 CAPILLARY UF EQUIPMENT

The UF pilot unit consists of two 8" HYDRAcap™ capillary  ultréfiltration modules running in
pardld. Flow through the capillaries is ingde 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
materid 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 dement. Recovery is 100%. Here, recovery is
synonymous with reverse osmoss technology and is equivdent to the Filtrate/Feed flow ratio as
the unit is processng water. The converson of feed water to filtrate is approximately 85%.
Converson congders that 15% of the filtrate is required for automatic backwash cycle. The unit
aso consgs of one feed and one backwash pump, actuated valves, a control pand with a PLC to
control backwash frequency and duration, a filtrate holding tank, a chlorine metering pump and a
day storage tank. Fow 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.

Parameter Value
Number of capillary elements 2
Total Filtrate flow rate 14 gpm
Concentrate flow rate 0 gpm
Recovery 100%
Conversion 85%
Filtrate flux 38 gid
Feed Pressure 20 psi
Baseline TMP* 4-6 psi

(~0.3) bar

*Trans 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 ingde of capillaries. The system operates in a dead end mode
(100% recovery rate), and al feed water is converted to filtrate. This steps lasts between 15 -
30 min.

Backwash cycle-

The backwash cycle is a sequence of short steps. Initidly, the concentrate valve is opened for a
period of about 8 seconds and the insde of the capillaries are flushed with feed water. Next the
feed pressure is reduced to ambient and filtrate pressure is applied to the outsde of capillaries for
a period of about 20 sec. Filtrate water permegates through the capillary walls, didodges the
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foulants from the ingde 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 dlow the
chlorine to oxidize the organic materid depogted in the capillaries. After the soak dep filtrate
under pressure is again gpplied to the outside of the capillaries for a period of 12 seconds to rinse
the chlorinated water from the system. The totd time of the backwash cycle is about 60 sec. After
the backwash the UF system is returned to norma operation. Periodicaly, when the TMP reaches
1.5 -~ 20 pg, the UF membranes are cleaned with 2% citric acid solution (low pH deaning),
followed with 0.5% NaOH solution (high pH deaning). A detalled description of filtration,
backwash and the cleaning procedure is included in Appendix D.

4.4.2. RO EQUIPMENT

The RO portion of the system contains two sets of three 4” membrane dements each operating in
parallel. The membranes are Hydranautics new low fouling neutraly charged polyamide
membrane (LFC1). One st of three membrane eements is housed in a standard pressure vess.
The other consgs of three LFC1-Free membranes in a sdf-encapsulated configuration, i.e. stland
aone membranes that do not require a pressure vessel. The encapsulated dements are dso
connected in series, i.e. concentrate outlet of one eement is connected to the feed port of the next
module. The permeate from dl three encapsulated eements are combined together. However, the
permedte line from each encapsulated membrane module can be individudly accessed. Such a
configuration provides the capability of in-gtu integrity testing and individud permeste sampling
for the membrane eements.

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 ingrumentation of the RO system includes a temperature gauge, permeate
and concentrate rotameters, feed, concentrate and permeste pressure gauges. All conductivity
readings of individua permestes are done by grab samples. A conductivity monitor of feed and
combined permeate conductivity is included.

One of the objectives of the test program was to test the possibility of gpplying the encepsulated
configuration to the desgn of commercia systems. For this reason, the encapsulated and
standard configuration eements were operated in pardld at the same recovery and permeate flux
rate. The summary of the RO unit operaing conditions is given in Table 4.

Table 4. Operating conditions of the RO unit

‘Parameter -
Cumulative run time of the 0-2700 2700-3500 3500-4200 4200-4900
Recovery 40% 50% 60% 70%
Flux (gfd) ~11 ~12 ~13 16-20
Feed pressure {psi) ~80 ~100 ~160 ~180

Andyticd results for sdected condituents are given in Table 2.

16



4.43. UF MEMBRANE PERFORMANCE RESULTS

The results of the HYDRAcap™ capillary UF operation are summarized in Fig. 8 through 14.
Two UF dements were operated in parallel, designated as dements 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 cdculated by subtracting the filtrate pressure from the average feed -concentrate
pressure.

TMP=05* (P, +P)-P,

For the mgority of the study, the TMP fluctuated between 4 - 12 pd. Some excurson 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 permeste flux rate. Stable results were obtained with a filtrate flux rate a
about 38 gfd between backwash intervals of 15 minutes. Both UF eements operated most of the
time a flux rate of 38 gfd, (Fig 10 and 11) which corresponds to filtrate flow of 7 gpm per
eement (Fig 12). The filtrate turbidity was below 0.1 NTU while processng tertiary effluent of
average turbidity of about 2 NTU (Fig 13 and 14). The St density index (SDI) of the UP feed
was unmeasurable. The SDI of the UP filtrate was in the range of 2 — 4. It is interesting thet the
HYDRAcap™ UF membrane had a margind 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 Ddton, which provides ingght on the sze of the dissolved organic matter.

Figure E-SAN PASQUAL SITE,
Capillary UF Unit Operating on Wastewater, UF-A , (Feb98 to Nov98)
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Capillary UF Unit Operating on Wastewater, UF-B , (Feb98 to Nov98)
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Figure 13-SAN PASQUAL SITE
Capillary UF Unit Operating on Waste Water
Turbidity Reduction, UF « A
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444. RO MEMBRANES PERFORMANCE RESULTS

The results of the operation of the encgpsulated and standard configuration LFC1 membrane
eements are included in Fig. 15 - 21 and Fig. 22 — 28 respectively. The graphs include field data
of permegate flow, average permeate flux, specific permeate flux (corrected for temperature and
net driving pressure), permeate conductivity, salt regection, recovery and feed pressure. Both the
dandard and encagpsulated membrane eements operated a very Smilar conditions and exhibit
amilar performance. An important observetion is related to the relaive sability of the st
rgection, The feed water contains a high level of totd chlorine (1 - 7 ppm) in the form of
chloramines. The presence of chloramine prevents bacteria growth in the dements. The smal
decline of sdt rgection, from 99.6 to 99.2, (Fig. 19 and 26) after eight months of field operation
provides confirmation of previous findings that chloramines can be used to control biofouling in
RO sysems equipped with polyamide composite membranes. The LFC1 membranes operated at
initid flux rate of 11 gfd, which was increased up to 16-20 gfd. The feed pressure remained
dable (Fig. 21 & 28) and cdculaions of specific flux (Fig. 17 & 24) indicate very little decline
of water permegbility. The dability of specific flux is much higher than observed in the operation
of the same type of membranes on conventionaly pretreated municipa effluent. The typicd RO
membrane flux decline caused by fouling for conventionadly 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
sgnificant reduction of colloidd particles by the HYDRAcap™ capillary membrane
pretreatment

Figure 15-SAN PASQUAL SITE
Wastewater Effluent, Capillary UF Pretreatment
Encapsulated LFC1 Membrane Elements
Aprgs to Nov9s
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Figure 16-SAN PASQUAL SITE
Wastewater Effluent, Capillary UF Pretreatment
Encapsulated LFC1 Membrane Elements
Apro98 to Nov98
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Figure 17-SAN PASQUAL SITE
Wastewater Effluent, Capillary UF Pretreatment
Encapsulated LFC1 Membrane Elements
Apr98 to Nov98
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Figure 1I&SAN PASQUAL SITE
Wastewater Effluent, Capillary UF Pretreatment
Encapsulated LFC1 Membrane Elements
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Figure 19-SAN PASQUAL SITE
Wastewater Effluent, Capillary UF Pretreatment

Encapsulated LFC1 Membrane Elements
Apr98 to Nov98
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Figure 20-SAN PASQUAL SITE

Wastewater Effluent, Capillary UF Pretreatment

Encapsulated LFC1 Membrane Elements
Apr98 to Nov 98
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Figure 21-SAN PASQUAL SITE

Wastewater  Effluent, Capillary UF Pretreatment
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Figure 22-SAN PASQUAL SITE
Wastewater Effluent, Capillary UF Pretreatment

Standard Configuration LFC1Membrane Element
Apr98 to Nov98
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Figure 23-SAN PASQUAL SITE
Wastewater Effluent,Capillary UF Pretreatment
Standard Configuration LFC1 Membrane Element
Apr98 to Nov93
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Figure 24-SAN PASQUAL SITE
Wastewater Effluent, Capillary UF Pretreatment
Standard Configuration LFC1 Membrane Elements
Apr98 to Nov98
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Figure 25-SAN PASQUAL SITE
Wastewater Effluent, Capillary UF Pretreatment
Standard Configuration LFC1 Membrane Elements
Apr98 to Nov98
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Figure 26-SAN PASQUAL SITE
Wastewater Effluent, Capillary UF Pretreatment
Standard Configuration LFC1 Membrane Elements
Apras to Nov9s
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Figure 27-SAN PASQUAL SITE
Wastewater Effluent, Capillary UF Pretreatment
Standard LFC1 Membrane Elements
Apr98 to Nov 96
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Figure 28-SAN PASQUAL SITE
Municipal Effluent Treated with capillary UF Pretreatment, LFC1
Standard Configuration Membrane Element, April 98 = Nov 98
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4.5. VIRUS CHALLENGE RESULTS

Virus retention tests of HYDRAcap™ UF and LFC { 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 10° to 10' plague forming units per ml (pfu/ml).
Samples of UF filtrate and RO permeste were collected at the time intervas 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.

4.5.1. VIRUS RETENTION BY CAPILLARY UF MEMBRANES

The results of the M2 virus chdlenge 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 removad immediately after backwash. The
subsequent results correspond to only 3.4 - 3.7 log remova. These results are consstent with the
particle count results for module A taken on the evening prior to the next day chdlenge test. The
particle count results in the filtrate indicated a step increase in particle Sze over 2 urn. This is
indicative of broken fibers. The bubble test of module A conducted after the virus chalenge test
confirmed the presence of two broken fibers. Plugging the broken fibers with plastic pins
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repared module A. The results for module B congstently indicated over 5 log virus remova
(Fig. 30). The challenge test conducted on October 23 indicated 5 - 6 log virus remova for both
UF modules (Fig. 32 & 33).

Figure 29-Virus rejection by capillary membrane Module A, two fibers broken.
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Figure 31-Virus rejection by LFC1 RC membranes
June 1998.
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Figure 33-Virus rejection by capillary membranes. UF-B.
October 1998
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Figure 34-Virus rejection by RO membranes.
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4.52. VIRUS RETENTION BY RO MEMBRANES

The virus chalenge 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 rgection of over 5 log for both
membrane €ement configurations. sandard and encapsulated. The second seeding results

(Fig. 34) indicate overdl higher virus reection, up to 6.7 log. On the average the virus reection
by the encapaulated dements was dightly higher than that measured for the standard dements.
During the first seeding, the concentration of the MS2 virus in the feed was about 1(° pfu/ml.
The results of virus concentration in the permeate from al RO elements was less than 1 pfu/ml,
practicdly below the detection limit. During the second seeding the concentration of MS2 virus
in the feed was about 10" pfu/mi. The virus concentration in the filtrate was in the range of 5 to
35 pfu/ml. It is very likely that the lower virus rgection results during the first chalenge are the
result 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

Commercidly gpplied methods of testing the integrity of capillary membrane dements include
particle counting, particle monitoring, air pressure hold test, bubble release test, turbidity
measurement, and sonic test (18, 19, 20). Al the above methods are feasble for monitoring
membrane integrity in smal sysems congding of a limited number of membrane dements
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
lesks.. In large capacity membrane treatment systems the particle counting and monitoring
methods can only be effective if multiple sensors are gpplied. As described in a recent
publication (19) the number of particle monitoring sensors per number of capillary modules
depends on the sengtivity of apparatus and the concentration of particles in the feed water.
Particle counters are rdatively expendve and require a dgnificant level of maintenance.
Furthermore, after the existence of a Jeak in the UF/MF system has been established using ether
partticle monitoring device, the module with compromised integrity has to be located in order to
repar the broken fiber(s). Following the location of a lesking dement, the lesking 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 sdt passage, by a bubble test, or by a
vacuum test. The sdt passage determination is not very sendtive to smdl lesks. The other two
tests are conducted on individuad eements, and the dements must be outsde the RO system. One
of the objectives of this study was to test the advantage of the encapsulated configuration with
repect to on-line determination of dement integrity. As shown in the P&ID (Appendix C), the
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permegte tube of each encapsulated eement is connected individudly to the permeste manifold.
The permesate tube dso consgts of a side port with a valve, which can be connected to the
vacuum line required for the vacuum test. The encapsulated eements are assembled verticaly in
the pilot unit. To conduct a vacuum integrity test the feed pump is sopped and water from the
edement is drained by opening the dram vaves on the feed and permeate lines. When draining is
completed both drain vaves are closed. The permeate side port is connected to a vacuum pump
and the permeate sde of the membrane is evacuated to a stable vacuum of about 20 inches of
mercury. The vave on the vacuum line is then cdosed and the vacuum decline is measured. If the
vacuum is higher than 15 inches of mercury after one minute, the dement has good integrity.
Only the encgpsulated eements can undergo this in-Stu vacuum test. The same vacuum test was
conducted on both standard and encapsulated dements before ingdlation in the sysem. The
vacuum test results are lisged in Table 5. All results indicate good membrane barrier integrity.
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Table 5. Vacuum test results of standard and encapsulated elements

| Date Element | Decline | Location Element configuration
S/N "Hg/min
3/11/98 | X01183 | -1.20 At San Pasqual before ingtall Standard
X01183% -1.40 At San Pasqual before install Standard
X01184 (LS50 At San Pasqual before install Standard
X01184 -0.20 At San Pasqual before install Standard
X01181 - At San Pasqual before install Standard
X01181 -0.30 At San Pasqual before install Standard
[ 3/12/08 x01 190 -0.25 At San Pasqual before install Self encapsulated
X01190 -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
4/28/98 | X01185 -0.59 In situ post 400hours operation Self encapsulated
X01185 -0.59 In situ post 400hours operation Self encapsulated
X01185 -0.15 In situ post 400hours operation Self encapsulated
X01185 -0.44 In situ post 400hours operation Self encapsulated
X0O1 185 -0.59 In situ post 400hours operation Self encapsulated
4/28/98 | X0O1190 -0.30 In situ post 400hours operation Self encapsulated
X01190 -0.15 In situ post 400hours operation Self encapsulated
X01190 -0.15 In situ post 400hours operation Self encapsulated
X01190 -0.06 In situ post 400hours operation Self encapsulated
X01190 -0.06 In situ post 400hours operation Self encapsulated
4/28/98 | X0O1187 -¢2.66 In situ post 400hours operation Self encapsulated
XO1187 -0.59 In situ post 400hours operation Self encapsulated
X01187 -0.30 In situ post 4u0ours operation Self encapsulated
A01187 -0.15 In st posr 400hours operation Self encapsulated
XO1 187 -0.15 In situ post 400hours operation Self encapsulated
6/10/98 | XO1185 -0.30 Pre MS2 challenge-l 900 hours Self encapsulated
X01185 -0.15 Pre MS2 challenae-1900 hours Self encapsulated
X01190 -0.89 Pre MS2 challenge-I 900 hours Self encapsulated
X0O1190 -0.59 Pre MS2 challenge-I 900 hours Self encapsulated
X01190 -0.30 Pre MS2 chalienge-1900 hours Self encapsulated
X01190 -0.30 Pre MS2 challenge-1900 hours Self encapsulated
X01187 0.00 Pre MS2 challenge-1900 hours Self encapsulated
X01187 0.00 Pre MS2 challenge-1800 hours 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 permegbility decline
during fidd operation. After the completion of the field operation the LFC1 elements were
returned to Hydranautics and tested a nomind test conditions. The test results confirmed that the
encgpsulated and standard configuration eements lost, an average of 10% and 20% of the initid
flux respectively. The sdt rgection results were about the same as the initid vaues. After the
tes, the lead dements from each group were put aside for autopsy including flat cel membrane
tesing and membrane surface anadyss. The remaining two eements from each group were
cleaned by applying 0.25% NaOH solution. After cleaning the dements were tested again. The
test results are summarized in Table 6. High pH deaning completely restored the flux to the
initial values. However, the sdt regjection was reduced to some extend. For the encapsulated
elements the sdt rejection was reduced from 99.5% to 99.4%, and the standard dement sdt
rglection was reduced from 99.6% to 99.2% as a result of cleaning.

Table 6. Performance change and cleaning results of the LFG1 membranes, San Pasqual
(April = November 1998).

Position during test Ex-Factory After Operation After Cleaning
operation
Rejection Flux, Rejection Flux, Rejection Flux,
% gpd % gpd % gpd
&capsulated
Element
Configuration
Lead 99.5 1629 99.6 1.512 Not Not
cleaned cleaned
Middle 99.5 1629 99.6 1466 99.4 1788
Tail 99.5 1684 99.6 1499 99.4 1788
Average 99.5 1647 99.6 1492 99.4 1788
Change % +20 -9.4 -20 +8.5
Standard Element
Configuration
Lead 99.6 1908 99.5 1629 Not Not
cleaned cleaned
Middle 99.6 1908 99.6 1596 99.2 2317
Tail 99.6 2082 99.6 1578 99.2 1708
LAverage 99.6 1966 99.6 1601 99.2 2012
Change, % 0.0 -18.5 -100 +2.3
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6. RO MEMBRANES AUTOPSY RESULTS

After cleaning, the tall dements, one from each group, were dye tested. After the dye test dl
elements were autopsed. The dye test congsts of the operation of dement & norma feed
pressure with feed water containing dye (methyl violet). The objective of gpplying the dye test is
to determine the presence of surface defects or lesks. After unrolling of dyed eements some
minor surface defects were observed. No mgor leaks were found. On the membrane surface from
al elements a smdl amount of fouling deposit was found. No blockage of feed channds was
observed. The report of autopsy results is included in Appendix F.
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7. BACTERIOLOGICAL TESTS

Samples from the membrane surfaces were andyzed for the presence of bacteria The feed water
to the RO dements 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 mgjority
of the bacteria from reaching the membrane dements and the presence of chloramines should
have controled bacterid growth. Results of the tests indicated that some bacteria were present in
the membrane eements. However, the presence of chloramines prevented growth, that would
have affected dement performance. No significant increase of pressure drop was observed.
Results of the microbiologicd tests are included in Appendix G.
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8. FLAT CELL RESULTS

After dement autopsy, the membrane coupons were tested in flat cdl apparatus. The results are
summarized in Table 7. Table 7 dso incudes the eement performance test results conducted
before the autopsy. For comparison purposes, flat cdl results of new LFC1 membrane are also
included. Each result represents an average of Sx membrane samples. There is general agreement
between element data and flat cdll results. Some discrepancy can be expected due to membrane
vaiability and the large difference of membrane area between the flat cdls and dements. A
liging of dl flat cdl results is induded in Appendix H.

Table 7. Flat cell results

I’ Element Element results after field Flat cell results
operation
Flux, ¢fd Rej., % Flux, ¢fd 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 (SEM). The
compodtion of the foulant layer was determined using X-ray Electron Diffraction (EDX). The
results ae included in Appendix |. The SEM pictures clearly indicate that the membrane surface
contains bacteria and other fouling deposits. The EDX spectra enables a determination of the
compaodgtion of fouling layer. The summary of EDX andyss for each dement is induded in
Tables 8 through 13. For comparison each table includes the EDX spectra of a dlean LFC1
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 pesk originates from
the gold coating applied during sample preparation. Some of the spectra of membrane surfaces
coverzd with a light deposit are smilar to the spectra of the clean membrane (C, 0, S) but aso
include a smal concentration of iron, slica and phosphorous. Some samples show the presence
of chromium, origin of which is not dear a this time. The true compostion of the foulant layer is
determined by scraping the foulant from the membrane surface and andyzing it separatdy. These
gpectra (Table 8, scan #1), show the presence of organics and a high concentration of iron. The
iron deposgit originates mogt likely from the iron-based flocculant, FeC13, which is used in the
tertiary treatment step of the feed water. The four membrane dements (SN # 01190, 01187,
01184, 01183) were cleaned only with a high pH solution of NaOH. The gpplication of high pH
cleaning solution is not effective in dissolving and removing iron depodts. It is important to note
that the high pH cleaning restored the membrane flux completely despite the presence of foulant
deposit clearly vishle in the SEM pictures. It is possible that the cleaning operation increased the
permeshility of the fouling layer by removing organic materid, which binds together colloidd
particles.

Table 8. Concentration of constituents on membrane surface, element 01185.

Constituent of Scan #1, Scan #2, Scan #3, Control, clean
surface layer foulant only middle section feed side LFC1 memobr.

C 13.6 48.0 53.8 62.7
O 23.6 21.2 23.8 16.2
S 0.4 12.9 12.4 11.9
Fe 48.7 4.5 6.6
Si 1.2 0.6 0.3
P 1.7
Cr 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 'LFC1 membr.
C 18.3 49.6 50.9 62.7
0] 27.2 21.9 21.5 16.2
S 1.0 12.6 12.3 11.9
Fe 44.0 4.9 4.6
Si ! 0.2 0.2

P 0.6
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Table 10. Concentration of constituents on membrane surface, element 01187.

Constituent of Scan #1, Scan # 2, Scan #3, Control, clean
surface layer foulant only feed side middle section  LFC1 membr.
C 16.6 55.8 57.35 62.7
0 21.0 19.7 18.7 16.2
S 11.8 12.3 11.9

Fe 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 6f Scan # 1, heavy Scan #2, Scan # 3, Control, clean
surface layer foulant layer feed side concentrate LFC1 membr.
side
C 66.4 62.5 62.7 62.7
0 23.8 15.2 15.49 16.2
) 35 11.86 11.8 11.9
Fe 0.35 0.25 0.25
0.12

Table 12. Concentration of constituents on membrane surface, element 01184.

Constituent of Scan #1, Scan #2, Scan # 3, Control, clean
surface layer foulant only feed side middle section  LFCT memobr.
C 23.6 59.7 63.2 62.7
@] 21.1 16.3 12.4 16.2
S 4.2 1.0 11.6 11.9

Fe 28.8 1.2
Si 1.7 0.2 0.2
P 1.1

Table 13. Concentration of constituents on membrane surface, element 01183.

(Constituent of Scan# 1, Scan #2, Scan #3, heavy Control, clean
-surface layer middle section heavy foulant foulant LFC1 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
Fe 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 sysem configuration is very effective in providing stable
performance in the reclamation of municipd effluents. The observed fouling rates of RO
membranes were very low, in the range of 10 = 20%. Such fouling rates are sgnificantly lower
than those usudly observed in other membrane systems operating in Smilar gpplications. 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 colloidd particles in combination with high concentrations
of organic matter forms ian impermesgble layer on the membrane surface.

b) Another factor in reducing RO membrane weater permegbility is the adsorption of organics on
the membrane surface (17). The LFC 1 membrane used in this sudy has a modified membrane
surface, making it more hydrophilic than the conventiond composite polyamide membrane
materid. The hydrophilic nature of the membrane potentidly reduces the affinity and adsorption
of hydrophobic organic materia present in feed water. Furthermore, the bonds between deposited
organics are not. very strong. The cleaning results demondtrate that the deposited organics are
eadsly removed by the cleaning procedure.

The reaults of this work show that the encgpsulated RO membrane eements can be configured
into systems that operate smilar to those designed around standard RO membranes. For
goplications where the barrier integrity is criticd, the encgpsulated dements offer some didtinct
advantages. The mgor advantage is the ability to perform an in-Stu integrity test. Furthermore,
the virus chalenge results show dightly higher virus retention for encgpsulated dements. Due to
the smdl number of dements tested however, it is difficult to assess how meaningful these
results actudly are.

The ingrumental andysis results (SEM and EDX) give some indght into the operation of IMS on
municipal effluent. The important observations are:

a) The presence of chloramine enables control of biologicd activity and effectivey prevents
biofouling.

b) In this environment, (presence of chloramines in municipa effluent feed) the composte
polyamide LFC1 membrane is sufficiently stable with respect to sdt reection.

c) In spite of UF membrane pretrestment, foulants did accumulate on the membrane surface. The
EDX spectra enable foulant identification as being composed mainly of organic meaterid, iron
(probably mixed hydroxide form) and dlica The iron probably originates from iron st
flocculetion in the tertiary trestment step. Silica could be introduced to the feed water from a fine
dust depost. There is dso indication of presence of chromium of unknown origin.
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During the laiter period of the tests the LFC! membrane dements operated a rdaively high flux
rates, without a noticegble increase of the fouling rate. If such high fouling rates could be
sugtained in long term operation they would have a significant impact on RO system costs for
wadtewater reclamation. It is prudent for further testing to confirm the feasbility of such a

sysem desgn.

42



11. ACKNOWLEDGEMENTS

Hydranautics gratefully acknowledges the financid support provided for this work by the Bureau
of Reclamation. Cooperation from the City of San Diego in providing a test Ste and operationa
support is adso recognized. Specificaly, Hydranautics would like to thank Danid Smith and Jack
Swerlein, the lead operators at the Aqua 2000 test facility. Hydranautics also appreciates the
virus seeding studies and oversght by the Montgomery Watson Engineering Company.

43



10.

1L

12. REFERENCES

Water Renovation of Municipd Effluents by Reverse Osmoss, J. E. Curver, J. E
Beckman and E. Bevage, Report EPA 670/2-75-009, Prepared for National
Environmental Research Center, Genera Atomic Company, March 1975.

Control Of Fouling of Reverse Osmoss Membranes when Operating on Polluted Surface
Water, J. E. Beckman, E. Bevage, J. E. Curver, |. Nusbaum, and S. S. Kremen, Office of
Sdine Water Report CA- 10488, Gulf Environmental System, February 197 1.

Application of Hyperfiltration to Treatment of Municipa Sewege Effluents, K. A. Kraus,
Eater Pollution Research Series: 17030E OHO1/70, January 1970.

Evduation of Membrane Processes and thar Role in Wastewater Reclamation, Find
Report of Contract for US Department of Interior OWRT, David Argo and Martin Rigby,
November 30, 1981.

Municipd Wastewater Reclamation and Reverse Osmoss, Richard G. Sudak, William
Dunivin and Martin G. Rigby, Proceedings of the Nationa Water Supply Improvement
Association 1990 Biennid Conference, Florida August 1990, p. 225.

Renovation of Municipa Waste Water by Reverse Osmoss, J. M. Smith, A. N. Masse
and R. P. Mile, Water Pollution Research series. 17040-05/70, 1970.

Study and Experiments in Waste Water Reclamation by Reverse Osmoss, |. Nusbaum, J.
H. Seigh and S. S. Kremen, Water Pollution Research Series 17040-05/70 (1970).

Reverse Osmosis of Treated and Untreated Secondary Sewage Effluent, D. F. Boen and
G. L. Johnson, Report to the Environmenta Protection Agency, EPA-6702-74-74-007,
September 1974.

Deminerdization of Sand Filtered Secondary Effluent by Spird Wound Reverse Osmoss
Processes, C. Chen and R. P. Miele, Report to the Environmental Protection agency,
EPA-60012-77-169, September 1977.

Evaduation of Membrane Processes and Their Role in Wagtewater Reclamation, D. G.
Argo €. da., Volume |, Report to US Department of Interior, Office of Water Research
and Technology, November 1979.

Evauation of Membrane Processes and Their Role in Wastewater Reclamation, D. G.
Argo . a., Volume Ill, Report to US Department of Interior, Office of Water Research
and Technology, November 198 1.



12.

13.

14.

15

16.

17.

18.

19.

20.

21.

22.

W. Dunivin, P. Lange, R. Sudak and M. Wilf, “Reclamation of Ground weter Usng RO
Technology”, Proceedings of the IDA World Conference on Desdination and Water
Reuse, Washington (August 1991).

M. Wilf, P. Lange and P. Laverty, “Application of Reverse Osmoss Technology for
Water Reclamation in Southern Cdifornid’, Internationd Seminar on Efficient Water
Reuse, Mexico City, Mexico (October 1991).

Membrane Process in Water Reuse, J. Lozier and R. Bergman, Proceedings of Water
Reuse Symposum, Denver, Colorado 1994.

Filot Tesing of Micrdfiltration and Ultréfiltration Upstream of Reverse Osmoss During
Reclamaion of Municipd Wastewater, G. L. Ledie, W. R. Dunivin, P. Gabillet, S. R.
Conklin, W. R. Mills and R. G. Sudak, Proceedings of ADA 1996 Biennid Conference,
Monterey, Cdifornia 1996.

M. Wilf, “New Generation of Low Pressure High Sdt Rejection Membranes’,
Proceedings of the 1996 Biennid Conference and Expostion, Monterey, Cdifornia
(August 1996).

M. Wilf, “Reduction of Membrane Fouling and Improving Elements Integrity in
Municipd Wastewater Reclamation”, Submitted for presentation to the DA Conference,
San Diego, CA, September 1999.

Erin C. Devitt and Mark R. Welsner, “Naturd Organic Matter and Membrane Fouling”,
Proceeding of ADA Conference, Williamsburg, Virginian, August 1998, pp. 299.

“Membrane Prequalification Pilot Study”, Find report prepared for the City of San Diego
by Montgomery Watson (1998).

S. Adham €t d, Low-pressure Membranes: Assessing Integrity, AWWA Journa, March
1995, pp: 62 - 75.

S. Panglish, et d, Monitoring the Integrity of Capillary Membranes by Particle Counters,
Desalination 119 (1998) 65 ~ 72.

J. M. Laine €t al, Acoustic Sensor: a Novel Technique for Low Pressure Membrane
Integrity.

45



1%

.....

IA

ESPA ELEMENT WET TEST DATA SHEET

APPENDI X A

Dale 2-19-98 (See Codes ) TEST CATEGORY CEODES TEST CONDITIONS
Operalor: MIKE CA‘I’TEI,EC;SgRY;
' SPECIALS See PD TB 1020 See PD TB 1020
Element Type:  4040-UHT-LFCI p
RO/ DI. H20 Cond.: 0.74 u mhos pH: 493
Serial Ves | RUN [ pH FEED BRINE , PRODUCT D FEED BRINE FB% PRODUCT % GPD | Stat
Number | # # Temp.| Cond. | Cond. { GPM | Cond. | GPM | P NaCi NacCl NaCl NaCl REJ *
X01179 | 11 1 |70 19.0] 2840} 3370 9 20 1.1 14 | 1477.4] 1615.2| 1546.3 9.20; 994 1,908
Xo1180 | 12| 1 | 70| 19.0| 2840[ 3370 9 17 1.11 14| 16162 1753.1] 16841 7.82; 995 1,908
x01181 | 21 1 | 7.0 19.0] 2840 3490 9 14 1.1} 13| 1477.4] 1646.4] 1561.9 6.44] 996 1,808
X01182 [ 2/2] 1 | 7.0] 19.0f 2840 3490 9 18 11| 13| 1646.4] 18155 1731.0 8.28] 995 1,908
X01183 { 3N 1 {7.0] 19.0] 2840 3500 9 13 1.2] 13| 1477.4] 1649.0{ 1563.2 5.98 996 2,082
X01184 | 32} 1 | 7.0 19.0] 2840 3500 9 15 1.1 13| 1649.0f 1820.7} 1734.9 6.90| 996 1,908
411 1 7.0) 19.0§ 2840 <V VATT AVIBHEEHES) HHEEHE VIHBEHERE I | SHHEHH
42 | 1 | 70| 19.0;] 2840 - [FHHHEHEL| SR | I | BIEHHRE | B | HEHER
171 - (FHHUHHEE SHHEHHEE $IHHEE | AN | IR | $HEHEE
172 - |BHHEHEE (HHEHEEE ) HHEHEE | SHEHEHEE | #HREHHE | HRHHE
21 - |BHHHEHEE HHHHHEE | L | BRI | SN | U
212 - | HHHHHERE SHHHEHEE | HHHSHE | BHEHEHE | FEHHEHE | IR
KTy - (HIHHHHER SHHEEE | L | IHHEREE | B | tHEHEH
312 ~  |BHHEHEHE| SHEHEHHE | SHHEHE | S N | tHEREA
411 - |FHEHHEHE HHHHEL | HEHEE | BHEEERE ST | 1HHTEE
41 - |MBHE IHEHEE | SHHE | I | B | S
HOW MANY PASSED: AVERAGE
AVERAGE ALL HIHHHEE | 1HHHEHE

Status Codes: See PD TB 1020

PR FM 8500-A Rev.F




Ly

ESPA ELEMEN'’

WET ..ZST DATA SHEET

Je——
T -

L

Dale { Operalor ¢ (See Codes+) [EST CATEGORY CODES TEST _CONDITIONS
—_— TEST

3‘\2,\‘-'1?) ' S. A CATEGORY: See PD TB 1020. See PD TB 1020.

Element Type: e tse

RO /DI H;0 Cond.. Y2 ymhos pH: 1.

Serlal Ves | RUN pH FEED BRINE PRODUCT A FEED BRINE FB% PROD % GPD Stat
Number 3 # Temp.  Cond. Cond. GPM Cond, GPM P NaCl NaCl | NaCl | REJ ‘ '
¥o\A0 [T 1 Je-SVae,8 | 2850 |30l 20 Voo | VO] 7 Udd| 85| 1678] 8 Pas| loa |~
You\gs | 12| ¥ | v |y [zeo [m2%0 [glo [7a [ ve | ¥ e [0 s [2.2 [958 woom | =
You) [ ¥ | ¥ asto [z8%0 3w g [190 [\ \SUY \BL (w39 8.6 MRS] 16QY | —
¥ou3 22| ¥ | ¥ [oxafzmolravo 2y [\ | Ll [ ¥ [et [5D | lesa] 9.8 [924] 13y
Youdd || b 1V 12387940 [3(69 2 205 |0 19 [0 [1539 A6 [P 1327
Yoush [32] ¥ [ ¥ [adestzsho [nol @120 \as T T [nen [1598 33 5yl wal

amnl LT3 4 A
a2l 4341 4 J 3 $ 4 Uhebum 1
1/1

: ity | AWy
1[2 \L NL \l/ ‘l’ J’ ‘L J’ ,‘k_.sf was ~l741 U 4 &y,
IR v ELotel0 -1 |-20.6 [emin
221 3 |4 \ + + + v Youdd =210 L100 | (s
i34 4 3 Ko ~NO v | Srgie
3/2 Jt Jr \L ‘L J’ ‘L Jr Kn\\e,}) N - 10,0 \'51“;_.\
a1 3 You™ 1,0 =795 [~
4214 14 4 4 $ ¢ v {5\ %0 s [ e
* Status Codes: See PD TB 1020. HOW MANY PASSED: AVERAGE - :

s

For8040 & 8540: Rear REJ %x100053 RearGPDy1. 069

A Wi

Waaa'nl’ ) hfﬁ

Y4



8

HYDRAcap™ Membrane

Configuration

Membrane Polymer
MWCO

Nomina Membrane area

Capillary ID/OD

Application Data
Typicd filtrate flux range
PH range
Chlorine tolerance
Peroxide tolerance
Operating mode
Maximum operating temperature

*Transmembrane pressure (TMP) range

Typica Process Conditions
Backwash pressure
Backwash flow
Backwash frequency
Backwash duration

Disnfection frequency
Dignfection duration
Didnfection chemicds

Cleaning frequency
Cleaning chemicd types.

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

HYDRANAUTICS
High Parformance Membrane Producte
A MITTO DENKO CONPONATION

Capillary

Hydrophilic polyether sulfone
1 00,000~ 150,000 Daltons

270 fi* (25 m%)

0.031" (0.8mm)/0.047” (1.2mm)

36-75 gfd (60-130L/m’ehr)

2-13

200 ppm

200 ppm

cross-flow or dead-end (direct flow), backwashable
104°F (40°C)

4-22 psig (28-150 kPa

35 psg (240kPa)
35 gpm (8nr’/hr)
10-30 minutes
30-60 seconds

1-4x/hour
-1 minute
NaOCl (hypochlorite) and H;0» (peroxide)

1-2/month
Citric acid
NaOH
NaOH+EDTA

Appendix B
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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-8A 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 inifroduced 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 Backwash
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 1. UF pilot sequencing control

Feed Pump On On On Off Off Off Off Off

Backwash Off Off Off On On On Off On

Pump

Chiorine Off Off Off On On Off Off Off

Pump

AV-1 Open Open Open | Closed |Closed) Closed|Closed | Closed
AV-2A Open Open ||Closed! Closed |Closed|Closed]|Closed|Closed
AV-2B Open Open Closed| Closed |Closed|Closed|Closed | Closed
AV-4 Closed | Open Closed| Closed |Closed|Closed|Closed|Closed
AV-7A Closed | Closed |{Closed] Open |Closed| Open |Closed| Open
AV-7B Closed | Closed |{Closed| Closed |Closed|Closed|Closed|Closed
AV-8 Closed | Closed Open | Closed | Open | Open |Closed} Open
AV-0A Closed | Closed |iClosed} Open | Open |.Open {Closed| Open
AV-9B | Closed { Closed |{[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
~15psi. 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
partialy OPEN for 15 minutes. This cleaning is done individually for each
membrane, with a flow rate of 10gpm. 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

Operating Hours 100-300{425-850 | 900-2800 [2800-2865|2900-335013350+
Step in Cycle {seconds)
Normal 300 900 900 1500 1500 1500
Backwash
Fast Flush 5 5 g 9 9 g
Bottom* 7 7 7 7 7 7
Top* 7 7 7 7 7 7
Top/Bottom™ 12 10 12 12 12 12
Soak 17 15 15 15 15 15
Final Flush — Top/Bottom 12 16 10 10 10 10
Total 60 60 80 60 80 80
"Denotes Chiorine addition
Na(Cl Concentration {ppm) ~100 ~100 ~25 ~25 ~25 ~25
BW Pump Flow {gpm) 35 35 35 35 a5 35
Forward Flush Flow (gpm) 40 40 40 40 40 40
Chlorine frequency 1:1 1:1 1:1 1:1 11 1:1
Iatal cycle Hme (sec) 960 960 960 1560 1560 1560
% Time-production 03.8%| 92.8% 93.8% 96.2% 96.2% 96 2%
% Time-FF to drain 0.5% 0.5% 0.9% 0.6%]" 0.6% 0.6%
% Time-BW to drain 4.0% 4.2% 3.8% 2.3% 2.3% 2.3%
% Time-Chlorine soak 1.8%|  1.6% 1.6% 1.0% 1.0% 1.0%
Total 100.0%| 100.0% 100.0%)  100.0%| 100.0%| 100.0%
ELOWS
Fiitrate Flow Rate (gpm) 8 8 7 8 7 7
Conczentrate Flow Rate {gpm) Q 1 0 0 g 0
Recovery 100% 89% 100% 100% 100% 100%
Praduction per cyele step (gallons)
Filtrate flow 120.01 1200 105.0 200.0 175.0 175.0
Concentrate Flow 0.0 -15.0 0.0 0.0 0.0 0.0
FF to Drain -3.3 -3.3 -6.0 -6.0 -5.0 -6.0
BW to drain -22.2 -23.3 -21.0 -21.0 -21.0 -21.0
Net: 94.5 78.3 78.0 173.0 148.0 148.0
% production -Conversion 79% 65% 74% 87% 85% 85%
Backwash source RO Per |RO Per |[RO Perm RO Perm IRO Perm |UF Filt
pH 2.5 Backwash frequency none none 1/day 1/day 1/day 1/day
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APPENDIX E

TECHNICAL MEMORANDUM
@MONTGONERYWATSON

To: Mak Wilf and Seve Ah Date: June 25, 1998
From: Samer Adham, Ph.D.

Prepared by: Lina Boulos Client: Hydranautics
Subject: Reaults of M2 Chdlenge Expeaiments on UF and RO Sheets

INTRODUCTION

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

MATERIALS AND METHODS

Membranes

Fgure 1 provides a schematic of the trestment train employed.

Two diffeeent UF membranes were evduded in the sudy: UFA and UFB  Both membranes are
hallow fiber in configuration with 150,000 molecular weight cut-off (= 0.01 to 0.02 micron, pore
gze range).

Two RO sydems wee dso chdlenged in the sudy. The first sysem condsed of three non-
contained RO modules (ROFREE 1, 2, and 3). The sscond sysem condgsed of a pressure vesd
containing three RO dements

Challenge Microorganism

MS2 becterid virus was employed as the modd virus for the microbid chdlenge sudies It is

recommended by the EPA for such chdlenge expaiments because it is amilar in sze (0.025 pm),
shape (icosshedron) and nudec add (RNA) to palio virus and hepditis In addition, this virus is
not a pathogen which minimizes the risk of infection to sydem operators and can be sfdy
discharged into the waste dream after chloringtion.
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Hydranautics UF & RO Membrane MS2 Virus Rejection Filot-Scale Tedting Results

Seeding Protocol

Microbia challenge tests were conducted on each trestment process separately. This was done to
dlow better evduation of the log removas achieved by each process. The chdlenge experiments
were conducted in reverse order of the treatment train to avoid potentid cary 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 initidly prepared in a
seading tank using a certain volume of UF permeate. The seed solution was then dosed
continuoudy to the feed of each UF system to get a steedy 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 permesate 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 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 M2 phage seeding solution was initidly prepared in a
seeding tank using a certain volume of the UF permeate. Seeding experiments were conducted on
dl of the RO membrane sysems connected to the UF units. In these experiments, the seed
solution was dosed continuoudy to the RO influent line (MF or UF permeste) to get a steady
concentration. A dabilization period of approximatedy 10 minutes was dlowed, after which
sample collection began. Three samples were collected from the RO feed line and three samples
were collected from the permeste line of each of the RO systems (after 10, 15 and 20 minutes).
The M2 feed-stock was also monitored at the beginning and the end of the experiment to verify
the congstency of the MS2 seed concentration. All samples were collected from each stream at
matching time intervds, 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 deile
dropper bottles. Just prior to use, 1.0 mL of 0.1 M gerile CaCly solution was added to the
dropper bottle. After the MS2 samples were seridly diluted in 0.001 M phosphate-sdine buffer
(PBS), 0.1 mL was added to 2 mL of TYE soft agar, which was maintained a 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 had agar petri dish. After the soft agar solidified, the petri dishes were
incubated a 37°C for 24 hours, after which the plagues, which are clearings in the bacterid
lawn, were counted. All dilutions were plated in duplicate. Results were expressed in plague
forming units pfu/ml.

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

MONTGOMERY WATSON 2
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Hydranautics UF & RO Membrane MS2 Virus Reection Pilot-Scde Tegting Results
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Figure 3 : Resultsof MS2 Virus Removal by UFB Membrane

Hydranautics RO Membranes
Table 2 summarizes the microbid seeding results from the RO membranes

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

Concentration (pfu/mL)

Minutes Influent Permeate Log Removd Comments
after
Backwash

10 3.20E+05 <] >55 ROCODE
15 [.70E+05 <] >5.2 ROCODE
20 2.95E+05 = >55 ROCODE
10 320E+05 =] =58 ROFREE 1
15 1.70E+05 <1 >5.2 ROFREE |
20 2.95E+05 | >55 ROFREE |
10 3.20E+05 J >55 ROFREE 2
15 170E+05 =1 >5.2 ROFREE 2
20 295E+05 <] >55 ROFREE 2
10 3 20E+05 <] >55 ROFREE 3
15 [.70E+05 <] >52 ROFREE 3
20 2.95E+05 <] 58 ROFREE 3

The results are further plotted in Figure 4
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Hydranautics UF & RO Membrane MS2 Virus Rejection Pilot-Scde Tedting Reslts
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Figure 4. Results of MS2 Virus Removal by the RO Membranes

DISCUSSION AND RECOMMENDATIONS

Reaults from the UF seeding testing show that one membrane (UFB) achieved complete rgection
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 um is smdler than the M2 virus sze
of 0.025 um. On the other hand, UFA membrane achieved only an average of 3.5 logs remova of
virus after 7.5 minutes of seeding which demondrates that some virus was able to pass through

the membrane. While this result is surprisng, it may be explaned by the exisence of some

compromised fibers in the UFA module. This assumption was resffirmed with higher particle
counts (data not presented) measured in the permeste of the UFA membrane.

Reaults obtained from the RO seeding,testing show that each of the three RO membranes was
capable of completdy removing the MS2 virus, with a cdculated log remova grester than 5.2.
This was confirmed by the non-detect results measured in the permeste of each of the ‘free” RO
modules, and in the permeate of the combined permegte of the three RO modules mounted in the

pressure vessdl. These results demongtrate that no leaks were present from the membrane nor
from the o-ring fittings and glue lines.

MONTGOMERY WATSON 5
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TECHNICAL MEMORANDUWM |
@ 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 Chdlenge Experiments on UF and RO Sheets

INTRODUCTION

On October 16 1998, Montgomery Watson was retained to conduct MS2 virus chalenge
experiments on two UF membranes, mounted in pardld, three RO modules, mounted in series in
a pressure vessdl, 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.

MATERIALSAND METHODS

Membranes
Figure 1 provides a schematic of the trestment train employed.

Two different UF membranes were evauated 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
Sze range).

Two RO sysems were adso chdlenged in the study. The firg system condsted of three non-
contained RO modules (RO-FREE 1, 2, and 3). The second system consisted of a pressure vessd
containing three RO dements.

Challenge Microorganism

MS2 becterid virus was employed as the modd virus for the microbia chalenge studies. It is
recommended by the EPA for such chalenge experiments because it is Smilar in sze (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 sysem operators and can be safely
discharged into the waste stream after chlorination.
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Hydranautics UF & RO Membrane MS2 Virus Reection Filot-Scde Teding Results

Seeding  Protocol

Microbid chalenge tests were conducted on each treatment process separately. This was done
to dlow beter evauation of the log removas achieved by each processs The chdlenge
experiments were conducted in reverse order of the treatment train to avoid potentiad 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 initidly prepared in a
seeding tank usng a cetan volume of UF permeste.  The seed solution was then dosed
continuoudy to the feed of each UF system to get a steady feed concentration. A <tabilization
period of approximately 15 minutes was alowed, 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 M2 phage seeding solution was initidly prepared in a
seading tank using a certain volume of the UF permeate.  Seeding experiments were conducted
on dl of the RO membrane systems connected to the UF units. In these experiments, the seed

solution was dosed continuoudy to the RO influent line (MF or UF permegte) to get a steady

concentration. A dabilization period of approximately 15 minutes was dlowed, after which
sample collection began. Three samples were collected from the RO feed line and three samples
were collected from the permesete line of each of the RO systems (after 5, 10 and 15 minutes).

The M2 feed-stock was also monitored at the beginning and the end of the experiment to verify

the consstency of the MS2 seed concentration. All samples were collected from each stream at

matching time intervas. 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 a
37°C under aerated conditions for 5 to 6 hours and dispensed in 20 mL aliquots in deile
dropper bottles. Just prior to use, 1.0 mL of 0.1 M gerile CaCly solution was added to the
dropper bottle. After the MS2 samples were seridly 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 a 37°C for 24 hours, after which the plaques, which are clearings in the bacteria
lawvn, were counted. All dilutions were plated in duplicate. Results were expressed in plague
forming units pfu/ml..

M.H. Adams. Bacteriophages. Interscience Publishers, New-York, 1959
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Hvdranautics UF & RO Membrane MS2 Virus Recction

Pilot-Scale Testing Results

RESULTS

Hydranautics UFA and UFB Membranes
Table | summarizes the microbid seeding results from the UF membranes.

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

Concentration (pfu/mL)

Minutes [nfluent Permeate Log Removd Comments
after
Backwash

| |.46E+06 1.90E+0| 4.88 UFA
13 [.90E+06 0.50E+00 6.58 UFA
24 1.79E+06 <| >6.25 UFA

| |.46E+06 150E+00 5.99 UFB
13 .90E+06 [.50E+00 6.10 UFB
24 |.79E+06 0.50E+00 6.55 UFB

The results are further plotted in Figure 2.

Concentration, pfuw/ml,

| ‘OEHST“
1L OE+06
1.0E+05
1| OE+04
1 OE+03

| OE+02-
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1.0E-Ql-

Minutes A fter Backwash

10/16/98 Seeding Experiments
Montgomery Watson Labs

Module A

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

RESULTS
Hydranautics UFA and UFB Membranes
Table | summarizes the microbid seeding results from the UF membranes.
Table 1: Virus Concentration in Influent and Effluent of UFA and UFB Membranes

Concentration (pfu/mL)

Minutes Influent Permeste Log Remova Comments
after
Backwash

I |.46E+06 1.90E+01 4.88 UFA

13 [.90E+06 0.50E+00 6.58 UFA
24 |.79E+06 <l >6.25 UFA

I | . 46E+06 1.50E+00 5.99 UFB

13 1.90E+06 1.50E+00 6.10 UFB
24 1.79E+06 0.50E+00 6.55 UFB

The results are further plotted in Figure 2.

10/16/98 Seeding Experiments
Montgomery Watson Labs
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Figure 2: Results of MS2 Virus Removal by UFA and UFB Membranes

MONTGOMERY WATSON 3
63




Hydranautics UF & RO Membrane MS2 Virus Reection Rilot-Scde Teding Results

Hydranautics RO Membranes

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

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

Concentration (pfu/mlL)

Minutes Influent Permeate Log Removal Comments
after
Backwash
5 1.51E+07 5.50E+00 6.44 RO-Vessel
1o 1.38E+(07 1.80E+01 5.88 RO-Vessel
L5 1.45E+07 3.45E+01 5.62 RO-Vessel
5 1.51E+07 4.50E+00 6.52 ROFREE 1
i0 1.38E+07 1.25E401 6.04 ROFREE 1
15 1.45E+07 1.55E+01 5.97 ROFREE |
5 I.51E+07 5.00E+00 6.48 ROFREE 2
10 1.38E+07 1.15E+01 6.08 ROFREE 2
15 1.45E+07 _3.00E+00 6.68 ROFREE 2
5 1.51E+07 1.00E+01 6.18 ROFREE 3
10 1.38E+07 9.00E+00 6.18 ROFREE 3
15 [.45E+07 [.20E+01 6.08 ROFREE 3

The results are further plotted in Figure 3.

N
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Hydranautics UF & RO Membrane MS2 Virus Regection Filot-Scde Teding Reslts

10/16/98 Seeding Experiments
Montgomery Watson Labs

Concentration, pfu/mL

Minntes After Rackwash

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

CONCLUSIONS

Resaults 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 didribution of the membrane,
which may include few pores that are larger than virus sSize of 0.025 um.

Results obtained from the RO seeding testing show Sgnificant removad of virus by all RO
membranes (5.9 to 6.7 log remova). It gppears that the RO Free membranes achieved dightly
higher remova of virus as compared to the pressure vessdl eements.
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APPENDIX F

BUREC Autopsy Findings
Jan. 22,1999

LFC1 -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 ft?. 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 foutant 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.

4040-UHT- LFC1'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 ad
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.
These 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.

Thare were several creases present on the convex side of several of the leaves.
There 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.

pug ouLg
puy pssq

Fig. 1

Summary

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
that 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.

66



Another finding is that it appears that the cleanings performed on the LFC1-
FREE modules were not as effective as the cleanings performed on the 4040-
UHT-LFC1 elements. This could be partly due to the fact that the inlet piping

size for 4040-UHT-LFC1 vessel is 3/4" NPT while the inlet port on the LFC1-
FREE module is only 1/2". This could mean that we had higher flow velocities for
the 4040-UHT-LFC1 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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==Z=% HYDRANAUTICS

High Performznce Membrane Products
A NittTo DEnKD CORPOQRATION

APPENDIX G

February 10, 1999

MEMORANDUM
TO : Mark Wilf
CcC : K. Matsumoto. J. Tomaschke
FROM : Chris Gioe

sussecr - BUReC Microbiological Studies

Six different membrane samples in plastic bags were received on 1/21 and
1/22/99 from Keith Andes. Cultures were taken on each sample and colony
counts were performed on the water in each plastic bag.

RODAC™ contact plates were pressed directly onto the surface of each
membrane, in several different areas, and Easicult TTC were dipped into the
residual 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
recorded. 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
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Sample #

Colony Count

RODAC™ Plates

X01181

10° organisms/ml.

Heavy growth of.
« Psuedomonas cepacia
. Alcaligenes denitrificans

X01183

107 organisms/m.

Light growth of:
» Pseudomonas putida
« Staphylococcus sp. x2

X01184

10* organisms/ml.

Light to moderate growth of:

e Bacillus sp.

« Pseudomonas aeruginosa (classic)
. Pseudomonas aeruginosa (mucoid)
¢ Moraxella sp.

X01185

10° organisms/ml.

Heavy growth of:
o Moraxella sp.
« Flavobacterium odoratum

X01187

10° organisms/mil.

Light to moderate growth of:
¢ Pseudomonas aeruginosa
« Pseudomonas sp.

X01190

10° organisms/mi.

Heavy growth of:
¢ Bacillus sp.
¢ Moraxelia sp.

10° - 1 0° = light growth
light to moderate growth
moderate growth

104
10°
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MEMORANDUM

TO: D. R. Carlton
FROM: T. Tran

DATE.. 2/1/99

APPEND X H

RE: FFlat Cell Test Results of HYD-LFC-1-981201-A-VIRGIN-MEMBRANE.

Purpose: To verify membrane performance prior to rolling elements .

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 %NaCl, 150 and 225 psig, pH7 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 (12 3456 cut across in the sample).

(Virgin Memb-LFC-1)
RESULTS: 1500ppm-NaCi-150-psig.

(Virgin Memb-LFC-1)

1500ppm-NaCl-225-psig.

 Coupon_Flux(GFD) % Rej Coupon_ Flux(GFD) % Rej

1 25.2 98.7 1 44.2 99.0
2 24.8 98.9 2 41.9 99.2
3 22.8 99.0 3 37.9 99.3
4 22.0 98.9 4 35.1 99.3
5 21.2 99.0 5 34.8 99.2
6 21.2 98.8 6 34.2 99.1
Avg 229 98.9 Avg 38.0 99.2
StD 1.8 0.1 StD 4.2 0.1

cc: K. Andes, M. Wilf

tt..LFC-I-VIRGIN-MEMBRANE-R # 981201-A\test\990121.wq1 printed/2/1/99
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MEMORANDUM

TO: D. R. Carlton

FROM: T. Tran
DATE: 1/29/99

RE: Flat Cell Test Results of HYD-4040-UHT-LFC-1-Element # X01 1 B1.

Purpose: To verify membrane performance of elements dissected.

Membrane source:Element from customergpart 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 %NaCl, 150 and 225 psig, pH7 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 (12345 6 cut across in the sample).

(X01181 -LFC-1) (X01 181-LFC-1)

REISULTS: 1500ppm-NaCl-150-pisig. 1500ppm-NaCl-225-psig.
Coupon Flux{(GFD) % Rej Coupon Flux(GFD) % Rej

1 21 .0 99.4 ! 33.4 99.5

2 23.7 99.4 2 36.8 99.5

3 21.8 99.1 3 34.5 99.3

4 20.2 99.6 4 33.4 99.6

5 23.3 99.3 5 37.3 99.4

6 19.7 99.1 6 3.7 99.3

Avg 216 99.3 Avg 345 99.4

StD 1.6 0.2 StD 2.2 0.1

cc: K. Andes, M. Wilf

11..4040-UHT-LFC-1-S\N X01181\test\990121.wq1 printed/1/29/99
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MEMORANDUM

TO: D. R. Cariton
FROM: T. Tran
DATE: 1/27/99

RE: Flat 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.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 %NaCl, 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 (1234 6 6 cut across in the sample).

(X01183-LFC-1) (X01183-LFC-1)

RESULTS:  1500ppm-NaCl-150-psig. 1500ppm-NaCl-225-psig.
Coupon Flux(GFD) % Rej Coupon Flux(GFD) % Rej
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 265 99.2 Avg 36.8 99.4
StD 2.7 0.3 StD 4.2 0.2

cc: K. Andes, M. Wilf

1t..4040-UHT-LFC-1-S\N X01183\test\990121.wq1 printed/1/27/99
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MEMORANDUM

TO: D. R. Carlton
FROM: T. Tran
DATE: 1/29/99

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 % NaCl, 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 (12 3456 cut across in the sample).

(X01184-LFC-1) (X01184-LFC-1)

RESULTS:  1500ppm-NaCl-150-psig. 1500ppm-NaCl-225-psig.
Coupon Flux{GFD) % Rej Coupon_ Flux(GFD) % Rej
1 29.5 99.2 1 42.0 99.3

2 34.6 99.4 2 48.7 99.5

3 30.9 99.5 3 44.2 99.6

4 30.9 99.5 4 43.1 99.5

5 31.5 99.2 5 44.6 99.4

6 28.1 99.2 6 40.1 99.3
Avg 309 99.4 Avg 4338 99.4

StD 2.2 0.2 StD 2.9 0.1

cc: K. Andes, M. Wilf

1t..4040-UHT-LFC-1 -S\N X01184\test\99012* -1 printed/1/29/99
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MEMORANDUM

TO: D. R. Carlion
FROM: T. Tran
DATE:: 2/1 /99

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

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 %NaCl, 150 and 225 psig, pH7 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 (123456 cut across in the sample).

(X01185-LFC-1) (X01185-LFC-1)
RE SULTS:  1500ppm-NaCl-150-psig. 1500ppm-NaCl-225-psig.
Coupon_Flux(GFD) % Rej Coupon Flux(GFD) % Re
1 26.2 99.2 1 42.8 99.3
2 26.2 99.2 2 44.3 99.3
3 25.0 99.4 3 40.6 99.4
4 23.7 99.3 4 37.3 99.4
5 23.3 99.5 5 40.3 99.5
_ 6 38.0 99.3
Avg 406 99.4
L ASID B 03 W3 01 StD 2.7 0.1

cc: K. Andes, M. Wilf

tt..LFC-1 -FREE-S\N X01 185\test\990125.wq1 printed/2/1/99
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MEMORANDUM

TO: D. R. Carlton
FROM: T. Tran
DATE: 2/1 /99

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 %NaCl, 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 (123456 cut across in the sample).

(X01187-LFC-1) (X01187-LFC-1)
RESULTS: 1500ppm-NaCl-150-psiig. 1500ppm-NaCl-225-psig.
Coupon Flux(GFD) % Rej Coupon Flux(GFD) % Rej
1 25.6 99.6 1 39.6 99.7
2 25.6 99.7 2 40.3 39.8
3 24.4 99.6 3 38.0 99.7
4 23.8 99.6 4 35.4 39.7
5 23.8 99.5 5 37.3 99.6
6 24.0 99.6 6 36.9 39.7
Avg: 245 99.6 Avg 37.9 ‘99.7
StD 0.9 0.1 StD 1.8 0.1

cc: K. Andes, M. Wilf

tt..LFC-1-FREE-S\N X01187\test\990125.wq1 printed/2/1/99
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MEMORANDUM

TO: D. R. Carlton

FROM: T. Tran
DATE:: 2/1/99

RE: Flat 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 %NaCl, 150 and 225 pslg,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 (12345 6 cut across in the sample).

(X01190-LFC-1) (X01190-LFC-1)

RESULTS: 1500ppm-NaCl-150-psig. 1500ppm-NaCl-225-psig.
Coupon Flux{GFD) % Rej Coupon_ Flux{GFD) % Rej
1 31.9 99.0 1 51.4 99.0

2 33.7 98.9 2 52.9 99.0

3 29.8 99.1 3 47.0 99.1

4 26.2 98.8 4 41.5 99.0

5 26.5 98.7 5 43.3 98.9

6 25.4 99.4 6 40.0 99.4

Avg 28.9 99.0 Avg 46.0 99.1

StD 3.4 0.2 StD 5.3 0.2

cc: K. Andes, M. Wilf

tt..LFC-1-FREE-S\N X01190\test\890125.wq1 printed/2/1/99
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Analytical & Testlng Membrane Cell Test Data

Membrane type: ({ ¢ -9%[2di- A- i

Sample arrival date: .72 |- 99 Feed co UC“V'Y (pmho: 5@;\‘@. ” "50(1‘[‘ /\%{
Test loop: 7 pHvalue:| £.6¢ NE 1
Routine test: Feed temperature (°C). { =22+ 9 22.C

Non-routine test: Conversion factor:

—

Time: r Z,? jg Duration: s %:min Continuing; @Yes l:] No
Flux Flux Perm. Conduct. % lons in
or Station | Side | Celf# | ml min Factor GFD Cond. | Conv. Factor Rej. Sump
Ve 601228625, 19| H3 | 04637 | 9% &7
RN 2q . ge.| 55 9¥. 9z
3 | Log 22,21 33 IX.9%
1t | 5%S 2z, 0| 3S 7%.92
S 15:eg 22| 33 2R.9%
G 56 224 0 |- ¥V 19R. 90
Average+SD— |72 27 Average + 5D — 1Y ga.

Further tests (treatments) on these coupons:

I%F‘:‘a}ﬂ AETER DEADEN ol ABOVE INCLEASE PREse i = r o TO
@25 PSM’) AT 1BHO A zepb Acerin AT 1520

(i 4% | Duration:

Date: |7 j.¢jg | Timer Cip e s Y min Continuing: D Yes [II No
Sample ID Flux Flux Perm. Conduct. fons in
or Station | Side [ Cell#{ mi min Factor GFD Cond. | Conv. Factor Rei. Sump

| | 4340 |22.32 |y4.20 | 32 | 0:4EK7 |99, 0]
Z | +:.20 4),93| 2§ 99,23
2 |68 33, 99| 24 79, 2¢
S |6l M, g0 | 26 99. 20
C lE-0f V¥ Y 134 22| 2% Y 199, 13
Average £ SD - 33,03 Average 2 SD —» 9, |7
Notes:
AT FM 2121 Rev. B (DCR8261)
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Analytical & Testing — Membrane Cell Test Data

Membrane type:+(stQ)- U H= LECA . & n ¥ 0 it 9] IP PARAMETERS ST#2
Sample amivaldate: |- 2-{- § 5 ’ Feed conductivity (pmho): | zapp Arzee { | 25xs rJ'aJV |
Test loop: 2 pH value; Fi( 2 L9
Routine test: Feed temperature (°C). | =22 .4 22, %

Non-routine test:

Conversion factor:

e ¢ o 4G | buration:

; Date: j.2{-<jq | Tme “'—Z:(z,g hrs 4G min | Continuing: @Yes D No
Sample ID Flux Flux Perm. Conduct. % lonsin -
or Station | Side | Cell# | ml min Factor GFD Cond. | Conv. Factor Rej. Sump

= | b lgg] 6clza¥9]20.4% 0 0. %87 |99+ 3%
L1z lezl 23, 45| 19 99 .41 !

- | 13 18] 2] .55 | 2X 99: i3

4 |53 zc.zz| 13 q9. &6C

v 16 [e 23.29| 27 Gq. 32
Bl elsast Y| ¥ 119.65 2% | Y 19%.132
Average £ SD — %), §C Average £ SD — 9,33

Further tests (treatments) on these coupons:

l"—IP%I@ AETCR T eninen

fav i-fzf\\/"-

iM(’ l'.?p!m

(Q,ACPC,&‘\AJ 1240 AnND 2 EAD A AR AT 1228

J‘)r‘ ol ol o 1-75___,4_9 T

- 0 jon: ,
lest# Date: | - Z1-99 Time: f.lj L{g Duration hrs (F\‘_‘C' min ‘ Continuing: D Yes ENO |
Sample ID | | | | Flux Flux Perm. | Conduct. | % | ions in
or Station ] Side ] Cell # \ ml ‘ min Factor GFD Cond. Cony. Factor Rej. Ssump |
e |V lsgl4gC gz ee]sz, 36l T |07 |99, 43 o
s e, TEl 17 94, 47
3 16| 341, SO 24 %,26 -
e A o v 20 UM 59’
b6 156 ¥ Y |Bleq| 24 \ 99, 26 |
Average £ 5D — | Z¢, ¢y Average+SD — | 99, ¢ (
Notes:
AT FM 2121 Rev. B (DCR8261)
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Analytlcal & Testing - Membrane Cell Test Data

Membrane type: il JET- 1 < : i
Sample amival date:  § - ’_?,1 - qq Feed conductivity (umho): | Zopp jrzze d 3@—(\,\7%{'
Test loop: 4 pHvalue: | & 57 &9 &
Routine test; Feed temperature (°C). | 22,7 z2.:G
Non-routine test: Conversion factor:
Te # -2 99 X i m__ hsif{C  n
Sample ID Flux Penn. Conduct.
or Station | Side | Cell#| ml min Factor GFD Cond. | Conv. Factor Rej. Sump
Floleiz| sel77.69 (23,60 ZI | 0HRT |99, 26
L 12 |eds 30.65 /7 99,41
3 | 49 1. 68 17 99,47
u{' Ei 27 ' 62 ZLTL [?q.lﬁ
vy |5 lcad z1.23| 29 99 | ¢
B 6 lsol Y I v lzz.oeq| 4% |V l9% 64
Average +SD— | 7 £ .1 Average + SD — CIC(, 2 2

Further tests {freatments), on these coupons:

L' ;G f"315 )___ . L] : . A
AcTen JL_S—EADQ‘Q Cnl ABOe . inCFEACE lf)p;':qq NP U,;D ';rc. 7\ ?_7_51959 AT.

1200, And DeAD Aliaint AT 1345,

Te | Date: J- Z1- Q¢ | Time: ; }5% uration hrs _&mgn Continuing: DYes .No
Sample ID Flux Flux Perm. Conduct. lons in
or Station | Side | Cell# | ml min Factor GFD Cond. | Gonv. Factor Rej. Sump

F !l [S&14R [Z22.92433. 09| '3 | 0487 | g, 47

z 3;S§_ 43,071 i1 | qqu?

3 | G &S 37 94| 4 49.57

1 LGS .94 19 6;6;:‘%(
4 S ¢, e 37.94| 23 qq: 29
B C S Y | v 13 Gl 3¢ v |93 9¢

Average + SD —» 36, )i Average + SD — 9.3 &

Notes:

AT FM 2121 Rev. B (DCR8261) 79



Analytical & Testlng — Membrane Cell Test Data

Membrane type:« Oy . OiT- LECL-9n X0 H RY
Sample amivaldate: 1~ 2.2 -4 g4

Feed conductivity (umho): | 3 coene o O IOP A 5%(_

Test foop: i pH value: 1.¢cz e 97
Routine test: Feed temperature (°C): Z3.( 23

Non-routine test: Conversion factor:

T Date: 1 ~ Z 5—77 Time: _;{' CS\%' Durafion: m hsiC S n [ Continuing: D Yes DNO
Sample ID Flux Flux Penn. Conduct. % lonsin
or Station | Side | Cell# | mi min Factor GFD Cond. | Conv. Factor Rej. Sump

FlV lszgl4c | zz4qza. 5227 | o433 99: 16 1
i_ 2 | £.1G S X iY 99, 4t
B 3 15:¢ 30, 92] 1S 99.54
4 16:¢ 30.929 17 99.4%
/ 5 156 Sl 49 Z< Cf‘?Z.S
2 | ¢ [Sc] ¥ V_lag.yrl25 [V 19%23 )
Average £SD— [ 10, g7 Average 3D — | G q, 3¢

| Further tests (treatments) on these COUDONS:

(ST phia AETER ZGARED ON ABOVE INCPEACE PRescae vpATD
(22.5psia) AT R:i0. AMD Reap Alznin AT €6

: it .ﬂme:%gcg oo s 45 min jContmumg DYes mNO i
Sample ID Flux Flux Perm. Conduct. lons in
or Station | Side | Cell# | ml min Factor GFD Cond. | Conv. VFaCtOF Rej. Sump
F_l !l |8 6|2.Cl22.49 Y1981 2% | 0:9¢k7 |99, 76
R 43, 33| /6 a9, G |
3 |.5:9 14.23] '5 94, L0
¢ [S.x¢ 43,11 ic l9q.eq]
15 [Seac 44,6/ 149 99 41
g | & [539 WV Y Yo | zz | ¥ 199,32 i
Average + SD - ‘[3:13 Average + SD — ‘T‘f,iﬂf

Notes:

AT FM 2121 Rev. B (DCR8261) 80



Analytical & Testing -~ Membrane Cell Test Data

Membrane typesnge ¥ () {85 L Fel-Fres | SUMP PARAMETERS T+ |
Sample arival date 1. 2.2 . el Feed conductivity {pmho): SO0T A2l 3ot iz e

Test loop: 2 pH value: | &, 93 98
Routine ~ test: Feed temperature (“C): 232 ACYEN
Non-routine test: Conversion factor.

-

Duration:

T Date: y . zZ6-49 Time: ji‘_;% hrs 5 min Conlinuing: ‘Z’Yes D No
Sample 1D Flux Flux Pem. Conduct. lons in
or Station | Side | Cell# | mi miin Factor GFD Cond. [ Conv. Factor REJ Sump

= " S ‘gg S.0 | 2220126 (& 2-< Osii(:g?' C"{C{ i 25
1 15.%9 2¢.06| 26 99:20

2 16, 2s.04) 19 99 41

4 185 2Z35.30| 22 q9.:32

)y 1S |62 23.2¢) 17 q99:47
B |6 5:1] W Y |Zz.gf| 24 [V (9926
Average £ SD —» 20, C7 Average + SD — 99. 3|

| Further tests (treatments) on these coupons:

{1 s poigl AFTeER _LEADED CnAl ABRUVE i'l\JCJQ‘_;AQ[-‘: PRECS Gz ulﬂﬂ 10
(2zGpsie] AT RIS, AND Rekp AGain AT 60

Time: 3{:%}% e _tes 4G _min__| Continuing: E]Yes v
Sample ID Flux Flux Perm. Conduct, lons in
or Station | Side | Cell# | mi min Factor GFD Cond. | Conv. Factor Rej. Sump

u E 1V 1S RI30 122,062 34129 10.96%7 | qq.2C

Z | i€ U’H 32| 23 qq 25

3158 L &3] 19 99. 4/

4 | 85 *;l‘ A0 zo 99.3%

N € 1544 40.2.6] 'S 94, Gy

! % | |59 ¥ Y 138 o4l z2 Y 94, %7
Average = SD — yo. 57 Average + SD — 99.37

Notes:

AT FM 2121  Rev. B (DCR8261) 81



Analytical & Testing = Membrane Cell Test Data

Membrane oe: ¢/ ONE7- LFC4 - FREE

Feed conductivity (umho): :

Sample amvaldate: |- 2 Z - 94 T
Test loop: i pH value: ERTO Fipn i
Routine test: Feed temperature (°C): z2. £ Zz2z21 &

Non-routine test; Conversion factor;

Date: j-2g-9q | Time: : ‘Zi ?(%f} Duratlon: hrs SE min | Continuing: mYes D No
Sample D' Fiux Flux Perm. Conduct. % lonsin —
or Station | Side | Cell# | mi min Factor GFD Cond.  } Conv. Factor Rej. Sump
e |1 15:€Q 8 Tlzzieelzs. S0 [T | 0687 | 99,65 |
2 |5.(g 25, 5¢] 11 9. &6
3 s z¢ 43 15 99: ¢C |
4 524 22, %¢| 1T q9. €3 |
S |.8,29 22,251 '6 19. 51 |
Yo | & 15,3 WV Y 23, C[_g [ - Y 99, &7 !
AverageSD — |7 4, ¢ Average £SD — | qq, 0

| Further tests (freaiments) on these coupons:

(isoPeia)isTr. Teaben o ABOVE  iN(Rehes ppegcors 0p /L TO |
(228h6ia AT VZUUAND 2eAD AGAIN AT VZSS
Al

T | Date: j.— 2z S-gq | Time: :"Z g;“ Duraton: s FC min Continuing: DYes [E No |
Sample ID Flux Flux Perm. Conduct. % fons in
or Station | Side j Celi#  mi min Factor GFD Cond. Gonv. Factor Rej. Sump
Foll 18250 22082 |37, 65|10, C | 0:1E8T 99: €7
| | = (s3] | 40 . 2z| X |__199. 7€
SRS 33. 63 10 [ 19g.69 _
1468 35,3+ 9 | 199:3z
| S |45 31,23 13 | 199,60 =
& | o |5 Y v o |3€.%9] (0 Y  199. €9 .
Average £ SD —» 3%.91 Average £ SD — c[q 69

Noles:

AT FM 2121 Rev. B (DCR8261) 82



Analytical & Testing — Membrane Cell Test Data

Membrane type: §J\ XDii40.. | EeA - ez S \RAMET! CIEST#L . L TESTHR T

Sample amval date: | - 7 7 - ?Cf Feed conduchwty (umho}: 30*6'0 sl | Boo ijc .
Test loop: 2 pH value: &Gl E 77
Routine test: Feed temperature (“C): Z53: | 23 F
Non-routine test: Conversion factor:

: ‘L _Sl; Duraton: ___lus ffg min Continuing: [Zl‘(es DNO
Sample ID Flux Flux Perm. Conduct % lons in
or Station | Side | Cell# | ml min Factor GFD Cond. | Conv. Factor Rej. Sump

E VD 170 sl22.4318 (g5) 24 | 04687 |98, 95
z | 3.6] | 33, 65| 36 9% . %9
IR 29, X2 30 99. 04
t 15 XS] 26,24 | 39 9429
S 159 26,41 42 7%. AT

2leleal VIV 126,350 z0 |- ¥V 199,37

Average £ SD — 2890 Average + SD — ig‘ q_é;_‘

{L Further tests (treatments) on these coupons:

“‘TD CA M?;(’u’c- . :/\,C R A»Cf DD{"‘&.CUD.—— l/D 7’ T

Date: j_ 2.5 C{q lime: : ‘{52'—%‘) Duration: ___hrs j 5 _ min Continuing: D Yes m No
Sample ID Flux Flux Perm. Conduct. lons in
or Station | Side | Cell#{ mi min Factor GFD Cond. | Conv. Factor Rej. Sump
E_ L) | 7.C1 30 122 03180 YO 2 Q@ | 04687 9%, 96
z | ¢ SZ_:Z? 3 C{C‘f.D'; R
s e | "4, o 23 99.(2
t s 41, 491 33 1%.9%
v | £ 154 43 33| 3¢ 74, X9
g | |54y Y Y 40, 02| ¥ Y 99, 44
Average £ SD — | Y, 0z Average +SD— | 99, 0

Notes:
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REQUEST FOR SEM and EDAX TESTING

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

Submitted by: KE ITH AN{)E} Date: I/),o /7@ LAB USE ONLY
: ’ date received:
Check one: Original photos wanted.” i,  Copies OK. [ ] ’/ Lo / 14
RGA # if applicable: received by:
Who: collected the sample?: Y& (TH ANOE )‘ K
should the report go to?: D2 . WILF nb vref#:
log #:

What: membrane type?: __FC 1

feed water?: WASTE waTed

When: is the report needed?:

was the membrane or element made?: FB'B. 199 fs?

How long was it in use?: [ MmonVTYS

Where:: Country, Company, City? SA N PAS QuaL, CA

Why: What question or problem is being studied?:

Py o (Buec GUANT sTWY

— 6 Selerrs SAMILES -

KO % | X2/|90

Xo |l §2

Yol §4

AR

Yol 877

* High quality scanner photos are provided. If original photos are needed, the film

will be charged to your project.
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APPENDIX |

Log 99005

SEM REPORT

To : K. Andes

From . J. Rockoff

cc : D. Canton, K. Matsumoto, M. Wilf
Date : February 16, 1999

SUBJECT : FOULANT ON LFC1 MEMBRANE USED AT
THE SAN PASQUAL WASTE WATER PLANT

PURPOSE

This is part of the Bureau of Reclamation grant study, Fouling on
4040 LLFC1 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 LFC1
modules were in a train in the order X01 185, X01 190, and
X01187. 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 LFC1 was also mounted and gold coated for
comparison.

RESULTS :

Part | : Clean LFC1

Photo # Description

1 LFC1 coating on ESPA membrane is shown at 10,000X.
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EDX Scan # Description

I This scan shows the elemental composition of the LFC1
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.

Part !l : Standard 4040 s/n X01181

Photo: # Description

| 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 #1. This piece was tited to give an
edge view of this ridge of foulant rising above the membrane surface.

EDX Scan# Description

I This is a scan of the foulant that is on photos #1and #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 LFC1. 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 LFCH{.
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Part 1l : Module s/n X01 185

Photo # Description

I 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 LFC1
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 LFC1 visible
when examined at higher magnification.

EDX Scan # Description

I This scan is of foulant from the feed side of the module which was
collected with a scalpel. This technique produces a thicker foutant
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
LFC1. 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
#1. 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

I An isolated group of bacteria is shown at 7,000X. Bacteria were
not easy to locate on this sample. The LFC1 surface is also shown.

2 This is an average looking spot found in the middle of the element.
The LFC1 surface is exposed with litle 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 LFC1 surface is visible along the bottom
of the photo. Thin foulant occurs over most of the photo.

EDX Scan # Description

I 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 LFC1 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 litle foulant. Traces of silicon and aluminum were
seen.

Part V : Module s/n X01190

Photo # Description

I This sample was taken from the middle of the element. Some
LFC1 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 LFC1 surface could not be seen due to the foulant coating. LFC1
coating was visible at higher magnification in small patches ( <20% of
the surface.
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EDX Scan # Description

I 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 #2. The
foulant is thin so the scan resembles clean LFC1 except for the iron
and extra oxygen.

3 This is a scan of middle area much like photo #1. A little less
foulant is seen than scan #2.

Part VI : Standard 4040 s/n X01183

Photo # Description

Il 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 foutant 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. LFC1 coating is seen. There appears to be little or no
foulant.

EDX Scan # Description

I This scan closely resembles clean LFC1. 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
#1. 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 VIl : Module s/n X01 187

Photo # Description

I  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 LFC1 surface visible behind the second zero of
“XI 00" on photo #1. The magnification is 1,500X.

EDX Scan # Description

[ 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 LFC1. 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 litttle more on
the brine side where concentrations are higher. The cause of this is
unknown. The elements and modules in each train positon were
compared. The elements all had less foulant than their corresponding
module.
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LFCl

Contro

10,000X
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I.FC]1 Control Scan

Untitled:1

Label:

kv:20.0 Tilt:0.0 Take-off:25.0 Det Type:SUTW+ Res:134 Tc:40

FS:11896 Lsec : 308 21-Jan-99 16:32:57

G K

SK

D K

CukK A,

—

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 Wit% At% K-Ratio Zz A F
CK 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 11.92 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

Tot al 100. 00 100. 00
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LFC1 Contro

Element Net Inte. Bkgd Inte. inte. Error P/B
cK 218.78 0. 64 0.39 343. 05
0 K 45.21 5.20 0. 89 8.70
AuM 59. 46 18.79 0.85 3.16
3 K 251.76 17.35 0. 37 14.51
ClK 18. 69 16. 26 1.80 1.15
CuK 1.21 5.25 11.94 0.23
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h ridge of

253-75-1 LFCl Herment # X01181

Feed Side 10,000% Photo #2
Y

253-75-2  LFCI Hement # X01181

# =
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Brine S de 10,000¥%

253-75-3 LFO HBenent # X01181

Foulant on Brine Spacer Tilted for Sde View Photo # 4

253-75-5 LFC1 # X01181
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X01181 Scan i
Untitled:1
Label:
kv:20.0 Tiit:0.0  Take-off:25.0 Det Type:SUTW+ Res:134 Tc:40
FS:44960 Lsec:468 21-Jan-89 14:06:45
CK
CiK
AuM
D K SK
FeK
! - T — e : = : r
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00
|
EDAXZAF Quantification (Standardless)
Element Normalized
Element Wt % At % K-Ratio 2z A F
CK 66. 40 76.75 0.2521 1.0170 0.3733 1.0002
0 K 23.80 20.65 0.0368 1.0000 0.1547 1.0000
NaX 0.40 0.24 0.0014 0.9362 0.3735 1. 0003
ALK 0.06 0.03 0.0004 0.9317 0.6845 1.,0011
SiK 0.20 0.10 0.001e 0.9590 0.8130 1.0020
AuM 452 0.32 0.0453 0.6717 1.4%12 1.0034
S K 3.50 1.51 0.0295 0.9405 0.8952 1. 0038
CiK 0.79 0.31 0.0065 0.8998 0.9135 1.0001
ek 0.35 0. 09 0. 0030 0. 8436 1.0208 1.0074
Tot al 100.00 104.0C
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X01181 Scan {1
Element Net Inte. Bkgd inte. inte. Error PB
C X 524 .68 0.48 0.20 1098.08
0 K 96.50 4.88 0.48 19.79
lHakK 5.66 16.85 3.87 0.34
ALK 1.58 27.86 15.87 0.06
8iK 6.21 20.36 3.84 0.30
AuM 45.20 20.09 0.83 2.25
5 K 103.98 18.85 0.49 5.51
C1K 21.53 18.28 1.35 1.18
FeK 3.62 1.12 4.30 0.47
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X01i81 Scan #2
Untitled:1
Label:
k\/:20.0 Tilt:0.0 Take-off:25.0 Det Type:SUTW+ Res:134 Tc:40
FI3:19101 Lsec: 381 21-Jan-89 14:25:12
C K
S K
A Scan #2 feed side
D K
IK
Si
A CuK
FeK i
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 ﬂ
EDAX ZAF Quantification (Standardlees)
Element Normalred
Element Wt % At% K-Ratio z A F
CK 6215 78.63 0.1420 1.0315 0.2215 1.0001
OK 15.21 i4.46 0.0220 1.0142 0.1426 1. 0001
AIK 0.03 0.01 0.0002 0.9447 0.6852 1.0028
SiK 0.11 0.06 0.0008 C.9723 0.8099 1.0052
huM 9.45 0.73 0.0959 0.6836 1.4837 1.0011
SK 11.86 5.63 0.0936 0.9580 0.8233 1.0005
ClK 0.66 0.29 0.0048 0.9160 0.7848 1.0000C
FeK 0.25 0.07 0.0022 3.8586 1.0025 1.(00%7
Cuk 0.29 0.07 0.0025 (.8301 1.0090 1.0321
To+a1  100.00  100.00
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X01181 scan #2

Element Net inte. Bkgd Inte. Inte. Error PR
CK Z280.18 1.18 0.31 238.19
0 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
AuM 90.82 25.36 0.61 3.58
S K 313.20 23.68 0.30 13.22
CI1K 15.05 22.72 2.09 0.66
FeX 2.52 9.99 7.18 0.25
CuK 1.70 7.83 9.31 0.22
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X01181 Scan #3

Untitied:1 ]
Label:
kV:20.0 Tilt:0.0  Take-off:25.0 Det Type:SUTW+ Res:134 Tc:40
FS: 19796 Lsec: 393 21-Jan-9% 14:48:30
G K
S K

Scan #3 Brine Side

CuK

, . , e . ‘ .
2.00 4.00 6.00 8.00 10.00 12.00 14,00 16.00 18.00

EDAX ZAF Quantification (Standardless)
Element Normaliied

Element Wt% At% K-Ratio Z A F
C K 62. 14 78. 71 0. 1447 1.0297 0. 2240 1.0001
O K 5. 49 14. 59 0.0224 1.0125 0.1426 1.3001
AlK 0.C3 0.02 (.00C2 0.9431 0.6891 1. 0029
SiK 0.12 0.06 0. 0009 0.9707 0.8138 1. 0053
AuM 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
CiK 0. 66 0.28 0. 0048 0.9140 0.7934 1. 0000
Tek 0.25 0.07 0.0022 0. 8567 1.0042 1.0092
Cuk 0.24 0. 06 0.0021 0. 8281 1. 0099 1.0308

Total 100.00 100.00
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X01181 Scan #3

Element Net Inte. Bkgd Inte. Inte. Error PB
CK 290.88 1.13 0. 30 258. 02
OK 56. 65 9.85 0.74 5.75
AlK 0.80 29. 38 34.92 0.33
SiK 3.64 26. 16 7.66 0.14
BuM 85. 04 25. 82 0.63 3.29
S K 321.50 23.98 0. 30 13.41
C1K 15.28 22. 17 2.06 0.67
feX 2.53 9.20 6.91 0.28
Cuk 1.46 7.50 10. 46 0.19
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Photo #1

253-83-1 LFC1 Hement X01185 Feed Side

Photo # 2

253-83-2 LFCl Hement X01185 Middie
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Untitled:1

Label:
kV:20.0 Tilt:0.0  Take-offz25.0 Det Type:SUTW+ Res:138 Tc:40
FS: 15347 Lsec: 326 8-Feb-99 10:43:06
K
OK
X01185 SCAN #1
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 13.82 31.15 0.0309 1.1138 0.2004 1.0004

O K 23.60 39.93 0.0730 1.0949 0.2821 1.0015

AlK 0.26 0.26 0. 0009 1.0186 0. 3542 1.0010

SiK 1.16 1.12 0.0058 1.0480 0.4759 1.0014

P K 1.70 1.49 0.0103 1.0188 0.5910 1.0016

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

C1K 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
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X01185 Scan #1
Element Net Inte. Bkgd Inte. Inte. Error P/B
CK 64.50 0.53 0.69 120.85
0 K 192.32 4.27 0.40 45.07
AlK 4.00 18.99 6.63 0.21
SikK 23.23 20.13 1.57 1.15
P K 37.76 20.84 1.12 1.81
AuM 65.99 21.02 0.78 3.14
S K 9.01 23.34 3.50 0.39
ClK 3.68 22.79 7.74 0.16
CrK 25.43 18.18 1.44 1.40
FeK 548.82 16.98 0.24 32.32
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Untitled:1

e

Label:
kv:20.0 Tilt:0.0  Take-ow25.0 Det Type:SUTW+ Res:138 Tc:40
FS: 10139 Lsec: 377 8-Feb-99 11:01:12
K
CK
X01185 Scan #2
* + + + + A._l + + —+
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00
EDAX ZAF Quantification (Standardless)
Element Normalized
Elerment Wit% At% K-Ratio Z A F
CK 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
ek 4,52 1.37 0.0395 0.8726 0.9936 1.0084
Total 100.00 100. 00
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X01185 Scan #2

Element Net Inte. Bkgd Inte. Inte. Error P/B
C K 126.06 0.41 0. 46 309. 27
O K 57.86 3.16 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
FeK 30.31 7.02 1.04 4.32
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Untitled: 1

Label:

kV:20.0 Tiit:0.0  Take-off:25.0 Det Type:SUTW+ Res:{38 Tc:40

89735 Lsec ! 390 8-Feb-99 11:18:04

dK
c K
At|M
DK
x01 1 85 SCAN #3
! ! ! ! - h-"'"— P — 7
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 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
NzaK 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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X01185 Scan #

Element Net Inte. Bkgd Inte. Inte. Error P/B
CK 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
BuM 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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with Bacteria Photo #1

I'solated Spot

253-82-5 LFCl Herent # X01184

10, 000X Average Surface Photo  #2

253-82-6 LFc1 Henent X01184
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Fouled Strip Feed Side Photo {3

253-82-7 LFCI Element X01184
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Untitled:1

Label:
kV:20.0 Tilt:0.0 Take-off:25.0 Det Type:SUTW+ Res:137 Tc:40
'S : 4726 Lsec : 246 5-Feb-99 16:23:37
FT;K
OK
AuM
CK
X11084 SCAN #1
2.00 4.00 6.00 §.00 10.00 12.00  14.00  16.00  18.00
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X01184 Scan {1
EDAX ZAF Quantification (Standardless)
Element Normalized
Element Wit% At% K-Ratio Z 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
CrX¥ 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
Tot al 100. 00 100. 00
Element Net Inte. Bkgd Inte. Inte. Error P/B
CK 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.
SikK 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 16.23 0.89 3.95
ClK 9.00 15.46 3.51 0.58
K K 2.97 14.76 9.04 0.20
CaK 3.01 13.62 8.63 0.22
CrK 13.67 11.17 2.33 1.22
FeK 221.94 10. 01 0.44 22.18
Cuk 2.23 7.73 9.01 0.29
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Untitled:1

Label:

KV:20.0 Tilt:0.0 Take-off:25.0 Det Type:SUTW+ Res:137 Tc:40

FS: 8140 Lsec : 231 5-Febh-99 16:53:20
<C K

S$K

X01184 SCAN #2

. *. r - ——
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 Y4 A F

CK 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

31K 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
CaX 037 004 016 002 0006 00008 0.9204 0% 078 00T L0000 L.000§
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 Inte. 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
LuM 81. 88 17.79 0.80 4. 60
S K 222.24 18. 24 0. 46 12.18
ClK 6. 49 15. 94 4.79 0.41
CakK 0.67 11. 29 33.98 0.06
FeK 9.63 6. 68 2.75 1.44
CuK 0.91 5.93 18. 87 0.15
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——

Untitled:1

Label:
kv:20.0 Tilt:0.0 Take-off:25.0 Det Type:SUTW+ Res:137 Tc:40
FS: 7259 Lsec : 143 5-Feb-99 17:16:25
C K
SK
X11084 SCAN #3
C,UK "f —. Y ¥ ¥
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 Wit% At% K-Ratio Z 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
S5iK 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 #3

El enent Net Inte. Bkgd Inte. Inte. Eror P/ B
CK 313. 94 2.09 0. 47 149. 96
OK 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 0.83 4.94
S K 321.03 25.53 0.48 12.58
ClK 8.75 22.43 5.33 0. 39
CuK 2.72 7.02 9.58 0. 39
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Photo #i

253-84- | rrcl Henent # X01190 Middle

Photo 2

253-84-2 1Fcl Henent # X01190 Feed Side
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Untitled:1

Label:
KV:20.0 Tilt:0.0 Take-off:25.0 Det Type:SUTW+ Res:138 Tc:40
ES : 7909 Lsec : 271 8-Feb-99 15:11:26

X01190 SCAN #1

10.00

12.00

2.00 4.00 6.00 8.00 14.00 16.00 18.00

EDAX ZAF Quantification (Standardlees)

Element Normalized

Element Wt% At% K-Ratio .4 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
AlK 0.23 0.20 0.0009 1.0029 0.3722 1.0008
SiK 0.99 0.85 0.0051 1.0320 0.4976 1.0012
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
CakK 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

Tot al 100. 00 100.00
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x01190

Element  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

Scan #1
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Untitled:1

Label:
kV:20.0 TWO.0 Take-off:25.0 Det Type:SUTW+ Res:138 Tc:40
FS: 10580 Lsec : 304 8-Feb-99 15:40:04
SK
C K
A

x01 190 SCAN #2

0 K

2.00 A.00 6.00 8.00 10.00 12.00 14.00 16.00 in.00

EDAX ZAF Quantification {Standardiess)
Element Normalized

Element Wt % At% K-Ratio Z A F
CK 49.65 67.97 0.1015 1.0408 0.1963 1.0002
O K 21.91 22.51 0.0358 1.0234 0.1598 1.0002
NaK 0.34 0.24 0.0011 0.9578 0.3294 1.0007
AlK 0.02 0.02 0.0001 0.9531 0.6170 1.0028
SiK 0.24 0.14 0.0018 0.9809 0.7487 1.0052
AuM 9.43 0.79 0.0917 0.6906 1.4075 1.0011
S K 12.59 6.46 0.0965 0.9681 0.7914 1.0009
ClK 0.95 0.44 0.0067 0.9254 0.7578 1.0004
FeK 4.87 1.43 0.0425 0.8673 0.9992 1.0074

Tot al 100.00 100.00
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X01150  Scan #2_

Element Net Inte. Bkgd Inte. inte. Error P/B
C K 173. 07 0.54 0.44 319. 81
O K 77.03 4.34 0. 67 17.74
NaK 3.54 16. 30 7.20 0.22
A1K 0.51 26. 60 59. 03 0.02
SiK 5.75 25.15 5.54 0.23
AuM 75.12 23.19 0.76 3.24
8 K 279. 25 23.58 0. 36 11. 84
CiK 18. 15 20. 28 1.96 0. 89
FeK 42.01 8.92 0.97 4. 71
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Untitled:1

Label:

kv:20.0 Tilt:0.0  Take-offz25.0 Det Type:SUTW+ Res:138 Tc:40

FS: 10545 Lsec: 321 8-Feb-99 15:56:23

S K
CK
X01 190 scaN #3
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 z 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
NakK 0. 07 0.05 0. 0002 0.9572 0. 3314 1. 0006
AIK 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
DuM 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

Tot al 100. 00 100. 00
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x01190 Scan #3

Element Net Inte. Bkgd Inte. Inte. Error P/B
CK 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
Cl¥ 14. 29 18. 42 2.23 0.78
FeX 37.96 8. 60 1.00 4.41
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Isolated Diatom Piece on Isolated Black Spot Photo #1
or roulant

253-82-| LFC1 E enent # X01183

Photo #2

253-82-2 LFCl Elenment # X01183
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Photo #3

253-82-3 LFC1 Element # X01183
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Untitied:1

Label:

kV:20.0 Titt:0.0  Takeoffz25.0

Det Type:SUTW+ Res:137 Tec:40

FS : 7884 Lsec : 305

3-Feb-99 13:12:27

SK

SK

X01183 scan #

200  4.00 6.00 800 1000  12.00 14.00 16.00 1800

EDAX ZAF Quantification (Standardless)
Element Normalized
Element Wit% At% K-Ratio Y4 A F

CK 63.65 EI.44 0.1451 1.0348 0.2202 1.0001

OK 12.03 11.56 0.0170 1.0174 0.1386 1.0001

AuM 11.30 0.88 0.1152 0.6864 1.4839 1.0011

SK 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

0.43 0.10 0.0037 0.8339 1.0076 1.0356

CuK
Total 100.00 100.00
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X01183 Scan {#1

Element Net Inte. Bkad Inte. 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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Untitled:1

Label:
kv:20.0 Tilt:0.0 Take-off:25.0 Det Type:SUTW+ Res:137 Tc:40
FS: 5015 Lsec : 302 3-Febh-899 13:32:14
d_K
FeK
X01183 SCAN #2
AuM
200 400 600 800 1000 1200 1400 16.00  48.00
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X01183

Scan #2

EDAX ZAF Quantification (Standardless)

Element Normalized
Element Wt % At% K-Ratio Z A F
C K 33.00 55.12 0.0808 1.0743 0.2278 1.0003
0K 24. 44 30.65 0.0518 1.0562 0.2007 1.0006
AIK 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
Tot al 100.00  100. 00
Element Net inte. Bkgd Inte. inte. Error P/B
CK 102. 25 0.39 0.57 264. 38
OK 82. 68 2.50 0.64 33.13
AlK 6. 30 11. 43 3.84 0.55
5iX 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
FeX 140. 48 7.30 0.50 19.24
Cuk 1.43 5.69 10.74 0.25
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Untitled:1

Label:

kVv:20.0 Tilt:0.0 Take-ofiz25.0 Det Type:SUTW+ Res:137 Tc:40

FS : 6048 Lsec : 221

4-Feb-99 11:01:05

qK F’FK

X11083 SCAN #3

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 ZAF Quantification (Standardless)

Element Normalized
Element Wt% At % K-Ratio Z A F
CK 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
Tot al 100. 00 100. 00
Element Net Inte. Bkgd Inte. Inte. Error P/B
CK 50. 22 0. 47 0.95 107. 85
O K 165.53 2.89 0.53 57.30
AlX 1.43 16. 11 19.65 0,09
SiK 27.99 16. 16 1.60 1.73
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
C1K 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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Photo #3

253-83-3 LFCl Benment # X01187 Feed Side

Area Near the Zero of X 00 on Photo #3 Photo #2

030y () b

253-83-4 Lrcl Hement # X01187

133



Untitled:1

iLabel :

kV:20.0 Tilt:0.0 Take-0ffz25.0 Det Type:SUTW+ Res:138 Tc:40

IFS: 3518 Lsec: 129 8-Feb-99 13:06:09
FeK

OK

X01187 SCAN #1

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 16.55 36.94 0.0386 1.1144 0.2095 1.0004
O K 21.00 35.18 0.0581 1.0954 0.2522 1.0014
BlK 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

Tot al 100.00 100.00
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X01187 Scan #1
Element  Net Inte. Bkgd Inte. Inte. Error PiB
CK 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

2.00

4.00

6.00 8.00

10.00

12.00

14.00

Label:
kV:20.0 Tilt:0.0 Take-off:25.0 Det Type:SUTW+ Res:138 Tc:40
FS: 7638 Lsec : 322 8-Feb-99 13:13:24
C K SK
X01187 SCAN #2

18.00

EDAX ZAF Quantification {Standardless)

Element Normalized

Element Wit% At% K-Ratio 4 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
3iK 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

Tot al 100. 00 100. 00
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X01187 Scan

Element Net Inte. Bkad Inte. Inte. Error P/B
CK 148. 65 0.39 0. 46 377.71
OK 45.21 2.76 0.85 16. 39
A1K 1.65 15.53 13.95 0.11
SiK 4.78 15.91 5. 30 0.30
P K 1.40 15. 28 16. 27 0.09
AuM 52.68 14. 60 0. 87 3.61
S K 181.18 14.77 0.43 12.27
Cak 1.82 a. 77 9.97 0.21
FeK 15. 83 5. 64 1.63 2.81

#2
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Untitled:1
Label:
kV:20.0 Tilt:0.0  Take-offz25.0 Det Type:SUTW+ Res:138 Tc:40
FS : 7241 Lsec : 299 8-Feb-99 13:28:31
dK S K
X11087 SCAN #3
A
D K
P
Si
Al
CaK FeK
- e, ’ e ]
T * * > e e e
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 W% At% K-Ratio r4 A F
CK 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
CakK 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
Tot al 100. 00 100. 00
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X01187 Scan #3

Element Net Inte. Bkgd inte. Inte. Error PiB
CK 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 0.14
SiK 5.56 13.80 4.57 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
CakK 1.57 8.99 11.99 0.17
FeK 13. 29 4.98 1.86 2.67
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San Pasqual Wastewater IMS Raw Data

APPENDIX J

A B C ] E F [£] H | _d K L M N Q P Q R S
[ Dale Hour | Conc Fiow| Elemant A Feed Pal| A Top psliFitrata pai-A) ATMP | AFBLGPM |  GFD AGFDVps] | B Faed psi| B Ton pal|  Fillmtepsift { S IMP B0t Gom B GFD/ps| BO How
19-Feh-98 | 87.4 0 18.8 18.1 12.2 8.25 10 53.333333] 13.762948) 198 19 13 8.4 10 53,33323333 | 13.44037903
88.8 0 181 18.3 124 8.3 10 53.333333] 13.853718f 19.8 18.1 13.4 6.05 [ 53,33333333 | 14.21702162
92.2 0 19.8 19.1 14,2 5.25 ] 42 6666671 13.10757 20.2 19.8 15.2 4.8 8 42.66666667 14.3364043
8 | 20-Feb-98 | 102 0 20 19.7 16.1 3.75 [ 32 13.762948| 211 18.3 16.8 A4 6 32 151797222
9 103.3 1] 20.2 18.3 12.2 6.5 10 53.333333] 13.233604 20 19.2 13.2 8.4 10 53.33333333 | 13.44037903
0 104.6 0 204 186 11.7 7.2 10 53,333333] 11.947004] 201 19.5 12.8 7 10 53.33333333 | 12.26834654
23-Feb08 | 1115 0 208 18.9 11,6 7.4 i0 53,333333] 12.115271 19.8 19 12.5 8.2 19 53.33333333 | 12.46643852
12 1127 0 208 19.2 11.5 7.58 10 53.333333] 11.383168F  19.5 18.7 11.7 T4 10 53.33333333 | 11.62411159
13 1139 0 21 18.5 11.4 4.7 [] 42.666667] 14.641434F  20.5 19.9 14.8 5.4 8 42666866667 | 12.74347049
14 115.4 0 19.1 9.8 1.3 8.05 [] 42.666667| B.548415 19.5 18.8 11.8 7.35 (] 42 66666667 | 9362540745
15 116.3 0 19.2 20. 1.2 4.5 [:] 42.666667 [ 15.292165]| 199 19.7 14.8 5 8 42 66666667 | 13.76294812
16| 24-Feb88 | 117.5 [] 19 18.2 11.5 7.38 8 42.6666687 | 9.2625497) 203 19.8 147 535 8 42.66666667 | 1286256834
17 118.7 0 18.8 17.8 104 8 8 42666667 0.6018426| 20.2 19.9 142 5.85 8 42.66666667 | 11.76320353
18 120.3 [] 19.5 18.9 14.5 4.7 8 42666667 14.641404] 215 20,1 13.9 69 8 42 66666667 | 9.973150815
18 1221 [] 18.9 18.1 135 5 8 42.666667| 12.762948| 205 19.9 14.6 [X] 8 4266666667 | 12.28034654
20| 25-Feb-98 | 1251 0 18.1 18.9 14.5 4.5 8 42 866667]15.202165]  20.2 19.8 14.8 5.2 8 4266666667 | 13,23360397
21 138 19.5 18.8 14.9 4.25 8 42 66B667] 16.191704 21 20.1 15.2 5.3% -] 42 66666667 12.86256834
22 1381 Q 19.1 18.9 12.9 6.1 [:] 42 6866687 11.2811081 205 20 13.8 645 8 42 66666667 § 1066895203
23 44 8 Q 185 18.7 12.9 €.2 8 42 666667 11,099152 20 19.3 14.4 5.25 8 4266666667 | 1310756964
24| 26-Feb-98 | 1482 0 194 18.9 13.7 545 8 42 666667 { 12.626558] 204 12.9 14.6 5.4 (] 4266666667 | 12.74347049
25 61,2 0 19.2 18.9 138 5.25 8 42.666667| 13.10757 209 201 14.2 6.3 8 42 86666667 10.9228747
28 164.6 0 19.9 19.1 139 8.6 ] 42.666667 | 12.280347]  20.9 20.2 136 6.95 ] 4286666667 | 9.9014015629
27 27-Feb-08 | 1678 [4] 19.7 19 13.2 8.15 [] 42 856687} 11.188389 20 19.5 13.5 8.23 8 42.66666667 11.0103585
28 172.9 ] 19 18.4 13.2 5.5 [:] 42.666667f12.511771] 209 20.1 4.1 6.4 ] 42 66666667 | 10.76230322
29 183 [1] 8.5 CE] 14 5.2 8 42.666667(13.233604] 211 202 14.5 8.15 8 42.66666667 | 11.18938872 Sy
30 1924 0 9.9 9, 13.1 6.4 8 42.666667| 10.762303 20 193 13.5 615 8 42 66666667 | 11.18938872
31 196.3 0 189 3,2 12.5 705 -] 42.666667]9.7609561] 205 20 14 8.25 a 42 66666667 11.0103585
32| 3-Mar-98 | 206.3 [1] 19.5 8. 122 7 [:] 42.666667 | #VALUE! 19.9 19.1 14.1 54 8 4266666667 #VALUEI Unil Shuld
3 212.7 0 19.9 19.2 12.2 735 8 42 68666719,3625497] 205 201 14.8 5.5 8 42.66666667 251177102
34 217.2 0 20.1 19.1 128 6.8 8 42,666667 | 10.119815] 20,1 49.9 14.2 5.8 8 4266666667 | 19,06461045
35 221.1 [] 19 18.2 12.8 LX) 2 42.666667| 11.88461 19.9 19.1 133 8.2 8 4266666667 | 11.09915171
I%) 4-Mar-98 | 2323 ] 1988 9.1 128 LX) 8 472 2e6067] 907315080 1889 194 138 57 [ 42 86668667 | 12.07276151
37 2402 [1] 19 18.5 135 5.25 8 42.666667| 13.10767 20.2 28 13.8 6.2 42 86666667 | 11.00915171
38 2459 0 19.8 188 13.1 8.25 8 42.686667(11.010358] 203 9.9 12,9 7.2 42 66666667 | 9.857602864
39 249.8 0 191 18.8 12.2 8.75 8 42 656667 10.184776 20 19 12.6 6.9 42 66666667 | 94973150815
40| 5-Mar-98 | 2562 0 18.1 18.3 12 6.7 ] 42666667 10.270857 20 163 13.1 £.55 8 4266666667 | 10.50606727
41 264.8 [}] 18.9 18.2 12.2 835 [] 42666667 | 10.836067] 202 20 13.8 6.2 8 4266666667 | 11.08916171
42 269.8 0 19.1 8.4 12.5 6.25 8 42666667 11.01035'51 214 201 12 8.8 ] 42.66666667 | 8.001714026
43 2743 0 19.1 8.9 11 ] -] 42 668667 B.6018426] 19.8 19.2 125 7.05 8 42.66666667 | 9,760956117
44} 6-Mar-88 | 278.2 [1] 19 8.4 10.4 8.3 [] 42.666667 | 8.2909326] 201 12.9 10.8 2.1 8 4266666667 | 7.562058409
45 2886 Q 192 188 0.5 a.5 8 26666671 8.09585181  20.1 18.8 108 5.1 B 4266666667 | 7.562059409
46| 9-Mar-98 | 2059 Q 19.5 16.9 11,2 8 8 42.666667]8.6018428] 20.5 18.5 8.8 1.2 -] 42.66666687 6.14417327
47 299.9 0 20 19, 10.2 8.3% 8 42.6666677.35968653]  19.9 195 8.3 11.4 8 42.66666667 | 6038380757
48 303.5 0 19 18,3 8.5 9.15 [:] A2.666667|7.5207367) 199 19.4 12 7.5 8 42656666667 9.17529875
49| 10-Mar-98 | 312.6 0 19.2 18,8 9.3 9.7 8 42.66666717.0943032] 205 20 115 8.75 8 42.66666667 | 7.864541786
50 317.4 0 18,5 18.9 9.6 9.6 8 42.666667| #VALUEI 204 20.1 6.5 1375 8 42.66666667 #VALLE!
51] t1-Mar-98 | 321.5 0 19.2 189 8.1 10,85 8 42.666667 ] 6.2844512{ 201 19.9 11.9 8.1 8 4286666667 | 8.495646991
82 325.7 0 19.1 188 8.9 10,08 8 42.666667|6.8472378] 201 20 10 10,08 8 42 666E6667 | 6.847237873
[ 534.8 0 18.9 18.2 .2 B.35 ] 42.660607 [ 8.2912863F 1.5 20.7 3 181 [] 42.60666667 | 3.8019193/ ¢
54 341.6 7] 19.9 19.1 2.3 9.8 L] 42 866867 ¥.0219123 19.8 19.3 3.5 18.03 3 Z5.06e8066T | 2.0/9701738
55 343 Q 19.8 194 ] 11.8 ] 32 44492289] 20.2 19.7 7.7 12,25 4 2%.33333333 | 2.80B764923
56 351.7 0 19.5 19 131 8,15 4 21.333333] 5.5646944! 204 19.9 11.3 8.85 3 16 2.91587884
57 352.2 0 192 18.9 10.2 8.78 8 42666667 7.0645418]  19.2 18.7 5 13.95 ] 42 66666667 | 4.932056317
58 352.7 [4 20.2 19.4 10.4 9.4 8 32 54905378 2041 19.8 122 7.65 5 26.66668667 | 5.622119332
59 353.2 ] 19 18.5 F] 9.75 4 21.333233[ 2.5280614(  20.1 18.6 14.5 5.35 4 21333233333 | 6.4212B4171
1] 353.7 [4] 19 185 f2.2 6.55 g 42685667, 10.506067; 201 18.8 i6 3.35 3 i% 5.702734478 R
61 354.2 0 19.2 18.7 15 3.95 ] 32 13.08609 20.5 20 6.5 13.75 ] 32 3.753531307
62 354.7 0 18.2 17.7 12.5 5.45 4 21.333333) 6.313278 21 20.5 111 9.65 5 26.66666667 | 4.456913253
63 355.2 [1] 19.1 18,6 14.7 415 B 42 666667 16,.951065 21 205 14.2 §.93 4 21.33333333 5253033635
64 a55.7 1] 19.5 19 18.7 2.55 6 R #YALUE! 215 21 16.5 4.75 3 16 #VALUE! Afler 0.25% |
65| 19-Mar-98 | 3562 [ 20 19,5 13.7 8.05 4 21.333333] 5.6871686 20 19 12.8 8.7 ] 42.66666667 | 10.27085681 |
661 19-Mar-98 | 356.7 2 20 19.5 15.5 4,25 ] 42,668667]16.191704] 205 20 15.2 5.05 [] 32 10.22001058 |
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San Pasqual Wastewaler IMS Raw Data

A B C D E F | G H ] ] K L 1] N —© P Q R S

4| Date ) Hour | GoncFiow| Element A Foed Psi| ATop pal{ Fitate psid] ATMP |AFILGEM| GFR | A GEliosi |EToppsl| Fitiepsih | BIMP | Bhitsom E GFD/os| RO Hour

87 3572 F] 20 19.5 174 2,35 5 33 121.962151| 205 20 16.2 405 5 76.66666887 | 1061955874 Re
B8] 20-Mar-88 | 357.7 2 19.1 186 133 5.55 § 32 |92563803 211 206 17.8 3.05 a 21.33333333 | 11.26110502

59 LN ] 192 18.7 152 3.7 3 32 {1ajceo4B] 21 205 162 2.55 3 16 10.1198148

70 3600 | 2 197 182 72 2.25 3 32 |22.930247] 199 195 148 49 8 4266656667 | 1404362462

71 3618 ] 2 19 18.5 8.4 4.35 3 32| ®VALUEI | 196 19.2 16 33 B 32 #VALUE Shut D
72| 21-Mar-98 | 3654 2 19 18.2 158 238 5 32 1843252 | 205 199 16.2 4 B 32 1250276367

73 3754 2 198 8.9 158 345 8 2 #VALUEL | 21 20 15.8 a7 6 32 #VALUE! Bhut
74 350.2 Z 9.9 152 15.8 3.15 5 2 FALUEI | 20 155 155 4.5 6 32 Y replace 50U
75 3044 2 189 78.2 i5 3.55 G 32 |14.638335| 201 195 155 i3 & 32 11.46517344

76 793 F 5.1 88 165 345 3 32 [14.859726] 202 20 5 5.1 ;3 3 10.1198148

77| 25-Mar-g8 | 399.7 Z 19.6 i85 5.7 33 g 32 |15.639714f 208 201 13z 735 6 32 7118766271

78 4045 Z 102 10 158 33 s 32 115.639714] 20 193 53 445 B 32 11.53758099

75 llar @ 439.4] 409 2 16.6 18.1 15 345 3 32 114.950726] 202 194 142 5§ 3 32 9216259805 U
B0 4154 2 13 8.2 163 34 3 32| AVALUEL| 206 20 2.9 74 6 32 #VALUE by ph 117 recirc 1o
81] 31-Mar96 | 422 7 8.7 {EK] 55 39 3 32 |13.233604] 205 70 12 157 6 32 #VALUE]

B2 4303 2 19.5 185 165 25 6 32 |20.644422] 20, 9.8 4 8.25 32 6255865511

3 433.5 2 199 8.9 153 4.4 i Z 2.588062] _ 20.: 198 165 16 32 3725690967

84| 1-ApraB | 4308 2 152 1§ 168 23 3 32 122.439580| 204 20 162 35 32 14 74601585

85 4417 3 195 19 68 245 8 32 |21.065737; 209 202 165 ad 6 2 12.58806231 Pr
3 3476 p F5) 195 16.9 7.85 5 32 |18.100142] a1 202 158 308 [} 32 12.74347048

B7 7583 Z 108 192 162 33 7 |37.333333{16.246333] 212 20, 58 48 6 32 10.75230322 T
58 459.1 F] 194 189 16.2 7.95 7 |37.333333] AVALUEL | 21 0.2 156 WREF 3 32 #VALUE! Unit 8
89 465.5 2 20 192 16 36 7 |37.333333] AVALUEI | _ 20 198 155 52 3 32 FVALUE! Cast Iran p
90| Z-ApeB | 474.2 2 201 19 6.1 345 T | 37.333333f #VALUEL| 209 203 16 5 8 32 #VALUE! New C
9 FEEE ) 191 18.5 16,1 2.7 7 |37.333333|22.301073] 21 20 58 44 B 32 11.72678503

2 359.6 3 198 9.4 163 348 7 |37.333333] 19.115208] 30,9 185 145 455 5 [ 1134308571

53| J-Apr98 | 4995 H 159 1. 6.3 32 7 |37.333333|18.916531] 201 19,1 143 a7 ] 32 10.98107563

o4 505.4 2 183 18.2 15 355 7 |37.333333] 1606138 | _ 20 19.3 47 5 ] 32 10.32221109

%5 508 2 ) 182 15 38 7 _|37.333333] 16725805 18.8 18.2 4.6 53 7 3733333333 | 11.36092416

96 5226 2 ] 192 751 2 7 |37.333333] 15.053225| _ 20.8 202 14.6 495 7 37.33333333 | 1216422183

57 526.5 ] 20 0.7 142 588 7| 37333333 1065718 |2 304 LY 3.75 7 37.33333333 | 16.05677281

o8 518 2 L 191 152 4.5 7 |37.333333}14.167741] 198 18.2 148 B 7 37.33333333_|_10.035482301

99F G-AphO8 | 5388 | 2 198 [EX] 148 4.65 7 __ |37.333333] 12,94501] 208 20 12.4 5.15 7 37.33333333 | 10,47 180636

00 Ta67 2 168 6.2 145 4.05 7 |37.333333} 14 867952] 208 201 X ) 7 37.33333333 | 12.26834664

101 5535 Z 19.2 18.9 52 3.88 7 __ |37.333333] 15600714 20 8.4 i34 8 7 37.33333533 | 10.03548301

02| 6-Apr-98 | 562.6 F] 9.5 19 784 315 7 | 37.233333| 14.600132] 201 198 138 6.7 7 3733333533 | B.966099708

[E 568.4 F] 192 186 48 1 7 |37.333333] 15,060225] 3% 201 15 6.3 7 3733333333 |_0.557602664

04 5763 z 185 6.8 15,4 405 7 |37.333333] 14.867382| _ 301 154 138 605 7 37.33333333 | 0.050545132
[105] 7-Apr98 | 5859 2 6.8 152 15.3 4.25 7 |37.333533] 14.167741] 301 195 138 555 7 3733333333 | 1084517082
106 5928 | 2 {EX] 18.2 145 4.13 7 |37.233533] 14,500132| 21 205 14 5.95 7 3733333333 |_10.1198148

07 596 F 13 182 148 38 7 | 37.333333| 15845499] 20 152 138 8 7 37.33333333 |_10.03548361

08| B-Apr-0d | 536.0 2 195 19 15 425 7 |37.333333| 14.167741] 205 8.9 142 6.75 7 3733333953 | 5.92042934

09 6073 F] 188 184 149 38 7 |37.333333 15.725@' 205 70 ¥ 5.8 7 3733333332 | 1036153415

0] 6123 z i85 9.1 165 q 7 |37.333333] 150632251 _10.9 19.1 13 % 7 3733333333 | 10,03548301

11| G-Apro8 | 621 0.8 18.9 152 445 7 |37.333333]14.500132] 20 5.8 138 8.05 7 3730333333 | 0.952545132

112 6304 | : 8.6 178 4 4.25 7 |37.333333| 14.167741] 208 202 4.5 55 T 3733333333 | 0.263622776

713 635.1 : 19.3 19 5 415 7 |937.333333| 14.500132] 20 [EE 133 815 7 37.33333333 | B.790715129

114] 10-Apr-08 | 644.3 p 198 19, 151 .35 7 |37.333333[ 13.642046] 198 15.2 129 605 7 37.33333333 | 0.952545132

[ 650.8 2 18.2 17.8 133 3.7 7 |37.333333| 16.2735758] 202 20 T4 £.35 7 37.33333333 | 9.482346149

18 8546 | 2 6.9 18 138 355 T [37.333333[ 13.239604] 203 0 136 .8 7 37.33333393 | 9123166371

17 8508 | 2 19.1 5.8 149 .05 7 137333332 14.867362] 20 153 12.9 [X] T 37.33333333 | 9.670066693

116 11-Apr-98 | 668.3 p) 195 K] 4.7 25 7 |37.333333| 13.360644] __ 20 164 125 .55 7 3733333333 | 9.197608962

g 674.6 Z 18.9 18.1 141 44 7 7.333333| 13.68475 | 205 9.9 12,1 8.75 7 3733333333 | B.92042934

120 678.5 Z 0.1 185 3.8 5 7 7 333333] 12.04258 | 20.3 1939 3 72 7 3733333333 | 8.362902506

121 6638} 2 181 188 38 5.15 7 |37.933333] 11.691625] 20 9.4 126 81 7 3730333333 | 7.433601117
[122] 12-Apr96 | 6925 | 2 153 188 142 4.85 7 137.333333| 12.415081]_ 201 185 128 74 7 37 33333332 | 8450689866

[FE| 6983 | 2 182 84 14 ] 7 37333333} 13811256} 201 198 125 74 7 a7 33333333 | B.AG0G80668

z4l 7023 2 19 164 138 4.9 7 |97.333333| 12.288347] 199 13,1 125 7 7 5733333333 | 8.601842578

125 7078} 32 9.2 8.8 144 48 7___|37.333333| 13.08076 | 160 9.1 11,6 T.45 7 3733333333 | 6062268104
176 13Apr-08 | 7165 | 2 199 191 X 54 7 |37.333333 11160597 ab 195 1.8 7 7 37.33333333 | B.601842578

127 72361 2 8.8 18,1 13 5.5 7 |97.333333] 10,0478 | 208 70 2.2 78 7 3733333333 | 7.822748743

128 7270 P 15.2 185 134 545 7 |97.333333] 11.046238] _ 20.1 185 12,1 795 7 37.33333333 | 7.57304544

14|



San Pasqual Wastewater IMS Raw Dala

A B C D E F G _H [ | K L M N [5] P Q R 5

4 Date Hour ) Gona Flow| Elemant & Feed Psi [ A Top psl] Ellmte pabAl A TMP | AFilt GPM WIMMMMW 8 fit Gom B.GFD/pst BQ Hour
{+29] t4-Apros T 740.2 2 19.5 18.8 13 6.15 7 37.333333[ 8.7907151 20 19.2 11.2 8.2 T 37.33333333 | 7,343036347

30| 748. 2 8.9 18.1 12,2 6,3 7 37.333333] #VALUEI| 208 20 118 7.7 7 3733333333 #VALUE] Shut Dow
131 7518 2 19.2 18.5 12,4 6,45 7 37333333 0.335333 | 201 18.5 115 [ 7 37.33333333 | 7.166202148

132} 15-Apr-88 [ 763.4 2 19.8 189 12,1 7.28 7 37333333| 83052273 20 19,3 113 [ 7 7.33333333 | 7001499773

133 763.3 2 19.1 18.5 11,5 7.3 7 7333333 82483422 208 20 12 8.3 7 37.33333333 | 7.25456603

134 774.6 2 19.1 183 112 7.5 7 37.333333| 8.02683884] 21 20,5 9.7 8.35 7 37.33333333 | 7.211125515

135 778.8 Z 19.8 19 11.9 75 7 37333333/ 0.0283864]  18.8 19.1 8,3 8.4 7 37.33333333 | 7.168202148

136] 15-Apr-08 | 7875 2 19.8 19.2 10.8 8.7 7 37,333333[6.9210228] 205 20 11.5 11.05 7 37.33333333 | 5.445131045

37| 798.3 2 189 18.1 10.5 8 7 7.333333| 75266123 21 20.2 12 112 7 37.33333333 | 5376151611
138§ 803.9 2 198 19 109 8.5 7 37, 33| 7.0836704] 198 18 9 8.75 7 37,33333333 | 6681474062

39; 17.Apr-98 | 8124 2 19.9 19.2 10 9.55 7 7.333333| 63050155,  15.8 15.2 8.2 [ 7 37.33333333 | 7.001499773

1490 8211 2 18.5 17.5 5.8 12,2 7 37.333333]4.9354834] 265 20.2 16.2 9.9 7 37.33333333 | 6.082110514

141 8229 2 18.5 179 4.9 13.3 7 37.333333]4.5272856] 2086 20 14.6 11.35 7 37.33333333 ) 5.305101149

142 6278 2 19.8 19.1 16.2 3.25 7 37333333} 18.527046] 19.7 18.9 115 4.15 7 37.33333333 | 14.50913206

43l 18-Apr-08 | 8365 2 19.7 189 15 4,3 7 37.333333] 14,003 19.5 19 115 5.7 7 37.33332333 | 10.56366632

144 B41 2 18,2 175 135 4.35 7 37.333333[ 13.842046]  20.6 19.9 11 7.8 7 37.33333333 | 7.715602314

145 846.9 2 18.2 i7.5 14 3.05 7 37.333333[ 15639714 19 188 9 7.15 7 37.33333333 | 7.7694062

146] 10-Apr-96 | 859.2 [ 19.8 19.1 14,7 4.75 7 37.333333] 126764 19.5 18.9 9.5 §.25 7 37.33333333 | 6.509502499

47| 865.4 0 18.2 17.3 12.8 4.85 7 37.333333[12.415031] 20.2 19.5 9.8 10.35 7 37.33333333 | 5817671308

48] 869.4 [} 18.1 i7.5 135 4.3 7 37333333 14003 20 19.2 6.5 9.7 7 5.207515263

149] 874,8 0 19 18.5 14.1 4.85 7 37.333333| 1294007 182 18.6 14.2 10.05 7 33 §.59133138

150f 20-Apr-98 | 8B5.3 [0 18.5 18 135 4.75 7 37.333333{ 12.67684 20.5 20 15.9 [EX] 7 37.33333333 | 4.596404431

151] 24-Apr-98 | B34.9 0 18.2 17.6 14.6 33 7 37.333333[ 18.246333] 20,6 20.1 15.5 4.7 7 37.33333333 | 128112548

(152 858.8 0 19.5 18.5 16.2 33 7 37333333 18.246333] 20 195 15 4.35 7 37.33333333 | 13.84204553

453 24-Apr-98 | 908,7 [ 19.8 19.8 16.2 36 7 37,333333) 16.725805] 20 19.5 14.5 4,85 7 37.33333333 | 12.41503053

154 915.2 0 18.5 18.5 15.1 34 7 37.333333[17.709676]  20.9 201 15 4,78 7 37.33333333 | 1267639950

158 918.5 0 19 19 15.1 3.9 7 37.333333[ 15.429205]  20.4 20 15,1 528 7 37.33333333 | 11.46912344 0,8

156} 024 .8 0 192 19,2 159 33 7 37.333333[ 18.246333] 20 19.9 14.8 55 7 37.33333333 | 1094779964 2

1571 26-Apr-98 | 830.2 0 19.1 184 153 3.8 7 47333333/ 15.845409] 209 20.2 15.2 51 7 37.33333333 | 11.8084506 3.7

| 158] 936.1 0 18.1 18.1 15.1 4 7 37.333333{ 15.053225] " 21 20.2 15 5.15 7 37.33333333 | 11.60182486 10.8

159 9414 0 19.2 19.2 151 4.1 7 37.333333[ 9.9713062] 199 19.3 14,9 5.35 7 37.33323333 | 7.64162305 25.7

160] 26-Apr-98 | 949.7 [1 186 18.9 5.7 4.2 7 37.333333[9.6875549] 20 19,6 14.2 5.6 7 37.33333333 | 7266666143 26.3

161 955.9 0 8.2 19.2 14.9 43 7 37.333333| 9.5076008] 205 20 14 4.7 7 37.33333333 | 8.508443259 305

162) 959.1 [1] 18.8 18.8 148 4 7 37.333333| 9.6971519]  20.8 20.1 15,1 5.55 7 37.33333333 | 5.58693820 345

163 9652 0 19.1 19.1 148 43 7 37.333333[9.5076008] 19.9 19.1 122 5.25 7 37,33333333 | 6.541229337 39,8 45.2
164| 27-Apr-98 | 972.2 [ 9.5 19.5 155 4 7 37.333333] 10.171933] 19, 193 14.4 5.35 7 37.33333333 | 7605183252 482 454
165] 978.1 [ 18.1 18,1 13.9 4.2 7 37.333333] 9.3240964]  20. 20 14.4 7.3 7 37.33333333 | 5,364548599 54.5 40.6
166 982.3 Q 18.8 18.5 14,5 415 7 37.333333| 9.1477528] 20, 20.1 15,1 5.2 7 37.33333333 | 7.30061037 58.5 40.2
16 1| 987 .4 0 19.6 19.4 16.3 4.2 7 37.333333| 8.4361877 19 19 13 5.7 7 37.33333333 | 6.952980439 725 37.4
[16e] z8-Apro8 | 594.9 [} 19.9 19.9 15.9 4 7 7.333333[10.027108] 15.7 19.1 134 5.4 7 37.33333333 | 7.427487378 78.2 36.4
169 1000.7 [ 18.5 18.5 14.2 4.3 7 37 33| 9A727906| 202 20 149 6.4 7 37.33333333 | 6.162068694 B7.7 36.4
170 1006.2 0 18.9 18.8 14.4 4.45 7 7. 331 8.5060648] 20 2032 14.8 [ 7 37.33333333 | 6.605331417 97,7 36.4
171 1092.1 0 18.6 19,4 15.7 3.8 7 37.333333{10.681738] 20, 19.8 149 5.2 7 37.33333332 | 7.605885161 106.7 36.4
172] 29-Apr-98 [10185 0 19.8 19,8 15.5 4.3 7 37.333333) 9.1727806{ 20.2 20 13.9 5.55 7 37.333333 7.106846782 1314 36.6
173 1019.5 0 19,1 19.1 15 4.1 7 37.333333 9.6894688] 20 19.8 13.5 5.1 7 37.333333, 7.789572987 143.2 36.4
174] 30-Apr-98 11028.2 0 19,5 18.9 135 5.7 7 37.333333[7.1041591] 201 19.9 142 8.2 7 37.33333333 | 6.531243086 154.5 36.4
175 1034.2 0 18,9 18,9 132 5.7 7 37.333333[ 6.8538862| 20, 19.9 14.9 [¥] 7 37.33333333 | 6.104331446 167.2 354
176 1638.3 0 19.2 19,2 15 4.2 7 37.333333[9.1694018] 20, 19.9 14.8 5.8 7 37.33333333 | 6.,639011699 178.7 36.7
177 10448 0 18,5 9.5 15.3 4.2 7 37.333333| 9.8875548]  21.2 20.8 14.9 54 7 37.33333333 | 7977986353 1922 366
178] 1-May-98 [ 1052.7 [ 19,2 9.2 15 4.2 7 37.333333] 91475132 20. 15.8 15.5 52 7 37.33333333 | 738837602 201 36.6
B 1660 [ 19,1 19,1 14.2 4.9 7 37.333333[6.3434048] 202 20 15.5 8.15 7 37.33333333 | 6647590783 19 36.4
[ 180] 1064.6 0 19.1 18 162 385 7 37.333333[1.7350104] _19.2 18,9 14.1 445 7 37.33333333 | 1.501076454 16.1 36.4
181} 2-May-98 | 10751 0 20 20 16.5 3.5 7 37.333333[ 1113556 | 212 20, 14,6 4.8 7 37.33333333 | 8.472708859 2113 36.4
182 1077.4 0 18 17.9 148 315 7 31.333333| 1.9738464] 20 19, 14.3 4.95 7 37.33333333 { 1.258084077 216.9 35.8
163] 3-May-98 | 1084 0 19 19 16,2 3.8 7 37.333333[ 1800358 | 191 18, 136 6.25 7 37.33333333 | 1054617644 2227 36.4
184 1087.7 0 19.9 19,8 15 4.9 7 37.333333( 8.3633693] 20,1 19.9 148 55 7 37.33333333 | 7451001779 2330 358
185 1092 [ 17.9 17.9 4.1 38 7 37.333333]10.256437| 202 19.8 14.4 53 7 37.33333333 [ 7.35367 186¢ 2412 365
186 1097.5 [ 20 20 6.1 3.9 7 37.333333]9.6646028] 208 20 13.9 5.2 7 37.33333333 7| 7.24B452204 250.1 38.4
187] 4-May-98 | 1106.2 [ 201 20 5.8 4.25 7 37.333333] 2.665548 22 21.8 16.9 5.65 7 37.33333333 | 7.270543423 2612 36.3
[LE 1113 [ 19.7 19.5 5.5 4.1 7 37.333333] 9480836 | 223 22 17 6.5 7 37.33333333 | 5967478078 264 36.4
189, 1117.3 0 21 21 7.2 338 7 37.333333[16.260979] 228 222 17.8 5 7 37.33333333 | 7.81354425 273.1 36.4
190 19214 0 21.2 21.2 17.2 4 7 37.333333( 9,5792028] 213 21 15.7 5.1 7 37.33333333 | 7.626806276 280.1 36.4
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San Pasquat Wastawater IMS Raw Data

A 8 T ] E F 5] H ] J K L ] N 0 P [ R 5
4| Dale | Hour | ConeFlow| Etement A Feed Psi| ATop pstFiliate pstAl ATMP J AFMGPM! GFD | AGFDipsl BToppsl| FitmiepsB | BIME | B A Gem B GFDips| RQ Hour
151] GMay-98 1 1128.7] 0 212 212 175 37 7 |37.333333|0,5940864]  20.3 183 155 a8 7 3733333383 | 8036723317 2845 367
192| 1136.8 0 19.2 19.2 15.2 4 7 37.333333] 9.4229879 20 18.3 14.5 545 7 37.33333333 6.915954397 289.6 36.6
193] 11403] 0 20 20 6.4 39 7 |37.333333| 9.3913503] _ 201 189 145 28 7 37.33333533_|_7.962239290 2908 364
194 1454] _© 8.9 8.9 15 39 7 | 37.333333| 5.3020056] _ 202 70 143 5.5 7 3733393333 | 7.044337227 3006 364
195] 6May-98 |11478] _ 0 19.1 18.4 i5 4.4 7 |37.333333| 01574707 21 202 155 5.1 7 37 33333533 | 7337777786 306 368
156 11573] 0 168 188 4.3 a5 7 |37.333333| 8.4362608] 21, 708 55 5.8 7 3733333333 | 6.545374B15 3143 36.4
(197 1163.7] 0 19.9 19.9 158 X 7 {37.333333] 90190554 __21.1 208 15.6 51 7 37.33333333 | 7.250613168 321.1 3
166 7-Moy-98 | 11737 0 20 20 155 i3 7 |37.333333| 8,3060318] _ 21.3 L 16.€ 5as 7 3733332033 | 6.932603296 3264 36.4
195 11778] 0 20 20 15.9 a1 7 |37.333333] 9.4632738| 23 233 171 5.2 7 37 33333933 | 747719676 3385 364
200 11828l 202 202 (K a1 7 |37333333|9.1493205| 212 | 208 [T 525 7 3733333333 | 7146183601 425 73
201 11885] 0 30.8 208 16,7 4 7 |37.333333| 94832738 208 20.1 140 5.55 7 3733333333 | 7.005661829 50,1 367
70z| GMay58 111943] 0 201 20 6.2 385 7 |37.333333| 0.2064706 _ 20.1 ) 15 4.2 7 3733330533 | B.A04272028 360 36.4
203 120031 0 195 95 52 4.3 7 37313393 B6A0T688] 215 | 2132 162 555 7 37.33333303 | 6.694649608 366 367
704 1207 0 19.3 19.1 15 X] 7 37.333337]9.2950458] 208 | 204 155 5 7 3733339533 | 1.702297571 3725 36.4
205 9-May-98 | 12189] 0 205 204 165 3.85 7 |37.333333(8.9032012] 22 715 16 5.45 7 3733333333 | 6.828737894 3734 36.4
206 12302] 0 6.9 195 158 i3 7 {37.333333| 6.5905645] 205 20 138 5.1 7 37.33333333 | _7.250813188 383.1 6.4
207 12328] 0 708 209 16.1 a8 ¥ 137.333333(7.9069946] 22 315 16.1 5.15 7 37 33333333 | 6.602291118 388.1 364
208 133530 0 183 192 15 43 T |37.33335s| 03530461 295 | 242 158 €45 7 3133333233 | GAITA401D 3920 =
ﬁl 10.May-98 | 1243 [ 21 21 To2 2.8 7 |37.433333|7.7063000]  21.8 | 212 6.4 5.65 7 37.33333333 | 6.62:480834 4067 364
210 1247.7 [} 20.5 205 16 4.5 7 37.333333] B.0617382 21 20.5 158 5.55 7 37.33333333 6.536544454 4131 36.4
21 1254 0 o4 194 169 a3 T |37.333333|6.2067308] 212 | 20.8 154 54 7 37.33333233 | 6.606656022 4184 371
212 125658] 0 20.9 209 168 4.4 T |37.333333| 013747071 21.2 70.8 154 515 7 3733333333 | 7.266637225 4253 363
213] 11-May-98 | 12693 Q 20.1 20.1 15.6 4.5 7 37.333333| 8.0041422 21.2 209 154 5.6 7 37.33333333 5.431900003 4315 371
214 12737 D 20.1 201 156 45 7 |37.333333 6023295 | 209 | 202 42 58 7 37.33333333 | 6.447200628 4383 364
Z15 12758] 0 15.2 192 133 53 7 |37.333333) 762063 | 208 | 202 149 5.85 7 37.33333333 | 6.719145628 242 364
216 1279310 205 205 122 53 7 |37.333333| 4.4232685) 159 102 12.4 535 7 37.33333952 | 5.7817230 2463 6.4
217] 12634] 0 30.6 206 133 73 7 |37.533333] 4.9530761 109 19.3 143 5.5 7 3733333353 | 6451618551 2523 6.7
Z18] 12.May-08 | 12035] 0 188 188 137 54 7 |37.333333|7 0456193 209 20 129 5.15 7 37.33333393 | 6.977215195 4605 36.2
219 12958] 0 8.9 185 13.7 52 7 |37.333333] 6.763077 | 208 20.1 151 5.3 7 3733333333 | 6635471727 4676 364
220 i3993] 0 8.5 195 144 5.4 7 |37.3333336.7664571] _ 20. 198 144 5.55 7 37.33333333_|_6,503575598 4718 364
721 13038] 0 205 205 55 5 7 |37.033333| 7 3056255 10.1 165 135 5.35 7 37.333333933 | 6.911795487 4759 37.0
23] 13May-08 | 13128] 0 20 20 15 3 7 |37.333333| 7.152962| 20 9.5 4.3 56 7 37.33333303 | 6.385048214 i6a4 366
273 13222] 0 189 8.9 14 i35 7 137.333533| 7.0156002] 201 19.9 143 53 7 37.33333333 | B.763569593 4913 364
224 13283 0 3 15 14 5 7 7.333393| 7.000320| 215 | 209 6.2 545 7 37.33333333 | 5660375135 494.8 36.4
755 133670 19.1 19,1 4.2 ia 7 7.333333] 7.5465566] 218 | 213 155 5.7 7 37.33333333 | 6.487390747 500 364
226] 14-May-98 | 13413 O FIK] 214 8.4 5 7 |37.333333] 7 3262602 22 76 169 5 7 37 33333933 | 7325260154 532 371
227’ 134220 213 213 5.8 5.5 7 |37.333333| 6 6434300 _ 228 | 222 173 5.75 7 3733333333 | 6.354585815 5117 36.6
226 1343 0 218 218 5.7 [X] 7 |37.333333| 60764938 22 215 172 5.5 7 37.33333333 | 6.282476386 518.7 366
223 1350 0 218 218 72 a8 7 |37.333333) 84930025 236 | 222 172 53 7 3733333331 | 7.246452204 5283 366
230] T5-May-98 | 1359.1] 0 FIx] FI] 7 2.8 7 |37.333333{7 5216391 232 | 219 16.2 455 7 37.33333933 | 7.935126927 533.5 374
731 13626] 0 313 212 162 5.05 7 {37 3|7 3224014 __ 21 30.2 155 5.35 7 37.33333333 | 6.911709467 5374 371
23 13643] 0 211 FIN] 134 77 7|37 3[4.8600868] _ 21.7 212 55 5.85 7 37.33333333 | 6.397037045 543.1 366
233 1371 i 5.8 19.8 i5 IX] 7|1 3|7.5105701]_21.3 21 16 X] 7 37.33333333 | 7216037057 5408 367
234 16-May-08 | 13623] 0 205 204 4.6 5,65 7 |37.333333| 64825311222 1.9 189 5.95 7 3733333333 | 6.155680802 555.1 68
235 13878 0 202 202 i 2z 7 | 37.033333| 8.0314795] 234 FrE] 17.5 515 7 37.33333333 | 7.28392502 561 366
1236 T3821]__ 0 21 ] 67 43 7 |37.333333| 86086451 222 | 218 162 5.15 7 37.53333333 | 7.371490083 5736 %6
gggl T7-May-6 | 1398.7] 0 218 218 17 49 7 |37.335303| 76827155 21 2056 159 55 7 3733333333 | 6.75551015 584.9 367
333 1404 [} 214 21 16.3 4.5 7 |37.333333| 7.5601347] 225 22 16.8 538 7 37.33333333 | 6452183916 590 3656
) 1063, O 198 199 156 11 T I13r333333t9.0ar2074] 223 2 7 i 7 3733333333 | 7.729091804 LT 366
240 PSEF] 2.1 224 7.5 Y] 7 | 31.333333| 8,1548201| 186 18.1 13 5,35 7 37 33333333 | 7.011628787 608.8 363
[241] 18-Moy-08 ] 1420.7] __ © FIk] 211 6.8 i3 7 |37.333333|8.7237707| 213 | 208 158 545 7 37.33333333 | 728302502 5134 186
242 4755] @ 7.2 172 125 a7 7 [37.333333] 6.15486 | @15 | 212 162 538 7 3733333333 | 7.164082855 24.1 3656
243 14206] 0 18 10 139 [X] 7 |37.a33033|6.8119191] 215 | i 158 53 7 37.33333333 | 6.60412612 6285 366
244 id3d1] 0 20 20 155 45 7 |37.333333| B.3550945] 204 70 152 5135 7 3733333333 | 7.30135442 634.1 B
?4‘5{ 19-May-08 | 14414|__ 0 195 195 14.9 Y 7 |37.333333| 6.3122495| 235 | 23.2 7.8 55 7 3733333332 | 695206328 5361 364
226 14478] 0 262 202 5.9 43 7 1373333331 B.7655701] 295 | 722 164 5 7 3733533393 | 7.538390293 5437 %6
247) 14548] O 222 222 % 13 ] 37 3333331 8.0747742] 208 70 15 545 7 3733333353 | 6915554307 6407 %S
48] 20-May-98 | 1462.1] 0 212 212 165 a7 7 137.333333 8.1159728] _ 21.2 20.7 15, 525 7 3733333333 | 6.103211566 654.1 356
249 146738] 0 20 20 5.1 [Y] 7 |37.333333) 7.0604873] _ 20.2 20 16 5.3 7 3733333333 | 7.266318463 563 5.6
250 14692] 0 19 19 14 3 7 |37.333333| 76830111 215 208 15, 565 7 3733333333 | 6.799921292 6725 6.4
251 14759f 0 191 19.1 148 43 7 | 37-333333| U.0855168| _ 20.7 20,1 15.3 a0 7 37.33333333 | 7.973004337 678.8 364
262] Z1-May-95 [ 1485.7] O 191 X 4.8 3.3 7 137.332333]0.1947398] 212 | 209 16.2 (K] 7 3733333433 _| 6.461537893 657.2 367




San Pasqual Waslewaler IMS Raw Data

A 3 C 0 € F G —H 1 K T ] N 0 P a R 3
[ 4| Dale | Fow |ConcFiow| ElemontA Feed Pal| ATop pafl Flimin patA] ATMP | AFINGPM] GFD | AGFD/ps | B Fead pal | Efmtapst® | BIMP | BfiiGom B GFDipsi RO Hour
753 1401 0 19.4 19.4 4.3 54 7 |37.333 saal 7.5332461] 225 23 17.1 X 7 3733333333 | 1.533246138 3.7
254 1961 0 30 20 15.8 42 7 |37.333333| 9.3240964| 208 | 202 150 4.85 7 3733333333 | 8.074475211 6934 36.7
255] 22-May-98 { 1504 0 20,2 20.2 168 4.4 7 37.333333]| 8.0072701 228 22 $7.2 5.15 T 37.33333333 7.695531748 36.7
258 1513.7 [1] 19.9 19,9 15,8 4.1 7 37.333333] 9.3259385 219 21.2 16 4,65 7 37.33333333 B.222870547 104 36.8
257| 23-May-98 [ 15242| 0 212 214 6.0 .25 7 |37.333333] 91485703 209 | 20.1 15.8 53 7 3733333333 | 747715676 709.7 366
759 5302] 0 205 204 158 485 7 [37.33333385230083] 218 | 214 165 555 7 37 33333333 | 7.140806829 7148 3886
259 15352 0 1.5 i85 15 45 7 |37.333333| D.A362609] 22 215 16.5 a7 7 3733333333 | 8.077271048 722.5 363
280 1538 4] 211 21,1 16,8 4.3 7 37.333333| 8.7865449 205 20 155 4.95 7 37.33333333 7.632756154 7364 36.3
261] 24-May-98 | 1545.4 [1] 21 21 18,2 4.8 7 37.333333{ 7.9849671 218 211 165 525 7 37.33333333 7.300541373 7422 36.0
362 T551.2]  © 9.2 19.1 4.2 495 7| 37.33333317 2939045] _ 22 1.3 163 475 7 3733333333 | 7601016319 747 36.6
263 1554.2{ 0 20.1 6.1 5.4 5 T [37.333333[75745101] 212 | 209 159 455 7 3733333333 | 7.651020258 755.9 354
264 1560.1 0 19.9 189 14.8 5 7 37.333333} 7.7948922 20 1.8 15 5.35 7 37.33333333 7.284945961 760.7 36.4
285! 25-May-98 | 1566.9 1] 0.4 201 146 5.5 7 37.333333;6.7716751 22 216 16.2 5.15 7 37.33333333 7.23188606 785.6 368
266 1574 [ 189 18.8 143 455 7 |37.333333] 7.9361269| 218 | 214 15.9 43 7 3733333333 | 7.3968332148 7797 364
267 1577 0 208 0.9 145 84 7|37 393353/ 6.0318188] 20 194 143 5.6 7 37,33333333 | 6.893507212 7852 36.4
768 1581 o 202 262 [T 8 7 | 37333333 6.1336323] 208 70 149 56 7 3733333333 | 6471746854 7899 %8
268] 26-May-98 | 1581.8 0 18.9 18.8 12.8 6.05 7 37.333333} 5.9534042 21 205 15.5 5.4 7 37.33333232 5670118521 B03.4 36.8
270 1598 0 19.2 19.2 12.9 8.3 7 37.333333] 6.0B37845 21.1 208 15.5 5.35 7 37.33333332 7.184082855 B10.5 38.4
271 1602.1] 0 765 158 13.9 ] 7 |37.333333]6.1043635] _19.8 152 181 5.25 7 37.33333333 |_6.576436242 8185 365
273] 27-May-56 | 16093| 0 15.1 19.1 13 6.1 7 |37.333333| 61056067 195 | 193 145 545 7 37.33333933 | 6833800589 826.8 37.3
273 16148] 0 152 92 13 6.2 7 | 37.333333|6.1230026] _20.2 20 152 545 7 37.33333333 | 6.065719986 5335 35.3
274 1619.9 0 18.5 185 12,5 6 |4 37.333333| 6.1189904 21.9 212 16.2 4.9 7 37.33333333 7.49264129 842.5 36.7
275 1622.3 0 19.2 19.2 13.2 [] 7 37.333333] 6.192551 21.2 202 15 4.9 T 37.33333333 7.582715474 853.9 36.6
276] 28-May-98 | 1631 0 215 215 15.1 8.4 7 37.333333] 5.8472817 218 211 162 5.35 7 37.33333333 6.994890674 856.5 36.6
277 63570 20 70 132 (X 7 |37.333333]5.3477386] _ 22 7.8 6.8 57 7 3733333333 | 6.379759545 a74.2 36.4
278 1638.2 [+] 19.6 19.6 132 6.4 7 37.3333331 5.8333333 12.2 11.9 6.9 6.3 T 37.33333333 5.925925926 886.5 36.4
279 16448] 0 21,1 211 15 [X] 7 7.323333| 5.8625008] _17.7 7.1 125 5 7 3733333333 | 7.152261999 596.3 %4
280] 20May 98 | 16523] 0 1.5 15 g 85 7 |37.333333] 5.7849193] _ 20 186 13.0 [(XE 7 3733333333 | 7.30135442 9108 364
281 1852.8 0 16.8 6.8 10.5 8.4 7 37.333333| 5.574366 19.9 18.1 14.1 4.9 ki 37.33333333 7.280804596 922.5 36.4
282 1659.7 [{] 19.% 9.5 11.8 7.7 7 37.333333[4.68369108 21.2 209 166 5.85 7 3733333333 6366532172 932.5 36.4
283 16623 0 9.4 9.1 122 88 ¥ |37.339333| 5.1827966] _19.2 189 36 54 7 3733333333 | 6622454814 5460 364
284) 30-May-99 | 16723] O 192 9.2 125 87 7 |37.343333| 669233 | 202 30 155 5.45 7 37,33333333 |_6.801212068 954.9 374
285 1677.9 ['] 18.1 18 1.5 6.55 7 37.333333| 5,5784532 21.3 211 156 545 7 37,33 3 5.704379529 958.5 36.4
2B6| 31-May-98 | 1695.6 0 20 20 13 7 7 37.333333] 5.2196383 21.8 21.2 16.2 4.6 T 37.33. 3 7.943232268 975.3 36.6
287 1-Jun-98 1716 [} 20.1 20.1 13 7.1 7 37.333333] 5.2707981 F 20.2 153 X} 7 37.333333 6.682619056 082.3 36.6
288] 2Jun-98 [17351] O 205 705 148 57 7 |37.333333] 64673907 269 | 201 153 5.3 7 37 33333333 | 6977005143 pe5.2 366
289 1743.6 0 19.6 19.4 13,6 5.9 7 37.333333 6_.@89 20 20 15,2 53 7 37.33333233 7.2489726%99 1005.8 368
230 1748 0 18.7 19.7 14 5.7 7 37.333333| 6.3645301 1 203 154 52 7 37.33333333 6.976504177 1010 366
291] 3-Jun-8 | 1758 3] 9.5 195 13.9 58 7 |37.333333| 6.6507524] 209 | 0.1 151 48 7 3733333333 | _7.159211085 020 370
297 7665 0O 195 194 125 (3] 7 |37.333333|5.5016328] 21,6 21 16 5.25 7 7.33333333 | 7.263113913 1027.8 4
293 4-jung8 | 1718 0 19.9 199 13.1 5.8 7 |37.333333| 5.3222384] 21 208 15.6 5.4 7 7,33333333 | 670207801 10354 36.7
ﬂ 17834 0 201 20.1 3.5 8.8 7 37.333333] 5,6565657 211 20,7 5.3 5.25 7 37.33333233 7411141111t 10438 36.7
285 S-jun-98 | 1794.1 0 13.8 14.8 39 5.9 7 37.333333| 6.4190763 22 21.5 16.8 5.3 7 37.33333333 7.145764204 1050.5 364
296 1793.6 0 19.8 19.8 EX] 8.7 7 37.333333] 5.337508 20.7 203 15,6 56 7 37.33333333 5.385948214 1065 36.7
297 1805.2] 0 208 206 145 5.2 T |37.333333|6.1230928] 208 | 203 4.9 485 7 37.33333333 | _7.069328065 10712 367
1258] 6Jung8 [181486] D 19.2 191 K] 425 T |37,333933]6.6979531] 208 | 202 153 a9 7 37.33393333 | 7474755259 10915 3.8
299 1819.7 0 10.5 193 132 8.2 7 37.333333| 6,060357 21.2 21.1 18.2 5.7 7 37.33333333 6.581090149 1114.5 371
1300 7-Jun-68 | 1834.8 0 19.5 19.5 14 5.5 7 37.333333]6.7232058 21 203 15.3 5.2 7 37.33333233 7.111178319 1136.4 36.7
301 1840.8 0 20 19.9 143 5.85 7 37.333333| 6.6234B08 214 2t 15.8 4,95 7 37.333333; 7.560134689 1145 36.7
1302] 8-Jun-98 | 16858.7 [1] 19.8 19.5 14, 4.85 7 37.333333| 7.3303049 21 21 156 5.35 7 37.333333; 6.652482024 1150.9 364
1303 1861.9 0 19.9 10.8 3.9 5.95 7 37.233333] 6.024688 20.8 204 154 5.25 i 37.33333333 6.827977475 1169 36.7
304] 9Junop [1876.8] 0 195 195 34 57 7T |37.33535 6.4256665"_i 20 198 4.4 54 7 37.33333333 | 6.782646291 79709 36,3
305 18613} 0 9.3 EX] 38 5.35 7 |37.333393]65421118) _ 20.1 20 i5 52 7 37.33333333 | 6.730826565 1185.2 367
306 1865.5] 0 8.6 188 13.2 55 7 |37.333333)66752622] 199 | 19.7 14 5.5 7 37.33333333 | _6.67526224 11805 3.6
W‘ 1889 0 9, 19 13.3 575 7 |37.393333 6.1454782] 21 208 135 5.05 7 37.333333933 | 6997327642 1202.5 367
508| 10-Jun'gg | 1806.7] 0 185 184 12.2 525 7 137.3333335.9308577] 201 26 145 58 7 3733333333 | 6300704044 1208 458
308 1901.3] 0 193 185 125 5.15 7 |37.333333|6.8778759] _ 20 20 145 54 7 3733333333 | 5.534640759 1225 36.5
310 15048 0 19.1 18 146 445 7 |37.393333,8.0040764] 208 | 205 15.7 555 7 37.33333333 | 6.AB9B45048 12311 36.7
319] 11-Jun-g8 [ 19125 0 15 183 13 5.95 7 |37.333333| 5 9916435 192 13 (X 5,55 7 37.33333303 | 6412752042 12481 36.4
11_2i 1919.2 0 19.6 19.5 13.7 5.85 7 37.333333] 8,3059581 20.2 20.1 138 [ 7 37.33333323 7.377971012 1254.7 36.6
373 12-Jun-98 | 1520 ] 9.1 [EX 4 54 7 |37.332333|7.0963179| 202 | 70. 15 52 7 3733333333 | 6.959950247 1275.1 36.3
314 18281] 0 19 6.0 11 708 7| 37.03%333]4.6402333] 209 | 202 148 %.35 7 3733333353 | 5600425054 1279 368

771




San Pasqual Waslewater [MS Raw Data

I a B [ D E F [ H ] J K L ] N_ G P Q R s

4| Dale | bHour | CongFlow AToppsl |EMmte psia| ATMP | AFMGEM) GFD | AGED/DS) | B Fesdpsl| B Too pal BTMP | B ffGpm B0 Hour

kil [G9274] o 191 19 122 .85 7 137.333333| 5.2060324] 185 18 13 5.65 7 3733333333 | 6.420853402 1296 363
36| 13.Jun08 |1935.7] _ © 9.5 195 135 8 7 |37.333333 6.1483092| _ 20.2 20 145 .75 7 37.33333333 | 6415626087 [T 364
37| 194270 174 17 125 45 7 |37.323333| 7.9053642| 20 19.4 126 5.25 7 3733333333 | 6.925596078 7305.8 363
318] 14-Jun-o8 | 1957 o 182 182 138 54 7 137.333333] 6606666 1 20 135 X! 58 7 37 33333333 | 6.370704021 13088 263
318 19628 0 18,5 185 11 7.5 7___|37.333333| 4,9065068] _ 20.5 205 145 6.9 7 3733333333 | 5233593273 1316.7 36.4
320} 15-Jun-98 | 1980.1] @ 18.5 85 13.5 ] 7 |37.333333| 7,4468426] _ 20.5 70.1 14 565 7 3733333333 | 5691696143 1325 6.6
32 1986 [ 195 35 135 ] 7 |37.333333] 6,1189904] _ 20.1 20 139 3 7 37.33333343 | 6.316990367 1328.1 366
322} 16-Jun-96 [20016] O 8.1 8.1 127 54 7 __|37.333333|6,79807182] 21 201 142 83 7 37.33333333 | 5.027600802 13369 364
323 20063] 0 18,9 18.9 132 5.7 7 |37.233333| 8.5653601| 22 215 152 .15 7 37.33333333 | 6.0B4988457 1344 2 367
324 2001.7] 0 194 199 147 5.7 7 __ 137,333333| €A4873007| 213 1 51 5.35 7 37.33333333 | 5823327127 1345.6 354
326| 17-Jun-98 [20236] 0 706 205 14 6,85 7 |37,333333|5.7773767] 22 31.2 15 6.55 7 37.32333333 | 5665560067 13514 )
32| 702811 0 20 109 145 5.45 7 137.333333(6.7365002]  21.8 315 154 €05 7 3733333333 | 6068420218 13514 364
3271 18-Jun-98 | 2042.5] 0 20.9 70.9 155 5 7 |37.333333| 7.0808082] 22 715 6 5.6 7 37.33333333 | 5 703386067 13634 362
328 2048 o 20.2 20 48 5.35 7 |37.333333| 70284086 218 712 162 8.25 7 3733333333 | 6016316042 1387.6 366
329 20542] 0 208 204 5.2 5.4 7 7,333333| 66363114 20.5 201 14.1 5.75 7 37.33333333 | 6234240303 13942 368
330] 19-Jun-98 |2063.9] 0 211 214 157 54 7 |37.333333]6.7181151 23 22.6 6.5 53 7 37.33333333 | 6844872002 14189 356
331 2070.7] 0 192 194 T4 £.15 7 | 373333336 7697662 22 318 6.5 62 7 37.33333333 | 5616200662 14208 356
Tz 20754] 0 215 213 1§ 54 7 137.333333| 66860782 22.1 2z 16.8 6.3 7 3735333333 | 5.730025003 1437.7 68
333] 20-Jun-98 |2083.9] 0 206 204 153 52 7 |37.3330303|68006311] 223 222 6.7 5.4 7 37.33333333 | 6.636311434 1449.7 364
334| 2i-Jun-98 | 29061 O 208 20.6 158 438 7 |37.333333|74036371] 214 2 153 5.25 7 37.33333333 | 6.81006178 1463.2 36.4
335| 22-Jun-9a [21299] O 21 20.9 157 5.25 7 {37.303333|6.6349326] 218 215 15.8 5.55 7 37.33333333 | 6276287573 14694 368
336| 23-4un-98 | 2146.2] 0 20 19.9 15 3.95 7 |37.333333,7.9992527| 21 Z1 1.2 5.75 7 37.33333333 | B.368701438 14347 36.3
337 21555] 0 20.1 20 151 4.95 7__ |37.333333| 7.0676867| 195 19,1 131 5.85 7 3733333333 | 5997273333 1391 36.6
238| 24-Jun-98 |2169.7] 0 195 196 138 5.7 7 |37.333333| 6.1404032]  16.9 165 104 68 7 37.33333333 | 5.147102683 1458 37
339 2179 D 19.1 19 13 605 7 | 37.233333|5.5534943| 302 201 138 [¥] 7 37.33332333 | 5.60B45B06T 1508 36.4
3406] 25-un-98 |21866] 0 15.9 5.8 107 5.15 7 |37.333333| 66674650 19,5 191 12.2 €3 7 37.33333333 | 545038662 1517 368
311 31953] 0 1o 19.8 135 59 7 |37.333333| 59039654 18, 779 11.2 .35 7 37.33333333 | 5485574178 16221 35.8
347, 2200 0 15 17.9 122 5.75 7 |37.933333|6.2193583] _16.9 15.5 12.2 74 7 37333339333 | 5.036804225 1531.8 364
343] 26-Jun-d8 | 22138] 0 6.9 6.8 10.8 808 7 |37.333333|5.8547208;  20.1 19.9 12.8 i3 7 37.33333333 | 6.208079537 1557 372
34a) 27-Jun-9B | 2227 2| © 8.5 6.2 122 2,15 7 |37.333333| 5.014B472]__19.8 192 13 75 7 3733333333 | 4.768174666 15831 T2
345 52326 0 18.9 18.7 127 8.1 7 |37.333333] 6.1056087| _ 20, 20 134 72 7 37.33333333 | 547280739 16026 36.4
346| 28-Jun-oB | 224971 O 152 18.1 3.3 505 7 |37 333333|5.7048015] 209 205 3.2 8.5 7 37.33933333 | 5232422718 1613, 364
347) 22536] 0 188 8.7 135 5.25 7 |37.333333] 6779196 | 195 18 1 6.65 7 37.33333333 | 5351996816 1620,4 354
346] 29-Jun-98 | 22711} 0 195 5.3 13 6.4 7 |37.233333|5.3141793] 209 305 13 75 7 37.33333333 | 4.534765356 1636.3 368
348 GAT48] 0O 18 7.8 115 54 7 137.333333| 5.6010763 225 22.2 15 &.25 7 3733323333 | 4.345076576 1652 364
(350] 30-Jung6 | 22918 O 196 9.3 13.2 [¥1] 7 137.333330| 54935918[ 227 22 32 7.7 7 37.53333333 | 4.459409034 1658.6 3656
(351 1-Jui-gs |2312.7] 0 211 21 159 515 7 |37.335333| 6.6674658] 228 222 4.2 7.35 7 37.33333333 | 4671761846 1664,8 374
352] 2-0uig8 | 23321 O T 0.9 14.9 605 T |37.333333] 5594804 | 211 20.9 34 39 7 37.33333333 | 3.003209463 1676.7 %4
353 PETE] 0 K] 21 5.2 2.85 7 |37.33333| 7.2165563] 225 22 134 8.3 7 37.33333333 | 4.216903403 1664 36.2
354 23447 0 20 199 15 4.95 7 |37.333333| 6.0872991| 222 72 13 78 7 37.33333333 | 4.485B06654 701 36.3
ECE N P %0 20 149 54 7 1373333338 8464211 188 185 109 945 7 37.33333333 | 3.016037968 17205 367
356 23587 0 2 20.0 155 545 7 |37.333333]6.2405042] 19 18.8 2 5.1 7 7.33333333 | 4.737444799 1724.4 366
357 23627 0 75 173 12.2 52 7 {37.333333]6.7147531] 198 9.4 11 78 7 37.33333333 | 4.476606076 17448 368
358 23654 0 18 7.8 12.8 545 7 |37.333333| 6.5255602| 228 224 3.8 7.7 7 37.32333333 | 4.364511420 1749 36.7
359 4-Jui-08 {2377A] 0 18.2 18.1 2.8 5.35 7 |37.333323] 68108151 22 215 12.2 35 7 3732333333 | 4.050304887 1768.4 7.0
360 S-Jui-88 §23962] 0 21.2 FK] 159 5.25 7 |37.333333] 6619084 | 203 201 1.2 8.8 7 37.33333333 | 3.04889132 T792 36.6
361 23998 0 20.5 704 14.8 5.65 7 |37.333333] 62098 | 215 212 12.8 9.58 7 37.33333333 | 3.691324837 1814 37
362] 60198 |2417.9] 0 19 8.9 134 555 7 | 37.333333] 6.0652681] _ 21.8 216 128 ® 7 37.33333333 | 3.734082 18243 364
363 7-Jul-98 | 2420 0 191 13 135 5,55 T |37.333333|6.3965766] 22 218 138 845 7 3733333333 | 4.15189350% 18396 36.4
364 24252 0 209 208 14 5.85 7 1373333331 5.0851673] 21 Fll 135 B.95 7 3733333333 | 3491999556 1844 2 367
365 24282 [ 21 708 152 5,75 7 37,333333 6,1454792| 20 203 123 .1 7 37.33333333 | 4.,362531556 666.3 36.4
366 B-Jul-08 | 24414 0 19.5 1956 15 a5 7 |37.333333) 7.8901818 _ 20.1 20 12. 7.5 7 3733333333 | 4.734100135 807.8 36.4
367 24443 0 19.1 19 133 5.75 7 |97.333333] 5957475 | 19.2 i9 112 325 7 3733333333 | 4.152179521 18014 364
68 O-Jul0d | 2467 (] 18.1 B8 132 355 7 137.333333]7.16499067] 23.2 231 3.4 7.95 7 37.33333333 | 4.3/1099826 1912.5 364
369 24708 0 7.2 74 2.2 4.95 7 |37.333333|6.8054857 238 23.2 132 75 7 3733334333 | 426419673 1915 6.7
700 10-)ogg [24814] 0 22 228 165 2 7 7 3393951 3.4236121] 251 PrE] 5.0 .15 7 37 33333 3.357408165 19209 367
a7 7485 0 722 22 6.3 58 7 |37.233333| 5.6981335 248 245 15.8 8.2 7 37.33333 3.582301554 19245 36.7
372 3489 0 239 228 X 5.75 7 |37.333333|5.7614358] 75.9 353 163 72 7 3733333333 | 4601146707 1939.5 363
373 Z4913f 0 232 231 18.2 195 7 |37.433333| 6.5601568] 26 255 5.5 8.85 7 37 33333333 | 3,643647089 1942.8 37.0
[374] 11-Jura [ 2500 0 741 24 [E] 5.05 7 |37.333333}6.0898343] 248 242 13.2 9.3 7 37.33333333 | 3460748741 T968.4 3B.1
375 12-Ju-98 125185] 0 248 74.5 16.8 585 7 |37.333333| 5.6494316] _ 26.1 268 165 1025 7 37.23333333 | 3.224309688 19726 28.0
76| 25248] O 2.d 23 16.2 (K] 7 |37.33333314.8021963] 20 19.5 95 13 7 37.33333333 | 2.991164085 1595 36.4
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San Pasqual Wasiewster IMS Raw Data

A B T ) E F G H ] J K L | M N 4] P Q_ R g
3| Dale | How | Cone Fiow) Clement A Feed Pyl Fiiirata psPA| ATMP | AFIGPM| GED | AGEDpS | AToppsi| Fitatepshs | BIMP | BAtGom B GFD/asl RO Hour
377] 13-Jul-98 [25384] 0 249 24.7 19 58 7 137.333333]5.6430189] 172 17 8.1 10.45 7 3733333323 | 3.152510013 1988 374
_31&_;{ 1a-Jul-98 | 25631 0 738 75 12,1 586 7 (37.33333315.7210037| 20 {EE) 9.1 10.25 7 37.33333333 | 2.125670678 1993.3 368
378 257168| 0 18.1 16 1.2 4.85 7 |37.333333| 7.0629958] 208 20.2 12 % 7 37.33333333 | 2.508164561 2008 374
360] 15-4ui-08 175798] 0 199 185 132 65 7 | 373333331 5.3079%62] 70 20 K] 10.85 7 37.33333333 | 3.179906574 20274 370
361] 16-Jul-98 | 2577 0 19.5 19.2 13.8 5.45 7 | 37333333 6.3155255] _ 20.7 201 9.2 5.3 7 3733333333 | 3.701033787 20505 374
382] 17-Jul-98 | 2583 0 18 19 129 6.1 7 |37.333333) 5.6022472] 215 N2 113 108 7 37.33333333 | 3.135202568 20778 376
343 26005] 0 9.5 192 132 615 7 |37.333333| 5.3667083] 218 215 8 1.2 7 3733333330 | 2.057660026 2087 4 37.0
364| 16-Jul-98 | 2611.7] O 20.9 207 132 7.6 7 137.333333) 4.5506086]  21.1 709 7 10,05 7 3733333333 | 3.441247146 20966 374
[385] 19-Ju-98 | 2628]  © 21 0.9 125 645 7 137.333333] 4.8730813] 20 198 4.8 13.65 7 37.333333 2.3026648 2099 372
386 263841 0 20 199 13.0 6.05 7 |37.333333) 53646977 234 732 308 14 7 37330333 2.327045071 2112 367
387| 21-Ju-o8 | 2647 5] O 188 85 147 3.85 7 137.333333 7.8066115| 70.2 204 16.2 54 7 3733333333 | 6.046207147 21204 375
368 265341 ¢ 240 398 711 375 7 |37.333333] 8.7292612|  20.2 702 16.2 75 7 37.33333333 | 13.00365185 21334 366
389 22-Ju-o@ | 26655! 0 192 19 16.2 2.0 7 137.338333) 11.341023] 23 23 19.1 2.95 7 37.33333353 | B.326081318 21571 6.4
54 2668.1) O 19.1 19 165 FE 7 137.333333| 12.763595] 20 199 15.8 4 7 37.33333335 | 7.87130601 21635 354
394 267281 0 219 713 8.7 32 7 137333333 10,0650885( 192 9.1 754 339 7 37.33333333 | B.254264843 27 370
303] 33-Jur-e8 [ 268361 0 7.3 17.2 55 115 7 |37.333333] 18.627687] _19.2 19.1 16.2 418 7 37.33333333 | 7.812837768 2175 356
393 268781 0 18 7.8 45 345 7 37.333333| 56023931 _ 18.1 18 4.5 4.05 7 37.33333333 | 8173616368 2189.1 37
394 280151 O 8 175 15 795 7 {37.333333| 11.123071] 198 194 158 3.95 7 37.33335333 | 8.307103596 71818 375
295 36047 0O 37 6.8 13.8 345 7 |37.330333| 1036117 | 197 195 54 355 7 37.33353335 | 0.16903B605 21965 374
396| 24-Ju198 | 27055] O 8.2 18 15 315 7 {37.333333] 10.5092684] 20 198 6 339 7 37.33333333 | 5555546503 2208.6 378
E 27088 0 18.2 8.1 i85 345 7 |37.333333| 10.301078] _ 20.1 20 16.1 4.7 7 3733333333 | 7.793083246 22133 372
399 2713 (1] 186 185 751 345 T |57.333333| 9.4863574] 202 20.1 16.3 395 7 37.33333333 | B.287273375 22133 372
399| 25-Jul-96 ] 27153] 0 18.9 185 155 335 7 |37.333393| 10.096326] _19.5 192 151 3.85 7 37.33333335 | 8.307103596 2921.7 378
200 FIpE (] X 9 5.6 345 7 {37.333033|9.7410835] 2086 20.5 5.2 3385 7 37.33333333 | B.729029858 22334 372
701 2729 o 183 18 145 3.55 7 |37,333333| 5.1990286] _ 19.1 18 6 4.35 7 3733333333 | 7683902835 22372 374
407] 26-Ju-98 [2747.2f  © 19.1 19.1 166 35 7 137.333333| 6.2637934] _ 20.1 20 164 435 7 3733333333 | 7.453626036 2242 374
{203 27508 0 7.7 76 145 315 7 137.333333| 10.200104; 196 155 52 4.05 7 37.33333333 | B.005747342 2242 37
404] 27-Jun-68 | 2768 o 8.9 8.8 4.0 385 7 |37.333333) 6.5408007] _ 203 202 169 465 7 3733333333 | 7.261864463 22556 37
405 772 [ 181 18 142 335 B (42.666657] 10.023826] _ 20.1 20 164 435 7 37.33333333 | 7.762704081 33556 a4
406] 26-Jul98 |278156] 0 19.5 8.2 56 3.65 B |42.666667] 10447481 19.9 20 164 338 7 37.33333333 | 9.060190887 2280 37.0
407 27624] O I 189 15.1 3.65 8 |42.666667) 9.0047538] 19.7 20 16.4 3.65 7 37.33333333 | 5.141545061 2280 37.0
408) 29.0ul-08 | 27032] _© 18.9 [E 4.8 405 B | 42.666667] 9.4156302]  20.1 20 16.2 3.75 7 37.33333333 | B.897770526 2280 Atz
409 Zi974] 0 18.1 16 14.2 3.85 756 40 |9.2657067] 195 192 15,2 415 7 37393333333 | 8.04015400 2260 374
410 28018] € 8.1 18 139 435 7 137.333333| 7.4126518] _10.2 19, 15.2 3.95 7 3733333333 | 7.787975083 23002 376
411} 20-Ju-98 | 28136 0 188 18.6 142 45 7 137.333333| 6.88530 199 19.6 165 4,35 7 37.33333333 | T.122727568 23213 375
412 31-Jul-96 |26341| __© EE) 185 148 3.95 7 |37.333333| 8.32698 20 19.5 T4.4 535 7 37.33333333 | 6.147058160 23336 375
413 2836.2] 0 19.2 185 3.5 45 7 7 333333| 7.1T08141] 201 196 18 4.95 8 42 56666667 | 7.450196431 2338.1 375
314] 1-Aug-98 |28463] 0 2 Z1.5 5.2 €55 7 7.333333| 4.787228] 23 25 174 5.65 B 4266666667 | B.342523157 23436 375
415, 28504] € 208 20 0. 0.3 7 |37.333333| 3.2240218] 214 2 ZF] 7.35 B 4265666667 ] 5.163463048 2356.8 374
416] 2-Aug88 |2864.7| 0 222 22 2 20,1 7 |37.3333331 1.6787711| 23 23 1z 11.25 8 4266666667 | 3.223700253 2380 32
417|_3-Aug88 | 2872 o 9.5 ] 5 425 7|37 “"3".6839028 20, 70 6.8 345 B 42.66666667 | 10.81791703 236823 372
416 a-Auges | 28877 € 19.1 8.5 133 55 7 |37.333333] 6.1086682]  20.1 198 124 B.5% 7 3733333533 | 6.142726220 23033 KT
219 28925 19.5 19 14 525 7 |37.333333(6.2351866] 205 20,1 153 5,15 7 1733333333 |_6.356268781 23978 368
420] 5-Aug-98 | Z909.8 20 9.7 150 395 7 |37.333333( B.8820377| 212 708 6.7 232 7 17.33333333 | B.06520862 24141 36.4
221 29154 18.2 178 13.2 4.8 7 |37.333333| 5.0654272| 192 18.8 5. a5 7 3733333333 | 6.363122308 2416 370
427| B-Aug-98 | 2029 Q] 12 135 EX] 565 7 7.333333| 5.8076211] 16 [ 05 525 7 37.35333333 | 6.250106515 24335 370
423 353 0 19.8 2 [¥] 53 7 37.333333 5.9586634] 21 202 5.2 54 7 3733333333 | 5.8485141 24385 374
a4} 7-Aug-98 |29513] 0 19.9 2 4.9 4565 7 7339333 71243562 21 205 18 4.75 7 37.33333333 | 6.974360748 74573 370
75| B-ALG-G8 | 29735] O 195 A 4. 51 7 7.333333| 6.2371044] 205 201 5.2 X] 7 37.33333333 | 6.237104442 34634 35
426] 9-Aup-98 [29913] O 195 0 15, 4.15 7 |37.333333| 8050303 | 208 201 6.8 455 7 37.33333333 | 735087497 2478.4 KT
427| 10-Aug-08 | 3013 [ 165 16 12, 415 7 |37.333333) 7.7941874] 171 7 13 4.05 7 37.33333333 |_7.9086636453 2465 36.8
428 3016.7] 0 19 185 15 3.75 7 |37.323333| 8.0404087| 20 9.9 15,5 345 7 37.33033333 |_7.53404B046 2502, 36.4
429} 11-Aug-0B | 30328] 0 20.4 20 16.8 34 7 |37.323333| 9.9079665| 21.8 1.2 7.2 43 7 3733333333 | 7.534221898 2576.: 36.8
430, 304421 0 19.9 192 159 365 T |37.333333| 9.0545663] 209 20.2 16.5 4.08 7 37.33333333 | 6.160289351 2546.3 3
331| 12-Aug-06 | 30625 0 9.7 181 158 38 7 [37.333333| 0.0929805] 20,8 201 16 4,25 7 37.33334333 | 7.702269326 7560.7 376
Raz 30658 © 9.8 5.4 58 5.65 T | 37.553355|6.0319912] 208 20,0 6.1 3.35 7 3733333353 | 7242093163 25738 370
433 30682 0 9.9 19.3 15.8 38 T |37.333333| 856120731 1 205 6.9 3.5 7 37.33333333 | 6401526658 25912 372
34| 13-Aug-08 | 30773 0 205 20 16 4.25 7 |37.330333|7,2037203] 215 Zia 16.1 5.2 7 37.33333333 | 5.887656007 2603.7 374
435] 1d-Aug-o8 | 3100 0 201 9.6 158 415 7 |37.333333|7.3773039]  21.2 708 158 525 7 37.33333333 | 5.831583088 26238 37
436] 15-Aug-98 |3121.3] 0 20.8 20 16.5 39 7 |37.333333] 7050208 | 218 212 165 505 7 3733333333 | 6.062536879 2627.4 36.8
437 3263 O 19.8 9.4 15.1 X 7 73333 1.024971| 21 202 156 5 7 3733333333 |_6.181960381 2629.7 37
436 16:Aug-98 3144.1] O 205 20 16.2 405 7 |37.333333]7.0675712] 218 2t 6.8 4.85 7 37.33333333 | 6.653332638 26394 37
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Ssn Pasqual Wastewater IMS Raw Data

A B C D E F | G H i J T % L ™ 3] 0 F Q R S
4 Date Hour | Con Flow] Element A Eeed Psl] ATop psi|Flimta psl-A| ATMP [AFUGPM| GFD | AGFDIpsl | B Feedpsl| BToppsi] FlimtapstB | BTMP B fil Gpm B GEQ/od] RO Hour
[EE 31498 0 20 9.2 158 3.8 7 |37.333333]8.4917535] 21 05 5.8 485 7 37.33333363 | 6653332638 26394 36.8
440} 17-hug9@ t 31638 0 195 9.1 58 37 7 |37.333333|8.6603944] 31 202 158 at 7 3733333333 _| 6991501958 26873 374
441 3169.7 '] 20 19.2 15,8 33 7 37.333333] 8,697 1511 211 20.5 15.8 5 7 37.33333333 5.60583486 26921 36.8
442| 18-Aug-98 | 3185.6 0 20 18.2 15 4.8 7 37.333333!7,3232944 21 20.5 152 5.58 7 7.33333333 6.069757507 27118 3688
443 19-Aug 98 | 32063 0 20.6 20 163 4 7__ |37.33333|8.0031852] =22 713 158 575 7 37,33333333 | 5.706618952 2745 367
444 32156 0 19.9 195 16.3 34 7 37.333333} 8.9079865 208 20.2 15.2 5.3 7 37.33333333 | 6.356066823 27336 36.7
4458 20-Aug-98 | 32284 [t 20.1 19.9 15.8 41 7 37.333333] 8,0223357 215 21 15.5 575 7 37.33333333 5.720274123 2740 36.4
446| 21-Aug-98 | 3249,7 4] 20.2 20 15.8 4.3 7 37.333333| 7,8094762 21.5 21.1 15.2 6.1 7 3733333333 5.575532405 27571 357
447| 22-Aug-98 | 3273.6 0 19.9 19.2 15.8 375 7 37.333333] 9.1566532 21.1 20.7 14.8 6.1 7 37.33333333 §.620090093 2779.7 36.7
46| 23-Augte | 2686 © 70 182 142 54 T 37333533, 6064987 |71z | 708 138 718 7 AT 33339331 | 4576069865 2789.9 354
449] 24-Aug-98 | 3305.2 0 22 21.4 175 4.2 7 37.333333/ 83135113 232 2.9 18.9 8.15 7 37.33333333 5.677518904 2803.7 50.5
450] 25-Aug98 | 33274) O 201 20 158 4.25 7 |37.333333|5.1960832] 210 312 152 6.3 7 3753333933 | 5.620110481 2876.7 50.5
451 3338 & 19.9 19.2 15,1 4.45 7 37.333333) 7.8611529 21.2 20.8 14.9 6.1 T 37.33333333 | 5.5888736864 28525 50.1
452| 26-Aug-98 | 3349.7 a 201 19.9 15.8 4.2 T 37.333333| 7.6830151 21.5 2141 15.1 8.2 7 37.33333333 5204623112 2B89.2 £0.1
453 33551] 0 214 202 5.4 5.55 7 |37.333333| G.0552681] 221 219 15 7 7 3733333333 | 4600062572 2887 4 506
454 27-Aug-98 | 3374.2 0 19.5 19 115 1.75 7 37.333333| 4.315675 21 20.5 119 B85 T 37.33333333 3.779263403 29114 50.5
455| 28-Aug-58 {33944 0 19.2 18.8 11.9 74 7 37.333333{4,5775861 20,2 20 11.2 8.9 7 3733333333 3.65178214 2518 .4 50.5
456] 23.Aug-B8 | 3416.3 4] 214 05 14.3 6.5 7 37.333335] 5.1456125 22.3 AR 13 9.1 7 37.33333333 3.675437485 2935.8 50.5
4571 30-Aug-08 | 3422 5 20.2 199 148 525 7 |37.333333]6.1758622] 218 712 13 55 7 37.33333333_|_3.814503145 29415 505
456 31-Aug 98 | 34429 0 20 192 76 1z 7 | 37.333333]2.6139802] 213 268 88 12.5 7 37.33333333 | 2.70142102 2958.8 492
3501 1-5ep-96_[3454.1] 0 198 183 156 3 7 [37.333333: 11.009853] 201 207 B.1 43 7 3733333333 | _7.068658134 2984 1 501
460] 2-5ep-98 |[3485.2 ] 20,5 20 16,9 3.35 7 37.333333} 9.8650317 22 21.2 16.4 4.8 T 37.33333333 | 6.901720061 0077 50.4
ﬁl‘ 3.5ep-58 | 3487.7 0 20 19.5 16.5 3.25 7 37.333333| 9.2197838 21.2 21 16.8 4.3 7 37.3333333 6.96844123 3014.6 50.5
462| 4-Sep-98 § 35044 0 21 19.8 16 4.4 7 37.133333| 7.1605876 21 20.8 16.2 4.7 7 37,3323338 6703528797 3037 49,9
463] 55ep-98 {35264] 0 8.8 192 159 .65 7 |37.333333| 6.2682547| 209 0.3 158 a5 7 37.333333 6.302527004 30428 488
464] G-oep.08 | 355061 0O 193 15 156 355 4 |21.333333] 5.1693622]  20.8 70.2 155 5 7 3733333333 | 6.472957428 3054.8 50.5
4651 7-5ep-98 | 3571.1 [ 20 19.8 166 33 7 37.333333| 9.6653469] 212 20.9 159 5.15 7 37.33333333 | 6.206144613 3079.1 50.5
466 B-SeE-BS 3591.7 0 20.2 20 16.2 3.9 7 37.333333] 8.2345608 215 211 15.8 5.5 7 37.33333333 5.839052207 3082.8 49.2
467 S8-Sep-88 § 3615.% 0 22 215 14.5 7.2% 5 26.666687| 3.2716776 23.1 23 14.5 B.55 7 37.33333333 3.883921347 3106.6 503
468] 10-Sep-g6 | 36363] 0 185 18 126 5.65 7 |37.333353|5.6215179] 198 19.1 128 .65 7 37.33333333 | 4.046101685 31328 5.7
469 11-Sep-98 | 3657.1 0 19 18.5 12 B.E 4.8 25.6 3,3493616 20 18.5 35 6.25 7 37.33333333 5.275244974 31551 49.7
470; 12-Sep-98 | 3676.1 0 20 18.5 13.2 €.55 7 37.333333| 5.081983 211 20.68 3.6 7.35 7 37.33333333 4.528841963 773 49.2
471] 13-5ep-96 | 3697.1] 0 252 251 58 19.35 7 137.333333|1.72025718] 273 271 72 20 7 3733333333 | 1664349457 32037 503
ar2 327] 0 20.2 20 129 52 7 7.333333]6.4320156 213 2 157 5.45 g 7655666067 | 4303549294 22281 505
473| 14-5ep-08 | 37248 0 L 205 15 5.25 7 |37.333333| 3.6856357] 21 205 85 1.25 7 37.33333333 | 3.030411606 32485 50.6
474 15-Sep-98 | 3737.5 Q 20 18.9 1 18.95 7 37.333333] 1.83817389 21.5 21.2 2 19.35 7 37.33333333 1.800175505 3268.2 49.9
475] 16-Sep-98 | 3744.1 0 199 194 115 8.15 7 37333333 4.3047913 21 20.5 11 9.75 5 26.66666667 2.57026 32892 50.3
476| 17-5ep-98 | 37561| 0 20 159 1 18,95 7 |37.333333] 18558311 21.2 211 1 20,5 7 3733333333 | 1.745310181 32014 50,8
477 21-802-98 3764.3 0 19.8 19.4 15.2 4.4 7 37.333333| 7.4219518 21 205 12.8 7.9% 52 27.73333333 3.05146905 3307.7 50.3
476| 21-Sep-98 | 3771.4 V] 19 18.2 9.2 9.4 7 37.333333] 3.723438 20 18.8 5.8 14.4 7 37.33333333 2.430578267 3320.7 49.2
479] 22-5ep-98 | 378541 0O 735 231 5 183 7 137333333 1906019 35 245 T8 22.85 7 37.33333333 | 1.578085226 33566 504
480] 22-Sep-98 | 3792.3 0 20 19.8 14,3 5.8 7 37.333333( 6,2202493 211 208 12.9 8.1 7 37.33333333 4.300419263 3336.5 50.4
481} 22-Sep-98 | 3795 [V 19.8 18.1 9.8 9.65 7 37.333333] 1.5835895 209 20.2 9.2 11,35 7 37.33333333 3.04709549 33442 50.3
462 23-50p-98 | 3B04.2] O %638 262 17 248 7 |37.332333| 1.4454288] 28 27.8 5 2285 7 3733333933 | 1.561955642 3350.4 503
483| 24-Sep-98 | I810.4 0 21.1 208 16.2 4,75 7 37.333333) 73684838 22.5 22 18.6 5.85 7 37.33333333 8.194743052 3361.3 50.5
{484] 23-Sep 68 | 36165] 0 21 205 13 7.15 7 |37.333333] 4.6475665] 221 219 13.7 53 7 37.33333333 | 4330585182 3374.2 50.5
485| 25Gep-98 | 36308 0 FIK] 308 i3 16.65 7 |37.333333] 2189288 | 222 22 65 156 7 3733333333 | 2.336643899 3375 505
4B6| 25-5ep-96 | 3633.7] 0 19.7 19.2 139 555 7 | 373339331 6.5005445] 208 200 159 455 7 37,33333333 | 7.073147631 3397 553
487| 29-5ep-95 | 38423] 0 181 185 78 X1 7 |37.433333] 3.0979838] 204 183 A8 52 7 37 33333333 | 6.976504177 ) 508
488{ 30-Bep-98 | 3852.9 [] 19.1 18.9 4.3 14.7 7 37.333333] 2,467879 20.2 20 15.1 [] T 37.33333333 7.255564344 3409.6 50.5
488] 1-0¢t-98 | 3857.9 ] 20.6 20.1 16.9 3.45 7 37.333333| t0.667167 21. 251 16.2 5.15 7 37.33333333 7.145979336 4214 50.3
490{ 1-0¢t-98 | 3858.7 0 19.8 19.4 15.8 3.7 7 37.333333] 9,2803918 20 20.1 162 5.15 T 37.33333333 6.667465935 34232 60.1
491 2-0ct-98 | 3973.2 0 21.2 21 17 4.1 7 37.333333] 8.4950503| 225 22 16.8 5.45 7 37.33333333 | 6.391448813 34239 59.6
4%2] 2.0cte8 | 387671 0 21.1 209 166 a4 7 |37.333333| 0.24499595] 225 | 221 6.5 58 7 37.33333333 | 6254796848 34398 55.8
493 3-0ct-98 | 3695.7] O 19.1 185 4.1 4.9 7 |37.233333|7.1250668) 202 2 133 59 7 37.33333333 | 5318092782 3445.7 50.6
4941 3.0ct-98 | 3899 [ 19.1 18.9 i 5 T 1d7.333333] 72007281 201 5.0 144 52 7 3733333933 | 6046424 34641 59.8
495 aDei99 291841 © 19,1 8.9 13.9 54 7 |31.33033 6.8464211] _ 20.1 9.9 132 68 7 37.33333333 | 5134615796 34677 59.8
Lﬁll 4-0ci98 | 39204 0 19.4 189 124 13 7 |37.333333] 5.3666274] _ 20.1 19.9 122 78 7 37 33333333 | 4541161648 34913 59.5
457} 5-0ct98 |39372] O 18.3 82 11.2 7.35 7 |37.333333| 50430763} 19.9 192 12 755 7 3733333333 | 4.900484858 35088 585
498 5-0cl-98 | 35422 1) 19 18.5 12,5 §.25 7 37.333333| 5.6403444 20 19.9 129 7.05 7 37.33333333 5.000305276 35149 60.1
499 6-0ct-98 | 2965.4 0 18.6 18.1 12.9 545 7 37.333333] 6.4528441 19.9 19.2 13,3 8.25 7 37.33333333 5626880025 3540.8 596
500] 6-0ct-08 | 39722 0 192 18 135 58 7 137.333333] 64472008 20.2 20 14 [X] 7 37.33333333 | 5018824183 3547 59.8

A4




San Pasquat Wastewaler IMS Raw Data

A B [+ [£) E F | 6 H ] J K L M N [o] P Q R E]
4 Date Hour § Conc Flow) Element & Fead Ps) l ATMP |AFHGPMY GFD | AGFD/ps r B Feed psl EilmtepstB | BIMP B fit Gpm B GFD/ps| RO Hour
501] 7-Ocl-98 |3981.8 [) 19.8 19.2 13.2 6.3 7 37.333333) 6.0692616f 20,8 20 13.8 8.65 7 37.33333382 | 5.749826773 35515 585
502] 7-Oct-98 | 39918 1] CE] 168.3 12.2 [X] 7 37.333333 55877047 20 19.8 13 8.9 7 37.33333333 | 5.18279855 3568 55.3
I503| 8-0ct-98 | 4006 0 18.2 18 11,2 6.9 7 37.333333] 5.5282713 18.9 1B.5 12.5 8.2 T 37.33333333 | 6.152421014 3583.6 58.1
504] 8-0ct-98 | 40118 1] 19.5 18 13 6.25 T 37.333333] 5.7218086| 20,9 20.1 13.9 6.8 7 3733333333 { 5.418380302 3589.9 59.6
505 9-0ci-98 | 40274 0 19.5 19.1 11.5 7.8 7 37.333333| 4,925584 21 20.5 13 7.75 7 37.33333333 | 4.957361974 3606.8 59.8
506] 10-0ct-08 | 40617 0 21 20.5 14.1 8.65 7 37.333333| 5.5077144] 225 22 15.1 T.145 7 3733333333 | 5.122559548 3633.1 B1.7
507{ 11-Oci-98 | 4072.7 1] 20 19.5 11.1 8.85 7 373323331 4.3263199]  21.1 20.5 12.5 8.3 7 37.33333333 | 4.508755025 3655.7 58.1
508{ 12-Oct-98 | 4093.8 0 20 19.5 12 7.75 7 37.333333[4.8287312] 211 20.8 12.2 8.75 7 3733333333 | 4276876196 3678.7 58.1
509F 13-0ct-98 | 4116.1 [] 21 20.5 13.6 7.15 7 37.333333[ 51348171 222 219 14.3 7.5 7 37.33333333 | 473728288 3702.8 58.6
510] 13-Oct-98 | 4127 4 0 20.1 19.9 12.1 7.9 7 37333393/ 4.5011872] 212 21 1341 [] 7 37.33333333 | 4.523802657 3715 58.5
511 14-Oct-88 | 4138.5 [] 204 19.9 12.1 7.9 7 37.333333[4.8807756{ 2.5 21 3.1 8.15 T 37.33333333 | 4.537193528 37271 58.9
512] 14-Oct-95 | 41485 0 19.9 19.3 9.2 10.4 7 37.333333| 3.4799251 21 20.2 " 9.6 7 37.33333333 | 3.769518B81 31378 58.3
513] 15-0cl-98 | 4161.4 1] 20 15.8 12 1.8 7 37.333333| 4.6696019] 212 20.9 13.1 7,95 7 37.33333333 | 4.640233341 3751.8 58.1
514] 15-Oct-96 [ 4167.2 0 19.5 19 12 7.25 7 37.3333334.9918926]  20.8 20.1 13.5 6.95 7 37.33333333 | 5207269985 3758 58.3
545] 16-Dct-98 | 41B2.7 [ 18.2 178 B.9 8.15 7 37.333332( 4.1095055] 195 19 11 8.25 7 37.33333333 | 4.557815183 3775.1 60.0
516] 16-Oci-98 | 41885 1] 19.1 18.8 8.9 10.1 7 37.333333| 3.5322715] 205 20 11.9 8,35 7 37.33333333 | 4.272567966 37813 60.0
517 17-0ct-98 | 4209.4 ] 16.9 18,2 7.9 8.65 7T 37.333333] 43158923 18 17.6 10 7.75 7 37.33333333 | 4.817204301 3799.6 60.0
518 17-Oct-98 | 4205.7 0 18.5 18 8 10.25 7 37.333333] 3,5224222 19.9 19,2 11.2 8,35 7 37.33333333 | 4.323931438 3803.3 60.7
515 18-Ocl-9B | 4227 4 [] 20 19.5 9 10.75 7 37.333333] 3.6603575 21.2 2t 13 8.1 7 37.33333333 | 4857881905 3823.5 59.9
520] 18-Oct-98 | 42294 [ 18.8 18.2 4 14,55 7 37.333333] 2.6091528 20.5 20 1 9.25 7 37.33333333 | 4.104126919 38256 60.0
521] 19-0ct-98 | 42476 [1] 20.1 20 7.1 12.95 7 37.3333333.0750488] 218 21.1 12.5 8.95 7 3733333333 | 4.44937239 3845.3 59.9
522 19-Oct-96 | 4255.2 0 20 19.5 13.8 5.85 7 37.333333|6.1704105f  21.2 20.8 14.8 6.2 7 37.33333333 5.9216036 38491 59.9
523] 20-Oct-98 | 42691 0 21.2 20.9 14.8 7.3 7 37.333333(5.4290395] 22.7 222 15.8 6.7 7 37.33333333 | 5915222164 3864 60.1
524] 20-Oct-98 | 4278.6 0 18.8 18.1 12.5 59 7 37.333333]8.3732161 20 19.9 13.8 6.1 7 37.33333333 | B.16425824 8744 60.4
5251 21-Ocl-98 | 4292.4 0 19.5 19.1 12.9 6.4 7 37.333333] 6.13358 21 20.2 14 6.6 7 37.33333333 | 5.547713938 3859.1 60.4
526 21-0ct-58 | 4299.9 0 18,8 18.2 12.5 [] 7 37.333333] 6.192551 20 19.9 13.8 6.1 Fi 37333332333 | 6.001033742 3898 60.7
5271 22-Oct-98 | 4312.4 [] 19.9 19.2 12.9 8.8 7 37.333333] 5.93351569 21 20.4 414.2 6.5 7 37.33333333 | 6.024800735 3912 60,1
?58 22-0ct-98 | 4318 [t} 18.9 18.3 12.2 6.4 7 373333331 5.9744294 20 18.5 13.5 6.3 7 37.33333333 6.069261594 39179 59.9
520] 23-0¢t-98 | 4334 0 20 19.5 13.9 5.9 7 37.333333} 6.480737 21.1 20.5 14.5 8.3 7 37.33333333 | 6.069261594 3936.9 59.9
530] 23-0cl-98 | 43407 [1] 18.3 18 11.9 6.3 7 37.333333] 5.662848 19.9 19.2 13.2 6.4 7 3733333333 | 5574366019 3944.9 80.7
531 24-0ct-98 | 4355.2 0 18.5 19.1 12.8 8.4 7 37.333333| 5.8893674| 208 20.2 14.1 6.4 7 3733333333 | 5.889367416 3960.9 50.4
532] 24-Cct-98 | 4358.8 [1] 18.5 18.1 12 6.3 7 37.333333| 5.70636065]  19.9 19.2 13.1 6.4 7 37.33333333 | 5.614477852 3965 60.0
533] 25-Oct-08 | 4376 0 18.4 18 12 8.2 7 37.333233] 6.035914 16.9 19.2 131 6.4 7 37.33333333 | 5.847201674 3984 3 59.9
534] 25-0cl-98 | 4381 0 19 18,5 128 [ 7 37.333333{6.1043835) 201 19.9 13.9 6.1 7 37.33333333 | 6.004311602 3990.5 60.4
535] 26-Qct-26 | 4396.6 ] 19.5 19 131 6.2 7 37.333333{6.1084758] 2.8 20.2 14.1 6.4 7 37.33333333 | 5.917585981 40081 59.9
536] 26-Oct-98 | 4403 [1] 18.6 18.1 12.5 5.9 7 37.333333{ 6.1634565 19.9 9.2 13.9 5.7 7 37.33333333 | 6.379758545 40156 60.5
537} 27-Oct-98 | 4418.7 [] 203 20 133 6.9 7 37.333333 5.5019093 22 21.5 14.6 7.2 7 37.33333333 | 5.272683045 4033.2 60.1
538| 27-0ct-98 | 4428.8 [1] 20 15.9 13.8 6.2 T 37.333333| 5.9784656] 21.2 20.9 148 6.5 7 37.33333333 | 5.702555489 4044.7 £0.0
539] 28-Ocl-98 | 4439 [] 19.9 19.4 13.2 6.5 7 373333331 58126374 1.2 20.8 146 6.4 7 37.33333333 | 5.903453838 4056.4 50.1
540] 28-Ocl-98 | 4448 1] 19.5 18.1 13.2 6.1 7 37.333333] 59614147 21 20.2 14.8 5.8 7 37.33333333 | 6.269763691 4066.7 536
541) 29-0ct-98 | 4461.7 i) 20 19.7 13.4 6.5 7 37.33333315.7987618]  21.2 20.8 142 6.8 7 3733333333 | 5.542934038 40822 60.1
542 29-0cl-98 | 4467 1] 19.2 19 12.7 [X] 7 37.333333] 5.7365535] 204 20.1 14.1 8.2 7 37.33333333 5.92160386 4080.2 50.6
543} 3-Nov-98B | 4565.9 [ 20.5 20 143 9.85 7 37.333332]3.9831144| 21.8 212 13.5 [] 7 37.33333333 | 4.953998563 4200.9 59.9
'ﬁﬂ 3-Mov-38 | 4578 [1] 20.5 20 11 9.3 7 37.333332}4.1016207| 215 21 14.3 7 7 37.33333333 | 5.449205041 42113 60.0
545 4-Nov-98 | 4586 0 19.1 18.7 9.7 8.2 7 37.33333314.3181329{ 20.1 19.8 12.7 7.2 7 37.33333333 | 5517614188 4223.6 59.6
546| 5-Nov-98 [ 4598 0 191 187 9.8 9.1 7 37.333333] 4.2219292 20 19.8 i2.8 7.1 T 37.33333333 [ 5.411204972 4237.7 59.9
5471 8-Nov-98 [4251.9 0 19.3 18.8 10.2 B.8 7 37.333333[4.4395138] 202 19.9 13 74 7 37,33333333 [ 5502455951 4251.9 71.4
548] 7-Nov-98 |4631.2 1] 18.9 18.4 11.2 1.5 7 37.333333| 5.3222895 20 19.8 12.5 7.4 7 37.33333323 53942123 4275.2 71.8
549] 7-Nov-98 | 4635.8 0 18.9 19.2 12.8 6.8 7 37.333333]5.5961786] 211 20.6 14.1 6.8 7 37.33333333 | 5.598178592 4280.6 728
650 B-Nov-88 | 4651 0 19.8 19 12 7.3 7 37.333333| 54031506 208 20,1 13.2 73 7 37.33333323 | 5403150636 4207.9 72.6
551] B-Nov-98 | 4658.1 [] 20 19.8 12.8 7.4 7 37.333333] 6.5553521 4.9 20.8 13.9 Fi] 7 37.33333333 | 5.555352062 4304.8 71.8
5521 9-Nov-98 | 4664.6 0 19,1 18.9 11.2 7.8 7 373323331 5.1298317|  Zu2 20 13 7.1 7 37.33333333 | 563558974 4314.9 70.9
553] 9-Nov-98 [ 46694 0 19.1 18.9 11.1 7.3 7 37.233333)4.8400441  20.2 20 13.5 6.6 7 37.33333333 | 5.783386067 4319.8 72,6
554] 10-Nov-98 [ 4688.1 0 22 21.7 13.8 8.1 7 37.333333[5.0472449] 232 22.9 15.3 7.8 7 3733333333 | 5.241369656 43388 70.9
555! 10-Nov-98 | 4695.5 0 19.9 19.1 114 B4 7 37.333333[ 4.5519462 21 20.2 13.4 7.5 7 37.33333333 { 5.008179739 4349.6 70.9
556] 11-Nov-98 |1 4706 0 19.9 19.2 11.9 7.7 7 37.333333} 5.1224875 24 202 131 75 7 47 43333333 | 5 JE5OneEETa 4361 E 7oA
557] 13-Nov-98 | 4744.8 Q 15.1 18.5 10.7 8.1 7 37.3333335.0231766] 202 19.8 12.2 7.8 7 3733333332 | 5216375692 4411.4 71.4
558) 14-Nov-98 | 4768.3 0 1B.8 18.2 10.4 8.1 7 37.333333]5.0351963] 19.9 19.1 11.6 7.8 7 3733333333 | 5.162869868 4434.9 71.3
559] 15-Nov-98 [4792.8 [] 19.2 18.7 10.2 8.8 7 37.333333] 46457595  20.3 19.9 11.2 8.9 7 37.33333333 | 4.593550923 4460.4 71.3
560! 15:Nov-88 | 4795.5 [] 18 17.4 .5 8.2 7 37.333333) 468531161 19.4 18.6 10.8 8.3 7 37.33333333 | 4.828862085 4463 6 718
5611 18-Nov-98 | 4812 Q 19.5 19 10.8 8.5 7 37.333333| 4.82123B84!  20.6 20 i2.7 11,6 7 3733333333 | 3.532002568 4482 3 71.0
562 16-Nov-98 | 4821.5 4] 20.1 19.7 11.4 8.5 7 37.333333[4.6292757 21.2 20.7 12.9 [X] 7 37.33333333 | 4.857881905 4490 58.8




San Pasqual Wastewater IMS Raw Data

| A B C D E F G H [ J K L M N o P Q R 3
4] Dale | Hour |ConcFiow A Tonpal|Flimie osbAl ATMP | AFGPM} GFD | AGFDips | BEaedosl BIME | BfitGem B GFD/ps) RO Hour
[563] 17-Nov-98 |4832.7] O 19.2 8.9 106 33 T |37.333333|4.7740384} 202 109 122 7.8 7 3733333333 | 6.016707405 4502.7 615
564] 17-Nov-06 | 48393] O 201 19,9 192 9.7 7 |37.223333|4.6101646} 217 21 137 7.7 7 3733333333 | 5.008867252 4510.2 62.7
558l 18-Nov-98 |48538] 0 2 205 124 54 7 |37.333333{4.7634151| 221 719 141 70 7 37.33333333 | 5084597108 1527 543
586] 18-Nov-08 | 48601 O 201 19.9 iz [ 7__ 137.333333|4.0186054] 21.5 71 136 7T 7 37.33333333 | 5.110230407 45339 62,7
Ea7] 19-Nov-98 | 48775] 0 201 15.9 15 8.5 7 |37.333333 4.8559289] 218 B 137 .3 7 37.33333333 | 4.972939271 5536 636
586] 20-Nov-98 | 49003} O 98 (X A 34 7 |37.333333|4.7748133] 21 20,1 125 (K] 7 3733333333 | 4.951650252 a579.7 62.3
560] 20-Nov-g8 | 49031 O 9.8 9.2 118 77 7 |37.833333] 5.1347248| 211 205 132 7.8 7 3733333333 | 6.202266993 4582.9 624
570] 2i-Nov-08 |4919.8] 0 213 20.9 2.2 5.8 7 |37.333333|3.6710566] 22.0 52.3 i a8 7 3733333333 | 4.834000465 45019 627
|57} 22 Nov-gs [40382] 0 23 722 3.7 ) 7 | 373333331 4.6647408]  24.2 23.7 5.3 a7 7 37.33333333 | 4.076509220 36229 636
I572] Z3Nove6 [ 49558 0 73 22 137 CE] 7 |37.333333| 4853137 | 248 241 5.3 9.2 7 3733333333 | 469488256 2647 4 537
[573] 23-Nov-98 [ 49663| 0 716 211 125 5.9 7 [37.333333| 4.5716561| 232 725 141 68 7 37.33333333 | 4.623605727 4654 3 627
574] 2A-tlov-5B | 4981 T 208 20,4 17 3.8 7 |37.333333) 4.7805200] 224 215 132 ] 7 3733333533 | 4.892113308 46714 623
575 24Nov-98 [49855] ¢ 19.9 19.2 5.8 ] 7 |37.333333]4.4607856] 21.2 208 128 8.5 7 3733333333 | 4.61822494 46767 5]
576] 27-Nov-08 |50428] 0 1] 205 1.2 58 7 |37.333333]4.3201213] 22 0.8 134 a1 7 37.33393333 | 5.120145761 4742 556
577] 27-Nov-98 | 50468 0 20 195 10,1 5.7 7 |37.333303] 4.154702] 1.2 208 125 5.6 7 3733333333 | 4.686117336 47488 59.0

oFI




San Pasqual Waslewaler IMS Raw Data

A T 1] v X Y Z AA | AB AC AD AE AF AG AH Al
i1 Doe_| FOFIC |FsFesdor  Lisia 2 psl| Free el oslt & P oom | B Perm gom| C-Pegn gom ™ TolalFlow Etee Re/ oom| 510 Feed pal| Sl Perm oo Sig e[ gom
5 | 19-Feb-88 \
6
7
8 | 20-Feb-98
g
10
11| 23-Feb-98
12
13 System shutdown wichlorne in element B from 2/20 Spm to 2/23 S8am

14

15

16| 24-Feb-98

47

18

19

20 25-Feb-88

21

22 System Shutdown to upload Hydrade-Cl2 in element B comection

23

24| 26-Feb-98

25

26

27| 27-Feb-88

28

29 lem Shuldovw; lo Redo inlel plumbing hose, raplace PIT hose, replu{nb backwash feed o hose (IROL
30

31 ] i
32| 3-Mar-98 wn lo collapsed feed hose Uinit Shuidown and 300um sirainer removed
34

35

367 4-Mar-88

37

3

39

4 5-Mar-98

4

42

43

44 § B-Mar-98

45

46{ 9-Mar-98

47 Unit Shutdown to install 1-1/27 300um filter

48 {

49 10-Mar-98 ] T

S¢ leaned thru Backwash 1/2 soak 0.5% NaOQH, 1% Citric, 100ppm NaOCL

611 11-Mar-98 Shut Unit down for cleaning

52 Clearing consists again of cleaning through backwash line

53 Initial Data prior to clean:

54

85 i

56 After 1 hour 2% Cirtel Acid Soak pH 2.08:

57

58

59

60 system to check backwash from lhe fee

61 Initial Parameders prior to High pH clean|

52

63

64 #OH 1 hour soak pH 12.3

€5 ] 19-Mar-98

€8] 19-Mar-98 {

)61




San Pasqusl Waslewaler IMS Raw Dala

AC

AD AE

AF

AG

AH

Al

A T T v | v T w [ % |~
Daie | ROFdC |FreeFeedpsl '

67

lumbed Sysiem and performed recirculation cieaning one element at a lime

| 8 Peqn gom | C Per apm| Total Flow

Eree Rej gpm| Sid Feed psi|

| Sid Ref psl

68

20-Mar-98 |1 hour 4gpm concentrale only, then 15-30min with 3 gpm permeate flow

69

Backwash after recirc once then 3-4 with RO waler

70

72

Wi for Koch piumbing
29-Mar-98 |

wn-pump cavilaling

74

sereen with 150um screen

75

76

25-Mar-98

{77

Unit Shutdown due {o fouling element B

. 79 tHari § 438.4] it Cleaned by Dan Smith ph2.1 recirc followed

2hrs each element {no backwash)

81

31-Mar-98

82

]
|

it cli d and slament location switched

1-Apr-98 [ A=XB=K |

| B4
85

e wilh backwashing element B valve sticking

Upped alr pressure lo 78psi {from 60) |

87

f2hr recirc individually ph2 followed by pH 11.7

uldown at 459 hours

Imps removed, 55 inserted

89

90

2-Apr-88 | injection valveflubing

91

93

A8

55

S8
97

1]

5-Apr-38

hith

U1

102

B-Apr-98

163

104

105

7-Apr-08

106

107

108}

G-Ape-G8

199

110

1

9-Apr-98

112

10-Apr-98

[113;
‘114'
115

116

117

18]

11-Apr-98

119'
1201

121

122

12-Apr-98

73

Cha

124

125

126/

13-Apr-98

:_g;i




San Pasqual Waslawaler IMS Raw Data

[~ T 1] v W X Y Z AA AB_ AC AD AE AF AG AH Al Al

129' _14%“93 V :
Aqr- e fred psl 1510 2 0sl{ Froe RelpslL A Pe gpm B Perm) gom & Fermy gom zefieoun 2l sl ld/e) gon

130 to replumb drainfix leaks
131
132 15-Ap-98
133
134
135
136, 16-Apr-98
137
138
139] 17-Apr-98
1407
141
142,
143] 18-Apr-98
144
145
146| 16-Apr-08
193
150] 20-Api-96
151) 21-Apr-96
152
153 24-Apr-98
154
155,
156 2.7 2.7 50.0
157| 25-Apr-98 3 Z 50.0
158 2.2 3 42.3
[158 16.2 22 3 423
160] 26-Apr-98 16.4 2 2.8 1.7
1s1| 16.2 1.9 3 388
162 184 1.8 3 375
‘EEI 16.2 135 132 130 128 0.85 0.83 0.79 2.47 15.808 3 130 126 1.8 1016470568 3 375
64| 27-Apr-98 16.4 a5 131 129 128 0.55 0.84 68 249 15.936 3 149 145 18 1016470588 3 375
'ejsl 18 110 108 104 103 0.7 0.7 0.65 205 13,12 3 104 100 1.8 10.72941176 3 38.8
[16€ 193 108 105 103 102 0.7 067 0.65 2.02 12.928 3 102 o8 18 10.16470568 3 37.5
ﬁ' 175 [H 95 93 (-] 0,62 0.8 0.57 175 11456 3 94 90 1.8 10.16470569 3 375
168} 28-Apr-98 17 o4 91 89 (4 0.6 0.57 0.55 1,72 11.008 3 [ 85 19 10.72941176 3 388
169 177 92 B9 87 86 0.8 D57 0.55 172 11.008 3 B2 78 19 10.72041176 3 38.8
170 175 87 84 B B1 0.6 057 0.55 1.2 11.008 3 81 76 1.8 10.16470568 3 3T b
71 165 [T 85 64 83 0.6 0.57 055 172 1.008 3 B4 80 18 10,18470588 3 7.5
72| 29.Apr-88 177 93 91 89 87 0.5 0.58 055 1.73 11.072 3 89 B5 1.3 1072941178 3 38.6
173 174 o0 67 E 84 0.6 057 0.55 1,72 1,008 K a4 80 1.9 10.72941178 3 36.8
174 30-Apr-98 166 a8 86 54 83 0.6 0.57 0.65 172 11.008 3 84 79 1.9 10.72941176 3 38.8
175 18.1 (k) 90 [E 87 06 057 0.55 1,72 11.008 3 [ 85 19 1072941176 3 38.8
17§ 8.7 2 89 87 86 0.61 0.58 0.55 1.74 11138 3 86 82 19 1072941176 3 38.8
77 164 X ] 56 85 0.6 0.58 "0.55 1.73 11,072 3 87 84 19 10.72941176 3 38.8
178] 1-May-98 18.8 o4 B2 %0 89 0.6 0.58 0.55 1.4 11.072 3 0 86 19 10.72941176 3 35.8
179 16.2 B3 86 B4 62 0.6 0.57 0.55 172 11.008 3 88 B4 ] 10,72941176 3 36.8
186 82 87 B5 B3 82 0.8 0.57 0.55 1.72 11.008 3 86 B2 1.9 10.72941176 3 38.8
181 2-May-98 18.2 90 87 B5 84 0.6 0.57 0.55 72 11,008 3 [ 82 19 10.72941176 3 30.8
182 95 20 a5 B4 0.f 0.57 55 0.55 57 10,688 3 82 82 10 10.72941176 3 388
183 3-May-98 9 a7 50 a7 86 06 0.57 0.55 72 11.008 3 87 82 1.8 10.72941176 3 388
184 6.1 50 B5 83 0.6 0.57 055 0.55 167 10.688 3 87 [A 19 10.72941176 K] LLY]
185 182 a7 90 89 06 0.57 0.55 0.55 167 10,688 2.9 EA 89 19 10.72941176 3 8.8
186 196 93 80 a7 85 0.65 0.62 0.6 1.87 11,968 3 B 81 19 10.72941176 3 388
187|_4-May-98 18 92 8% 87 B8 0.6 057 0.64 171 0.944 3 o6 93 19 10.72941176 3 38.8
168 184 o0 B7 85 83 06 0.57 0.55 1,72 1,008 3 [ 81 19 10.72941176 3 38.8
189 18.1 B4 B2 (3] 78 0.6 0.57 0.55 1.72 11.008 3 76 74 1.9 1072041176 3 388
180 72 84 92 59 a7 0.5 0.57 9.55 1,72 11,008 3 a1 B7 19 1072941176 3 388

[491




San Pasqual Wastewater tMS Raw Dala

A T 1] v ] X v Z M| AB AC AD AE AF G AR Al X
4| Date ROFIC {Free Feed psi | lrstg 2 psi] Free Rej psil | B Perm gom | Eree Rej gpm] 51d Feed pei| Sd Rej osil Sid Perm gom Sid rej gom
191] &5May-88 20.4 88 B6 B3 82 0.61 0,58 0.55 1.74 11.136 3 86 B1 19 10.72841176 3 388
192 9% 5 B4 g 80 0.6 0.58 0.55 173 1.072 3 86 B2 19 10,72531176 3 38.8
193 20.8 B7 84 83 B1 0.8 0.57 0.55 172 11.008 3 a7 83 19 10.72941176 3 38.8
194 212 82 80 Fi 76 0.6 0.57 0,55 1,72 11,008 3 83 78 1.9 10.72941178 3 388
195] 6-May-58 199 57 8 B3 [ 06 0.58 055 1.73 i1.072 3 86 2 1.9 10.72931176 3 38.8
196 19,3 84 81 79 TE 0.6 0.57 0.55 1.72 11.008 3 84 79 1.9 10.72941176 3 38.8
157 204 53 80 8 76 0.62 06 6.55 177 11,328 3 B4 79 ) 10.72941176 3 36.8
198| 7-May-58 19,5 84 62 [ 18 0.6 0.57 .55 172 11.008 3 BS B3 1.8 10.72941176 3 38.8
199 18.3 87 B85 83 82 0.6 Q.57 0.55 172 11,008 3 86 B2 1.8 10.72941176 E] 38.8
200 19.8 89 88 84 83 0.62 0.6 0.58 1,78 11,392 3 B6 B2 1.9 10.72941176 3 kI
201 18.3 a7 85 83 a1 0.6 0.59 0.55 174 11.136 3 B6 81 1.9 10.72941176 3 3B.B
202| 8-May-98 219 89 86 B84 83 0.8 0.57 0.55 1.72 11.008 3 S0 Bg 1.9 10.72941176 3 388
203 20.2 86 B84 83 81 0.6 0.59 0.55 1.74 11.136 3 87 B4 1.9 10.72841176 3 38.8
204 18.7 88 85 B4 82 0.6 0.57 (.55 1.72 11.008 3 91 87 1.9 10.72941176 3 kEX
205| §-May-98 25 ] 81 78 77 08 0.57 0.55 172 11.008 3 84 73 1.8 10.72041176 E] 38.8
208 204 B8 | B 50 08 0.57 0.55 172 11,008 3 87 82 18 15.72941176 3 388
207 19.3 88 86 [ B2 08 0.57 0.55 172 71.008 3 90 56 135 1672041176 3 388
208 26 75 73 & 68 06 0.57 0.55 172 11.008 3 52 77 19 10.72041176 3 B8
209 10-May98 | 19.9 28 % 85 83 08 057 055 172 11,008 3 57 B4 5 1072941176 3 EEE)
210 21.2 o0 87 85 84 0.6 0.57 0.55 1.72 11,008 3 90 86 19 10.72941176 3 KiE:]
291 219 [F] 80 77 76 062 05 055 77 11.928 3 30 76 19 1072041176 3 398
212 19.9 87 85 83 82 06 0.57 054 1.7 10.944 3 88 B84 1.9 1072941176 3 384
213} 11-May-98 215 BS B3 80 78 0.62 3.6 0.55 1.77 11.328 3 84 79 1.9 10.72941176 3 LT
ﬂ' 21.4 B6 a3 8_1 80 08 0.57 Q.65 1.72 11.008 3 84 80 1.9 1072941176 3 388
1215 19.3 80 a7 B85 84 06 0.57 0.55 1.72 11.008 3 M 87 1.9 10.72941176 3 EEE:]
216 20.7 85 87 B84 & 0.6 057 0.55 172 11.008 3 89 54 19 10.72541176 3 B4
217 21 90 87 85 84 0.8 0.59 0._5_5 1.74 11.136 E) 91 B& 1.9 10.72841178 3 388
516] 12May 88|  21.8 9 50 87 85 0.8 0.55 0.55 17 10.88 3 94 %0 18 10.72541176 3 38.8
219 22.5 81 89 B6 88 0.8 0.57 0.55 1.72 11.008 3 90 86 1.9 10.72941176 3 38,8
-. 201 208 89 86 [:Z} 84 0.6 0.57 0.55 1.72 11.008 3 91 87 1.9 10.72941176 3 38.8
221 204 86 B5 [:x} 83 0.61 0.8 0.85 1.76 11.264 3 89 85 1.9 10,72041176 3 38.8
222| 13-May-98 21.8 B85 83 81 81 0.6 0.58 0.55 1.73 11.072 3 64 a0 1.9 10.72941176 3 38.8
223 21.7 8% B4 a2 80 0.6 0.57 Q.55 1.72 11.008 3 B7 a3 1.9 1072941176 3 38.8
224 21 ] 87 56 ] 06 0.57 0.55 172 11.008 3 50 % 7.9 10.72041176 3 30.8
225 204 a7 85 83 82 06 0.57 0.5 172 11.008 3 56 87 1.9 10.72841176 3 %4
226] 14May-86 | 208 %6 B4 53 80 0.61 bE. 0.56 137 11328 3 [ B3 19 10.72949176 3 3.8
227 20.9 88 85 83 B2 0.6 0.58 0.85 1.73 11,072 3 89 84 1.9 10.72941176 3 38.8
ﬁi 20.3 60 87 88 B84 0.8 0.58 0.55 1.73 11.072 3 80 86 1.9 10.72941176 3 38.8
1238 186 5 57 5 84 0.6 058 055 173 11072 3 B9 B85 1.9 10.72941176 3 30.8
20| 5May-88 | 214 50 58 85 85 0.62 0.8 057 179 11.456 3 5 85 19 10.72941176 3 38.8
123t 204 o0 87 85 85 0.81 0:_6_ 0.58 1.7"1 11.328 3 S0 a7 19 10.72841176 3 KLE]
1232 199 5 92 %0 %0 08 0.58. 0.55 173 11.072 3 % o 19 10.72941176 3 38.8
1233 206 B 1] 66 86 0.61 0.58 055 174 11135 3 59 86 1.9 10.72941176 3 38.8
334 16May-98 | 20.8 93 81 9 89 0.61 0.59 055 175 1.2 3 54 0 1.9 10.72041176 3 8.8
235 158 54 o B8 B8 i 0.58 055 173 1,072 3 54 50 19 10.72941176 3 38.6
238 16.3 7] 50 87 85 [ 0.5 058 173 11,072 3 (] 89 18 10.72941176 3 39.8
237] Vi Nay98| 202 %2 50 88 [ 061 0.58 0.55 774 11.136 3 52 59 1.8 10.72941176 3 36.8
23 155 24 92 ) 85 0.6 0.58 055 173 11.072 3 54 50 15 1072941176 3 B6
239 194 T 81 ) [T 0.6 0.50 0.55 173 11.072 3 o5 9 (K] 10.72541176 3 36.8
{240 198 %0 8 86 [ .65 062 0.59 .68 71.964 3 %0 % 19 1072841176 3 38.8
2a1| 16-May-98 | 198 52 59 28 85 08 058 0.55 173 1072 3 B4 50 19 10.72841176 3 68
242 14.9 a1 89 87 85 0.6 0,58 0.55 173 11072 3 93 890 1.9 10.72941178 3 38.8
243 20.9 91 38 6 B4 0.6 0.55 0.55 1.73 11,072 3 2 a9 1.8 10.72041176 3 38.8
244 18.7 93 20 88 85 0.6 0.58 0.55 173 1.07 3 %4 % 1.8 10.16470598 3 75
745| 10-May-98 18 [H 90 80 6 05 057 055 1.72 11.00 3 84 1 19 10.72341176 3 38.8
245 198 5 % 85 83 06 0.58 .56 173 11072 3 %0 CH 19 1072941176 3 588
247 196 52 ) B8 55 08 0.50 055 173 11.072 3 93 90 19 10.72941176 3 8.8
248] 20.May-98 | 19.4 (1 52 o0 B8 06 0.58 0.55 173 11.072 3 93 o0 18 10.72841176 3 3.5
249 187 % 91 B8 [ 0.6 0.58 0.55 1.73 11.072 3 52 [ 1.5 572541176 3 398
250, 18.8 84 92 S0 B 0.8 0.57 0.65 1.72 11.008 3 94 90 19 10.72841178 3 38.8
251 18.1 % 53 5 30 0.8 0,57 055 172 11,008 3 55 92 19 1072541176 3 38.8
262 21-May-98 176 100 98 98 94 0.61 ).58 0.55 1.74 11.136 3 a7 94 1.9 10.72941176 3 38.8
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$San Pasqual Wasiewater IMS Raw Data

A T U v w X Y Z AA AB AC AD AE AF AG AH Al AJ
4] Dae ROEJC fFreeFeedps)lrsigloy! hisig 2 sl Frea R psil & Perm gom| B Perm gpm | C Perm gom|Total Fiow i| SldReips!| StdFemmpom| | Stdrelgom
253 18.8 100 88 9 a5 06 0.58 0.65 1.74 11.136 3 o7 94 19 10.72841176 3 3B.B
254 18 101 88 20 96 08 0.69 0.55 1.74 11.136 3 89 96 19 10.72941176 3 38.8
255] 22-May-98 7.5 104 101 100 100 [1:] 0.59 0.55 1.74 11.138 3 100 o7 k] 10.72941176 3 8.8
256} 19 101 98 96 96 0.81 0.58 0.55 1.75 11.2 3 97 94 9 10,72941176 3 3B.8
257 23-May-98 183 103 101 99 99 06 0.58 0.55 173 11.072 3 100 97 19 10.72941176 3 8.8
258 17.5 104 101 99 99 06 0.58 0.55 1.73 1.072 3 100 a8 19 10.72941176 3 g8
259 19.3 91 88 86 [E] 0.61 0.5 0.55 1.75 1.2 3 9 87 19 10.72941176 3 88
260 18.5 a7 95 92 il 0.69 0.58 0.54 1.7 10.944 3 89 95 1.8 10.72841176 3 384
2651] 24-May-98 18.9 98 96 94 92 0.59 0.56 0.54 1.69 10.816 3 100 ar 18 10.7294117¢6 3 388
262 21.4 96 94 91 o0 0.6 .58 0.55 173 11072 3 96 92 1.9 10.72941176 a 384
263 19.4 95 92 80 83 0.8 0.57 0.55 1.72 11.008 3 86 93 1.9 10.72941176 3 38.8
264 18.2 95 93 91 ag 0.59 0.58 0.55 1.72 11,008 3 98 92 19 10.72541176 3 388
2651 25-May-98 20.1 93 90 68 87 0.61 0.659 0.65 1.75 $1.2 3 2] 88 19 10.72941176 3 38.8
ﬁl 21.4 97 94 82 80 0.8 0.57 0.56 1.72 11.008 3 95 92 19 10.72941176 3 8.8
267, 18.6 o7 94 93 &1 08 Q.57 0.55 .72 11.008 3 97 94 1.9 10.72941176 3 38.8
268 208 96 94 91 90 0.61 0.58 0.55 175 11.2 3 94 89 1.9 10.72941178 3 388
269) 26-May-98 21.5 N 89 67 85 0.61 0.59 0.55 1.75 11.2 3 50 86 19 10.72941176 3 38.8
270 18.9 98 95 93 [l 0.5 0.57 0.55 172 11.008 3 97 94 19 10.72941176 3 8.8
F1d| 20.8 95 93 90 ea 0.8 0.58 0.55 1.73 11072 3 91 a7 19 10.72941176 3 388
272] 27-May-98 20.1 84 91 -] &7 0.62 08 0.56 78 11.382 3 90 88 1.9 10.72941176 3 8.8
1773 19.3 97 94 82 90 08 0.57 0.54 71 10,944 3 86 92 19 10.72941176 3 38.8
274 20.7 94 92 90 g8 .61 Q.58 0.55 KL 11.138 3 N 87 1.9 10.72941176 3 388
275 20.2 95 93 90 89 0.8 .58 0.55 1.73 11072 3 54 90 19 10.72941176 3 38.8
276§ 28-May-08 19.9 97 95 a3 9 0.5 0.58 0.55 J3 11,072 3 96 93 1.9 10.72941176 3 384
277 211 84 91 89 87 0.6 0.57 0.55 1.72 1.008 3 93 90 18 10.72841176 : 388
278 20 94 92 90 88 0.6 09.57 0.55 72 008 3 94 90 1.9 10.72941176 3 344
279] 218 96 93 80 89 0.6 0.57 0.56 72 1.008 3 94 80 19 10.720841176 3 38.3
280} 29-May-98 19.7 94 92 80 88 0.8 0.57 0.55 372 1.008 3 92 0 1.9 10.72941178 3 34.8
281 218 95 a3 90 B89 08 0.57 0.55 1.72 11.008 3 94 2l 19 10.72941176 3 30.8
282 201 92 B9 a7 [ 0.8 0.57 0.55 1.72 11.008 3 90 a7 19 10.72941176 3 36.8
283 218 94 ]l 89 B7 0.8 0.57 0.55 1.72 11.008 3 95 92 198 10.72941176 3 38.8
284} 30-May-88 203 B2 80 87 a5 0.62 06 0.55 1.77 11.328 3 20 87 1.8 10.72941176 3 38.8
285 20.9 93 90 83 86 0.6 0.57 0.55 1.72 11.008 3 94 90 19 10.72941176 3 38.8
266 31-May-98 209 82 B89 88 85 06 0.58 0.55 1.73 11.072 a 90 a7 19 10.72941176 3 388
287 1-Jun-98 198 B4 82 90 88 06 0.58 0.55 173 11.072 3 93 20 19 10.72941176 3 38.8
[286] 2-Jun-98 20.4 94 92 89 87 0.6 0.58 0.55 1.73 11,072 3 92 L] 19 10.72941176 3 9.3
289 1838 94 91 83 B7 0.61 0.59 0.55 175 11.2 3 92 89 19 10.72941176 3 38.8
290 21.2 5 93 90 (L] 0.6 0.58 0.55 173 11.072 3 B4 beal 19 10.72941176 3 33.8
291] 3-jun-98 20.1 94 [l [] 88 0.61 0.8 0.55 1.76 11.264 3 83 S0 19 10.72941176 3 38.8
292 19 98 85 [X] 91 0.6 Q.57 0.55 1.72 11.008 3 59 85 18 10.72941176 3 8.8
293 4-Jun-88 213 85 82 89 88 0.61 0.58 0.55 1.74 11.138 3 91 88 18 10.72941176 3 38.8
294 20 97 93 80 89 0.81 0.58 0.55 1.74 11.136 3 95 N 19 10.72941176 3 38.8
295! 6-Jun-98 194 94 95 92 80 08 0,57 0.55 1.72 11.008 3 97 93 19 10.72941176 3 38.8
296 218 95 9 89 L 0.61 0.58 0.55 1.74 11,138 3 91 ] 1.9 10.72941176 3 38.8
297 19.3 96 23 91 23] [X] 0.59 0.55 1,74 11,136 3 94 E]] 19 10.72941176 3 38.8
298] 6-Jun-28 208 92 94 91 80 9.61 0.59 0.55 1.75 1.2 3 85 a2 19 10.72941176 3 38.8
299 19.8 97 90 88 86 0.52 0.6 0.58 1.77 11.328 3 90 87 19 1072941176 3 34.8
300{ 7-Jun-98 204 96 94 92 90 06 0.59 0.55 1.74 11.138 3 95 [E] 19 10.72941176 3 38.8
k03] 19.8 28 93 9 [] 0.6 0.59 0.55 1.74 11.138 3 92 89 1.9 10.72841176 3 38.8
302 B8-Jun-88 22 96 94 82 90 0.8 0.57 0.55 1.72 11.008 3 94 o0 1.9 10.72941178 3 38.8
303, 21.7 91 93 92 90 0.61 0.58 0.55 1.74 11.136 3 94 91 1.8 10,72941178 3 38.8
304] S-Jun-88 208 90 9 ) 80 0.8 0.57 0.54 1.7 10.944 3 91 ] g 10.72941178 3 38.8
305 227 90 7 85 K] 061 0.58 0.5 1.74 11.136 3 87 84 9 10.72941176 3 3e.8
306 20.7 N 8 86 a5 0.8 0.58 0.55 1.73 11.072 3 90 87 9 10.72041176 3 30.8
307 22.3 88 89 [ 85 0.8 0.59 0.55 1.74 11,136 3 80 88 1.9 10.72941176 3 38.8
308) 10-Jun-28 203 24 25 84 33 0.5 0.58 0.55 1.73 11072 3 87 84 i85 1072541176 3 38.8
309 22.2 92 81 90 88 0.8 0.58 0.55 1.73 11.072 3 81 89 1.9 10.72941176 3 838
310, 215 83 80 88 66 0.61 0.58 0.56 1.74 11.136 3 [ 86 1.9 10.72941176 3 38.8
311§ 1t-Jun98 22 91 90 Bg B6 [L] 0.57 0.55 1.72 11.008 3 91 89 1.8 10.72941176 3 36.8
§312 20.5 90 89 ] 85 0.8 0.5 0.55 1.73 11.072 3 BY 85 1.9 1072941176 3 38.8
3‘3’ 12-Jun-98 21.3 (1] 86 86 85 0.6 9.57 0.54 1.71 10.944 3 91 a8 18 10.72941176 3 38.8
314] 205 92 B8 g6 B5 0.61 0.59 0.55 1.75 11.2 3 89 86 13 10.72841176 3 39.8
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San Pasqual Wastewater IMS Raw Data

| I T U v W X Y Z AR AB AC A0 AE AF G AH Al AJ
14] Date ROFAC YFreeFeodpsi lorsig 1 pal| Hrstg 2 psl| Free Rej osi] A Perm,gom) 8 Perm gpm| G Permgpm] Total Flow Eree Rej gorg) Sid Feed psi | Std Rejpal) i S1d rej gom
1318 2.2 92 [ 87 6 06 0.57 0.54 1.71 70.944 3 92 89 19 10.72941176 3 388
13168 13-un-g8 | 205 %2 89 a7 6 08 0.58 054 172 1.008 3 ] a7 19 10.72941176 3 366
317 211 92 %0 08 88 0.8 0.57 0.54 .71 10.944 3 93 50 19 16.72541176 3 388
38| 1A-Jun-g8 219 A B9 &7 6 0.6 0.57 0.54 171 10.944 ; o2 ) 19 10.72941176 3 388
319 206 % ] 58 86 06 0.57 [ 172 11,608 ] 54 91 .9 10.72041176 3 36.8
320 15-n-98 | 200 ] %0 a7 86 08 0.58 055 1.73 1,072 3 ] 5] 19 70,72041176 3 36.8
321 207 a1 [ B6 BE 08 0.58 0.55 173 .072 3 91 &8 19 10.72941176 3 38.8
322] T6-Jun0B | 207 9z 85 (3 5 0.6 0.57 055 172 11.008 3 93 =) 19 10.72941176 3 36
323 5.0 B %0 87 5 08 059 0.55 174 (ERES 3 54 50 15 10.72941176 3 6
324 204 30 80 [ 65 0.6 050 054 172 11.008 3 9z ] 18 1072944175 K] 88
328| 17-Jun-98 18.8 81 86 %6 B4 0.6 0.57 0.54 171 10,644 3 91 89 19 10.72841176 3 368
326 20.7 % 83 5 B5 06 0.57 055 172 T1.008 3 %2 89 19 1072943176 3 BB
327]_16-Jun-98 9 o7 B8 % 54 08 0.56 0.54 1.7 10.68 2 o B8 19 1072641176 3 386
328 19.7 94 a5 93 91 X 0.58 0.55 1.73 11.072 3 94 91 1.8 10.729841176 E] 38.8
29 27 ] 91 30 8¢ I 0.58 0.55 1.73 11.072 3 [ 89 1.8 10.72941176 3 38.8
330] 18-Jungd | 312 %2 23] B8 56 X 0.58 0.55 1.73 11.072 3 % 51 19 10.72541176 3 388
331 22.9 7] 92 50 [ 08 0.58 055 1.73 1072 3 [ 91 16 10.72041176 3 368
52 214 [ [ B4 87 06 0.58 055 1.73 11,072 3 39 65 18 10.72041176 3 36.8
[333[ zo-Junoe 217 %0 89 5 8 05 057 0.55 172 11.008 3 9 B8 15 10.72941176 3 36.8
1334] 21-Jun-98 21.2 89 88 B84 83 0.6 0.57 0.55 1.72 11.008 3 a7 B4 1.9 10.72941176 3 38.8
[2385] 228 | 229 105 103 100 % 0.6 0.50 055 1.75 .2 3 a7 54 1.9 10.72941176 3 6.8
I336] 23-dungB | _ 208 6 86 2] 8 0.6 857 554 A 10,844 3 %0 (3 13 10.72641176 3 388
1337 226 ] 3 54 83 U6 .58 0.55 173 11.072 3 % 56 i 10.72941176 3 388
338 24Jun-98 | 227 % 85 83 H 061 050 0.55 174 11,136 3 86 83 15 10.72941178 3 88
339 215 91 ] B8 85 05 0.57 0.55 172 11.008 3 9z 8% 19 10.72541176 3 388
340] J5-Junga | 235 8 a7 B4 B 061 059 0.55 175 12 3 94 83 1.9 10.72541176 3 B4
31 728 87 B4 83 81 081 0.50 0.55 175 112 3 B3 64 T8 70.72941176 3 368
{342 718 B8 B6 84 [ 06 0.57 055 172 11.008 3 [ 3 T4 10.72941176 3 368
343] 26-Junda | 222 87 B4 ) 81 0.62 08 0,58 1.78 11392 3 [ 31 19 10.72941178 3 388
[344] F-unoa | 215 % [ 8z a1 0.62 06 556 .78 11.392 3 88 B4 18 1072641176 3 38.8
345 0.1 ) 85 83 82 0.6 0.58 054 1.72 11.008 3 5 85 19 10.72941178 3 36.6
346] 2a-Jundd | 239 ) 3 B 82 08 0.58 054 17z 11008 3 88 55 13 1012041376 El 386
k37 22 8 85 53 8z 08 0.58 0.54 172 11.008 3 %6 85 19 10.72941176 3 8
348 29-Jun-g8 | __ 23.9 B8 8 a3 B 081 0.59 555 175 112 3 3t BY 1.0 10.72341176 3 B8
349 T 63 B1 75 77 0.61 057 D54 1.7; 11,008 3 o7 B0 15 1072941176 3 68
3561 30-un98 | 23.5 85 B3 0 79 067 0.57 5.65 7 1.072 3 86 72 19 10.7294¢176 3 8.8
351 1-Jul-98 335 (H 83 B 60 0.63 0.58 555 1.7 11328 3 6] 79 1.5 10.72941176 3 0.8
352] _Zali98 241 a7 85 ] B 06 057 0.55 172 11.008 3 B7 ] 1.5 10.72941176 3 38.8
353 22.7 3 B4 Bt B0 06 0.56 354 17 10.88 3 B 80 18 10.72941176 3 368
354 238 81 B0 7 76 05 0.56 055 ENZ] 15944 3 65 B 13 10.72940176 3 388
13880 uren 228 B2 B0 76 76 08 058 655 174 11.138 3 B4 7% 15 10.72041176 3 38
356 FEX] 5 CE] (X 0 06 8.58 0.55 73 H.072 3 &8 54 19 10.72841176 3 35.8
357 228 # 83 %0 70 051 0.59 0.55 175 1.2 3 B4 70 18 10.72841176 3 36.8
358 244 85 [E 80 i) 05 0,59 0.55 174 11.136 3 [ 82 19 10.72641176 3 38,8
353]_4-Ju-8 229 B9 B6 84 ] 062 0.59 0.55 176 11.564 3 84 78 15 10.72041176 3 3.8
360]  5-Jul98 22 85 Ba B0 78 08 0.58 8.55 1.73 11072 3 6 52 18 70.72641176 3 38.8
361 224 B4 B 80 78 0.62 06 0.55 177 11.328 3 & 78 19 70.72641176 3 36.8
362]  6-Jul-o8 24.4 a5 ] 80 78 08 0.57 0.55 172 11.008 3 8 53 19 10.72041176 3 35.8
363 _7-Jul-08 225 3 (5] B0 79 3 0.57 055 1.72 11,008 3 %6 53 1.9 10.72941176 3 386
354 22.9 85 B2 0 78 0.8 0.50 .55 174 11136 3 86 ] 19 10.72941176 3 386
365 223 54 81 79 77 08 057 055 172 14,008 3 K 75 19 10.72041176 3 38.8
L T 2.1 ] &1 79 77 0.6 057 0.55 [XE] 11,008 3 83 78 15 10.72941176 3 388
367] 23.6 3 82 0 78 0.8 0.57 0.55 172 11,008 3 B8 ] 19 10,72041176 3 388
368 _5-ui-98 23 85 B2 0 79 08 057 .55 173 11.008 3 B5 B 1.9 10.72041176 3 38
369 743 85 83 80 [ 08 059 055 1.74 11,136 3 88 82 18 10.72941176 3 388
370] 10-Jul-68 265 [ Y] [ 79 08 050 055 1.74 RES 3 3% 5 19 15.72841178 3 36
371 251 34 e [ 78 06 0.59 .55 1.74 11136 3 B4 78 19 10.72841176 3 308
372 25 ) 62 ) 78 0.8 0.57 0.54 .71 10.944 3 54 74 19 16,72941176 3 38.6
373 259 ] B 78 77 0562 0.50 0.55 176 1,264 3 a1 76 K 10.72941176 3 388
374]_1+-d0-68 761 a3 80 78 76 0.65 0.62 058 1.85 11.64 3 B0 75 19 10.72841176 3 388
75| 1298 251 a3 80 78 77 0.65 0.6 050 1.84 11.776 3 [H 77 19 10.72541176 3 34
376 243 B1 78 76 75 08 0.57 0.5 1.72 11.008 3 B 76 15 10.728041176 3 3.8
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$San Pasqual Wastewaler IMS Raw Data

A T 1] vV W X Y z AA AB AC AD AE _7AF AG AH Al Ad
7| Dols | ROFJC |Free Feed pol| orsla 1 pall lisia 2 ol Free Rel psl| A Perm gom | B Perm gorm | C Perm gpr| Free Rej gom| SIG F eed pei| S Rel pal| 510 Perm gom Sidregom
377l 13-Jul-98 255 81 8 76 75 (.64 .6 0.55 1.79 11.456 3 81 76 1.9 10.72941176 3 38.8
378] 14-Jul-98 264 80 77 75 73 0.62 0.58 0.55 1.756 11.2 3 79 74 1.9 10.72941176 E] 38.8
379| 238 83 80 79 77 0.62 06 0,57 179 11.458 3 80 76 1.9 10.72941178 3 288
380] 15-Jul-98 23.3 B4 82 80 78 0.62 0.58 0.55 176 11.264 3 B4 B0 1.9 10.72941178 3 38,8
381} 16-Jul-28 234 B4 81 79 78 0.63 0.6 0.56 1.79 11456 3 B1 76 1.9 10.72941176 3 38.8
382 17-Jul-98 23,7 &1 78 77 78 0.64 0.61 0.568 1.81 11.584 3 80 75 1.9 10.72941176 3 38,8
383 25 B4 81 78 78 0.62 0.59 0.55 1.76 11.264 3 86 81 1.9 10.72841176 3 38.8
384 16-Jul-98 232 86 84 a1 80 0.63 0.8 0.56 1.79 11.456 3 a6 81 1.8 10.72841176 3 38.8
385 19-Jul-98 27.2 86 a4 a2 80 0.63 0.6 0.55 1.78 11.392 3 86 82 19 10,72941178 3 38.8
386 25.7 85 82 80 79 0.61 0.58 0.55 1.74 11.136 3 85 BQ 1.9 10.72941176 3 38.8
387y 21-Ju-08 28 84 81 78 78 0.64 0.6 0.56 1.8 11.52 3 84 78 18 10.72941176 3 38.8
388 255 85 83 81 79 0.6 0.58 Q.55 1.73 14,072 3 a7 84 1.9 10.72841176 3 3B8.8
asal 22.Jul-98 25.3 79 76 73 11 06 0.57 0.55 172 11.008 3 B8O 73 1.9 10.72941176 3 38.8
390, 28,6 79 76 74 72 0.6 0.57 (0.565 1.72 11.008 3 80 74 1.8 10.72941116 3 388
391 26.2 78 76 14 T2 0.62 0.59 0.55 4.76 11.264 3 77 70 1.9 10.72941176 3 38.8
392{ 23-Ju-98 25.9 80 17 74 73 0.6 0.57 .54 1.71 10.644 31 B6 81 1.9 1072841176 3 338
393 25 84 B1 79 77 0.63 0.59 D.55 177, 11.328 3 B 81 1.8 10.16470588 3 ars
394 254 83 B0 78 76 0.64 0.6 0.56 1.8 11.52 3 A4 77 1.9 10.72841176 ] 38.8
395 2586 80 76 74 12 0.64 8.5 0,55 1.79 11.456 3 83 76 19 10.72841176¢ 3 8.8
396] 24-Jul-98 24.7 B8O 78 75 74 0,65 0,61 0,56 1.62 11.648 3 85 78 1.9 1072941176 3 38.8
397 25.5 B2 19 77 75 0,63 4.6 .55 1.78 11.382 3 80 75 1.9 10,72941178 3 348
398 255 a2 79 (i 76 063 0.6 0.55 1.78 11,392 3 a0 i4 19 10.72941176 3 3848
388| 25-Jul-98 254 a1 78 76 75 0.65 0.61 0.56 1.82 11.648 3 80 75 18 1072941176 3 38.8
400 24.4 82 79 77 76 0.63 .6 0.55 1.78 11.382 3 82 77 1.9 10.72841176 3 388
401 256 81 18 76 75 0.64 .6 0.55 1.79 11.456 3 (2] % 1.9 10,72041176 3 388
402] 286-Jul-98 259 a1 78 76 75 0.64 (X 0.55 1.79 11.456 3 81 75 1.8 10.72041176 3 338
403 25.9 82 78 76 75 0.63 0.59 0.55 1.77 11.328 3 82 7 1.9 10.72941176 3 388
404 27-Jun-98 24,2 80 78 75 74 0.63 0.59 0.55 1.77 11.328 3 80 74 1.9 40.72941176 3 388
E‘ 24.2 80 77 75 74 0,64 0.8 0.55 1,79 11,456 3 80 74 1.9 10.72841176 3 38.8
406] 28-Jul-98 24.7 81 78 77 76 .62 0.59 0.55 1.78 11.264 3 82 17 1.9 10.72841176 3 33.8
407 24.7 81 79 77 75 0.62 0.59 Q.55 1.76 11.264 3 81 75 1.9 10.72841176 3 388
408] 29-Jul-98 24.7 81 79 76 75 0,63 0.6 0.55 1,78 11,392 3 a0 75 1.9 10.72941176 3 338
405 24.7 75 72 70 68 0.64 0.6 0.55 1.78 11.456 3 74 (1 1.9 10.72941176 3 38.8
410 28.1 78 74 71 70 0.65 0.6 0.56 1.81 11.584 3 75 68 1.9 10.72841176 3 3.8
41%) 30-Jul-98 278 78 75 73 72 0.62 0.68 0.54 1.74 11,138 2.9 80 76 1.9 $0.72841176 3 38.8
412] 31-Jul-98 253 -3 78 76 75 0.64 0.6 0.58 1.8 11.52 3 78 71 1.9 10.72841176 3 ssa
413 26.1 77 74 72 70 0.65 0.6 0.55 1.8 11.52 76 70 1.9 1072941176 3 38.8
414F 1-Aug-38 27.3 78 76 74 72 .64 0.6 058 1.8 11.52 80 76 1.9 10.72941176 3 398
415 249 76 74 72 70 0.63 0.59 0.55 1.77 11.328 76 69 1.9 10,72941176 3 388
416] 2-Aug-88 26.8 79 76 74 73 .63 0.6 0.55 1.78 11,392 3 78 74 1.9 1072941176 3 388
417} 3-Aug-98 25.6 81 79 76 75 0.63 0.6 0.55 178 11,392 3 80 76 10.72941176 3 38.8
418) 4-Aug-98 23.8 80 17 75 T4 0.63 0.58 0.55 1.77 11.328 3 76 70 1072941176 3 38.8
41§ 25.5 82 B0 77 78 0.61 0.58 0.54 i 11,072 3 82 8 R 10.72941176 3 38.8
4201 5-Aug-98 22.6 66 63 61 60 0.6 057 0.55 72 11.008 3 86 57 1.9 10.72941178 3 38.8
421 31.1 75 72 70 88 0.63 0.58 0.55 76 11.264 3 75 69 18 10.72941176 3 388
4221 6-Aug-98 254 73 70 &8 68 0.62 0.59 0.55 1.78 11.264 3 71 64 1.8 10.72941176 3 38.8
423 27 76 73 71 &9 0.63 0,59 0.55 177 11.328 3 78 71 1.8 10.72941176 3 38,8
1424} 7-Aug-98 25 73 70 B8 67 0.83 0.58 .55 1.78 11.264 3 72 66 1.9 10.72941176 3 38.8
425 8-Aug-98 26.7 75 73 70 &8 0.64 0.6 0.56 1.8 11.52 3 76 Tt 1.9 10.72941178 3 38.8
426| 8-Aug-98 24.6 78 75 73 71 0.64 .59 0.55 1.78 11.382 3 74 69 1.9 10.72941176 3 38.8
427] 10-Aug-98 26 76 T4 Fi 70 0.61 0.59 0.55 1.7 11.2 3 78 73 1.9 10.72941178 3 g8
428 245 78 T4 72 70 0.8 0.57 0.55 172 11.008 K 78 73 1.9 10.72941176 3 388
429] 11-Aup-98 243 i7 74 72 71 0.82 0.58 0.55 175 112 3 77 71 1.9 10.72941176 3 38.8
4301 251 7 75 70 71 063 0,59 0.55 177 328 3 76 71 1.9 1072941176 3 35.8
431} 12-Aug-98 255 78 74 71 70 0.64 06 0.57 1.81 11.584 3 74 [:1] 1.8 1016470588 3 375
532 271 76 74 1 59 0.63 058 0.55 176 11.264 3 77 70 18 10.16470588 3 375
433 28 73 70 68 [) 0.64 0.59 0.55 1,78 11,302 3 73 65 1.9 10.72941176 3 384
434! 13-Aug-98 28.3 73 70 68 &7 0.63 0.59 O.ﬁ 1.77 11.328 3 70 62 1.9 10.72941176 3 33.8
435] 14-Aug-98 28.3 72 70 &7 68 0.63 0.59 0.55 1.77 11328 E] 70 62 1.9 10.72841176 3 38.8
436( 15-Aug-98 283 73 70 &7 (L] 0.62 0.58 0,55 1.75 1.2 3 T2 65 1.9 10.72941176 3 388
431 219 74 72 (1] 67 0.82 0.6 0,55 1.77 11,328 3 75 59 1.9 10.72841176 3 38.8
43B8] 168-Aug-98 26.1 76 74 73 71 0.683 0.59 0.55 1.77 11328 3 78 70 1.9 1072941176 3 38.8
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San Pasqual Wastawater IMS Raw Data

A T U v w | X | Y 2 AA | aB AC AD AE _AF AG AH Al AJ
4 Dote | ROFOG [FreeFeedpsl]inrsig1osl]lsio 2 polf Free Rejpsi] A Penm gom| B Perm om) | 5td Eaed 05| S\d Fel psi| Sid Perm gom| | Sdreigom
435 26.1 78 76 73 71 0.62 0.58 (.55 1.76 112 3 78 72 19 10,72941176 18 50.0
440] 17-Aug-98 254 78 74 72 70 0.63 0.59 0.55 177 11.328 3 76 65 1.8 10.72941178 19 50.0
441 25.1 77 75 73 71 0.62 0.56 0.55 1.76 1.2 3 77 73 1.9 10.72941176 19 50,0
442] 18-Aug-38 24.3 77 74 72 70 0.62 0.58 055 1.75 112 3 76 60 18 10.72841176 1.9 50.0
443] 19-Aug96 254 77 75 73 71 0.61 0.58 6.55 1.74 11,138 3 78 72 1.9 10.72941176 19 50.0
444 243 76 74 72 70 0.61 0.50 .56 1.74 11,136 3 76 69 1.9 1072941178 19 50.0
445] 20-Aug-98 253 78 76 74 72 06 0.57 0.55 112 11.008 3 79 74 1.9 10.72941176 19 50.0
[546] 21-Aug-98 238 79 77 75 74 0.61 0.58 0.55 1.74 11.136 3 Bt 76 1.8 10.72941176 K] 50.0
447| 22-Aug-98 235 76 73 70 69 0.61 0.58 0.55 1.74 11,436 3 76 70 1.9 10.72941176 1.9 50.0
448 23-Aug-98 25.5 80 78 78 75 0.6 0.57 0,55 1.72 11.008 3 81 76 1.9 1072941176 1.8 50.0
449| 24-Aug-98 228 88 B6 a5 85 0.69 0.65 06 1.94 12.416 1.9 84 79 1.8 10.72941176 18 50.0
450F 25-Aug-98 229 87 85 B3 B2 0.89 0.65 0.8 1.94 12.416 1.9 81 77 15 107241176 13 50.0
451 23.8 83 82 B8 70 0.68 0,64 0.58 1.91 12.224 i8 74 69 1.8 10.72941176 19 50.0
452| 26-Aug-98 26.1 85 A3 81 a0 0.68 0.64 0.59 1.91 12.224 1.9 a6 Fid 18 10.72041176 1.8 50.0
453 24.4 88 [ B5 B4 0.60 0.65 0.61 1.85 12.48 1.9 86 77 19 10,72941176 19 50.0
454| 27-Aug-98 246 83 81 80 79 0.69 0.65 0.6 1.94. 12416 19 76 71 1.9 10.72841176 19 50.0
1455[ 28-Aug-88 25.8 85 83 81 [5) 0.69 0.65 0.6 1.94 12.416 [ a0 77 19 10.72941176 19 50.0
456 29-Aug-98 246 85 a3 82 80 0.69 0.65 0.6 1.94 12.416 19 77 74 19 10.72941176 18 50.0
457 30-Aug-98 258 86 a5 [Z] 82 0.68 0.65 0.6 1.94 12416 [K) B2 80 1.9 1072941176 1.3 50.0
{458} 31.Ayg-o8 242 83 86 85 84 0.60 0.65 0.6 184 12.418 F 82 79 1.9 10.72941176 1.5 £0.0
459] 1-Sep-96 24 B8 86 85 B4 0.68 0.64 0.59 1.91 12224 1.9 B2 78 19 10.72941178 1.9 50.0
460] _ 2-Sep-08 25 B4 83 8l 80 0.69 0.84 0.6 1.93 12352 1.9 76 ) 1.5 10.72941176 19 500
461] 3-Sep-98 252 88 87 85 84 0.69 0.65 08 1.84 12416 18 79 74 19 10.72641176 19 500
462f 4-Sep-88 271 70 77 76 75 0.68 0.53 0.58 1.89 12.096 1.9 72 &7 1.9 10.72041176 1.8 50.0
463] 5-5ep-98 28.8 81 a0 78 78 0.65 0.6 0.58 181 11.584 1.9 77 73 19 10.72041176 19 50.0
[464] 6-Sep-98 26.3 82 80 79 78 0.69 0.65 0.6 1.94 12,416 1.5 [ 78 18 10.16470588 1.5 48.6
365 7-5ep-98 265 7] [H 81 80 0.69 0.65 0.6 1.94 2.416 1.9 86 € 18 10,16470588 18 48.6
466] 8-5ep-98 26.3 86 [ 83 82 0.65 0.62 0.57 1.84 1.776 1.9 a8 8; 15 10.72841176 19 50.0
467] 9-Sep-98 249 (L] B4 83 BZ 0.68 0.64 08 152 2.288 1.9 80 7 1.9 10.72941176 1.9 50.0
468] 10-Sep-98 25.3 86 &7 85 84 0.67 0.63 0.58 1.88 121032 19 82 78 19 10.72041176 19 50.0
469] 11-Sep-88 25.2 B7 86 84 83 0.66 0.63 0.59 1.88 12032 1.9 81 77 1.9 10.72941176 19 50.0
470] 12-Sep-08 248 88 88 [H 84 0.65 0.61 0.58 1.84 11776 1.9 84 79 18 10.72941176 19 50.0
471} 13-Sep-98 24.8 92 90 89 88 0.68 0.64 0.8 1.92 12200 19 84 B0 1.8 10.16470588 19 485
472i 248 92 90 B8 a7 0.69 0.65 0.6 1.54 12416 1.8 84 80 1,7 9.6 1.8 47.2
473( 14-5ep-98 23.8 a7 95 4 o3 0.69 0.65 0.61 1.85 1248 1.8 89 [ 1.9 10.72541176 19 50.0
474] 15-Sep-98 22.9 58 96 95 B4 0.67 0.63 0.59 1,89 12.096 1.9 90 87 1.8 10.72041176 19 50.0
475] 16-8ep-98 228 [T 96 94 53 0.68 0.64 0.6 1.92 12.288 1.5 89 86 19 10.72641176 1.9 50.0
476 17-Sep-98 225 96 54 92 91 069 0.65 0.62 1.96 12533 1.8 86 82 1.9 10.72041176 13 500
[477] 21-Sep-98 286 ] 3 94 84 0.68 .64 06 1.92 12.268 1.9 83 86 1.9 1072041176 1.9 50.0
[478] 21-3ep-G8 27 93 o1 90 89 0.63 0.62 0.55 1.64 11.778 1.9 81 78 1.9 10.72541176 1.9 50.0
|478] 22-5ep-98 228 92 90 88 87 0.65 0.64 0.6 193 12.352 1.9 88 83 1.9 10.72041176 1.9 50.0
480| 22-Sep-98 22.3 93 91 90 89 0,63 0.64 08 1.53 12.352 1.8 85 82 18 10,16470588 13 58.1
1481] 22-Sep-98 232 95 93 7] 91 0.68 0.64 0.8 192 12.288 19 [T 85 8 10.72941176 13 50,4
482] 23-5ep98 217 95 a3 91 91 0.68 0.64 0.8 1.93 12,266 1.9 89 o6 8 10.72941176 1.3 59.4
483] 24-Sep-08 227 101 99 [ o7 0.69 0.65 08 1.94 12416 1.9 92 B9 1.8 10.72941176 13 £0.4
434 24-Sep-08 215 96 o4 83 92 0.69 065 0.6 1.94 12,416 1.9 [ 78 1B 1D,16470588 13 58.1
485| 25-Sep-98 21 96 B4 93 92 0.69 0.65 0.6 1.94 12416 1.9 o1 B8 19 10.72941176 13 55.4
486{ Z8-Sep-58 212 101 ] 97 96 0,68 0.64 0.6 1.92 12.268 18 8 86 19 16./2941176 13 59.4
[487| 29-5ep-o8 212 100 98 96 95 0.69 0.65 0.61 1.85 12.48 1.9 83 86 1.9 10.72941176 13 €1.3
488] 30-Sep-98 21.2 100 99 97 96 0.60 0.55 6.6 1.94 12416 1.9 [ 86 1.9 10.72041176 12 §1.3
489 1-Oct-98 20,6 52 89 88 o7 0.68 0.64 0.6 1,62 12.288 1.9 -83 81 1.8 10.16470588 1.3 58,1
450]  +-0ct-68 23.5 56 95 94 53 0.7 0.66 0.6 1.96 12.544 1.3 81 79 1.8 10,16470588 1.3 56,1
491 2-Oct-68 229 98 96 95 (7] 0.69 0.65 0.58 1.92 12288 1.3 B4 82 19 10.72041176 13 594
49z 2-Gct-98 212 a5 a3 92 91 0.69 0.65 0.59 1.93 12,352 1.3 80 79 19 10.72941176 13 59.4
453]  3-Oct-08 228 98 96 g5 o4 0.68 0.65 0.59 192 12.288 13 84 a2 1.9 10.72941176 13 584
494] 3-Oct-88 215 9 95 94 93 0.69 0.65 0.59 1.93 12352 1.3 82 [ 19 10.72041178 13 504
495! 4-0cl-88 238 10 100 99 98 0.69 0,65 0.58 1,93 12.352 1.3 B8 g6 1.9 10.72841176 1.3 59.4
496] 4-0c1-98 222 100 [ 98 98 0.69 0.64 0.58 181 12224 1.3 84 81 1.6 9.035294118 13 55.2
4971 5-Oct-98 20.3 103 102 101 101 0.68 0.64 053 1.91 12.224 1.3 89 89 1.9 10.72941176 1.3 59.4
498 5-Gct-G8 224 101 100 99 98 0.69 .64 0.63 1.96 12.544 1.3 aa 85 19 10.72941176 1.3 59.4
469] 6-0ci-98 22.5 [ 97 98 95 0.69 [ 0.59 1.92 12.288 13 86 82 1.8 10.72041176 1.3 59,4
500} 6-0ct-98 21.4 [ 98 54 92 0.69 0.64 0.50 1,92 12.260 1.3 (B [ 19 10.72941176 13 59.4
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San Pasqual Waslewaler IMS Raw Dala

o0

A T 1 v W X Y Z AR AB AC AD AE_ AF AG AH Al AJ
4 Date ROFAC |Free Feedpsi  lirsta 2 psi| Free Rej psi] A Penm gpm{ 8 Perm gom | € Perm gpm| Total Flow Eree Rej gpm| Std Feed psi| Std Rel psi| Std Pefm gom Sld rej gpm
501| 7-0cl-88 19 104 103 102 101 0.65 0.62 0.56 1.83 11.712 13 95 64 18 10.16470588 i3 8.1
502 7-Oct-98 21.8 93 95 a2 91 0.6 0.54 0.47 1.61 10.304 1.3 88 B4 18 10.16470588 13 58.1
Eb‘3| B-0ci-98 18.1 102 101 100 59 0.65 05 0.55 1.8 11.52 13 92 91 19 10.72941176 13 59.4
504]  8-0ct-88 218 100 59 [ 97 0.69 064 0.59 192 12.288 i3 86 B4 18 10.16470568 13 56.1
505 9-Oct-98 188 108 104 101 100 0.69 0.65 0.59 1.83 12.352 13 84 92 18 10.16470568 13 58.1
506 10-0ct-98 208 103 102 101 100 069 0.65 0.59 183 12.352 i2 B9 B7 18 10.16470568 1.3 56.1
507| 11-Oct-28 195 104 103 102 101 0.65 3 0.55 1.8 11.52 1.3 B1 80 18 70.16470508 13 8.1
508| 12-0ct-98 199 108 106 106 105 0.65 0.6 0.55 1.8 11.52 13 82 gl 18 1016470588 13 6.1
gggl T3-0ct-98 207 102 100 8 98 0.65 0.62 0.57 184 i1.776 13 90 B9 IE] 1072941176 13 594
510] 13-Oct-98 213 106 104 103 102 0.65 0.62 0.55 i83 HM.712 13 89 85 1.9 1072941176 13 59.4
511] 14-0ct-98 204 104 102 104 100 0.66 0.62 0.58 1.86 11.904 13 81 o0 19 10.72941176 13 50.4
512] 14-0ct-08 213 102 101 100 100 0.65 0.61 0.56 182 11.648 13 89 88 19 1072941176 13 59.4
513] 15-0ct-98 05 101 99 98 o7 055 08 0,55 ig 1352 13 89 g3 19 10.7204117€ 13 894
514] 15-0ct-98 213 101 g9 98 97 0.65 0.62 9.55 162 11.648 13 87 86 19 1072041178 13 59.4
56| 16-Oct-98 197 111 108 108 107 07 0.65 08 1.85 12.48 13 100 ] 19 1072941178 13 50.4
56| 16-0ct-98 21.5 108 105 104 103 0.7 0.65 0.6 1.85 12.48 13 94 91 1.9 1072841176 13 59.4
517] 17-0ct-98 20 111 110 109 108 0.7 0.65 68 1.95 1248 13 %6 95 i 1072941176 13 59.4
m' 17-Dcl-98 214 110 108 107 106 0.72 0.67 0.62 2.01 12.864 13 [ %0 19 10.72941176 1.3 59.4
518} 18-0¢1-98 178 115 114 113 12 0.69 665 {13 1.94 12416 13 101 100 13 10.72941176 13 59.4
200 _18-0c1-08 19.3 194 112 [EE 110 0.7 0.65 08 1.95 12.48 i3 %6 85 19 10.72941176 13 594
2H_19.0c1-98 7.3 ki 115 115 114 D.69 0.65 06 1.94 12416 13 104 103 19 10.72941176 13 59.4
523] 19-0C1-98 20.7 107 108 105 105 0.69 6.65 06 194 12418 13 94 92 1.9 10,72941176 13 594
523| 20-0ci-98 75 12 119 118 118 0.7 066 06 1.98 12.544 1.3 105 104 13 16.72941176 13 594
524| 20-0c1.98 187 115 13 112 i 0.7 0.66 0.62 1.98 12672 13 96 95 19 10,72941176 13 53.4
525 21-0¢1-08 179 118 118 115 115 0.7 066 0.62 1.98 12872 13 02 101 18 10.72041176 T3 594
26| 21-0cl1-08 202 113 111 110 108 0,72 0.67 0.62 2.01 12.864 1.3 96 a5 19 10,72941176 13 55.4
527|_22-0c1-98 18 118 116 115 115 0.7 0.65 0.61 1.96 12.544 13 103 102 i9 10.72941176 13 554
528 22-0c1-68 19 120 118 117 116 0.69 0.65 06 1.94 12416 13 97 95 1.9 10.72941176 13 594
538| 23.0ct.58 18 120 118 117 116 6.60 0.65 06 1.94 12416 13 97 95 19 10.72941176 13 594
530 23-0ct-98 21.9 107 105 104 104 0.72 0.66 0.63 2.01 12,664 13 o4 [ 19 10.72841178 13 53.4
531| 24-0cl.08 106 13 11t 110 109 0.7 0.66 0.62 1.98 12672 1.3 101 100 1.9 10.72941176 1.3 594
532 24-0ct-98 216 106 104 163 102 0.7 0.65 06 195 1248 1.3 96 94 1.9 10.72041176 13 594
533 25-0ci-88 [EE] 130 108 167 106 0.69 065 06 154 12418 1.3 100 99 19 10.72041176 13 594
534] 25-0ct-98 208 109 107 106 105 6.7 0.66 0.62 1.98 126872 1.3 99 o7 1.9 10.72941176 13 594
535) 26.001-26 194 i1 110 109 108 0.69 065 06 1.94 12.416 13 104 102 19 10,72041176 13 59.4
536 26-0c1-98 21, 109 107 108 105 0.68 0.68 0.63 K] 12.736 0 58 ] 10.72941176 13 59.4
537) 27-0c1-98 193 113 11t 10 109 0.7 065 0.61 96 12.544 3 101 9 10.72941176 13 50.4
5_3€I 27-0ct-58 20. 110 108 107 108 0.7 065 06 95 1246 3 ) 8 K] 0.72041176 13 59.4
530 28-0c1-05 186 112 111 10 09 0.7 0.65 0.61 98 12,544 13 101 100 19 10.72641176 13 59.4
540 26-Oct-98 211 110 108 107 108 02 0.68 0.62 15 2.8 13 98 ) 19 10.72541176 13 59.4
541] 29-0cl-98 196 12 110 109 108 0.7 0.66 0.8 1.86 12584 13 103 101 19 1072841176 13 59.4
542] 29.0ct-88 20.7 A 108 108 o7 0,71 0.66 0.63 2 128 13 100 99 19 1072941176 13 59.4
543 3-Nov-98 175 118 117 116 115 0.69 0.65 0.6 1.94 12.416 i3 110 108 1.8 10729411786 13 59.4
544] 3-Nov-0B 19.1 1185 113 112 111 0.7 0.65 0.6 1.5 1248 1.3 103 101 19 10.72941176 13 59.4
545 4-Nov-98 174 118 117 116 115 0.68 0.64 0.8 192 12.288 i3 109 107 19 10.72841176 13 £9.4
548 5-Nov-98 188 114 111 110 109 0.68 0.65 06 1.84 12418 1.3 107 105 18 10.72941176 13 50.4
547| 6-Nov-98 8.1 183 181 180 179 1,05 i 0.4 299 19.138 i2 160 158 2.8 1551176471 14 6.7
El 7-Nov-98 172 190 187 186 185 14 0.99 092 3.31 21184 13 166 164 28 1581176471 13 £6.3
549 7-Nov-86 192 183 160 179 78 15 7 0.64 34 22.016 1.3 160 157 28 15.81176471 13 6.3
550 _6-Mov-98 17.7 189 186 185 184 1.5 1 0.94 344 22.016 13 165 163 28 1581176471 13 8.3
5511 G-Nov-98 [k 87 185 184 183 14 0.59 0.92 341 21,184 13 165 163 28 15.81176471 13 68,3
552| 9-Nov-58 7.1 187 184 183 182 13 0.87 (1) 347 20.288 13 167 165 28 15.81176471 1.3 6B.3
553] 9-Nov-98 19 183 180 178 177 15 1 0.94 344 22018 1.3 160 158 28 15.81176471 1.3 58.3
554] 10-Nov-98 162 190 188 186 185 1.03 0.98 0.92 293 18.752 1.2 171 170 28 1881176471 i3 66.3
555) 10-Nov-95 19 186 184 182 181 13 0.97 49 317 20.260 13 167 166 28 1581176471 i3 66.3
566 11-Nov-38 177 189 187 185 84 1 0.05 0.8 285 18.24 12 171 170 28 15.81176471 1.3 68,3
557 13-Nov-28 16.4 216 213 212 Fi] 1.05 1 0.94 2.99 19.136 12 180 179 28 1581176471 13 8.3
% 14-Nov-98 163 216 213 121 21 1,05 1 0.93 2.98 19.072 1.2 179 177 28 1584176471 13 68.3
558) 15-Now-58 162 216 213 212 211 1.08 i 0.92 2.98 19.072 1.2 178 176 28 1581176471 13 583
560 15-Nov-98 18.8 213 209 208 207 1,68 1.02 0,98 308 19.584 1.2 170 168 28 1581176471 i3 68.3
561} 16-Nov-58 16.1 218 215 214 213 1.05 0.99 0.9 2.94 18.816 12 181 180 28 1581178471 13 €6.3
562| _16-Nov-98 17.8 195 191 189 167 1 0,95 0.81 2.86 15.304 1.3 177 175 2.8 1581178471 1.2 70.0
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Ban Pasqual Wastewaler IMS Raw Dalg

A T U v W X ¥ Z | A AB AC AD __AE AF A6 AH Al Y]
{4] Date BOFdC |Free Faed osf m@mmm&_&m Total Fiow Free Rel aom| | Std Ref pst} Std Pem gom Sidrelgom
{583 17-Nov-08 75 185 101 180 LT 1 0.95 0.92 287 16.368 1.8 175 173 28 1581176411 13 593
{558 17-Nov-08 17 200 107 194 193 105 1 0.97 3.02 19,329 18 170 67 28 1561176471 13 58.3
565| 15-Nov-96 7 205 202 200 169 13 0.99 0.95 324 20.738 1.8 178 175 28 1561176471 13 8.3
S66] 18-Mov-98 17.8 200 197 193 192 1.05 1 0.97 3.02 168.328 1.8 169 167 2.8 15.81176471 1.3 68.3
[567] 19-Nov-98 | 15.8 204 200 198 1% 13 0.99 0.55 314 20098 18 178 173 i8 1581176471 13 66.3
ﬂl 20-Nov-98 7 201 197 155 163 104 0.99 085 2.98 19072 T8 171 169 28 1581176471 13 6.3
'(569] 20-Nov-o8 178 200 196 193 192 104 7 0.95 2.90 15,136 1.8 171 69 28 1561176471 1.3 58.3
570} 21-Nov-gB | 155 207 713 21 108 1.05 1 698 3.03 10392 13 77 176 28 581176471 13 683
571| 22-Nov-98 138 237 233 250 779 1.05 i 0.99 3.4 20.056 8 197 196 28 1581176471 13 583
|572] 23Nov-08 | 130 735 732 229 278 1.06 1 6.98 3.03 15392 18 200 197 28 1581176471 13 563
573 23-Nov-98 %4 219 215 713 3132 1.05 1 098 303 19.302 18 187 185 28 15.61176471 i3 56.3
574] 24-Nov-08 15 221 218 216 14 1.03 059 0.9 2.98 18,072 18 152 150 28 1581176471 1.3 6.3
575] 24-Nov-08 7.9 130 128 127 126 0.68 0.65 05 1.64 12.418 13 170 168 78 15 81176471 13 68.3
576] 27-Nov-98 156 133 3 ] 129 0.66 0.64 08 192 12.286 13 180 178 28 1581176471 13 8.3
577] 27-Nov-58 168 132 130 175 128 0.69 0.65 05 1,53 12416 13 77 175 28 15 81176471 13 68.3
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San Pasqual Wastewater IMS Raw Dala

A AK AL AM AN

4 Dale — Lommants _ LIE Fead oH | UF Faed NTU|

5 | 19-Feb-98 15min cl2avery, soak every2, Cl2pmp 30% 1.74
] 1.74
7
8 | 20-Feb-98
9 1.86
Q 51
1] 23-Feb-98 Increased Cl2 pump 10 50% 52
12 0.6ppm Ci2 in permeate tank .87
3
4 cl2 dose to 40% backwash soak to 17sec 1.32
5 14
6| 24.Feb-98 1.78

17 1.78

18 1.66

19 1.56 1.57

20| 25-Feb-98 1.67

F1 1.92

24| 26-Feh-98

25 1.82

26 7.64 1.78

27 | 27-Feb-98 2

28 Changed CI2 to 50% 7.8 1.92

31] 761 | 2.7

Al Ava__mn | T

34 2.8

35 716 1.8

36 4-Mar-98

37 2.37

38

39 2.16

40| 5-Mar-98 Feed Cl2 66ppm Flitrate colleclion freeci2=C.4ppm 7.64 2.02

41 2.23

42 2.18

43 2.23

44| B-Mar-98 764 2.15

45 2.36

461 9-Mar-98 2.28

47 2.33

48 - 7.6 2.07

49| 10-Mar-98 208

50 2.09
1§ 11-Mar-58 2.1
2 Feed ¢l2>50ppm pest fitters 42ppm 747 2.21
53 filtrate tank 0.15ppm 2.21
54 o2 dosa to 40%

55 2.08

56 2.2%

57 1.9
iﬁ_

] 2.1
T80 EX]
| 61 2.04

62

83

64

651 19-Mar-98

66| 19-Mar-88

091



3an Pasqual Wastewater IS Raw Dala

A AK AL AM AN

4 Date Comments UF FeatloH | UF Fasd NTU
&7

€8{ 20-Mar-98

69

70

Tt

72| 21-Mar-68

73

74

75

76

77 | 25-Mar-98

78

79 jtart @ 439.4

80

B1] 31-Mar-98

82

B3

64| 1-Apr-08

5]

86 1.78
| 87

[ 217

89 24

50] 2-Apr-98

91

o2 1.53 2.08

931 3-Apr98a 1.82

94 1.54

85 1.45

96 7.56 1.3

97 1.53
EL 1.91
93} S5-Apr-98 2.14
100

101

102] 6-Apr-98

103 18
104 1.93
105] 7-Apr-98

10€]

107]

108] B-Apr-98

109

110 1.74
111]  9-Apr98 1.7
112 162
113 74 1.07
114] 1C-Apr-98
[115]

116

117, 1.27
118] 11-Apr-98 7.25 FX]
119 Ci2 pump at 40% Feed =36ppm ci2 7.48 2.31
120 efffuert sBpem’? 7.25 0.92
121 tank=0,35ppmfree, 5.5 ppm total? 149
122] 12-Apr-98 1.54
123] lged backwash Sequence lo decrease ¢I2 in the filirale collection lank 1,68
124 sequence now 5.7,7, 421037154216 7.61 1.63
125 fasl flush, birn,lop, both,soak ringe 7.34 2.04
126{ 13-Apr-98

127 1.85
128 1.85

91



San Pasqual Wastewater IMS Raw Data

A AK AL _ AM AN
4 Date AE Fesd pHi NI}
129] 14-Apr-898 Debris found in 150um stralner Include worms 187
130 7.51 1.66
131 1.57
132F 15-Apr-98
133 _ Powe
134 Shut Down to Replumb CI2 dosing to
135 1.61
36] 16-Apr-98 biwsh ink free ¢12=0.21, 101=3.26 7.49 1.15
137] fillrate ¢oll tank free ¢12=0.24 lol=5.2 1.06
138, 1.54
139{ 17-Apr-98 blwsh 1ok free cl2=0.20 io1=2.3
140 fillrate col tank free c12=0,15 tol=4.0 1.78
141
142 checked cl2 dos 55mif24sec 138ppml 745 1
143] 18-Apr-98 decrease ci2 from 48% to 40% 1
144 1.48
145] 7.37 2.25
146] 19-Apr-98 1.84
147 7.52 1.32
148 Noticed that Cone flowmeler and check valve 1,64
149 in K elemnt canc tuming brown, but not
160] 20-Apr-98 other check valve
151] 21-Apr-98 241
152 2.33
153] 24-Apr-98 1,61
154 1.77
155 7.57 18
156 1.98
1571 25-Apr-98 2,02
158) 2.1
158 781 2.69
160] 26-Apr-98 1.89
161 7.38 1,85
162 Particle Monitoring Data Indicating 7.57 1,85
1 63! B {K) elemant Is jeaking - 2
841 27-Apr-98 7.52 178
K 7.36 187
156 1.81
167 Unit Shutdowe and Cleaned 1.99
168] 28-Apr-98 2.28
16%; 7.41 1.65
1.7
171 . i
172) 29-Apr-98 7.51 51
173 .89
174] 30-Apr-98 a 124pprn totei2 in, 36pprn out 2.08
[775] b 96ppm In, 3ppm oul
176 During backwash, cther ele 1.97
177 7.57 1.85
178] 1-May-88 rises as if water |5 flowing 2
179, Ci2 Injection valve is not working 1.89
180, Chanped Backwash cl2 pump from 40 1o 33% 7.52 216
181] 2-May-98 Verified that blkwsh fd valves clesing totally Unit Shutdown
182 bkwsh a fd p=25ps| 28gpm Neaw K elemen
183 3-May-08 blkwsh b d p=32ps!, 20gpm Element location sw;
184 DID NOT PLUG BYPASS TUBES IN K-Fast Flush A=K B=X
185 § | ___Unil Shyldown and
186 b m, 23psi tartup
187] 4-Nay-58 Decreased ci2 1o 13% ~35pom
BKWH now £9,7.7,10,15.9812
Barticla count chawling gond nlegrity beth
190) Remgved globe valve in blwsh fd 34 gpm, 307psl




8an Pasaual Waslewaler IMS Raw Data

A

AK

AL

AM

AN

Date

UF Fead pH

5-May-68

Comenants
confirmed blewsh ¢i2 28ppm free

7.54

| LF Fead NTLI|
176

it shutdowrt and blwsh glob

6-May-98

Tertiary Filier and Slorage Tank

7-May-38

cleaned/chlorinated somewhere in here

2.21

1st mnl lowpH bkwsh

Atmp= 5.5-4.9 Blmp=6.6-6.%

8-May-98

2nd manual low pH bkwsh

205

9-May-98

A imp= 4.6-4.8 B tmp=5.9-55

2.03

706

207

208

3rd manual low pH bkwsh

210

209} 10-May-98

Almp=42-40 Btmp=58-48

1,68

211

4th manual jow pH bkwsh

212

213

11-May-08

214

5th manual low pH bxwsh

215]

747

PG|

system ERROR-PLC no fonger controfling fd pressure

17,

219

7.51

1.8

221

222

13-May-98

7.36

1.7

223

224

1.92

225

226

14-May-98

227

228

7.34

229

230

15-May-98

Any of the following teading lo longer run

231

low pH Backwash

232,

lank/teriary filters cleaned week of 4/27-5/1

7.6

23]

lower ¢I2 dose

234| 16-May-98

235]

Another low pH backwash

236

7.55

1,99

237} 17-May-98

238]

239

Low pH backwash

240,

tmpa 434205850

7.54

176

241

18-May-98

LOST TOUCHPAHNE}

242

243

Low pH bkwsh

7.37

244

impad.339b5850

245

19-May-g8

[245]

Low pH bkwsh

247

tmpa4543b5553

20-May-08

7.36

1.5

Low ph backwash

21-May-98

tmp a 5.3-5.0b 6.3-6.2

€91



San Pasqual Waslewaler IMS Raw Dala

A AK AL _AM AN
3| Das Commenis LIE Fepd pH | UF Faed NTLi|
253
254 Reloaded MT200 software 746 1.25
255] 22-May-98 lowphab254b538
256 RO shutdown-broken valve
257} 23-May-98
258,
2591 7.52 2.38
260
261] 24-May-38
262] System run for 3.5hours w/o any backwash RO :
263 7.45
[ 264 Low pH Backwash
265] 25-May-98 trp a 5.5-6.1 b 5659
2 Ba!
267| 74T
268} FIXED BACKWASH BOTH ELEMENTS
2691 26-May-88 NOW EQUAL
270 Low pH backwash
271 Imp a5.646 b6.0-50 7.3 1.94
272 27-May-98 TOUCHPANEL DBOWN AGAIN
273 Low ph backwash
274 tmpa4.5-45 5552
1275 7.28 1.8
76| 26-May-08
77
278 Low pH backwash 7.28 1.59
279 almp4.7-51 b54.50
280] 29-May-98
281
282 7 47 16
283
284] 30-May-98
285
2865) 31-May-98 Low pH backwash 7.42 1.97
281 1-dun-98 #lmpS-4.0b4.7-4.8
288! 2-Jun-98
289 Low pH backwash T4 18
290) almp5.1-4.8 b5.1-5.1
2911 3-Jun-98 Reloaded MT200 Soft Again
292 Added Second Dosing Pump 1o System
2931 4-Jun-98 Low pH backwash once per day pH ~2.7 741 2.15
254 0.1% Citric Acid pumped in
285 5-Jun-98 Ci2 now w/LM1 25-30ppm Iree In feed
296] 7.3 1.88
297
236] 6-Jun-98 7.32 242
299
300§ 7-Jun-98
m
302 6-Jun-b8 7.2 1.74
293 Verified CI2 in bkwsh feed =30ppm
304] 9-Jun-98 max slroke and freqiency
305
305 7.47 1.57
307
308] 10-Jun-98
30
310 7.57 1.87
14y 3i-dun-38
312!
N3] 12-Jun-98 7.7 1.72
34

¥o1



San Pasqual Wastewaler IMS Raw Dala

| A AK, AL AM AN
4 Date Commams UF Feed oH | UF Fagd NTLf
315|
316] 13-Jun-98 Feed Pump VFD [ow?
1317] Manual tow pH backwash 7.57 1.78
1318] 14-Jun-98 atmp 76 b 6.05-5.2
319
1320} 15-Jun-99
321 7.49 1.98
322] 16-Jun-98
323 Checked bwash,cl2 ok
324
3z5] 17-Jun-98 7.51 1.48
326
327] 18-Jun-94 7.54 2.55
328 7.57 1.75
329 7.67 2.16
330 19-Jun-58
3N
332 7 .44 1.89
333) 20-Jun-28
334] 21-Jun-98 7.6 2.1
5] 22-Jun-98
[336] 23-Jun-98 7.39 2.01
337
338] 24-Jun-98
339 7.41 268
340] 25-un-98
341 747 2.55
342
343 26-Jun-98 7.48 2.59
344} 27-Jun-98 Check Inlegrily Particle Counts fook good
345 Moved RO sampla locations 726 2.54
346| 28-Jun-98 Probing Study on LFC1 3M looks uniform
347 Virus Chailenge-UF and RO
348] 29-Jun-98 Ovemnite, K (A} membrane increase In particte
349 7.36 2.43
350] 30-lun-98
351 1-Jul-88
|352] 2-Jul.98 Removed membranes-K 2 leaks, X good
353 Jnil Shutdown lo Integrity te|
354
355 3-Jul-98 7.44 2.05
356,
357
358 7.4 2.3
356 4-Jul-98
360! E-Ju-98 7.26 2.35
361
362] 6-Jul-98
3631 T-Jul-98
364| 7.36 241
365]
365 B-Jul-68
367] 7.26 1.93
368|  9-Jul-98
369 7.48 1.97
370; 10-Jut-98
EYE!
372 7.3 189 |
373)
374] 11-Jul-93
a75] 12-Jul-98 7.47 2.84
II376 7.45 24

¢o1



San Pasgual Waslewster MS Raw Data

A AK AL AM AN
4 Rate Commenls
377 13-Jul-98 7.48 2.07
378] 14-Jul-98 Switched from Cilric Acid to HCl in BW 7.3 1.83
379 pH2.7
380 15-.ful-98 7.61 2.37
381] 16-Jul-98
382] 17-Jul-98 7.44 2.28
383
[384]_16-Jui-98
385[ 18-Jul-58 B membrane failed coliform challenge? 7.05 2.04
386 734 23
387] 21-Jul-98
388 7.33 2
385 22-Jul-88
390 132 ] 104
391
392) 23-Jul-98 7.38 14
393 7.37 15
394 7.46 1.88
395
396] 24-Jul-88 Removed membranes, neither had leaks,
3_9,7{ 7.49 2.31
398
399) 25-Jul-98
400
401 T4 T
40Z] 26-Jul-98 But neither held va] 7.8 24
03 1
404] 27-Jun-98 Stiut Down to Integrity Test Modules-no g
405 — 7.47 25
406 28-Jul-98
407
408] 29-Jul-98
El 7A1 ]
440)
411] 30-Jul-98 7.61 26
j412] 31-Jul-98 Both membranes falied coliform challenge
413 7.64 2.8
1414] _1-Aug-O8
415
416] 2-Aug-58
417] 3-Aug-98 .37 2.64
418] 4-Aug-98 7.38 2,53
419 136 2.88
420] 5-Aug-98 Syslem Cleaned 747 2.99
421
422F £-Aug-98
423
424] 7-Aug-98 Shut Down and Cleaned
4325] 8-Aug-98
426] 9-Aug-98 679 1.86
3 23
4
| 12-fug-98 7.21 1.95
FER
432 T4 155 |
434] 13-Aug-98
[435] 14-Aug-98 |
436{ 15-Aug-88 1.41 1.94
k3 R-Ang [+T: ]
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1 Pasqual Wastewaler (MS

| A AR AL AM AN
1| Date Comments UE b pr\CF Fand ]|
439
440]_17-Aug-98 7.51 T34
441
442§ 18-Aug-88
443] 19-Aug-98 7.37 1,58
444 Replaced Solenoid. ycheck on B
445 20-Aug-98 Removed membranes
446] 21-Aug-98 A »disaks, replaced 741 1.82
447| 22-Aug-98 B 2 leaks repaired
448| 23-Aug98 BW every 25 min 9,7,7.10,15,70 7.48 1.87
449] 24-Aug-98 Increased flow to
450} 25-Aug-98 resiarted BW evey 25 min {same) 7.37 1.57
45% Tgprvmembrana
452] 26-Aug-58 742 178
453
454] 27-Aug-98
4551 28-Aug-98 7.48 161
4 ﬁ 29-Aug-98 7.5 1.22
457 30-Aug-38
A58 31-Aug-98 7.49 1.86
458| 1-Sep-98 —
480] 2.5ep-98 Shut Down end Cleaned
461] 3-Sep-98
62| 4-Sep 98 749 199
463] 5-Sep-98
464} 6-Sep-9¢ 7.48 2.14
465] 7-Sep-9
466] B-Sep-98 745 2.72
ﬂl 9-Sep-98
468] 10-Sep-98 7 46 262
469] 11-Sep-98 742 2.81
470] 12-Sep-98 731 73
4713 13-Sep-98 7.49 .96
472,
473 14-Sep-9¢ .42 142
474] 15-5ep-9 —
475 16-Sep-98 Free d2 In RO feed ~0.3ppm (chloramines?) 157 169 |
476| 17-Sep-28 Frae cl2 in backwash feed 17ppm
477] 21-Sep-98 shut dawn at 1100 o repair UF leak
478] 21-Sep-98 733 1]
479] 22-Sep-96 RO FROM 40 TO 50% RECOVERY 757 2.29
480] 22-Sep-g98 149 2.51 -
461| 22-Sep-98
482| 2%S5ep-98 7.39 247
483| 24-Sep-98
484] 24-Sep-98 7.45 1.86
485 25-Sep-98 USING UF FILTRATE iN THE BACKWASH
486! 28-Sep-98 7.43 147
487| 28-Sep-98 7.32 1.89
488] 30-Sep-98
489} 1-Ocl-98 7.33 1.89
490 {1-Oct-08 Power out 732 1.89
491] 2-QOct-88 7.32 1.7
4921  2-0ct-98 Restaried with UF Filtrate ~Bppm free €12 in BW 7.44 2,01
493  3-0cl-98 cl2 evert BW 7.42 2.02
741 238
14 249
Shut Down and Cleaned
7.26 21
7 A5
Low pH BW ief on-Na HCIL 74

L9l
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San Pasqual Wastawaler IMS Raw Dala

A AK Al AM AN
4 Dals Comments LF Faed NTLI
501] 7-Oct-98 7.28 1.8
| 502 7-0ct-98 Periadic Citric BW 2.54
[503] 8-0cl-98 in 75 248
504] 8-Oct-08 here 7.29 .71
505] 9-0Oct-98 7.3 237
[506] 70-0ct-96 7.33 1.76
507] 1-Oct-98 Restarled with Bppm Free ¢i2 in BW evary 8bw 746 1.95
508] 12-Ocl-98 Post Citric BW flow 38gpm, FF flow 38gpm 742 1.79
505] 13.Qcl-08 High pH solution lurned brown 7.52 2.21
510} 13-O¢t-98 2 day soak with ~40ppm NaQCi 7.42 1.74
511) 14-Ocl-98 Backwash with RO permeale, ci2-8ppm every BW 7.44 1.67
542§ 14-Oct-98 Shut Down and Ci 7.52 1.37
513 15-0ct-98 7.33 16
514} 15-Oct-98 7.46 1.34
515} 16-Cct-98 Shut Down ang Cleaned
516] 16-Ocl-98 7-Bppm tolal Cl2 in BW
517] +7-0cl-98
518] 17-Oct-98 Replaced old slyle B membrane wiih bypass
518 18-Oct-98 Shut Down and Cleaned
520] 18-Oct-98 ] Shut Down and Cleaned
525 19-Oct-98 Shut Down and Cl| restored-2day soak in cl2
522 19-Oct-88 Now both A and B new bypass membranes | ]
523] 20-Ocl-98 INCREASED RO RECOVERY TQ 60% d. Replaced B membrane {feaking}
524 20-Oct-98 BW every 25min ,7,7,10,15,12 SAME 1
5250 21-Oct-98 ~25ppm ci2 every BW
526] 21-Qct-98 Shut Down and Cleaned, Replaced A membrane
527| 22-Oct-98
528] 22-Oct-98
525 23-Oct-98
530] 23-Ocl-96
531} 24-Qcl-88
532] 24-Ocl-98
3| 25-0cr98
534 _25-0c-98
:._3' 26-0ct-26
536] 26-Oct-98 7.47
537| 27-0cl-98 1.8
538] 27-Ccl-28 T.44
539] 28-Gcl-58 2.03
540] 28-QOcl-98 Acld Pump left on agaln
541] 29-0cl-98 Low pH backwash pH 2.8-Increased acid
542| 29-Ocl-98 7.43
543] 3-Now-98 Lowered low pH backwash 10 2.1 1.8
544] 3-Nov-98 7.35
E‘ 4-Nov-98 1.59
546] 5-Nov-98 7,37
547] 6-Nov-98 increased recovery on RO 1.53
548; 7-Nov-98 VIRUS CHALLENGE#2 74
549{ 7-Nov-98 No CI2 on UF 1.24
550{ B-Nav-98 7.4
551 8-Nov-98 1.35 1.14
552] 9-Nov-98 7.36 1.51
553 9-Nov-98 7.35 1.72
5541 10-Nov-98 7.32 1.7
555 10-Nov-98 Unit Cleaned 1.89
5561 11-Nov-98 74
557] 13-Nov-98 1.78
558] 14-Nov-98 7.37
5590 15-Nov-98 1.68
560f 15-Nov-58 738
561} 18-Nov-98 1.68
562] 18-Nov-98 Inreased free conc flow from 1.2 to 1.8 GPM 7.34
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San Pasqual Waslewater IMS Raw Daly

A AK AL AM AN
4 Rate Comments UF FeadpH | UE Fead NTU
563 17-Nov-98 1.5
564] 17-Nov-98 7.37
1.61

565] 18-Nov-98

566] 18-Nov-98

567} 18-Nov-88

568] 20-Nov-98

569] 20-Nov-88

570} 21-Nov-98

571] 22-Now-98

721 23-Now-98

73] 23-Nov-88

574F 24-Nov-98

575f 24-Nov-98

76| 27-Nov-0B

77| 27-Hav-08
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