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1. EXECUTIVE SUMMARY

The Bureau of Redamaion (Redamation) and the Eadern Munidpd Water Didrict
(EMWD) of San Jacinto, Cdlifornia, are involved in a cooperative reseerch and

demondraion project to evduae the integration of multipurpose wetlands with wastewater
and groundwater qudity improvement, environmenta enhancement, education and
recregtion, and. ultimate reuse of redaimed water. Severd predesign investigations and pilot
sudies were paformed as pat of the second phase of this project, and some are ill ongoing
a this writing. The pilot dudies indude the condruction, tesing, and evaduation of:

(1) egnt wetland research cdls that are fed secondary trested municipd wadewater directly;
ad (2) a reverse oamess dedination/sdine vegelated wetland system.

EMWD is interested in reverse osmoss (RO) for desdting Sen Jecinto Basin water,

exploring possble bendficdd uses for the RO rgect (concentraie)’ generated with this
process, and methods Of reducing the concentrate volume prior to find digposd. One
beneficd use tha is bang evduated as part of this dudy is usng RO rgect to sudan saline
vegetated wetlands. The wetlands reduce the volume of the rgect through plant uptake and
evgpordion, then find evgporaion ponds are usad to further reduce the volume of the

resdud brine prior to digposd. The combination of low-pressure RO trestment of brackish
groundwater and sdine wetlands has the patentid of providing high qudity potable water & a
reasoneble cog for the needs of the Sen Jacinto Valey, as wel as irrigated green bdts, open
paces, and habitat aress.

An R(/saline vegetated wetlands research fadility was condtructed in Sen Jacinto, Cdifornia,
immediatdy west of the Hemet/San Jedinto Regiond Waer Redamation Fedlity (RWRF).
The research fadllity indudes a 6 gal/min pilot RO sysem desgned and built a
Reclamaion's Denver laboratories, two 20-foot by 80-foot by 2-foot-deep lined sdine
vegdated wetlands (marshes), and two amilarly gzed lined evgporation ponds (cdls). The
pilot RO system was inddled and vegeation planted in the sdine wetlands during the month
of April 1993 by Redamation and the Nationd Bidogicd Savice (NBS) Denver Office
parsonnd. Four t-tolerant plant spedies which are atractive to wildlife were planted in
horizontd bands in each of the two wetlands dkdi bulrush (Bolboschoenus robustus),
creeping pikerush (Eleocharis palustris), marsh smartweed (Polygonum muhlenbergii), and
Pennsylvania smartwead (Polygonum pensylvanicum). For 6 weeks the plants recaived fresh
water to promote growth. Then, shortly after pilot plant operations began on June 4, 1993,
RO rgect was added to the wetlands.

Three separate wdl waters were usad in the pilot sudy. Origindly, it was planned thet all

RO testing would be performed usng the nearby Waker Duck Club wdl water. This wdl
was sdected because of its devated totd dissolved solids (TDS): 1,905 mg/L. and its
proximity to a future wetlands development Ste (Bureau of Redamation and Eagean
Municipa Water Didrict, 1991). Two separate |,000-hour tests were to be conducted using
the falowing low-pressure RO dements FilmTec’s BW30-2540 and Dedingtion Sysem's
3LP (SG2540). However, subssquent to the building of the pilot plant and the completion of

' Throughout thisreport, the terms “reject” and “concentrate” are used interchangeably to refer to the
waste stream exiting the reverse osmosis process; whereas, the term “brine” is used for the more highly saline
water flowing from the wetlands into the evaporation ponds.



RO rgect-regenaraied ion exchange pretresiment experiments (see gppendix A), the Waker
Duck Club wel was abandoned as a source of feedwater because of severe flooding and
access problems. The nearby Moreno Highlands wel (975 mg/L TDS) wes then sdlected by
EMWD as an interim fesdwater source to begin tesing of the HImTec dements After
1,860 hours of operation, the Moreno Highlands wel pump faled due to dectricdl problems
Because of the anticipated high cogt of repair, dong with legd problems associated with a
recent change in ownership of the wdl, EMWD switched to yet another fesdwater source.
After dmost 6 months of down time, the EMWD-owned Dairyland well (1,049 mg/L

TDS) was Hected as a replacement. The Desd 3LP dements were then loaded, and tedting
began anew. Operations continued with these dements through November 1995; however,
this report documents the reults of only the firg 1,000 hours of testing.

The average feed and pamesate TDS for the FilmTec BW30 dement testing, usng the
Moreno Highlands wel water, were 988 and 14.2, respectively. Overdl TDS rgection was
97.1 percent., Boron, a trace metd of concern in the sdine wetlands, was rejected a@ an
average of 74.4 percent and was meesured in the RO rgect & a conoentration of 1.2 mg/T.
(based on a angle chemicd andyds & 561 hours of operdtion).

Because of high heterotrophic plate counts (HPC) measured in the RO feaed and rgect tanks
(heteratrophic plate counts: >5,700 cfu/mL), a regimen of weskly dement flushing with a

1 percent solution of the biocide Minncare™ wes initisted. Followup Ssamples indicated
significant reductions in the HPCs; however, it was later discovered from noticesble
increeses in normdized permedte flow (NPF) and parmedie conductivity that some

membrane damage was occurring. Minncare™, which contains hydrogen peroxide (a strong
oxidat) as a prindpd ingredient, was suspected. The disnfection protocol was subsequently
changed to indude less frequent flushing with Minncare™; i.e, 30 minutes once a month,
and weskend dorage of the dements in 1 percent sodium bisulfite to inhibit microbid
growth. Scanning eectron microscopy (SEM) imaging wes later used on an autopsied first
dage lead demeant to detemine if membrane surface damage could be visudly detected. The
SEMs showed condugvdy tha surface penerations of the membrane deveoped within and
dong the edge on the Vexar (concentrate spacer) imprints. Two explanations were
conddered for this locdized degradation: fird, thet the damege was caused soldy by the
repested pressure cydes of operating in a daily on-off mode and second, thet Minncare™
contributed to (accderated) the damage, possibly by being adsorbed onto trapped particles at
the points of Vexar contact.

The average feed and pameate TDS for the Desd-3LP dement testing, usng the Daryland
well water, were 993 and 20.6 mg/L, regpectively. Average At rgection for the firgt

1,000 hours of testing was 98.0 percent. Boron was rgjected a 38.8 percent, with
concentrations of boron in the RO rgject of 2.3, 2.0, and 25 mg/L (measured during three
Spade chemicd andyses). Ultraviolet (UV) disnfection combined with monthly 30-
minute flushings with a 1 percent solution of Minnicare™ and storage of the dements in
diute sodium hisulfite during weskend shutdowns gopears to have effectively controlled
bidogcd fouling. There was no evidence of undue fouling or membrane degradation. during
the firg 1,000 hours of testing.



The growth, establishment, and hedth of the plants in the saline vegetated wetland cdls have
been monitored since the initid planting. In addition, some toxicologica data have been
collected and andyzed, and obsarvaions have been made regarding wildlife vistation and
use.

The dkdi bulrush and spikerush survived in both vegetated wetlands, and once cattal
(Typha spp.) invaded, it survived and thrived in the north wetland, but was inhibited in the
outh. Watergrass (Echinochloa crusgalli), quillwort (Iséetes spp.), and Cdifornia bulrush
(Schoenoplectus californicus) plants emerged in the fresher north wetland only.  As the
condituents of the water changed in the two vegetated wetlands, so did the plant response
Bach time fresh water was added (ranwater or potable water) to ather wetland, the plants
responded by having a growth spurt and became greener.

The plant communities exiding & the end of the 1995 growing seeson in the north (control)
wetland and the south sdine wetland differed from each other dter a year of mantaining
farly conagent water sources for both.  Although the plants propegated rapidly each saring
in the south sdine vegetated wetland, they turned browvn much earlier in the growing seeson
then did plants in fresher wetlands on the Sen Jadnto Wildlife Refuge, 12.9 kilometers

(8 miles) narth of this pilot gte (Stdla Denison, persond communication, 1994). Alkdli
bulrush quickly became the dominant plant spedies, outcompeting the spikerush, and
remaned dominant throughout the sudy period. In the north vegetated wetland cdl, the
catals soread to such a degree that they created more of a mixed plant community with the
dkdi bulrush, but with time, they may digdlace most of the other smdler species Long term
evadudion usng the gopropriaie water is necessary to accuratdy assess the establishment of
the plant communities and thar successond patterns.

Wildife usage of the sdine vegetated wetlands was documented on numerous occasons
throughout the: period of this sudy. Tracks, scat, sounds, carcasses, nests, and actud
gghtings of m+d, rodent, amphibian, bird, and invetdorae geces were obsarved
regulaly. Reptiles were obsarved occasondly.

During the period of about 6 months, when both vegetated wetlands were recaiving fresh
water, the south wetland contained a totd of 15 invertebrate taxa, while the north wetland
contained 18. One year later, the south wetland contained 12 invertebrate taxa, and the north
wetland contained 11. These taxa numbers illustrate only that the south wetland was never o
<dine thet it serioudy redricted the inverteorates that could live there: When comparing the
taxa, a few trends can be discerned, such as absence or reduced numbers of intolerant taxa
from the sdine wetland and presence in the control wetland. The sporadic and infrequent
neture of invetebrate sampling makes definitive condusons impossble

Usng the daa that were recaved from EMWD, there are some trace metds that warrant
concan for the hedth and wdl-being of vigting wildlife but, a this time, there gopear to be
no sious threats to wildlife usng the sdine vegetated wetland odls However, it should be
noted that the avalable data are vary limited, so no definite condusions on the longer term
impact can be drawn. Because of data sparsity, it is not recommended thet a larger saline
wetland system be created to reduce RO rgect (concentrate) volumes or to cregte green space
and wildlife habitat until more dable water quity conditions are achieved and further data
are collected and andlyzed. It must be remembered that within this reported sampling period,
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the south sdline wetland received a condant flow of RO rgect from only July 21, 1994,
through the May 1995 sampling dete Therefore, long range efects or accumulaions have
not yet been adequately addressed. Monitoring should be continued and more samples
should be collected and andyzed before any condusions can be drawn about the feeghility of
usng wetlands for concentrate reuse and digposd.

The objective of the evgporation ponds (cdls) a this pilot facility wes to determine the
degree to which the effluent valume from the sdine vegetated wetlands could be further
reduced to minimize the cost of RO rgect/brine digposd. However, due to the limited
amount of data avalade from the evgporation ponds, condusions on long term conditions
and impacts cannot yet be drawn. Since it is very important to know what, if any, hezards
exig for wildife usng evgporation ponds assodiated with condructed sdine wetlands, more
data collection and careful andlyss are essentid before a full-scde RO sygem with ine
vegetated wetlands and eveporation ponds is built.

Although no flow or volume data were recorded, the sdine vegetated wetlands gppeared to
reduce the volume of rgect from the RO unit. Since there are insufficient data to determine
whether or not the sdine vegetated wetlands and assocaed evgporation cdls were harmful to
the wildife that used them, a full-scde devdopment prgject is not recommended a this time
Addtiond monitoring is highly recommended.



2. INTRODUCTION

2.1 Background

The Bureau of Redamaion (Redamation) is involved in a coopadive efort with the Eagten
Municdpd Wae Didricc (EMWD) of Sen Jcinto, Cdifornia, to evduate the effectiveness
and feeshility of integraing condructed wetlands with wastewaler and groundwater qudity
improvement, environmental enhancement, and ultimate reuse of redamed waer. The
overdl program, entitted “Multipurpose Wetlands Research and Demondration Project,”
oontains five phases. The firg phase, which has been completed for some time and
documented in a November 1991 report, induded the development of specific gods and
objectives, agency responghilities, dte review and sdection, a detalled plan of sudy, and
priminary cog edimaes and time scthedules. Severd predesign invedigaions and pilot
dudies were paformed as part of the second phase, and some are ill ongoing. These
indude the condruction, testing, and evauation of @ght research cdls, which are fed
secondary trested wagtewater directly, and a reverse oamods desdinaion/saine vegetaed
wetland sysem (subject of this report). The find three phases incorporate the design,
condruction, and operation and monitoring of a 45-acre demondration wetlands fadlity,
which is beng funded under the Smdl Redamaion Projects Act (SRPA) loan program and
the Wellands and Riparian Inititive The find desgns ewironmenta assessments
condruction, and planting of vegetation have been completed, and operaions and monitoring
ae underway.

The totd water management cyde shown in figure 2.1 illustrates EMWD's concept for the
integration of multipurpose wetlands into the dignict’s comprehensve water management
planning. Redaimed or trested wagtewater represents an underused but readily avalable
source of “new” water for the digrict that could hdp meat water demands if more cost-
effective ways could be found to treat and store the water produced. EMWD is dready
supplying redlamed water for irrigaion and other nonpotable uses through a secondary
digribution sysem (Bureau of Reclamaion and Eagern Municipd Water Didrict, 1991).
Condructed wetlands, a heretofore overlooked resource for achieving high levels of
trestment, are viewed as a potentialy important part of the didrict’s water resource
mensgemant  plan. When gpplied as an advanced water trestment process, wetlands become
part of the water supply, use, treetment, Sorage, recovery, and reuse cyde.

The pilot and demondration sudies described above are being conducted a the
EMWDAJSBR Wetlands Research Fadility, which is located & the San Jacinto Regiond
Water Redamation Fadlity (RWRF), aoproximatey 85 miles eest of downtown Los

Angdes. Hgures 2.2 and 2.3 show the location of the EMWD in western Riverdde County
and a detaled map of the digrict, respectively.

2.2 Purpose and Scope of Study

EMWD is interested in reverse oamoss (RO) desdting for the treetment of brackish
groundwater in the Sen Jadinto Basn for munidpa and indudrid (M&I) goplications and for
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groundwater recharge. The pilot study described herein was undertaken to determine the
performance of an RO system for improving the quality of San Jacinto Basin water to potable
dandards. The didrict is aso exploring possible beneficia uses for the concentrate generated
with this process and methods for reducing its volume prior to fina digposd. One such
beneficia use is being evauated as part of this sudy, that of usng RO reect (concentrate) to
sugtain sdine vegetated wetlands. The wetlands reduce the volume of the concentrate through
plant uptake and evaporation, then find evaporation ponds are used to reduce the volume of
resdua brine* flowing from the sdine wetlands even further. The successful demonstration of
these processes could lead to the use of RO treatment for the production of high quality water a
a reasonable cost for the needs of the San Jacinto Valey and, a the same time, provide sdline
water for the irrigation of green belts, open spaces, and habitat aress.

2.3 Specific Test Objectives

Referring to the bottom of figure 2.1, the pilot study focused on brackish groundwater
extraction, desdting, the use of desdting system rgect for the support of sdine wetlands, and
brine concentration in solar evaporation ponds. Specific test objectives for the study ars
described as follows:

. Reverse osmosis desalination - to evauate the use of low-pressure RO desdting for
improving the qudity of brackish groundwater in the Lower San Jecinto Badin to
Federa and dtate drinking water standards, and to monitor the RO system rgjection of
sdlected condituents that are known to be detrimental or toxic to plants.

. Saline vegetated wetlands (marshes) - to determine whether the rgect stream of a
dedination process can be used to sustain a variety of flora and fauna in sdine
vegetated wetlands, and to determine whether these sdine wetlands will or will not
accumulate toxic materids or result in hazards to wildlife due to water qudity.

. Evaporation ponds -to determine the effectiveness of pond design and engineering
in discouraging use by wildlife, and to determine whether toxic substances are present
and concentrated to dgnificant levels. The origind test plan included the evaluation
of evaporaion enhancement techniques, however, this was not accomplished for
reasons explained later in section 7.1.2.

2.4 General Description and Layout of Test Facility

A conceptua diagram of the RO/saline wetlands test facility and a congruction plan view are
shown in figures 2.4 and 2.5, repectively. The research facility is composed of a 6-gal/min
pilot RO system designed and built a Reclamation’'s Denver |aboratories, two 20-foot

by SO-foot by 2-foot-deep lined saine vegetated wetland cells (marshes), and two similarly
szed lined evgporation ponds. Referring to figure 2.4, well water is firg treated by RO to
reduce the totd dissolved solids (TDS) content of the feedwater to well below the

2 Throughout this report the terms “reject” and “ concentrate” are used interchangeably to refer to the
waste Stream exiting the reverse osmosis process; whereas, the term “bring” is used for the more highly sdine
water flowing from the wetlands into the evaporation ponds.
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Environmenta Protection Agency (EPA) drinking water guiddines. Next, concentrate from
the RO process is directed to the saline marshes where it is used to sustain sdected salt-
tolerant plants and, at the same time, undergoes a reduction in volume as it passes through rhe
marshes by both plant uptake and evaporation. Outflows from the sdine marshes are then
directed to the evaporation ponds where final brine concentration is achieved. The reject line
from the RO system is plumbed such that flows can be directed to either or both of the
marshes. The two sdine marshes are shown in the foreground of figure 2.6, and the RO pilot
plant is shown in both figures 2.6 (background) and 2.7 (closeup).

Ingdlation of the pilot RO sysgem and planting of vegetaion in the sdine wetlands were

accomplished during April 1993 by Reclamation and Nationd Biologicd Service (NBS)
Denver Office personnd.
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Figure 2.6.—RO pilot plant with saline wetlands shown in the foreground

Figure 2.7.—Closeup view of the RO pilot plant.
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3. WELL SELECTION AND GROUNDWATER QUALITY

3.1 Wells Selected for Testing

Origindly, it was planned that RO tegting would be peformed usng the nearby Waker Duck
Club wdl waer. This wel was sdected because of its devated TDS, access, and proximity
to the wetlands 9te. However, due to unforeseen events that will be decribed later in the
report, groundwater from two additiond wells was ds0 induded in the tesing: Moreno
Highlands well and Daryland wdl. The following paragraphs describe the location,
condruction detals yidds and wae qudity of these wdls Table 3.1 presents the most
recent chemicd andyses avalable (prior to this tet program) for the three wdls

3.1.1 Walker Duck Club wdl.-The privatdy owned Waker Duck Club wel is located
7.5 miles northwest of the wetlands research fadlity, adjacent to the Sen Jadinto Wildife
Area (Cdifornia Department of Fsh and Game). The wdl was completed in October 1984 to
atotd depth of 1,035 feat. The diameter of the bore is 24 inches A 12-inch-dianeter sed
casing extends to a depth of 1,035 fet, with perforations bdow 735 fest. The annulus is
packed with #5 grave. A 32-hour pump test yidded 1,600 gal/min with zero drawdown.

The datic water level was reported to be 155 fedt.

3.1.2 Moreno Highlands well.-The Moreno Highlands wel, owned by the Alta Dena
Dairy, is located goproximatdy 11 miles northwest of the wetlands research faality on the
southwest comer of Alessandro and Virginia, near the town of Moreno. The wdl was
completed in October 1980 to a tota depth of 1,110 feet. The diameter of the bore is

26 inches with a 3/8-inch grave pack. A 16-inch-diameter ded wdl casng extends to a
depth of 1,080 feet. The caang is peforaed beow 504 fest. The wel was pump tested for
48 hours a a flow rate of 500 gal/min. Initid and find reported weter leves were 106 and
152 fedt, respectively.

3.1.3 Dairyland well.-The Daryland wel, owned by EMWD, is located about 1-1/2 miles
northwest of the wetlands research fadility, dong Warren Road, a mile south of the Romona
Expressway, in the dty of San Jadinto. The wdl was completed in April 1994 to a totd

depth of 850 feet. The diameter of the bore is 42 inches to a depth of 50 feat and 28 inches
from 50 feet to 800 feet. A 34-inch ded cadang was usad in the upper 50 fedt, and 16-inch
dterndting ged and danless ged cadngs were used from 50 feet to 800 feet. The annular
till materid is cement (10 sack) from O to 350 fedt, and #8 gravd from 350 to 800 feet. The
danless ded sections of the casng are paforated & depth intervas of 400 to 460 feet, 490
to 520 feet, and 550 to 780 feet. A 72-hour pump test yidded an etimated 1,200 gal/min
with atotd drawdown of 72 feet. The datic water level depth was measured a 1955 fedt..
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Table 3.1 .-Groundwater andyses available for the three wels prior to teding

Constituent Units Walker puck Club | Moreno Highlands Dairyland

Calcium Cat? mg/L 82 23 89
viagnesium Mg*?  |mg/L 21 3.6 17
jodiem Na* mg/L 490 2% 219
Potassium K+ mg/1. 7 11 7.0
Aluminum Al*? mg/L <0.1 0.28 <0.1
3arium Ba*?  |mg/L 0.8 0.07 <0.1
3oron B mg/L 0.6 031
‘ron, dissolved Fet? |mg/L <0.02
iron, total Fe mg/L w.35 w.74 *].9
Manganese Mn*?  |mg/L *0.30 *0.07 0.04
Strontium st |mg/L 1.0 0.48 055
Total Cations meg/L 27.4 143 156
Bicarbonate HCO; |mg/L 808 234 104
Sulfate SO,” mg/L <1 152 *300
Chloride Cr mg/L *490 *264 *310
Nitrate NO, mg/L 3 18 0.9
Phosphate po,* |mg/L 0.07 0.3
Fluoride F mg/L 0.4 24 0.60
Total Anions meg/L 271 145 16.7
Slica, dissolved mg/L 28 20
Silica, total Si0, mg/L. 29 23.2 18
Cabon Dioxide Co, mg/L nd 35
Hydrogen Sulfide H,S mg/L 0.05 <0.1
Dissolved Oxygen 0, mg/L 38 15
Ammonium NH,* |[mg/L 8.4 <{.1
Total Organic Carbon TOC |mg/L 3l 5 21
Heterotrophic Plate

count HPC cfu/mL 125 13
Specifi€onductance pSicm 2500 1550 1530
Totd Dissotved Solids Sum |mg/L 1905 975 1049
Turbidity 14 21 9.4
Temperature .Ié:m 28 29
pH 7.7 8.0 8.1

nd - none detected

*
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3.2 Comparison of Groundwater Constituents for the Selected Wells

Bar graphs are presented in figure 3.1 that depict the mgor ion concentrations (meg/L) far
the three well waters. The predominant ions in each of the waters are sodium (Na*) and
chloride (Cl). The major ions of concern, however, are usudly calcium (Ca'?), sulfate
(SO,*) and bicarbonate (HCO,™) because they can contribute to the formation of cacium
aulfate (CaS0Q,) and calcium carbonate (CaCO;) scding in an RO dement’s concentrate
channd.  Solubility calculaions must be performed, as part of the RO design process, to
determine the degree to which each of these congtituents can be concentrated before scaing
occurs.

As shown in figure 3.1, the TDS leve for the Waker Duck Club well is condderably higher
than the other two wells, which made it a good candidate for testing. Note aso that the SO,?
concentration for this wel is extremdly low, which would preclude the possibility of CaSO,
scaing. However, as will be discussed later in section 4.2.2, pretrestment would be required
for Wdker Duck Club well water to reduce the potentid for CaCO, scding. The Moreno
Highlands and Daryland wels have amilar TDS levels, however, the Daryland well has a
farly low Ca™ concentration, while the Moreno Highland well contains higher concentra-
tions of both Ca*? and SO,”. There are, of course, other condtituents in the well waters that
could contribute to the scaing or fouling of RO membranes. These will be addressed in
detall in sections 4.2.2 through 4.2.4, dong with pretrestment options.
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4. REVERSE OSMOSIS DESALINATION

4.1 Reverse Osmosis Process Description

Reverse osmosis (RO) is a process used for desdting water by the gpplication of hydrostatic
pressure to drive feedwater through a semipermesble membrane. A mgor portion of the
water's impurity (dissolved sdts) remains behind and is discharged as concentrate, while
relatively pure product water (permeste) emerges a near aimospheric pressure. A typica
operating pressure range for RO is 200-400 1b/in’ for brackish water and 800-1,000 Ib/in’ for
seawater desalination. However, recently developed ultralow pressure RO edements are
avalable with an operating range of 75-150 Ib/in* for brackish water gpplications. lon
rgiections achieved with RO usudly exceed 90 percent.

Membranes are manufactured from a variety of materias, such as cedlulose acetate (CA),
cdlulose diacetate (CDA), cdlulose triacetate (CTA), polyamide (PA), other aromatic
polyamides, polyetheramides, polyetheramines, and polyetherurea. Thin-film composte
(TFC) membranes may be made from a wide variety of polymers conssting of severd
different materids for the subdrate, the thin film, and other functiond layers in the
membrane (Parekh, 1988). Each of these types of membranes will have a unique response
and varying tolerances to feed concentration, composition, pressure, temperature, and pH.
Depending on the level of these operating parameters, each membrane will perform
differently in terms of: water flux (quantity of water passng through a membrane per unit
area and time, gal/ft*/day); sdt rejection (meesure of the amount of sdt rejected in the
concentrate, %); and water recovery (permeste recovered from a single eement compared to
the feed flow rate, %).

Four RO membrane configurations are currently manufactured: spiral-wound, hollow tine
fiber, tubular, and plate and frame. Of these, only the spira-wound (consdered in this study)
and hollow fine fiber types are used for municipal weter trestment. A spira-wound
membrane, shown in figure 4.1, consists of two fla sheets of membrane separated by porous
support or backing sheets seded on three sdes to form an envelope. The fourth sde is
attached with an adhesive to a hollow plastic tube that collects the product weter. Typicaly,
two or more of these membrane envelopes are glued to the product water collection tube and
rolled up in the form of a spird. Multiples of the spird-wound modules or ements are
usualy connected in series in a fiberglass pressure vessd. These pressure vessds are then
arayed in both series and pardld configurations to form a desdtmg system, depending on
the product water flow and percent recovery required (Conlon, 1990).

42 Pretreatment Considerations

4.2.1 Gengd,-The life and performance of desdting membranes can be adversdy affected
by the presence of scading and/or fouling components in the feedwater. Membrane scaling
can occur when dissolved sdts in the feed are concentrated beyond their solubility limit and
precipitate from solution in the dement’s concentrate channels. Typica scales of concern are
cacium carbonate (CaCO;), cdcium sulfae (CaS0O,), baium sulfae (BaSQ,), srontium
aulfae (SrS0O,), and slica (expressed as SiO, [dlicon dioxide]). SiO, has a solubility thet is
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directly proportiona to temperaure and thet incresses subgantidly with pH from a minimum
a aound 7.0-7.8. When supersaturated, SiO, can polymerize to form insoluble colloiddl
dlica or dlica gd which will ceuse sceling. Additionelly, the solubility of $i0, can be
dramaticaly reduced by the presence of metd oxides, which can complex with Si0O, and leed
to the formation of metd dlicaes Scding can usudly be avoided by taking one or more of
the fdlowing attions (1) limiting the product recovery of the desdting sysem;

(@ removing scding components from the fesdwater during pretrestment (eg., usng lime
oftening or ion exchange); or (3) adding acid and/or scdle inhibitor to increase the solubility
limits of the scding compounds

Fouling invalves the trgoping of materids on the surface or within the pores of the
membranes. These foulants gengdly indude colloidd meterids (days iron corroson
products, ec.), biologica growth, oxidaion products of iron and manganese (metd oxides),
and oxidized hydrogen aulfide (dementd sulfur). Pretrestment may be necessary to reduce
the concentration of these maerids and/or to inhibit biologicd growth. Noncdlulosc
membranes (usd in this dudy) offer good biologica gability and are not degraded by
becteria However, given the right drcumdances, a “biofilm” can devdop from the
colonization of bacteria on the surface of the membrane, which can cause sgnificant flux
dedine High pH demning with a detergent/surfactant and chdaing agent is usudly required
for removd of this biofilm.  Heterotrophic plate counts (HPC) can be used to assess the
fouling potentid of becteria in water. Also, totd organic carbon (TOC) has been shown to
corrdae with direct counts (Paul, 1990).

4.2.2 Walker Duck Club wdl.-Because of the low SO,? concentraion in this wel water,
there is virtudly no potentid for CaSO, scding. The Marshdl program (based on the Debye-
Huckd equations) indicates that a 99.7 percent product recovery is achievable a an assumed
RO feed temperature of 25 °C. However, because of the high HCO,™ levd in the rawv water,
CaCO, xding will occur. The concentrate Langdier Saturation Index (LSI) wes calculated
a 212, assuming 75 percent recovery. In addition, BaSO, poses a problem with a

projected percent saturation of 6,500. Three pretrestment options were conddered for the
prevertion of CaCQ, scding, as shown in figure 4.2. The firg involves the addition of acid
and antisclant to inhibit CaCO, predipitation, and the latter two involve the removd of Ca*™?
from the wdl water usng dther lime softening or srong add ion exchange (IX), meking use
of the RO rgect for regeneration of the resn. The antiscdant and IX options would each
effectivdy control BaSO, scding as well. Because of the condderable quantity of add
required for the first option (about 85 mg/L. of 93 percent wulfuric add [H,S0,)), it was
decided that brineregenerated 1X feashility experiments would be performed. These
experiments are discussad in section 4.5.1, and a condluding report is presented in

gopendix A.

Turbidity seems to be highly variddle in this wdl, ranging in the samples teted from 0.9 ntu
(November 30, 1992) to 14 ntu (December 10, 1991), dgpending on the pumping regimen.
The wdl was pumped for 40 minutes prior to the 14 ntu reading, and overnight prior to the
0.9 ntu reading. RO fesdwater turbidity should be limited to 1 .0 ntu. Three Slt densty index
(SDI) messurements were paformed in the fidd on January 30, 1992, resuiting in vaues of
6.12, 5.34, and 5.74 (SDI is a measure of the colloiddl fouling potentia of the weter). Mogt
membrane manufacturers recommend an SDI below 5.0 in the feedweater, and preferadly
closer to 3.0. The 0.35 mg/L of iron shown in table 3.1 is dightly higher then the 0.3 mg/1.

23



e

POLYMER ACID HYPERSPERSE/
| — FLOCON 100
oo RS e T e MR [T SRS [ S5
Option 1+ Acid & Anti-scalant
LIME ACID
PRECIPITATION ‘l—’ Furration || Rrapwnon | Fuamanon P Ssvoos
P Fickener
Option 2 - time Softening
POLYMER ACID
NNy R N
T“ R\gggLiREi\?(gEN - ggﬂ%@% 4

Option 3-ton Exchange with Waste Brine Regeneration

Figure 4.2, —Pretreatment options considered for RO operations.



recommended for RO feedwater; however, because the water is being trucked to the site,
most of the iron will oxidize to Fe* in trandt and should be removed during filtration.
Dud-media or multimedia filtration is included in each of the pretreetment options. Polymer
is added in options 1 and 3 to remove turbidity/colloida materids and in option 2 for
removing carryover precipitates from the lime process.

A congderable amount of ar entrainment was observed in the wel water during the

SDI measurements. Dermis Watt, Hydrologist with Reclamation's Lower Colorado Regiond
Office, commented (memorandum dated February 24, 1992) that air belching from the well
may indicate wdll damage, particulaly if the well seems to be pumping too much sand, or a
water table decline. A 64-minute pump test on March 6, 1992, resulted in a 61-foot
drawdown, from a level of 263 feet to 202.4 feet, and some very fine sand was observed in
the water (the well is screened below a depth of 735 feet). Some H,S odor was noticed
during this pump test (17 minutes after the pump was turned on), but al concentrations
reported in the well andyses were a or blow 0.05 mg/L. Perhaps this occurred because of
infrequent  pumping. If concentrations of H,S were present in the well water, mogt of it
would probably be logt during trangt, and any resdua dementa sulfur (S) would be
removed during filtration.

The S10, concentration of 29 mg/L. (table 3.1) limits the achievable product recovery to
roughly 75 percent. Silica can be removed during pretreatment, but only by using heroic
measures such as coprecipitation with magnesum hydroxide (Mg(OH),) during high-pH lime
softening.

Ammonia (NH,") was measured at 8.4 mg/L, but NO," was present at only 3 mg/L.

A heterotrophic plate count (HPC) run on this well water indicated 125 cfw/ml (cdl forming
units per milliliter). Two methods were consdered for the control of biofouling:

chlorination followed by dechlorination; and ultraviolet (UV) disnfection. Because of the
low becterid population, UV was sdected with an estimated 99 percent plus kill probability.
Since TFC membranes are highly susceptable to damage from strong oxidants, the use of
chlorine (Cl,) was considered an unnecessary risk.

Granular activated carbon (GAC) was included in the pilot plant design because of the

3 1 mg/L. TOC measured in this well weter (table 3.1). However, based on the concerns

of membrane manufacturers regarding the possible carryover of carbon fines to the

RO dements, it was decided that the GAC would not be used until it was proved necessary.

Based on the outcome of the RO regject-regenerated 1X experiments and the desire, by al
parties concerned, to avoid the copious production of lime dudge (and the disposdl
requirements that result), it was decided that the pretrestment should consst of polymer
addition followed by direct filtration, GAC (if required), acid and antiscdant addition,
UV disnfection, and findly cartridge filtration. Because of the need for chemicd
compatability, Filtermate-150™ (polymer) and Hypersperse-150™ (anti-scalant), both
marketed by Argo Scientific, were selected.
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42.3 Moreno Highlands well.—Ca*? concentration is rdativey low in this water, compared
to the other two wels, which dlows an achieveble recovery of 97.4 percent besed on CaSO,
solubility (Marshdl Program). However, the 23.2 mg/L. SiO, does limit product recovery to
75 percent. The HCO;™ concentration is nat nearly as high as in the Waker Duck Club well
water, but dill results in a pogtive concentrate LS of 1.23 (a 25 “C). Argo Sdertific:
recommended the addition of 6.6 mg/l. Hypersperse-150™ and operation & pH 7.5 to control
CaCO0,, as wel as BaSQ, and CaF, scaing (a 75 percent recovery, the degree of saturation
for BaSO, was calculated to be 11.18).

Direct filtretion with polymer addition, which was origindly designed to accommodate the
Walker wel water, was determined to be gopropriate for this water as well. Direct  filtration
is recommended for use & turbidities of 15 ntu or less Argo Sdentific determined the:
optimum Filtermate-150™ dosage to be 2 ppm. Again, the totd iron concentration of

0.74 mg/L is above the 0.3 mg/L recommended by membrane manufacturers, but, as pointed
out previoudy, it mogt likdy will be oxidized in transite and removed during filtration.

Because of the low HPC of 13 cfu/mL, UV disnfection was again conddered adequete to
control biofouling. Periodic shock trestments with the biodide Minncare™ during extended
shutdown periods were induded as additiond protection. The H,S and TOC leves in the
wel water were low, <0.1 and 5 mg/L, respectively.

4.2.4 Dairyland well.—Of the three wdls, Dairyland hes the highest Ca*? and SQ,? concen+
trations (refer to table 3.1 and figure 3.1), yet the Marshdl program indicated an achievable
product recovery of 88.8 percent based on CaSO, solubility. However, 20 mg/L SiQ, limits
product recovery to roughly 80 percent. HCO," concentration is the lowest of the three wells,
but Hill results in a podtive concentrate LS of 1.66 (at 25 “C) because of the higher Ca*?
levd. Argo Sdientific recommended the addition of 6.6 mg/L. Hypersperse-150™ and
operation & pH 7.5 to control CaCO,, as well as BaSO, and CaF, scding (a an assumed

75 percent recovery, the degree of saturation for BaSO, was caculated to be 20.88).

Argo Sdentific determined the optimum Filtermate-150™ dosege for direct filtration to be

2 ppm, basad on zeta potentid messurements. Sample turbidity ddivered to Argo Sdentific
was 8.9 ntu, which compares to 94 ntu in table 3.1. Totd iron is high (1.9 mg/L), but dissol-
ved iron is vary low (<0.02 mg/L); therefore, Fet' would be easly removed during filtretion.

No H,S or HPC data were provided for this well water.

4.3 Pilot Plant Design and Construction

The pilot plant is composad of three subsystems, each mounted on a separate equipment skid:
pretreatment,, RO, and membrane deaning. A process and indrumentation diagram of the
combined sysem is shown in figure 4.3.

4.3.1 Pretreatment subsystem.-The unit processes on the pretreatment skid (figure 4.3)
indude the falowing:

. Poymer addition (Filtermate-150™)
. Direct 2-dage filtration
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. Granular activated carbon (GAC)

. Ultraviolet (UV) disnfection

. Acid addition (H,SO,)

. Anti-sedant addition (Hypersperse-150™)
+ Catridge filtration (10 pm)

Polymer dosage was controlled usng a Milton Roy modd SC 5200 streaming current

detector, and filter effluent turbidity was monitored using a Hach model 1720C low range
turbidimeter. Acid and antiscdant were added at concentrations determined by Argo
Scientific, usng Liquid Metronics, Inc. (LMI) chemica feed pumps. A proportiond integra
derivative (PID) controller was used to control acid addition to maintain the required feed
pH. Although GAC was available as part of the pretreatment system, its use was not
recommended by the membrane suppliers because of the possbility of carbon fines carrying
over to the RO dements. The backwash cycle for the pressure filter was initiated manudly at
a presdected differential pressure (AP). Pretreasted water was provided to the RO gkid at a
flowrate of 6.0 gal/min.

A separate 30-gallon mix tank, mixer, and pump were provided on the pretreatment skid for
preparing and agpplying biocideibiogtat (sodium bisulfite) solutions to the RO dements during
weekend and other extended system shutdowns.

It should be noted that a the time the design and congtruction of the pilot plant was
underway, the planned feedwater was to come from the Walker Duck Club well.
Consequently, the design of the pretreatment system and chemica feed rates were based on
the requirements of this feedwater. Fortunately, when it was necessary to switch to dternate
feedwater sources later in the program, it was possible to use the same process configuration
with only minor changes in chemicd feed rates.

432 RO subsystem.-The reverse osmoss skid included the following equipment:

. High pressure feed pump (normally operating a 200-225 1b/in?)
. Six three-dement pressure vessds (for 2.5-inch RO eements)
RO flush and filter backwash pumps
. Pump contrals for the high pressure and feed forwarding pumps
. Indrumentation, relays, timers, etc.
Data acquidition system (data logger, disk drive, and modem)

The RO system was operated at 75 percent recovery, yielding 4.5 gal/min of product water
and 1.5 gal/min of concentrate. Two 1,250-gallon fiber-reinforced plastic (FRP) tanks were
provided for the storage of product and concentrate flows. The concentrate was then used to
support the sdine vegetated wetlands (marshes), while the product water was used for filter
backwash, dement flushing, chemicd dilutions, and other maintenance activities.

Because the system operated intermittently (nightly and weekend shutdowns), which is
uncharacteristic of most RO plants, extra care had to be taken to avoid biologica fouling of
the membranes. Besdes the online UV dignfection and provisons for periodic flushing of
the dements with a biocide/biostat during extended shutdowns, the system was dso (designed
to automaticaly flush the dements with RO permeste (product) for 10 minutes a the end of
every operationa cycle (triggered when the 5,000-gallon feed tank emptied).
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433 Membrane cleaning subsystem.-A separate membrane cleaning skid was provided
in the event the remova of scding and/or fouling components from the dements was
necessary. The 50-gallon cleaning solution tank is equipped with a variable-speed mixer and
Chromadox 7.5-kW immerson heater to maintain solution temperaure. An inline 10-um
catridge filter is aso included to remove cleaning resdue in the recirculaing solution.

434, Membrane selection.-The man treatment objective was to achieve as high a
product recovery as possble a minimum cost. To accomplish this, two separate thin-film
composite membrane dements were chosen for testing: FilmTec's BW30-2540 and Desal's
X2.540. Both have relatively low operating pressures and provide good productivity and
high TDS regection. It should be noted, however, that other membrane dements are available
which would provide equdly satisfactory results.

44 Test Procedures

441 Schedule-A comparison of the originad test program and the actud testing
completed is shown on the schedule in figure 4.4. As was mentioned previoudy, a the time
the design and congtruction of the pilot plant was underway, the planned feedwater was to
come from the Waker Duck Club wel. The origind test plan included a 6-week checkout of
the pilot plant, usng a partid compliment of 6 RO dements, followed by two 1,000-hour
tests, the firs usng FilmTec BW30-2540 eements and the second using the Desal SG2540
elements. Then, based on a comparative anaysis of the two tests, a find report was to be:
written. Operation of the RO unit was to continue in support of the sdine marshes for an
additional 12 months. Again, al operations were to be accomplished using the Walker Duck
Club well water.

Subsequent to the building of the pilot plant and the completion of RO reect-regenerated ion
exchange pretrestment experiments (discussed in section 4.5.1 and appendix A), the Walker
Duck Club well was abandoned as a source of feedwater because of severe flooding and
access problems. The Moreno Highlands well was suggested by EMWD as an interim
source until a permanent replacement could be found. As shown in figure 4.4, this “interim”
well was used for gpproximately 1,860 hours of testing.

On February 4, 1994, pilot plant operations were discontinued because of eectricd problems
with the Morerio Highlands well pump. Due to the anticipated high cost of repair and legd
problems associated with a recent change in ownership of the well, EMWD decided to switch
to yet another feedwater source. After dmost 6 months of down time, a new well (Dairyland)
was identified. On July 21, 1994, the Desd SG2540 eements were loaded and the system
restarted. Operations continued with these dements through November 1995; however, this
report documents the results of only the first 1,000 hours of testing.

442 Pilot plant operations.-Approximately 5,000 gdlons of RO feedwater was trucked

to the Ste each weekday from one of the nearby brackish wells discussed above (figure 4.5).
The water was first pretreated to:

. Remove suspended materids; i.e, slts, clays, etc.
« Kill microbid organiams to prevent biofouling of the RO membranes
« Suppress the scding tendencies of selected minerds
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The unit processes involved in pretreatment included: basket strainer and polymer addition
(figure 4.6), two-stage pressure filtration (figure 4.7), UV disnfection and acid/antiscalant
addition (figure 4.8), and cartridge filtration. The RO system then desdted the pretreated
water using TFC membrane elements at an operating pressure of about 225 Ib/in*. Operating
a 75 percent recovery, the RO system yielded 4.5 gal/min of product (fresh) water and

1.5 gal/min of concentrate. A total of about 1,250 gdlons of concentrate was produced and
stored each weekday to support the sadine vegetated wetlands. Figure 4.9 shows the RO
equipment skid and the 1,250-gallon permesate and concentrate tanks. The RO system control
and ingrumentation pand is shown in figure 4.10.

443 Process data collection and recording.-System operation was continuoudy
monitored using a Molytek 32-channel datalogger (figure 4.11). A tota of 18 channds were
active, recaving 4-20 mA sgnds from process indruments. Channd assgnments and
engineering units were as follows

Channd 1 - Streaming current, SCUs

Channd 2 . Turbidity, ntu

Channel 3 . RO feed conductivity, uS/cm
Channd 4 . RO interstage conductivity, uS/cm
Channd 5 - RO reject conductivity, pS/em
Channd 6 - RO permegte conductivity, pS/cm
Channd 7 - Raw feed pH

Channd 8 - RO feed pH

Channd 9 - RO reject pH

Channel 10 - RO feed flow, L/min

Channel 11 - RO rgect flow, L/min

Channd 12 . RO permeate flow, L/min
Channel 13 = RO feed pressure, kPa

Channel 14 - RO interstage pressure, kPa
Channdl 15 - RO reject pressure, kPa

Channel 16 - Raw feed temperature, °C
Channel 17 « RO feed temperature, °C
Channel 18 - Atmospheric temperature, °C

Every 15 minutes, an instantaneous value was recorded from each channel by a Molytec 9903
disk recorder. In addition, sdlected channels were plotted as trends on strip chart paper
providing visud data for operating and troubleshooting the sysem. Channels 2 (turbidity)
and 8 (RO feed pH) have alarm shutdowns triggered by “out-of-spec” operating conditions.
The darm natifies the operator who isolates the fault(s) and manudly restarts the system.

4.44 Sampling and analyses-Pretrestment effectiveness was monitored using pressure

filter effluent turbidity and daly sit density index (SDI) measurements (figure 4.12). As was
mentioned previoudy, SDI is a measure of fouling potentid of the feedwater from colloidal-
sze mateids SDIs were initidly run only on samples collected upstream from the cartridge
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Figure 4.6-View showing basket strainer and polymer addition.
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Figure 4.7.—View showing the sand clarifier, pressure filter, and GAC column.

Figure 4.8.—View showing acid feed tank and UV (ultraviolet) sterilizer to the right.
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Figure 4.10.—RO system control and instrumentation panel with data acquisition to the right.
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Figure 4.12.—EMWD operator performing daily silt density index (SDI) measurements.
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filter. However, recent measurements have been taken on both upstream and downstream
samples for comparison (downgtream vaues reflect what the leed RO dements are seaing).
Samples were collected periodicdly from the feed, interstage (Desal 3LP teding only), rgect,
and pameate dreams and chemicdly andyzed to determine spedific ion rgections and to
cdculate mass beance cdculdions. The condituents messured induded mgor ions, Si0,,
HPC, TOC, and sdected metds (refer to gppendices C and G).

4.45 Data reduction and interpretive methods.-A generdized RO process diagram is
presented in gopendix D which was used during data reduction for mass bdance cadculaions
Two methods of data reduction are typicdly used for interpreting RO data  The fird and
more rigorous method involves the caculaion of water trangport (A, 102 m/sPa) and st
trangport (B, 10" nV9) coefficients. The second involves the cdculation of net driving
pressure {(NDP) and normdized pamedte flow (NPF). The later is the more common
method and is usad heren.

45 Results and Discussion

4.5.1 RO regect-regenerated ion exchange expeiments-Bench-cde tedts were
conducted in anticipation that RO operations would be performed usng the Waker Duck
Club well weter. They bedcaly conssted of laboratory experiments to evaluae reject-
regenerated X (ion exchange) as a pretrestment process Because of the high concentrations
of Ca*? (cddum) and HCO," (bicarbonate) in the Walker Duck Club wel water, it would
have been necessry to add a condderable amount of acid plus antiscdant to avoid the
precipitation of CaCOQ, (cddum carbonate) in the RO dements. IX experiments were
conducted usng a srong add cation exchange resn operaed in a sodium cyde to remove
cddum.  Regenerdtion of the resn was atempted usng a solution synthesized to duplicate
the anticipated RO rgect (concentrate) sream. Thee expeariments were completed in

April 1992, and the results were documented in a memorandum report (Induded as

gopendix A to this report). Subsequent to these expariments, the Waker Duck Club wel was
abandoned as a potentid RO feedwater source because of severe flooding and access
problems

4.5.2 FilmTec BW30 element evaluation.—On June 6, 1993, a full load of 18 FilmTec
BW30-2540 dements was inddled in the pressure vesHs (refer to gppendix E for loading
pattern and serid numbers). During the falowing 8 months a totd of 1,860 hours of
operation were logged. In that time, 2,530,000 L (670,000 gd) of Moreno Highlands wel
water was desdlted, yidding 1,900,000 L (502,000 gd) of product water and 634,000 L
(167,000 gd) of concentrate. Average feed and product concentrations were 988 and
14.2 mg/L TDS, respectively.

45.2.1 Operational data-Operationd data collected during this test period by the plant
operators, dong with other caculated vaues are tabulated in gopendix B. How,
temperature, conductivity, and pressure data are dso grgphicaly depicted on figures 4.13
through 4.18.

Fgures 4.13 and 4.14 show the process flow and temperature data. The feed and rgect flows
were: held condant a 22.7 L/min (6.0 gal/min) and 5.7 L/min (1.5 gal/min), respectively,
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yidding a 75 percent recovery of desdted waer (permeate). The discontinuity in the
permegte deta during the firg roughly 200 hours of operation resulted from ingrument
cdibration error. Both diumnd and long term variations in fead temperature are indicated in
figure 4.14. This messurement, which was taken & the fesd end of the first sage, has a
sonificant effet on membrane pearformance and is usad in laer cdeuldions of net permeete
flow which is normdlized to 25 °C.

Fgure 4.15 displays sysem conductivities as microSiemens per centimeter (uS/cm). Also,
for better resolution, figure 4.16 shows an expanded view of the permeate conductivities
Note that the errdic spikes in the curves (figure 4.15) mirror one another. This would
indicate thet the concentretion of the fesdweter ddivered to the Ste was not conaget.  This
Is particularly noticegble a about 465 hours of operation, where it gppears that the feedwater
conductivity dropped by about 25 percent. Note dso the gradud increese in permeste
conductivity throughout the test period (figure 4.16). The suspected cause of this increese
will be addressed later in section 4.5.2.2.

Fgure 4.17 shows the RO fead, interdage, and rgect operating pressures in kilopascds
(kPa). In addition, pressure drops for each of the two dages are shown in figure 4.18. The
gradud increese in the curves in figure 4.17 result, as expected, from a gradua decrease in
feed temperature. For the mogt part, the two pressure drop curves in figure 4.18 mirror one
ancther, indicating no differentid buildup of fouling or scding components (colloidd and
bidogicd fouling usudly menifes themsdves in the leading demants of the fird dage
wheress scding predominantly occurs in the trailing dements of the second stage). RO feed
pressure averaged 1,267 kPa (184 1b/in?) during the 8 months

Complete chemicd andyses were performed a 561 hours of operation on the three separate
process dreams (RO feed, parmeate, and rgect) for the following condituents

o Cdions (Ca*?, Mg™?, Na*, K)

Anions (HCO5, CI, 80,7, NO;, NO;, F)

Metals (A1, Ba™, Sr'%, Fe™?, Fe (totd), Mn™, B', Cu™?, Se, Hg'?)
Slica (as Si0,)

Totd organic carbon (TOC)

Heteratrophic plate count (HPC)

- & = > °

Reaults of these andyses are shown in gopendix C.

Table 4.1 summarizes percent st rgections (%0SR) for sdected ions and for TDS that were
cdculaed from the concentration deta in gopendix C. The vaues shown as » result from the
pemegte concentration fdling bdow the detection limit. All ions with the exception of B*?
(boron) and Cu*? (copper), were regjected at or above 93 percent. Boron and copper, which
can be toxic to wetlands vegetaion a devated concentrations, were rdected & 74 and

85 percat, regpectively. The average reduction in TDS is dightly greater than 97 percent.

The HPCs, which were taken on August 13, 1993, indicatied very high readings in the

RO feed and rgject tanks (>5,700 cfiymL). Unfortunatdy, these vaues were not reported to
the Denver Office until September 2, 1993. It was sugpected a the time that the high plate
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Table 4.1 .-Percent salt rejection data for the FilmTec BW30
{Moreno Highlands well) testing

" SALT REJECTION (%)

I Constituent 561-Hour
Calcium 2997
Magnesium »97.6
Sodium 98.6
Potassium 292.9
Boron 74.4
Copper 285.0
Selenium -
Bicarbonate 97.7
Chloride 90 4
Sulfate 99.6
Fluoride 08.3
Nitrate 94.7
Silica (total) =295.6
TDS 97.1

Note: All » rejection values above were based on permeate
concentrations that were at or below detection limit for
the analytical method used.
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counts in the rgect tank might have resulted from feedwater seeping through the system from
the head differentid, i.e, after the water was ddivered but before sysem dartup. The truck
driver was advised to shut the effluent valve on the feed tank before tilling it. In addition, the
aray was flushed with a 1 percent solution of the biocide Minncare™ and alowed to St over
the weekend. Minncare’ was sdected because of its advertissed compatablity with

TFC membranes. From that point on, a regimen of weekly flushing with 1 percent
Minncare™ was included in the operation and maintenance (O&M) procedures. Followup
samples taken on September 7, 1993, indicated significant HPC reductions; i.e,, 1 and 528
cfu/mL in the product and feed tanks, respectively.

A tota of 165 SDIs were performed during the 1,860 hours of FilmTec BW30 testing

(June 7, 1993 to February 3, 1994). The values ranged between 0.41 to 6.16, with an average
and sandard deviation of 2.33 and 1.47, respectively. All were measured upstream from the
cartridge filter for this test phase. Kegp in mind, however, that the SDIs will be lower
downstream from the cartridge filter, and it would be the downstream readings that should
fdl below the recommended maximum dlowable SDI of 5.0.

Figures 4.19 and 4.20 present the average net driving pressure (NDP) and normalized

permeate flow (NPF) for this test phase. Average NDP is the pressure available to force
water through the membrane and is caculated as follows

NDP =P;-P, - P,

where: P, = Average feed pressure (average of feed and reject pressures)

P

p

Pressure in the permegte line (gauge pressure)

P, = Average osmotic back pressure of the feedwater (estimated by averaging the
feed and rgect concentrations and dividing by 100)

NPF is the tota permeate flow adjusted to standard temperature (25 “C) and to normalized
NDP at startup and is caculated as follows:

NPF = NDP,,,,,/NDP,,, x TCFX F,

where TCF

Temperature correction factor

F

P

Permeate flow

The NPF graph (figure 4.20) can be used as a diagnogtic tool to estimate the degree to which
membranes are being fouled or to determine if damage is occurring. The NPF graph is
commonly used to determine the time a which membranes should be chemicdly cleaned.
Some drop in NPF with time is expected. For the TFC membranes used in this study, a
15-20 percent decline over a 3- to 5-year period would not be unusud. This assumes, of
course, that adequate pretrestment is maintained and an effective monitoring and membrane
cleaning regimen is used. If NPF incresses with time, as shown in figure 4.20, membrane
damage is strongly expected.
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45.2.2 Peformance degradation.-Midway through the 1,860-hour test period, some early
signs of membrane degradation were observed. The weekly use of the biocide Minncare™
was suspected as the cause of the degredation. Addition of the biocide began a about

740 hours of operation (refer to previous section), and noticable increases in NPF were
observed at between 1,000 and 1,200 hours. By 1,370 hours, sat rejection had dropped
dightly, by 0.35 percent, and normaized permeate flow had increased by about 8 percent. At
that point, it was evident that something was causng sgnificant membrane damage. The
obvious culprit was Minncare™, which contains hydrogen peroxide, a strong oxidant, as a
principa condituent. To combat or dow down this degradation, the disinfection protocol
was changed to include less frequent disinfection (30 minutes flushing with 1% Minncare™
each month) and weekend storage of the dements in dilute (1 percent) sodium bisulfite to
inhibit microbia growth. During the find 400 hours of operaion, i.e,, since the change in
disnfection procedures, the sdt rgection and normdized flows appear to have leveled out.

45.2.3 Membrane autopsy and scanning electron microscopy (SEM) analyss-An autopsy
was performed on one of the two lead RO dements in stage 1 (serid No. Al 690782; refer to
appendix E). An initid observation was that the membrane surface appeared remarkably
clean, reveding no obvious fouling or scding. Also, the Vexar™ (plagtic
feedwater/concentrate spacer; refer to figure 4.1) showed no signs of any buildup. After
measuring the dimengons of the active membrane area, one of the membrane surfaces was
irrigated with delonized water and thoroughly squeegeed to collect any adhering surface
deposts. This operation yidded a smal amount of light brownish materid which was later
determined to have a dry mass of 0.0734 grams (collected from a membrane active surface
area of0.57 m’).

A dye test was used in an attempt to identify possible surface penetrations of the membane
layer from chemica deterioration, pin holes, cracks, efc. A |-percent solution of congo red
dye was gpplied to severad small area of the membrane's surface and then wiped away after a
few moments. Residud (dark) dye stains or bleeding of the dye to the membrane backing
material would indicate surface penetrations. No evidence of physical degradation was
observed. It should be noted, however, that this dye test was origindly developed for
cellulose acetate (CA) membranes, which have considerably less surface roughness, and its
gpplication to TFC membranes is questionable.

Membrane samples were cut from the leaf for scanning eectron microscopy (SEM) imaging,
both from the lead and tralling ends of the dement, to determine if surface damage could be
visually detected. The samples were gold-coated to enhance imaging resolution and detail. It
was suspected, prior to running the SEMs, that damage would most likely occur at the points
where the Vexar™ physicdly contacted the membrane surface (these points were essly
identified from the impressions left behind). Figure 4.21 presents four SEMs of varying
magnification which show concdusvely that surface penerations have developed within and
dong the edge on the Vexa™ imprints. Two principa theories have been proposed to
explain this localized degradation: fird, that the damage was caused soldly by the repested
pressure cycles of operating in a daily on-off mode; and second, that Minncare™ contributed
to (accelerated) the damage, possibly by being adsorbed onto trapped particles at the points of
Vexar™ contact.
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The dried sample collected from the squeegeeing operation was digested and analyzed for
trace metals usng inductively-coupled plasma (ICP) spectroscopy. A tota of 26 metds were
identified. Table 4.2 ligts those found with a totd mass > 0.030 mg. Remember, these
metals were collected from a membrane surface area of about 0.57 m’.

453 Desal-3LP eement evduation.-& July 21, 1994, after a 5-1/2-month shutdown
due to the lack of a feedwater source, a full load of 18 new Desd SG2540 eements were
ingdled in the pressure vessdls, and the system was restarted (refer to gppendix E for an
element loading diagram and serid numbers). As explained earlier, this report documents the
results of only the first 1,000 hours of testing, even though operations continued with these
elements through November 1995. During this test period, 1,363,000 L (360,000 ga) of
Dairyland well water was desdlted yielding 1,022,000 L (270,000 gal) of product water and
341,000 L (90,000 gal) of concentrate. Average feed and product concentrations were 993
and 20.6 mg/L. TDS, respectively.

4531 Operational data—Operational data collected during this test period by the plant
operators, along with other calculated values, are tabulated in gppendix F. Flow,
temperature, conductivity, and pressure data are dso graphicaly depicted in figures 4.22
through 4.27.

Figures 4.22 and 4.23 show the process flow and temperature data. As before, the feed and
reject flows were held congtant a 22.7 L/min (6.0 gal/min) and 5.7 L/min (1.5 gal/min),
respectively, yidding a 75-percent recovery of desated water (permesate). Feed temperature
dropped by about 15 °C during the 1 ,000-hour test period, which began in July and ended in
December. Agan, this measurement has a sgnificant effect on membrane performance and
is used in later cdculations of net permeate flow which is normdized to 25 °C.

Figure 4.24 displays system conductivities as pS/cm. Also, for better resolution, figure 4.25
shows an expanded view of the permesate conductivities. Referring to figure 4.24, for some
unexplained reason the feedwater concentration steadily declined during the test period by
about 27 percent. As expected, this caused corresponding declines in the rgect, interstage,
and permeate curves as well. Since separate conductivity sensors and meters were used for
each of the four streams (feed, interstage, rgect, and permesate), the chances of instrument
eror being the cause is extremely remote.

Figure 4.26 shows the RO feed, interstage, and regject operating pressures in kPa. In addition,
pressure drops for each of the two stages are shown in figure 4.27. The curves in figure 4.26
vay inversdy with feed temperature, demondreating the effect temperature has on operating
pressure. For the most part, the two pressure drop curves on figure 4.27 track one another,
with the fird sage AP increedng a a dightly faster rate. This might indicate some early
buildup of colloidal or biological fouling. RO feed pressure averaged 1,407 kPa (204 Ibfin?)
during the 5 months.
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Table 4.2.—Metals found on autopsied membrane surface

Metal Percent '* Mass (mg)
[ron, Fe 2.29 1.68
Aluminum, Al 1.36 1.00
Calctum, Ca 0.84 0.62
Magnesium, Mg 0.46 0.34
Silicon, Si 0.42 0.31
Chromium Cr 0.32 0.23
Potassium, P 0.26 0.19
Zinc, Zn 0.11 0.08
Nickel, Ni 0.10 0.07
Sodium, Na 0.09 0.07
Boron, B 0.07 0.05
Molybdenum, Mo 0.04 0.03
Manganese, Mn 0.03 0.02
Barium, Ba 0.02 0.01
Copper, Cu 0.01 0.01
Lead, Pb 0.01 0.01

| Basad on atotd dry sample weght of 734 mg.
? Indudes metds present a a percentage » 0.01.
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Complete chemica analyses were performed at 5, 523, and 996 hours of operation on the
four separate process streams (RO feed, interstage, permeate, and rgect) for the following
condtituents:

. Cations (Ca*, Mg'%, Na*, K’)

. Anions (HCOj, CI, SO,?, NO;, NO;, F)

. Meds (Al", Ba®, Sr*, Fe (tota), Mn*?, P (totd), B*, Cu™, Se, Hg"?)
. NH; (ammonium)

« N (inorganic nitrogen)

. Slica (as Si0,)

Total organic carbon (TOC)

. Heterotrophic plate count (HPC)

Reaults of these analyses are shown in appendix G.

Table 4.3 summarizes percent sat rejections (%SR) for sdected ions and for TDS that were
cdculated from the concentration data in appendix G. The vaues shown as > result from the
permeate concentration faling below the detection limit. The %SR for Cu** and Se could not
be caculated because both the feed and permeate concentrations were below the detection
limit. As shown, the average TDS rgection was 98.0 percent. The average reection rate of
boron (B**) was 38.8 percent, compared to 74.0 percent in the early test phase.

The HPCs (cfivymL) measured during this test phase are summarized as follows:

5-hour data 523-hour data 996-hour data
RO feed >5,700 2,380 2,380
Interstage 3,021 1468 208
Permecte 78 197 14
Reect >5,700 2,452 741

The firg HPCs taken just 5 hours after system restart (following a 5-1/2 month shutdown)
indicate very high plate counts from the feed and rgect tanks. However, presumably because
of the continuing disinfection protocol (refer to sections 4.5.2.1 and 4.5.2.2), bacterid counts
dropped dgnificantly with each succeeding sampling. As with the previous phase of testing,
the RO dements were subjected to a monthly 30-minute flushing with a 1 percent solution of
Minncare™ and storage in dilute (1 percent) sodium bisulfite during weekend shutdowns.

45.3.2 Performance summary-Figures 4.28 and 4.29 present the average NDP and NPF
for this test phase. Nether of these curves show evidence of undue fouling or membrane
degradation during the first 1,000 hours of operation. NPF appears to have dropped dightly,
perhaps by about 5 percent. This may be considered excessve for 1.4 months (1,000 hours)
of actud RO system operation, but probably not for a total in-service time of 5 months
(July 22, 1994 - December 19, 1995). Generdly, chemicd cleaning of the dements is

not necessary until NPF drops 10 to 15 percent (below an expected NPF curve for

TFC membranes).
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Table 4.3.—Percent salt rejection data for the Desal-3LP (Dairyland well) testing

SALT REJECTION (%

)

Constituent 5-Hour 523-Hour 996-Hour

Calcium 299.0 2988 >98.3 -
Magnesium 04,1 >94.1 90.9 _
Sodium 98.1 97.1 08.8 98 0
Potassium >85.7 287.5 >83.3 -
Boron 40.0 36.4 40.0 38.8
Copper - - 269.2 -
Selenium - >50.0 281.8 -
Bicarbonate 89.8 94.1 97.3 93.7
Chloride 98.1 973 98.4 97.9
Sulfate 99.3 >99.7 997 -
Fluoride >81.5 280.0 »85.7 -
Nitrate 292.3 =94 .4 30.0 -
Silica (total) >95.8 >94.4 294.4 -
TDS 97.9 97.5 98.7 98.0

Note: All > rejection values above were based on permeate concentrations that were
at or below detection limit for the analytical method used.
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46 Conclusons

Because the feedwater source was different for the two RO eements tested, it is not possible
to do a sde-by-sde performance comparison.

46.1 FilmTec BW30 element testing using Moreno Highlands wel water .-

* The average RO feed and permeate TDS were 988 and 14.2 mg/L, repectively. By
blending the permeate with filtered well water a a ratio of about 1.04:1, a net overal
recovery in excess of 87 percent could be achieved. The blended product would have
aTDS of about 490 mg/L (secondary MCL is 500 mg/L}) and would meet dl other
Federd and dtate drinking water standards (based on the congtituents shown in

appendix C).

Oveadl st rgection, cdculated usng the andyticd data presented in appendix C, was
97.1 percent, (table 4.1). This compares to the average of 98.5 percent determined
from the conductivity data in gppendix B.

Boron, a trace metal of concern in the sdine marshes, was reected a an average of
74.4 percent. The concentration of boron in the RO rgect a 561 hours of operation
was measured at 1.2 mg/L (appendix C).

Because of high heterotrophic plate counts (>5,700 c¢fu/mL) measured in the RO feed
and reject tanks.on August 13, 1993, a regimen of weekly flushing with 1 percent
Minncare™ was initiated. Followup samples taken on September 7, 1993, indicated
sgnificant reductions in the HPCs. However, when early signs of membrane
degradation were later observed (section 4.5.2.2), the disinfection protocol was
changed to include less frequent flushing with Minncare™, i.e., 30 minutes once a
month, and weekend storage of the eements in 1 percent sodium bisulfite to inhibit
microbid growth.

SEMs of an autopsed first stage lead dement (figure 4.21) show conclusvey that
surface penetrations of the membrane developed within and dong the edge on the
Vexar™ imprints (point of contact between the Vexar™ materid and the membrane
aurface). Two explanations were condgdered for this locdized degradation: first, that
the damage was caused soldly by the repeated pressure cycles of operating in a daily
on-off mode; and second, that Minncare™ contributed to (accelerated) the damage,
possibly by being adsorbed onto trapped particles at the points of Vexar™ contact.

. The use of a streaming current detector (SCD) proved to be ineffective for the

automatic dosing of polymer. Cdibration curves prepared with the Milton Roy Modd
SC5200 were not reproducable, and online readings drifted consderably. Cleaning of
the SCD cdl per the manufacturer’s indructions did not remedy the Stuation.
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462 Desal 3LP element testing using Dairyland well water .-

* The average feed and parmeate TDS were 993 and 20.6 mg/L, respectively. By
blending the permegte with filtered wel water & a raio of about 1.08: 1, a net overdl
recovery in excess of 87 percent could be achieved. The blended product would have
a TDS of roughly 485 mg/l. and would meet dl other Federd and state drinking water
sandards (based on the condtituents shown in table 3.1 and gopendix G).

. Average At rgection, cdculated usng the andyticd daa presanted in gopendix G,
was 98.0 percent (table 4.3). This compares to an average of 97.8 percent determined
from the conductivity deta in gppendix F.

. Boron was rdected & an average of 38.8 percent. Concentrations of boron in the
RO rgect were measured & 2.3, 2.0 and 2.5 mg/L during the three chemicd andyses

(ppendix G).
. W ddgnfedion combined with monthly 30-minute flushings with 1 percent

Minncare™ and dtorage of the dements in dilute sodium bisulfite during weskend
shutdowns gppears to have efectivdy controlled biologicd fouling.

. There was no evidence of undue fouling or membrane degradation during the firgt
1,000 hours of operation.
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5. SALINE VEGETATED WETLANDS

5.1 Objective

The objective of the sdine vegetated wetlands (sdine marshes) study was to determine the
feashility of usng the rgect (concentrate) stream of an RO desdting process for irrigating
amenities such as wildlife habitat areas, green belts, and open space in arid areas.  Specific
aress of research included plant surviva, water and soil analyses, plant and benthic
invertebrate tissue andyses, and wildlife use. EMWD aso hoped the wetlands would reduce
the volume of the rgect brine through plant uptake, transpiration, and evaporation. Fina
evaporation cells were designed to further reduce the volume of concentrated RO reject
(bring) flowing from the sdine wetlands (section 6).

5.2 Wetlands Design and Construction

The sdine vegetated wetlands are composed of two 6.1-meter by 24.4-meter by 0.6-meter-
deep (20-foot by 80-foot by 2-foot-deep) lined cdls adjacent to and downstream of the RO
pilot plant. (See figure 2.6.) The layouts are illustrated in figures 2.4 and 2.5. The complete
condruction design and specification document is available through EMWD, San Jacinto,
Cdifornia

5.2.1 Design considerations.-The sdine vegetated wetlands were designed as a pilot study
to determine whether the rgect stream (concentrate) produced by an RO desdlting process,
using loca groundwater as a feed source, could sustain a variety of flora and fauna in the San
Jacinto Vdley. The sdine vegetated wetlands were used to test the physical features of the
sysem, the short term (three-year) flora and fauna survivability, and whether toxic materids
from the rgect stream would accumulate to a level that could be hazardous to wildlife usng
the wetlands. Adequate data must be collected and andyzed before plans to build a full-scae
RO system incorporating sadine wetlands for concentrating rgject can be made.

The initid designs, as described in the Phase 1 Report (Bureau of Reclamation and Eastern
Municipd Water Didrict, 1991), included three 6.1-meter by 24.4-meter by 0.6-meter-deep
(20-foot by 80-foot by 2-foot-deep) sdine vegetated wetlands that were to be plumbed in
pardld (as three replications) with a contingency bypass to the evaporation cells downstream
(described in section 6). To keep cogts down, the nurnber of wetland cells was reduced
during find design from three to two.

Due to the nature of the RO regject stream congtituents, the cells were lined with an
impermegble membrane to prevent any of the stream from moving through the native soil and
contaminating the groundwater below. The cells were designed to maintain an average
15-centimeter (6-inch) water depth over the surface of the soil substrate to create a free water
surface wetland. The free water surface wetland, as opposed to a rock/gravel subsurface flow
wetland, was employed for severa reasons. The open water surface would: (1) be
susceptible to greater evaporation, (2) provide better waterfowl habitat, and (3) provide more
sediment and organic binding sites for certain metds. The 15-centimeter (6-inch) water
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depth was used to create optima conditions for several desrable sdt-tolerant, emergent
wetland plant species.

522 Layout and congruction.-Ingdlation of the pilot RO sysem and congtruction of the
sdine vegetated wetland cells were completed during April 1993. Figure 5.1 illudtrates the
layout of the vegetated cdls. The cdls were lined with a high-densty polyethylene (80 mil
thickness) membrane, then soil was collected from nearby facility areas and deposited in each
cdl to a depth of about 0.6 meter (2 feet) (figure 5.2).

The rgect line from the RO system was plumbed to run RO rgect through a I-inch PVC pipe
into the east ends of either or both of the two vegetated cells. The RO regject flowed from the
pipes, which were set dmogt verticdly in the center of each east cdll wal. This design kept
the line full and dlowed the flow to spill out like a smdl fountain (figure 5.3). The outflow
structures were located a the west end of each cdl to force the RO regect to flow lengthwise
through either or both of the sdline vegetated cells. The ratio of the length to width of the
cdls was 4 to 1; the water depth above the substrate was 15 centimeters (6 inches). Initidly,
the two sdine wetlands were operated in pardld (running the cdls as duplicates). Outflows
from each vegetated wetland went into evaporation cdl number one (south cdl) and then into
evaporaion cdl number two (north cell) in series. Because the volume of rgect from the RC
unit did not meet the demands of the sdine wetlands during peak evaporation periods (up to
1.5 cm [0.6 inches| pan evaporation per day), the underground piping and vave system was
modified in September 1993, to dlow the south vegetated wetland to receive al of the

RO rglect and the north vegetated wetland to receive RO product water as a control

(figure 5.1). Plumbing modifications were aso made to dlow the overflow from the north
vegetated wetland to flow directly into the nearby sump ingtead of into the evaporation cells.
After modifications, a total of about 4.7 m® (1,250 gal) of RO reject was produced and stored
each weekday to support the south saline vegetated wetland. (For more details on the
congruction and/or modification of the sdine vegetated wetland cdlls, contact John Ward,
engineer, EMWD, [909] 925-7676, ext. 4453.)

523 Plant species selected for evduation.-Alkdi bulrush (Bolboschoenus robustus),
creeping spikerush (Eleocharis palustris), marsh smartweed (Polygonum muhlenbergii),
Pennsylvania smartweed (Polygonum pensylvanicum), homed pondweed (Zannichellia
palustris), seasde arrowgrass (Triglochin maritimum), and Nuttdl’s dkdi grass (Puccinellia
nuttalliana) were sdlected to be planted in the two sdine wetlands (figure 5.4). The plants were
chosen because they are dl native to southern California (Reed, 1988), they tolerate high brine
ion concentrations, tolerate 15 centimeters (6 inches) of water depth (with the exception of
Nuttal’s akai grass which was to be planted around the perimeter of the cells), and are plants
which wildlife use (Martin and Uhler, 1939). Unfortunatdy, the last three species listed above
(homed pondweed, seaside arrowgrass, and Nuttdl’s alkai grass) were not avalable in the
quantities that were necessary for the study, so they were not planted and are not included further
in this discusson. Figure 54 illugrates the desgned planting plan as wdl as the actud planting
plan.
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Figure 5.1 .-Flow schematic of saline vegetated wetlands and evaporation cells.
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Figure 5.2.—Soil being deposited on top of the high-density polyethylene liners in the
wetland cells.

Figure 5.3.—View showing RO reject flowing into the vegetated wetland cells from PIRES SET
in the center of each east cell wall.
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Figure 5.4.—Saline vegetated wetlands planting scheme (both cells).




5.3 Test Procedures

531 Planting of salt-tolerant spedes-Alkdi bulrush and cregping spikerush plants were
harvested from moig-s0il areas around the perimeter of a pond located on the San Jadinto
Wildlife Refuge and near the Sen Jedinto River channd (dso on the San Jadnto Wildife
Refuge), about 12.9 and 12.1 kilometers (8 and 7% miles), respectivey, from the planting
aea The dkdi bulrush and the cregping spikerush were harvested as root/rhizome/plant
dumps udng shoves to dig into the il 10- 15 centimeters (4-6 inches) and loading the
cdumps into the back of a pickup truck for trangport. They were then planted on
45.7-centimeters (18-inch) centersin 0.9-meter- (3-foot-) wide horizonta bands (figure 5.5),
and eaech species band was repeated three times per cdl to expose the plants to different
pogitions dong the inity gradient expected to deveop as the RO rgect moved from inlet to
outlet within the cdls (figure 54). The plants were watered immediatdy dfter they were
planted. The marsh smartweed rhizomes and Pennsylvania smartweed seed were purchasd
from a nursary in Wiscondn that goeddizes in wetland plants The rhizomes of the marsh
smartweed were lad horizontaly under the soil surface on 45.7-cm (ISinch) centers and
watered immediatdy. The Pennsylvania smartweed seed was broadcadt in the presdected
0.9-meter- (3-foot-) wide horizontal bands after the soil was hand scarified with rekes The
seads were then raked into the sail, pressed down, and watered in each of the two sdine
marsh cdls The planting was done on April 28, 1993, and for the firgt 6 weeks the plants
recaived potable water from a fire hydrant on EMWD's Hemet/San Jadinto RWR Fadility.
The water was ddivered by an EMWD water truck (figure 5.6). The RO rgect wes fird
goplied on June 7, 1993.

After the smartweed seadlings (grown from the germinated rhizomes and seeds) died back
from fluctuating water management and bird predation, EMWD personnd  harvested
volunteer smartweed plants from around the perimeter of the EMWD/USBR Hemet/

San Jadinto RWRF wetland research cdls, on August 25, 1993. The maure plants were
trangplanted into two 0.9-meter- (3-foot-) wide horizontal bands in eech cdl dfter the akali
bulrush was removed from those arees. Two weeks following the tranglanting, dl
smartweed plants were pulled out. No further plantings were attempted.

5.3.2 Control of brine inflowsoutflows-About 19 m* (5000 gd) of RO fesdwater was
trucked to the Ste each weekday from a nearby well (detalls given in earlier sections).
Operating a 75 percent recovery, about 4.7 m® (1,250 gd) of RO reject was produced esch
weekday to support the saline vegetated wetlands throughout the study period. EMWD
personnd contralled the inflow to the cdls and determined that 4.7 m® of RO rgect was not
uffident to provide enough water to bath cdls It was then determined that the south
vegetated wetland would recaive the entire RO rgect supply and the north vegetated wetland
would recave waer from a nearby fire hydrant, or the RO product weter, beginning
September 20, 1993. As explained aove, the plumbing was dtered, and EMWD personnd
trandared the water supplies into bath cdls on a weekday bass until November 1995.
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Figure 5.5.—Salt-tolerant wetland plants being planted on 45.7-cm (18-inch) centers in 3-
foot-wide horizontal bands (refer to figure 5.4 for planting scheme).

Figure 5.6.—Potabie water being applied to the newly pianted saline wetlands to promote
plan astablishment.
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Flow interruptions into the vegetated wetlands occurred occasionaly due to problems
preventing norma operations of the RO unit (eg., dectrica problems, compressor
replacement, etc.), and a longer interruption occurred from February 9, 1994, until July 21,
1994, due to water supply problems. During the periods of flow interruption, both vegetated
wetlands were kept wet either by EMWD personne supplying fresh water via a water truck
(weter was obtained from a fire hydrant on the Hemet fadility) or by rainfdl.

533 Plant data collection and visual observations.-The “Proposed Sadine Marsh
Monitoring Program” document describes the plant data collection techniques and is included

in gppendix H.

Mant growth and survival were monitored weekly by EMWD personnel using generd
observations noted in a log book kept onsite and a photographic record. (Selected examples
by Stdla Denison and Joanna Crombie, EMWD, are shown in appendix |.) During the first
winter, when the vegetation had turned completely brown, survivad was determined by
digging up severa rhizomes and cutting them open. If root buds were present on the outside
of the rhizomes and the insides were firm and fleshy, with no presence of rot, the plants were
determined to be dive. As confirmation, severd plants were transplanted into a glass
aquarium and kept indoors in water trangported from the saline wetlands. Production of new
shoots was used as an indicator of plant survival.

Pant growth, establishment, and hedth were evduated quarterly by Nationa Biologica
Sarvice (NBS) personnd. Quarterly monitoring was performed to determine plant
survivability based on: (1) presence or absence of the planted species or naturd recruits.

(2) color or vitdity of the vegetation (including height), (3) presence of new shoots and
production of flower and seed, and (4) generd observations. Photographs were taken during
these vidts as wall.

5.3.4 Water/soil/plant/invertebrate sampling and anayss-The “Proposed Sdine
Marsh Monitoring Program” document describes the water, soil, plant, and invertebrate data
collection techniques and is included in gppendix H.

Water samples collected from the RO regject line on August 13, 1993; July 22, 1994;
September 27, 1994; December 19, 1994; and May 25, 1995, were analyzed to determine the
chemica makeup of the inflow water entering the sdine wetlands. The water sample
collected on February 23, 1995, was andyzed for only three specific elements of concern to
wildlife. The data are compiled in table 5.1.

In Stu measurements were made within the sdine vegetated wetlands for dectrica
conductivity (EC) and totd dissolved solids (TDS). (The data are listed in appendix J.)
Water samples for |aboratory andyses were collected from the inflow and outflow aress of
each of the wetlands on July 14, 1994; February 23, 1995; and March 29. 1995. Data are
liged in tables 5.2a and b. Precipitation and evaporation data were collected from May 2 1,
1993, through October 6, 1995, and are listed in appendix K.
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Table 5.1 .-Metal

Parameter

Aluminum
Antimony
Arsenic
Barium
Beryllium
Boron
Cadmium
Chromium
Cobalt
Copper
Iron

Lead
Manganese
Mercury
Molybdenum
Nickel
Selenium
Silver
Strontium
Thallium
Vanadium
Zinc

Hardness as CaC03
Calcium

Magnesium

Sodium

Potassium
Ammonium  nitrogen
Alkalinity as CaC03
Hydrodde
Carbonate
Bicarbonate

Sulfate

Chloride

Nitrate nitrogen
Fluoride

Total phosphorus
Nitrite nitrogen
Inorganic nitrogen

Total silica
Dissolved silica

Total organic carbon

Heterotrophic plate
count

Specific  Conductance
Total dissolved solids
Turbidity

P H
Temperature  (lab)

concentrations and

Ca
Mg
Na
NH4-N
OH
co3
HCO03
S04

Cl
NO3-N

NO2-N
N
Si02
TOC
HPC
TDS

T

mg/L
mg/l.
mg/l
mg/L
mg/fl
mg/L
mg/L
mg/l.
mg/L
mg/L
mg/L
mg/L
mg/l.
mg/L
mg/L

mg/L
mg/L

mg/L
cfu/mL
usS/iem
mg/L
nty

deg C

ionic characterization
the RO reject line

08113193 07/22/94
<004 <0.1
C0.04
0.006
0.22 0.3

<0.002
1.17 2.3
€0.003
<0.004
<0.01
0.01
0.03 c0.02
€0.002
0.05 0.06
<0.0004
0.15
c0.03
0.007
c0.004
2.5
<0.002
0.02
0.05
352 1300
111 408
8.1 68
1150 810
5.4 29
0.7
93
0 <3
923 113
736 1200
959 1100
6.9 11
2.9 2.3
1.3
0.02 <01
7.5 1.8
85.8 95
03.2 64
3.9 2.9
>5700 >5700
7200 5600
3620 3770
0.5
7.7 7.8
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of water samples collected from

00127194 121994 0223195  05/25/95

co. 1

0.1

2.0

0.0031
0.03

0.04
<0.0002

0.0048

2.0

1030
308
62
780
28
0.3
260
<3
317
1100
1000
1.4
1.9
0.9
<0.1
1.7

70
70

2.3
2450
48600
3780

0.2
7.9

<0.1
co.01
c0.01
0.1
<0.01
2.5
co.01
<002
co.01
0.0024
c0.02
c0.01
0.02

<0.0002

c0.02
0.0064
co.01
1.6

c0.2

0.03

<(.008
0.0002
0.011
0.128

<0.0005
1.84

<(.0002
0.006

0.0023 0.0044
<D.2

0.00013

0.0059

<0.0002

c0.007
0.0032

<0.0003
2.03
<0.0001

0.0662

<0.0008

0.005

950
285
57
730
42
co.2
290
<3
<3
354
1100
860
3.2
2.5
1.5
<0.1
3.2

79
77

1.6



Table 5.2a.—Metal concentrations and ionic characterization of water samples collected
from the south (saline) vegetated wetland

Parzmeter

Aluminum
Antimony
Arsenic
Barium
Beryllium
Boron
Cadmium
Chromium
Cobalt
Copper
lron

Lead
Manganese
Mercury
Molybdenum
Nickel
Selenium
Silver
Strontium
Thallium
Vanadium
Zinc

Hardness as CaC03
Calcium
Magnesium
Sodium

% Sodium
Potassium
Ammonium  nitrogen
Alkalinity as CaC03
Hydroxide
carbonate
Bicarbonate

Sulfate
Chloride
Nitrate
fluoride
Ortho  Phosphate
Total  phosphorus
Nitrite pitrogen
Inorganic  nitrogen

nitrogen

Total silica
Dissolved silica

Total organic carbon

Heterotrophic plate
count

Electrical  conductivity
Total dissolved  solids
Turbidity

Total  suspended solids

pH

Symbol

Al
Sh

Ba
Be

Cd
Cr
co
Cu
Fe
Pb
Mn
Hg

Ni
Se
Ag
Sr

Zn

Ca
Mg

K
NH4-N
OH
co3
HCO03
so4
Cl
NO3-N
P-P

NQO2-N
Si02

TOC

HPC

EC
TDS

TSS

HS/em
ma/l.
ntu
mg/L

---------- Inlet - v-ccnenne cereerece-Dutlet----aan-.
07M4/94 02123195  03/29/95 07114/94 D2/23/95  (03/25/35
0.7 1.46 26 0.082
<0.01 <0.0008 co0.01 <0.0008
<0.01 0.012 <0.01 €0.002
co.l 0.117 0.3 0.0202
c0.01 0.0032 <0.01 <(.0008
0.3 1.8 0.3 1.57
<0.001 0.0006 <0.01 <0.0002
<0.02 0.008 €0.02 <0.003
<{.01 0.0018 <0.01 0.0006
0.0043 0.0055 0.028 0.026 0.0022 0.01
0.74 17 27 1.1
co0.01 0.0062 0.01 0.0004
0.09 0.39 051 0.14
~0.0002 ~0.0005 0.0004 0.0002 <0.0005 0.0003
<0.02 0.006 c0.02 c0.002
<0.001 0.0022 0.0024 0.001 ~0.0005 0.0006
<0.01 0.0011 c0.01 <0.0002
0.2 0.0002 co0.2 a0001
0.12 0.0993 0.29 0.0519
882 659
266 182
52 43
670 650
62 €8
15 10
0.6 0.4
293 253
<3 <3
<3 30
357 244
930 610
740 860
<0.1 0.2
2.1 1.9
0.6 0.25
2.2 0.65
<0.1 <0 1
4200 4100
3000 2600
965 70
7.9 8%
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Table 5.2b.—Metal concentrations and ionic characterization of water samples collected
from the north (control) vegetated wetland

Parametor

Aluminum
Antimony
Arsenic
Barium
Beryllium
Boron
Cadmium
Chromium
Cobalt
Copper
Iron

Leat
Manganese
Mercuty
Motybdenurm
Nickel
Selenium
Silver
Strontium
Thalfium
Vanadium
Zing

Hardness as CaCO3
Calgium

Magnesium

Sodium

% Sodium
Potassium

Ammonium  nitrogen
Alkalinity as CaCO3
Hydroxide

Carbonate
Bicarhonate

Sulfate
Chloride
Nitrate
Fluoride
QOrtho Phosphate
Total phosphorus
Nitrite  nitrogen
Electrical conductivity
Total dissolved selids
Total  suspended
pH

nitrogen

solids

Sh

Ba
Be

Cd
Cr
co
Cu

Pb
Mn

Ni
Se

Sr

Ca
Mg
Na

K
NH4-N

OH
co3
HC03
S04
Cl
NO3-N
F
P-P
P
NO2-N
EC
TDS
TSS

Unit
mo/L
mg/L
mgit
mg/L
mgiL
mg/t
myg/t
mg/L
mglL
mgfl
mgiL
mg/L
mg/L
mglL
mg/L
mgfL
mg/L
mgiL
mg/l
mgit
mg/L
mag/L

mgiL
mgfL
mg/L
mg/l
%
mgiL
mg/L
mg/L
mgil
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/l
uS/cm
mg/L
mg/L

0.0053

<0.0005

<0.0005

86

......

0.00031
0.0002

0.0005
<0.0005
<0.0002

<0.0001
0.0824

44
1
4
8
27
3
<0.1
40
<3
<3
49
15
<1
go.l
0.2
€0.05
0.55
<0.1
130

200
7.8

13

“0.01
0.29

€0.0002

<0.02
<0.001
€0.01
co0.2

0.13

0.018

<0.0002

0.0005

59

0.2

0.3

20

0.0039

0.0006

<0.0005

0.33
<(.0008
<0.0002

0.0745
<0.0008
0.488
<0.0002
‘0.003
0.0004
0.0042
3.5
0.0007
0.27
0.0004

<0.0008
<0.0005
~0.0002

<(,0001
0.119

138
45
B
46
41
4
0.1
170
<3
<3
207
32
18
<01
04
01
08
<01
430
295
195
7.7



Three basdine soil samples were collected from each vegetated wetland cell just prior to
flooding after planting on April 28, 1993. A sample was collected from each cdl a the
inflow area and near the outflow. The samples were placed in ziplock bags and stored at
goproximately 4°C (39°F) until they were andyzed for trace metds, soil particle sizes,
organochloride pesticides, and polychlorinated biphenyls (PCB) by Babcock and Sons, Inc
The basdline trace meta data are reported in tables 5.3a and b. Soil particle sizes and
organochloride pesticides and PCB data are listed in the Bureau of Reclamation/Nationa
Biologicd Survey/Eastern Municipd Water Didrict Phase IVIII Report (1994).

Additional soil samples were collected by EMWD personnel using smilar techniques on
July 14, 1994, and March 29, 1995, and analyzed by Babcock and Son, Inc. These data are
aso liged in tables 5.3a and b.

One dkdi bulrush sample (multiple plants throughout the cell) was collected from each cdll
on July 14, 1994, and May 25, 1995, and from the south cell on December 15, 1994. One
creeping spikerush sample (multiple plants) was collected on July 14, 1994, from each cel,
from the south cell on December 15, 1994, and from the north cell on May 25, 1995. The
trace meta values contained in their tissues are listed in tables 5.4a and b.

Invertebrate samples were collected on July 14, 1994, and May 25, 1995, and andyzed by S.
Mark Nelson, Bureau of Reclamation; results are listed in tables 5.5 and 5.6, respectively.
The invertebrate biomass collected was insufficient for chemicd andyss of the tissue.

5.3.5 Data reduction and interpretive methods.-All available data were put on a Quattro
Pro for Windows (verson 5.0) spreadsheet for comparisons. Sparsity of data precluded
detidicd analyss, so all discusson below is based on inter-comparison of the available data
The reader is cautioned, therefore, that all data discussed below should be considered as
preliminary and by no means definitive.

5.4 Results and Discussion

5.4.1 Brine use and physical data.—The pilot plant performed as anticipated, with
minimal interruption caused by equipment or operationd difficulties. However, it was
discovered through the first summer of operation that the addition of 4.7 m® (1,250 gal) of
RO regect each weekday was not enough to keep both saline vegetated wetland cells wet. so
beginning on September 20, 1993, 9.5 m* (2,500 gdlons) of fresh water was added weekly to
the north wetland,, The south wetland continued to receive the RO regject. Additionaly.
between February 9, 1994, and July 21, 1994, RO regect was unavailable for even the south
wetland because the well pump used to supply RO feedwater developed dectrical problems,
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Table 5.3a.—Metal concentrations in the south (saline) vegetated wetland substrate and
substrate characterization

Parameter

Aluminum
Antimony
Arsenic
Barium
Beryllium
Boron
Cadmium
Total  Chromium
Cobalt
Copper
iron

Lead
Manganese
Mercury
Molybdenum
Nickel
Selenium
Silver
Thallium

Zinc

Percent solids
Chlordane
pH
Electrical
Sodium  adsorption

Cation exchange capacity
organic matter content

Percent sand
Percent silt

Percent clay

Conductivity

Sympol  Unit
Al mg/kg
Sh mg/kg
As mg'kg
Ba mg/kg
Be mg/kg

B mg/kg
Cd mg/kg
Cr mg'kg
Cco mg/kg
Cu mglkg
Fe mg/kg
Pb mg’kg
Mn mglkg
Hg mg/kg
Mo mg/kg

Ni mg/kg
Se mg/kg
Ag mg/kg
Tl mg/kg
2Zn mg/kg

%
EC pmhofem

%
%

---------- Inlet---ccvvr.-
04/28/93 07/14/94 03/29/95
19200 8140
€0.3 <05
co.7 <8
273 262
co.4 Cl.0
6.4 9.3
0.09 0.24
15.2 14.1
7.43 6.3
16.3 21 25.2
23000 22200
<5 9.92
400 244
co.4 0.13 0.09
1.2
7.4 73
<2 0.4 0.68
0.85 1
<Q.5 0.31
92.9 195
100 38.2
12
1.7
a400
16
6.25
1.8
74
22
4

88

---------- Cutlet---+-----
04/28/93 07/14/94 03/29/95
21400 7500
0.3 <0.3
<08 <5
279 201
0.7 <07
7.3 7.8
0.16 0.26
14.6 10.3
7.76 5.45
13.1 24 225
26000 14000
<5 6.64
430 311
co.4 0.094 0,081
1.5
a.9 6.4
<2 0.5 0.4
€0.02 0.7
<(.5 0.34
76.8 9311
100 61.3
ND
6.3
6400
28
a.75
]
65
30

5



Table 5.3b.—Metal concentrations in the north (control) vegetated wetland substrate and
substrate characterization

Parameter

Aluminum
Antimony
Arsenic
Barium
Beryllium
Boron
Cadmium
Total  Chromium
Cobalt
copper

Iron

Lead
Manganese
Mercury
Molybdenum
Nickel
Selenium
Silver
Thallium

Zinc

Percent  solids
Chlordane

pH

Electrical ~ Conductivity
Sodium adsorption ratio
Cation exchange capacity
Organic matter content
Percent  sand

Percent  silt

Percant clay

Symbol  Unit
Al mgrkg
Sh mglkg
As mg/kg
Ba mg/kg
Be mg/kg
B mg/kg
Cd mg/kg
Cr mo/kg
co ma/kg
Cu mg/kg
Fe mg/kg
Pb mg/kg
Mn ma/kg
Hg mg/kg
MO mg/kg
Ni ma/kg
Se mg/kg
Ag ma/kg
Tl mg/kg
n mg/kg
Y%
EC umhofem
%
%
%

89

0.093

20279
<0.3
co4
251

1.6
6.1
0.16
14.2
7.91
19.4
27603
<5
621
co.4
7.7
<2
0.56
<0.5
96.3

78.9
ND

20

0.085

0.4



Table 5.4 —Trace metal concentrations found in plant tissue samples collected from the
vegetated wetlands

Parameter

Aluminum
Antimony
Arsenic
Barium
Beryllium
Boron
Cadmium
Chromium
Cobalt
Copper
Iron

Lead
Manganese
Mercury
Nickel
Selenium
Silver
Thallium
Zing

Percent solids (Babcock)
Percent solids (U of M)

Parameter

Aluminum
Antimony
Arsenic
Barium
Beryllium
Boron
Cadmium
Chromium
Cobalt
copper
Iron

Lead
Manganese
Mercury
Nickel
Selenium
Silver
Thallium
Zinc

Percent solids (Babcock)
Percent solids {lJ of M)

Symbol

Al
Sh

Ba
Be

cd
Cr
co
Cu
Fe
Pb
Mn
Hg

Se

Tl
Zn

Unit

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mgkg
mg/kg
ma’kg
ma/kg
mg/kg
mgrkg
mg/kg
ma/kg
mg/kg
mg/kg
mg/kg
mg/kg

%
%

Unit

ma/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg'kg
myfkg
mg/kg
mg/kg

%

(a) South Saline Wetland

savwramAlkali Bulrush esawsa.a

07/14/94 12/115/94  05/25/85 07/14/94  12/15/94  05/25/85

1280
<8
<8

48.7
<0.1
31
<0.4
5
<2
17
1530
<B
178
0.024

0.2

<2

<10
39.1

800
<10
<{0
20
<5
28
<5
<10
<10
9.2
800
<10
<100
0.029
<10
0.1
<10
<50
30

(b} North Control Wetland

171
c0.3
<7
9.02
<0.26
23.4
co.07
<1.3
co0.07
6.41
230
«2.0

0.2
0.29
co.12
<0.16
<0.1
30

senwwanAlkali Bulrush « s+ - .-

12/15i94 0525195

07114194

1770
<8
<8

465

co.l
15

0.4
10
<2
17

2370

<B
290
0.025
5
<0.2
<2
<10
48.9

90

247
co.3
]
19
<0.22
24.6
<0.06
<1.1
0.08
5.87
273
a.7
53.3
€0.006
0.6

co.14
€0.08
28.7

36.2
33.5

————— Creeping Spikerush -

1320
<8
<8

75
co.l
34
co.4
6
<2
26
1390
<8
289
0.027
4
€0.2
<2
<10
167

1000
<10
<10
30
<5
130
<h
<10
<10
24
1600
<10
300
0.035
<10
0.58
<10
<50
120

= === Creeping Spikerush-. - . .

07/14/94  12/15/94

3290
<8
<B

154
co.1l
16
co.4
16
3
26

5790
<8

1320

0.059
9.3
0.6

<2
<10
192

03/25195

410
€0.2
<2
21
<0.16
220
c0.04
0.8
0.16
8.69
576
cl.2
120
0.011
0.6
co0.13
<01
<0.06

55.4

51.4
45.1



Table 5.5.—Invertebrate taxa (number of individuals) collected from the vegetated wetlands
on July 14, 1994~

Taxa North Wetland South Wetland
Sample ! Sample 2 Sample 1° Sample 2¢
NEMATODA 1
OLIGOCHAETA 10 3
GASTROPODA 25 9 22 20
Physidae
Cladocera 43 4 3
Ostracoda 84 26 25 21
Copepoda 1 i
Amphipoda 39 26 45 14
Hyalella
llibaeti 1 5 5
Zygoptera 4 6 5 10
Anisoptera ] 1 4
Corixidae 5 1 2
Notonectidae 9 5 8 14
Naucoridae 1? (immature)
Dytiscidae i
Helophorys 1 {adult)
Hydrophitys 1 (adult)
Tropisternus 1 (larva) 1 (larva)
Culex 2 2
Chironomidae 1 8 5 18
Sciomyzidae 1
Hydracarina 1 -
Total taxa 11 15 13 12
Total number 180 133 126 113

* Average edectrica conductivity (EC) from February 15, 1994 through July 15, 1994 in the north and south
vegetated wetlands was 1912 uS/cm and 2650 uS/em, respectively.

¢ 3 tadpoles in sample. ¢ 1 tadpole in sample
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Table 5.6.—Invertebrate taxa (number of individuals) collected from the vegetated wetlands
on May 25, 1995”

Taxa North Wetland | South Wetland
Sample 1° Sample 1
Turbellaria 3
OLIGOCHAETA 1
GASTROPODA 4 18
Physidae
Cladocera 1
Ostracoda 19
Amphipoda 52 110
Hyalella
Zygoptera 1 2
Anisoptera 2
Corixidae 19 26
Notonectidae 27
Gerridae 1 (immature)
Hydrophilidae 1
Culiseta 1
Culex 4 22
Chironomidae 10 75
Dixidae 2
Collembola 1
Total taxa 11 12
Total number 125 227

+ Average dectricd conductivity (EC) during May 1995 in the
north and south vegetated wetlands was 352 pS/em and

6518 pS/cm, respectively.
® Two tadpoles and two Gambusia in sample.
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Subsequently, the well and surrounding property were sold, so EMWD had to find a new
supply wdl. Once that was achieved, the RO rgect supply was mostly consstent with the
exception of 6-Y2 weeks between December 22, 1994, and February 7, 1995 (due to heavy
ranfal causing flooding problems); 15 working days between March 20, 1995, and April 10,
1995 (the compressor failed); and another 15 working days between May 3 1, 1995, and

June 22, 1995. To keep the plants wet and the water depth constant, fresh water (rainfal or
potable water) was supplied to both vegetated wetland cells whenever the RO unit was shut
o,

Electricd conductivity (EC) and total dissolved solids {TDS) were measured in stu in the
vegetated wetlands. Data are listed in gppendix J. The EC ranged from 65 to 4,500 pS/cm in
the north vegetated wetland (after it was converted to the control cel, receiving only fresh
water), and 750 uS/cm (recorded during heavy rains, with flooding, so the RO system was
shut off) to 13,680 uS/cm in the south wetland, with a mean over the 2 years of
approximately 1,142 pS/cm and 4,924 uS/cm, respectively. The EC and TDS decreased
when fresh water was added (by rainfal or water truck) to one or both vegetated wetland
cdls,

5.4.2 Plant adaptation and survival.-Appendix | contains a representative sdection of
photographs of the vegetation in the sdine wetlands, showing the progresson of growth and
plant establishment. By July, 1993 (3 months after planting), the akai bulrush had spread to
every available area in both cdls, except for the sx bands where spikerush was planted and at
the inflow ends. Mogt of the origind dkai bulrush plants planted in the sx bands had
flowered and turned brown, but the new plants were green, robugt, flowering abundantly, and
taler than the origind plants (90 cm compared to 60 cm tal [= 3 feet to 2 feet]). The
spikerush were hedthy and spreading out from the planted bands and were about 60 cm

(2 feet) tdl in the north wetland and dightly shorter and browner in the south wetland.

Flower and seed production were less in the south cdl than in the north. Both smartweed
species had been completely diminated due to a combination of a lack of water (drying out
some seedlings), too much water (drowning some seedlings), and bird predation. A few
cattall (Typha spp.) recruits were growing in both wetland cells (60 to 90 cm [2-3 feet] tall in
the south wetland and about 23 cm [3/4 foot] taler in the north wetland), and a few
watergrass plants (Echinochioa crusgalli) had dso edtablished themsdves. Although the
cattails and watergrass appeared to be hedlthy, neither species spread a greet ded the first
year, and cattail flower production was minimd.

By November 2, 1993, it was evident that the akali bulrush, spikerush, cattail, and
watergrass had survived in both wetland cdls. In the north cdl, which had received only
fresh water snce September, the newer plants around the edges (particularly spikerush) were
green, while the plants around the edges of the south cell were more chlorotic.  Plants
throughout the interior of both cells were mostly brown due to the colder winter

temperatures. The akai bulrush remained a about the same heght snce August, while the
few cattails increased to about 152 cm (5 feet) tdl. In many of the areas where spikerush had
spread during the summer, akdi bulrush was encroaching and became an overstory for the
spikerush. A quillwort (Isdetes spp.) ma had formed in the inflow end of the north wetland
cdl and appeared to be very hedthy. Alkdi bulrush seed was floating over the water surface
in both cdls.
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Throughout the first growing season, some plants of each species exhibited stress, probably
due to some condtituents of the water (i.e., some browning, dower growth, and less seed
production). But: to the casud observer, the plants appeared to be thriving. During the
winter, the plants turned brown because of norma winter dormancy.

Spring 1994 growth was very lush and vigorous, and dl plants appeared hedthy, according to
EMWD personnd. The RO regect flow into the south cell was interrupted from February 4,
1994, through July 21, 1994. Therefore, the lush growth was probably due to the fresh water
supplied to both cdls throughout the spring and part of summer (figure 5.7). During this
period of vigorous growth, it gppeared that the sdine wetland plants regenerated completely
by producing new growth from their rootstock. There was no evidence of wetland plant seed
germination, even though akai bulrush seed was floating over the water surface in both cdls
during the fdl. Two species of cattail in the south cell were identified by EMWD's biologigt.
They were narrow-leef cettail and broad-leaf cattall (Typha angustifolia and T, latifolia,
repectively). Duckweed (Lemna spp.) was abundant in the north cell by April, 1994, and by
Augug, it was evident in the south cdl as well.

By September 8, 1994, the south cell had been receiving RO rgect for 7 weeks. Alkali
bulrush covered the entire cell and was 90-122 cm (3-4 feet) tal. Much of it was lodging
(fdling over). The stems were green, but the tops were brown, and heavy seeding was
evident (figure 5.8). Cattail covered about 15 percent of the area, was about 2.4 meters

(8 feet) tall, and was flowering. Spikemsh covered about 5 percent of the area, as the akali
bulrush outcompeted it. The spikerush was browner than in the north cell, about 30-60 cm
(I-2 feet) tdl, and no flowering was evident.

In contragt, the north cel, during September 1994, contained 95 percent dkai bulrush (90-
137 cm [3-4-% feet] tall), 35 percent cettail (2.7 meters [9 feet] tal), 20 percent spikerush
(30-60 cm [1-2 feet] tall), and duckweed and agae floating on the open surfaces (figure 5.8).
The dkdi bulrush exhibited some lodging, but had green sems, brown tops, and abundant
seading. The spikerush was seeding and looked hedlthy and green. The vitdity and hedlth of
dl the plants in the cdl were obvioudy due to the fresher (lower sdinity) water.

On Jduly 10, 1995, the south cell was 4till dominated by akai bulrush (90-122 cm [3-4 fest]
tall). They had brownish tips with abundant seed heads. The second most abundant species
was cattail, covering about 22 percent of the area a either end of the cdll (figure 5.9). The
west end (higher EC) contained shorter plants with bigger catkins. The east end contained
taler plants with smdler and thinner catkins. Virtudly al spikerush had been displaced.

By July 1995, the north cdl had become a mixed community of akai bulrush and cattall
(figure 5.9). Both species were flowering a that time, but dkdi bulrush was predominantly
brown, and the cattail was green and hedthy. Spikerush could be seen only in the southeast
comer (the inflow end) of the cell, and a few Cdifornia bulrush (Schoenoplectus californicus)
plants had appeared nearby. Duckweed was aso present around the inflow area

The plants responded as the condtituents of the water changed in the sdine vegetated wetland
cdls. Each time fresh water was added to one or both of the cells, the plants responded by
having a growth spurt and becoming greener. At the end of the 1995 growing season, after a
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Figure 5.7.—View of both vegetated wetlands during May 1994 showing very lush, vigorous,
and healthy plant growth (south cell had not received RO reject since February 9, 1994).

Figure 5.8.—View of both vegetated wetlands on September 8, 1994 (the south ceil [in
foreground] had been receiving reject brine for 7 weeks while the north cell continued to
receive only fresh water). The photograph illustrates the additional lodging (falling over),
browning, and seeding in the south wetland compared to the north.
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Figure 5.9.—View of both vegetated wetlands during July 1995 (the so uth cell [in
foreground] had received RO reject for almost 11 months).

Figure 5.10.—Example of a waterfowl path through the spikerush in the south salinre
vegetated wetland.
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year of maintaining fairly condstent water sources for both plant communities, the plant
community in the north (control) wetland differed from the plant community in the south
(sdine) wetland. Alkdi bulrush was dominant in the RO rgect fed (south) wetland cdl and
catals were digplacing most of the other smdler species in the fresher (north) wetland cell.
Long term evauation using the gppropriate water is necessary to accurately assess the final
outcome of this pilot sudy. Of course, accumulations of heavy metds or other condituents
to toxic levels could change the described differences in plant communities.

5.4.3 Wildlife vistation and use-Wildife usage of the sdine vegetated wetlands was
documented on numerous occasions throughout the period of this sudy by EMWD
personnd. Actua dghtings, prints, scat, carcasses, nests, or sounds have provided evidence
of usage. Raccoon and rabbit prints were observed in 1993, as wdll as evidence that
waterfowl usage occurred (e.g., paths and tunnds through the spikerush, figure 5.10).
Aquatic snails were dso observed in the wetlands. In 1993, April Sleigh and Andrew
Hamov, from Cdifornia State Polytechnic Universty (CSPU) a Pomona, working under an
NBS contract to count birds on the Hemet/San Jacinto RWR Facility, reported seven
sightings of black phoebe (dmost dways on a wooden post in the vegetation), four sightings
of killdeer, and one sghting of a Say’s phoebe. Unfortunately, these sightings were not
recorded separately for the vegetated wetlands and the evaporation ponds, but the birds were
seen in the vegetated wetlands dmost exclusively (April Sleigh, persond communication,
1996).

During the spring of 1994, the wildlife usage increased with the sorouting of the new plants,
according to EMWD personndl. Numerous tadpoles and, later, frogs were observed. Coots,
moorhens, blackbirds, black phoebes, a sora, snalls, a crayfish, and a variety of invertebrates
were aso observed in and around the vegetated wetlands. Later in the year, opossum were
observed using both wetlands on numerous occasons, and a heron frequented the north
wetland. Throughout the fal, tracks of smal animds (including opossum, herons, mice,
skunks, small unidentified mammals [probably rodents], and cats [probably domestic]) were
S0 abundant around the cells that it was difficult to distinguish one from another (Stella
Denison, persona communication, 1994). April Seigh and Andrew Haimov, from CSPU,
recorded a tota of 27 bird dghtings during 1994, including: 5 sightings of black-necked ilt,
1 sghting of a willet, 1 sghting of a bank swalow, 11 Sghtings of least sandpiper, 1 sSghting:
of an American avocet, 6 sghtings of black phoebe (on the wooden pogt in the vegetation),

1 sSghting of a cinnamon ted, and 1 gghting of a common ydlowthroat. It was agreed by the
cooperating agencies to stock mosquitofish (Gambusia spp.) in the two vegetated wetlands to
provide a test organism for toxicity anayss. During September 1994, 150 fish each were
gocked into the south and north cdls. In June 1995, fish could till be seen in both cdls.

According to EMWD personnel, wildlife use during 1995 was smilar to 1994. Tracks, scat,
sounds, carcasses, nedts, and actud sghtings of the same mamma, amphibian, rodent,
reptile, bird, and invertebrate species were observed. Additionally, yellow-head blackbirds
were sghted regularly. April Seigh and Andrew Haimov, from CSPU, reported

270 sghtings of red wing blackbirds, 3 sghtings of black-necked Hilts, 1 sghting of an
American avocet, 1 sghting of a loggerhead shrike, 39 sightings of tricolor blackbirds,

| Sghting of a common moorhen, and 4 sightings of black phoebes (on the wooden post in
the vegetation) using the vegetated cedls and/or the evaporation cells.
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5.4.4 Invertebrate diversty data-Invertebrate samples were collected on July 14, 1994,
and May 25, 1995, and the data are listed in tables 5.5 and 5.6. At the time of the July 1994
sampling, both cells had been recelving fresh water for over 5 months. (See section 5.3.1.)
Therefore, the EC of the water in the south cell was reduced and remained between 750 and
4,200 uS/em. The invertebrates that were collected in 1994 (table 5.5) were fresh water taxa,
and, therefore, neither cell was representative of the conditions of a saline vegetated wetland.
The only taxon that was clearly absent from the south cell, but present in the north, was the
Oligochaeta. This order includes the eathworms which are unable to survive in sdine
conditions and which have life cydes normaly longer than the other invertebrates. They do
not have a winged life stage to move in and out of an area quickly, so they were probably
unable to populate the south cell within the 5-month period of receiving only fresh water.

For 10 months prior to the May 25, 1995, sample, RO regect flow had been farly consstent
into the south vegetated wetland. Therefore, we would expect to see species diversity
differences between the sampling dates as well as between the cdls. In comparing table 5.5
to 5.6, some differences were noted. There were seven invertebrate taxa collected in

July 1994 that did not appear in the May 1995 sample, and there were four other taxa present
in May that were not present in July 1994. However, with the exception of Callibaetis
(Callibaetis is one of the mgor invertebrate groups least tolerant of sdinities greater that

2 parts per thousand [Short et al., 1991]), each of these differing taxa was uncommon and
exhibited only one or two individuas each. Since only three samples have been collected
throughout the life of the project, no long term impacts on invertebrate communities can be
determined from these data

In examining the samples collected on May 25, 1995, from the north and south wetland cells,
there are large differences in the Corixidae, the Notonectidae, and the Chironomidae taxa.
Notonectidae occur only in fresh water (and, therefore, were found only in the north cdl),
while in the families Corixidae and Chironomidae (found in both cdls), there are taxa that
are tolerant to sdine waters (Usinger, 1956). Individud chironomids were not identified to
genus in order to accurately determine their sdine tolerances, but their numbers are grester in
the saline wetland than in the fresh water wetland. From these data, it can be deduced that
these invertebrates were tolerant of higher saline concentrations (tables 5.5 and 5.6).
Additiona invertebrate sampling and andyss are essentid to determine invertebrate
community trends related to sdine wetland development.

5.45 Toxicological data.—Collecting data to determine whether the saline vegetated
wetlands are accumulating toxic materids which may be hazards to wildlife is a very
important aspect of this study. Monitoring and sample collection have been performed by
EMWD personnel.

In stu water andyss: The dectricd conductivity (EC) and totd dissolved solids (TDS) data
for each vegetated wetland cdl are lised in gppendix J. These data illustrate how the sdine
wetlands gradudly became more sdine until they were diluted with the addition of fresh
water. Measurements taken immediately after the weekly addition of fresh water to the north
vegetated cell on November 3, 1993, showed that the inflow end had an EC of 2,070 uS/cm;
the inflow sampling Ste on the south vegetated cell was 6,200 pS/cm & the same time
(smilar conditions occurred on July 23, 1993. and August 18. 1993). Once the RO system
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was shut down in February 1994, the EC levels and TDS concentrations were reduced by
50 percent (gppendix J). This shutdown, plus the abundant rainfal (appendix K), freshened
the water to such a degree that for 5 months the plant and invertebrate communities
experienced a growth spurt. The following year (August 1994 through October 1993),

EC data from the north vegetated wetland did not exceed 2,000 uS/cm and averaged

699.4 uS/cm, while EC data recorded from the south sdine vegetated wetland reached
13,680 uS/cm (average 5,292.8 uS/cm).

Water analysis - RO reject: On each of 5 days, one water sample was collected from the RO
rgect line. (There were no replications) Up to 22 trace eements and complete ion analyses
were performed, and the data are listed in table 5.1, An additiond sample, collected on
February 23, 1995, was analyzed for copper, mercury, and sdenium. According to the data,
most of the eements analyzed were nondetectable or at levels that would not be toxic to
aquatic organisms (U.S. Environmental Protection Agency, 1976 and U.S. Environmenta
Protection Agency, 1986). The exceptions included higher levels detected for sdenium
(0.0032 to 0.007 mg/L) and boron (2.5 mg/L).

Sdenium levels in water that are over 0.003 mg/L exceed the criteria threshold and have
shown adverse effects, such as increased risk of teratogeness and embryo mortaity, on some
fish and wildlife species (Joy Gober, Reclamation memorandum dated June 14, 1993, peer-
reviewed by nationa experts). The EPA National Water Quality Criteria for the Protection of
Aquatic Organisms and Ther Uses (U.S. Environmental Protection Agency, 1987b) dates
that “freshwater aguatic organisms and ther uses should not be affected unacceptably if the
four-day average concentration of selenium does not exceed 5.0 pg/L (0.005 mg/L) more than
once every three years on the average.” Regardless of which criterion is gpplied, sdenium
should be monitored regularly and & a suitable detection limit to insure adequate evauation.
Since levels of 0.0032 to 0.007 mg/L sdenium were detected in the RO rgect going into the
sdine vegetated wetland, this water could potentidly pose a threet to wildlife usng the
wetland. It is possble that higher levels could accumulate in the sdine wetlands, particularly
in the plants and soils.

The highest boron value found in the RO regject water samples (2.5 mg/L) may be toxic to
certain crops and greenhouse plants (Csuros, 1994), but no documented boron toxicity has
been found in aguatic plants (Snyder and Snyder, 1984). In hard water, the median letha
concentration to fish eggs and juveniles exposed from fertilization to 4 days after hatch
ranged from 204 to 212 mg/L (Brungs et d., 1978). Although from these data, boron does
not appear at toxic levels, it should continue to be monitored in the saline vegetated wetlands,,

Water andysis - sdine vegatated wetland cdls Andyticd results for water samples from the
sdine vegetated wetlands are ligted in tables 5.2a and b. Many of the results are below
detectable levels, and many others are at levels too low to cause any known toxic effects.

The trace metds that are devated are: duminum (26 mg/L), copper (0.034 mg/L in the north
cdl). iron (27 mg/L), mercury (0.0006 mg/L in the north cdl). sdenium (0.0024 mg/L), and
zinc (0.29 mg/L).

Although auminum can cause crop problems a levels > 10 mg/L, and >1 mg/L can be toxic
to fish (McKee and Wolf, 1963). duminum effects on aguatic plants are rare, with toxicity
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greatly increesang & pHs less than 5, according to Gough et d. (1979). Battele's Columbus
Laboratories ( 197 1) showed that three species of freshwater fish could survive indefinitdy at
100 mg/L, but acute toxic levels of duminum to aquatic animas vary widdy (Snyder and
Shyder. 1984). Reviewing the avalable literature. it is doubtful whether the duminum
concentrations sampled in the wetland cells are toxic to occasond users, such as waterfowl,
but since only one sample was taken at each outlet area on July 14, 1994, no definitive
satements can be made. Based on a sample that was collected the following March,,
auminum leves dropped from 26 mg/L in the south cdl and 14 mg/L in the north cdl to
below 1 mg/L. Monitoring should be continued.

The highest concentration of copper (0.034 mg/L) was found in a sample collected from the
outlet of the north vegetated cell on July 14, 1994. All other samples had lower leves of
copper and did not exceed the EPA Nationa Water Quality Criteria Guiddines

(U.S. Environmentd Protection Agency, 1986). The copper leve in the north wetland did
exceed the EPA naiond guiddines after cdculatiing the acceptable level usng the only
available measured water hardness of 138 mg/L CaCO,. The measured concentration
(0.034 mg/1.) was about two times the accepted level for the 4-day average concentration
(0.0156 mg/L). Because copper is a biocide, it should be monitored regularly.

The iron levels of 27 and 13 mg/L in the south and north vegetated wetlands, respectively,
sampled on July 14, 1994, and 17 mg/L in the south cell sampled on March 29, 1995, are
elevated leves. Aquaic vegeaion has the ability to aosorb large amounts of iron, but no
information was found on toxic concentrations of iron to wetland or aguetic vegetation. Iron
may actudly provide protection from toxic concentrations of copper (Antonovics & d.,
1971). Although the upper tolerance limit for fish under the Cdifornia Water Qudity
Criteria (McKee and Wolf, 1963) is 50 mg/L., the 1976 EPA criterion for iron on aquetic life
IS1.0 mg/L. Therefore, it is an dement that could have a negetive impact on the aquatic life
in the wetlands. Iron levels were dso high in both wetland substrates (tables 5.3a and b) and
in the plant materid (tables 5.4a and b). The iron levels were not high in the influent reject:
from the RO unit but were very high in the basdine soil sample prior to flooding in

April 1993, The limited amount of sampling provides data which strongly suggests that iron
was in the soil brought in for both vegetated wetlands. As sdine water that is high in
chlorides and sulfates is added to a soil high in iron, precipitates can form as ferrousferric
ions combine with sulfate or hydroxyl ions. These precipitates could smother aguatic life
(McKee and Wolf, 1963). The iron levels in the substrate and plant samples decreased with
time, and by March 1995, iron concentrations had dropped to 1. 1 mg/L. from 27 mg/L in the
south cel and to 3.8 mg/L from 13 mg/L in the north cel. This could indicate that iron is
leaching from the subgtrate. Monitoring should be continued.

Mercury is a highly toxic dement that can both bicaccumulate and biomagnify in the food
chain. Vascular plants are resstant to mercury poisoning (U.S. Environmental Protection
Agency, 1973), but Daphnia (a common aguatic invertebrate) is immobilized by 0.006 mg/L
mercury. The 1976 EPA criterion for mercury for freshwater aguatic life and wildlife is
0.00005 mg/1.. However, the methylmercury form (CH;Hg") is much more toxic than other
forms of mercury, and the proportion of methylmercury to totd mercury in Elodea (an
aquatic macrophyte) was about 3 1 percent for the shoots and 10 percent for the roots in a
study done by Mortimer (1985). Therefore, the vaues of 0.0002 to 0.0006 mg/I. tota
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mercury, found in the February and March 1995 south and north vegetated wetlands water
samples, are probably within background levels of the system (Steven Schwarzbach,

U.S. Fish and Wildlife Service [USFWS], Divison of Environmenta Contaminants, persond
communication, 1996). Because mercury is such a highly toxic dement, monitoring at
detection limits no higher than 0.005 ug/L. should be performed on a routine basis (Joseph
Skorupa, USFWS, Divison of Environmental Contaminants, persona  communication,
1994). Andyses for methylmercury would be particularly useful.

Pants are able to absorb high quantities of sdlenium without injury, and high concentrations of
sulfates will diminish the uptake of sdenium and act as a partiad antidote to toxicity (Bear, 1957).
The south cdl exhibited high sulfate concentrations in the March 1995 sample, which probably
diminished the potentid toxicity of the selenium concentrations of 0.0022 and 0.0024 mg/L
measured in February and March 1995, respectively. However, since the newly accepted
selenium level of concern for fish and wildlife in water is between 0.001 and 0.003 mg/L

(Joy Gober, Reclamation memorandum, June 14, 1993), selenium must continue to be monitored.
If sdlenium leves rise, the sdine wetland could potentidly become toxic to aguic life.

The levels of zinc in waters of the south wetland, 0.12 and 0.29 mg/L where hardness
measured 882 and 659 mg/L CaCO,, respectively (table 5.2a), probably did not exceed
the criteria levels set for aguatic organisms, as determined by the EPA formula

(U.S. Environmental Protection Agency, 1987a). However, in the north wetlands, where
the available measured hardness was only 44 mg/L CaCO;, the zinc level of 0.14 mg/L
was above criteria levels. In this case, the mgor source of zinc was from the subdtrate.
The best way to determine whether zinc is toxic to aguatic organisms in this environment
would be to perform omsite toxicity tests.

It is very important that additiond water and plant samples be collected and andyzed to
demongrate whether the sdline vegetated wetlands are accumulating toxic materids which
may result in hazards to wildlife. Additiondly, there may be synergidtic effects of metds in
combination in this water matrix. Accurately predicting those combined effects is difficult.
SO omsite toxicity tests should be performed to determine toxicity empiricdly.

Soil analyses: Data from the two wetland cdlls are listed in tables 5.3a and b. The basdine
soil analyses, taken on April 28, 1993, showed 19 pg/kg of chiordane in the north wetland
inlet area, and 12 pg/kg was present in the south wetland inlet area. No other organochlorine
pesticides or PCBs were detected in the locd soil prior to flooding. However, the levels of
the edements cadmium, total chromium, iron (see discusson on iron in water analysis section,
above). lead, nickel. and zinc in both vegetated wetland substrates were above what would be
norma for crop soils (Robert Cox, persond communication, 1994). Raw data are included in
appendix C of the USBR/NBS/EMWD Phase II/I1I Report (1994).

The next complete soil testing was performed on samples taken on March 29, 1995, dmost
2 years following planting, with an additiona set of samples andyzed for copper, mercury,
and sHenium. taken on July 14, 1994 (after 5 months of receiving only fresh water). This
limited data, sst makes definitive conclusons difficult. Mercury and sdenium leves in these
samples are beow levels of concern for fish and wildlife. Copper levels are higher and
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appear to have increased somewhat with time in both the south and north cells. However,
copper toxicity is reduced in water of high akdinity (U.S. Environmental Protection Agency,
1976) (refer to table 5.2a).

A review of the basdine data disclosed smilar concentrations of eements in both cdls This
amilarity strongly suggests thet the metals came in with the soil.  Boron, copper, and zinc
increased in the sdine wetland with time (possbly due to the concentrations in the

RO rgect), cadmium and lead increased in both wetlands, but chromium, iron, and nickel
decreased. Continued monitoring is recommended.

Pant materid analyses. Little information is available regarding toxic leves of heavy metds in
plant tissue. In reviewing the data liged in table 5.4a and b, it appears that there are only a few
elements that are of concern. Sdenium levels increased dightly through time but they are
below the levels of concern for consumption by waterfowl. Aluminum, barium, copper, iron,
magnesium, mercury, nickd, and zinc levels were high during July 1994, but were lower in the
samples collected during May 1995 in both the south and north cells. The dement of most
concern was boron. During December 1994, spikerush in the south cell contained boron levels
of 130 mg/kg; and during May 1995, spikerush in the north (control) cell contained 220 mg/kg
(table 5.4a and b). These levels of boron are toxic leves in crops, however, only one sample
was collected on each date, o it is unknown whether this was typical for al the spikerush.
Pants are cgpable of absorbing large amounts of metals, whether they need them or not
(Guilizzom, 1991), and it is Hill debated whether some plants are capable of concentrating high
amounts in their tissues from low concentrations in the surrounding environment (Muntau,
1981 and Wells et d., 1980). Because there is no evidence of large boron levels in the water or
subgtrate samples, and because sampled akali bulrush contained much less boron, the spiketush
may be a species cgpable of this phenomenon.

Sampling and andyses of plant materia on an annua bass are recommended to determine if
changes are occurring in the sysem and if the edible portions are accumulating leves of any
of the RO rgect condtituents that could be toxic to plants, waterfowl, or wildlife feeding on
these plants

5.5 Conclusions

Using the data that were received from EMWD, there are some trace metals that warrant
concern for the hedth and well-being of visting wildlife, but there gppear to be no serious
threats to wildlife usng the sdine vegetated wetland cdls a this time. However, it should be
noted that the data avalable are very limited, so no long term conclusions can be drawn. Due
to the sparsity of the data, it is not recommended that EMWD, or any other entity, creste a
larger sdine wetland system to reduce their RO regject volumes or to creste green space and
wildlife habitat until more stable water quality conditions are achieved and further data are
collected and andyzed. The reader must remember that within this reported sampling period,
the south sdline cdl received a congant flow of RO rgect only from July 21, 1994, through
the May 1995 sampling date. Therefore, long range effects or accumulations have not yet
been adequately addressed. Monitoring should be continued, and more samples should be
collected and andyzed before any definitive conclusions can be drawn about the feashility of
using wetlands for brine reuse and disposd.
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6. EVAPORATION PONDS

6.1 Objective

The objective. of the evaporation ponds (cells) a this pilot facility was to determine whether
the effluent volume from the sdine vegetated wetlands could be reduced further to minimize
the cost of concentrated RO regect (brine) disposd. In a full-scae RO facility, the cost of
brine digposa could be considerable.

6.2 Evaporation Pond Design and Construction

The evaporation ponds consisted of two 6.1 x 24.4-meters by 1 .2-meters-deep (20 x 80-feet
by 4-feet-deep) lined cells adjacent to and downstream from the sdine vegetated wetlands
(figures 24 and 2.5). The complete congtruction design and specification document is
available through EMWD, San Jacinto, Cdifornia

6.2.1 Dedgn consderations-The evaporation ponds were made as undtractive to wiIdIif{.]
as possible, since the ponds could tend to concentrate certain congtituents of the sdine

vegetated wetland effluent to toxic or hazardous leves, if they exig in the sysem. The ponds
were made with steep non-vegetated sides so that no food, shelter, or nesting areas were
available to wildlife (figure 6.1). Without those attractions, it was hoped that transent

waterfowl would be unlikely to linger around these ponds, thus limiting their exposure to any
concentrated congtituents

TS Pt

Figure 6.1 .-North evaporation pond with adjacent, upstream vegetated wetlands and
RO unit in the background.
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The initid designs. as described in the Phase 1 Report (Bureau of Reclamation and Eastern
Municipa Water Didtrict. 1991). included Six 12.2-meter by 12.2-meter by 0.6.meter
(10-foot by 10-foot by Z-foot) deep evaporation ponds. three of which were to be fitted with
gorinkling systems to further increase eveporation. These designs were modified during the
find desgn to two. rather than sx. cdls. and the sprinkling systems were diminated to keep
costs down.

6.2.2 Layout and construction.-To prevent seepage of concentrated RO reject into
groundwater. the evaporaion cels were lined with an 80 mil high-densty polyethylene liner.
In April 1994. a lesk formed in the north evaporation cell and. a short time later. the south
cel gppeared to be lesking. Both cells were drained. It was determined that the north cell
was lesking because a weld dong the liner seam had failed. The south cdl lesked through
the inlet pipe penetration. The manufacturer of the lining was cdled to repar the lesks. All
the seams on the linings of both cells were resedled to prevent future leaks. This work was
peformed under warranty by the manufacturer.

Initidly. outflows from each sdine vegetated wetland went into evaporaion cel number one
(the south cell) and then into evaporation cdl number two (the north cell) in series. Due to
lack of sufficient rgect from the RO unit to meet the demands of the sdine vegetated
wetlands during pesk evapotranspiration periods, the underground piping and valve system
was modified. in September 1993 to alow the south vegetated wetland to receive dl of the
RO regject and the north vegetated wetland to receive RO product water as a control.

Pumbing modifications were made to dlow the overflow from the north vegetated wetland
to flow into a nearby sump instead of into the eveporation cels. while overflow from the
south vegetated wetland continued to flow into evaporation cell number one and then into
evaporaion cell number two in series (figure 5.1).

6.3 Test Procedures

631 Monitoring of brine inflows and evaporation rates.—A total of about 4.7 m’
(1.250 gdl) of RO reject w-as produced each weekday to support the saline wetland. Westher.
evapotranspiration. and the RO regect flow determined whether the evaporation cells received
effluent from the sdine wetland. Generdly, during the cool, rainy season. there was enough
water to accumulate in the evaporation cells. but during the dry. hot months (maximum pan
evgporation was over 1.5 cm [0.6 in.] per day), there was no flow out of the sdine wetland
into the evaporation cdls. No water volume data or flow vaues for the evaporation cels
were recorded throughout this study period. Precipitation and evaporation pan data were
collected. and the raw data are listed in appendix K.

Electricd conductivity (EC) was measured when the evaporation cells contained water. Daa
aeliged intable 6. 1.

6.32 Evaporation enhancement methods.—Consideration of any further evgporation
enhancement methods was dropped due to the smdl volume of flow the eveporation cdls
received from the vegetated wetlands.
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Table 6.1 —Electricl conductivity (EC) readings in the south evaporation pond

Date EC (uS/cm | Date | EC { HS/Cm;
02/24/94 4285 01/03/95 4770
03/03/94 4285 01/10/95 3830
03/11/94 4370 01/17/95 4010
03/18/94 4560 01/24/95 3840
03/28/94 3827 | 02/03/95 4070
04/04/94 4100 02/10/95 4490
08/30/94 13270 02/17/95 3900
09/06/94 21000 02/24/95 3955
09/13/94 17700 03/06/95 3470
09/20/94 11460 03/24/95 3020
09/27/94 22100 03/31/95 3350
10/04/94 19240 04/14/95 3360
10/11/94 16500 06/09/95 5800
10/18/94 20220 06/16/95 6170
11/01/94 13180 06/30/95 6950
11/08/94 9510 07/07/95 7310
11/15/94 7800 08/04/95 11300
11/22/94 7160 08/10/95 12700
11/29/94 7120 09/11/95 27800
12/06/94 7200 09/22/95 37200
12/13/94 7350 09/29/95 37800
12/20/94 7500 10/06/95 38300
12/27/94 7325
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6.4 Results and Discussion

64.1 Brine concentration and net evaporation data.-Recorded EC measurements from
the south cell are listed in table 6. 1. The examination of evaporation and precipitation data
(lised in gppendix K) indicated thet the lower ECs occurred during times ofabundant rainfal
and low evagporation. Specificdly. from a low of 3.020 uS/cm in March 1995 (following a
3-week period of low evaporation and 6.4 cm [2.5 inches| of rainfal). the EC measurements
(table 6.1) became exceedingly high during September and October 1995 (77.800 to

38.900 uS/em). The high ECs occurred when precipitation was low. evgporation was high.
and inflow from the wetland had stopped.

6.4.2 Wildlife vigtation and use-Genera observations of wildlife use were made by
EMWD personnd during weekly visits. Signs of wildlife use. such as tracks and droppings.
were noted. and a carcass log was used to record findings of any dead animas in or around
the evaporation cdls (severa small animas were found dead in the cells. but it gppesared they
hed fdlen in and were unable to get back out due to the steegp sides and smooth lining). The
log book is available from EMWD personndl.

EMWD dso observed that usage by waterfowl has been brief and transent throughout the
testing period. Ducks have been observed in the evaporation cdlls. but they did not stay for
more than 3 days. Near the end of August and into September 1994. small groups of least
sandpipers. lesser yellow legs. and black-necked ilts were observed feeding from the bottom
of the south evaporation cell in the sand that tilled in around the edges. They were not
observed beyond mid-September.

Wildlife use during 1995 was smilar to 1994. No new notations of observations were made
by EMWD personnd.

6.4.3 Toxicological data.-One water sample was collected from each evaporation cell on
February 23. 1995. and andyzed for copper. mercury. and sdenium: and on March 29. 1995.
1 sample was collected and analyzed for 19 trace elements. Data are listed in table 6.2. The
only eement that exceeded the criteria level was zinc (0.1 19 mg/L) in the north pond (using
the toxicity criteria of 0.086 mg/L for sdtwater aguetic organisms [U.S. Environmenta
Protection Agency. 19871). However. two samples taken 5 weeks apart do not provide
enough data to develop a toxicologica picture of the cells through time. In this case. 2 weeks
prior to the February 23 sampling. the RO system had been off for 6-X weeks due to
abundant rainfdl. It is. therefore. very likely that the water sampled from the evaporation
cdls on February 23 was heavily diluted with rain water. Although the RO system had been
back on line for the 7 weeks prior to the March 29 sampling. | 1.4 cm (4.5 inches) of rain had
fdlen within that time. Therefore. it is dso very likdy that the March 29 sample was heavily
diluted. The EC measurement taken on March 24, 1995 (3.020 pS/cm) was the lowest

EC vdue recorded from the evaporation cells (table 6.1). Therefore. samples were collected
a a time when the evaporaion ponds were experiencing very uncharacteristic operating
conditions. It is logicd. during the time when high ECs were recorded (August 1994 through
October 199-1 and August 1995 through October 1995). that the
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Table 6.2 —Metal concentrations in evaporation pond water samples

South Pond @pm)

North Pond @pm) |

Meta 2.23.95' 3-29-95' 2-23-95 3-29-95'
Aluminum, Al 0.048 0.09
Arsenic, As I 0.003 I c0.002
Barium, Ba 0.0507 0.0488
Cadmium, Cd <0.0002 <0.0002
Chromium, Cr <0.003 <0.003
Iron, Fe 0.25 0.33

| Lead, Pb | 0.0003 0.0007

| Manganese, Mn 006 002 ||

| siver, Ag <0.0002 <0.0002 |

| zinc, zn 0.0287 0119 |
| Baylium, Be <0.0008 <0.0008 |
| Thatlium, T1 | <0.0001 <0.0001 |
Nickel, Ni | 0002 0.001
Antimony, Sb <0.0008 <0.0008
Cobalt, Co 0.0006 00005 |
Boron, B 1.26 1.23 B
| Copper, Cu | oooe4 | 00028 | 00078 | 00073 |

| Mercury, Hg | <00005 | <0.0002 | <0.000s | 00003 I

Selenium, Se 0.001 0.001 0.001 __jl

' Electrical conductivity (EC) in the south evaporation pond on February 24, 1995
was 3955 uS/cm; average EC in the south vegetated wetland was 2925 pS/cm.

10

EC in the south evaporation pond on March 24. 1995 was 3020 uS/cm; average
EC in the south vegetated wetland was 3038 uS/cm.



condiituents in the water were present in higher concentrations. but no samples were collected
during those periods. Further sampling and andlyses during other times of the year are
necessary to determine ifconcentrated water in the evaporation ceils contains condituents at
levels exceeding recommended criteria

6.5 Conclusions

Due to the limited amount of data avalable from the evgporation cdls. conclusons cannot be
drawvn. Since it is very important to know what. if any. hezards exigt for wildlife usng
evaporaion ponds associated with constructed saline wetlands. more data collection and
careful anadyss are essentid before a full-scde RO system with sdine vegetated wetlands
and evaporation ponds is built.
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7. POTENTIAL FOR FULL-SCALE DEVELOPMENT

The data that have so far been collected from the sdine vegetated wetlands and the
evaporation cells are too limited to predict the potentid for full-scale development.

Conggtent monitoring according to the July 3. 1991. proposed sdine marsh monitoring
program is recommended before further development is atempted. Although the plants
propagated rapidly in the south sdline vegetated wetland cell in the spring. they turned brown
much earlier in the growing season than did plants in fresher arees (eg.. naturd adkali bulrush
stes on the San Jacinto Wildlife Refuge 12.9 kilometers [8 miles north of this pilot Ste).
The south wetland maintained a few sdt-tolerant wetland plant species. but species diversity
was low: this dso reduced wildlife diversty.

In summary. the sdine vegetated wetlands gppeared to reduce the volume of rgect from the
RO unit. Since there are insufficient data to determine whether or not the sdine vegetated

wetlands were harmful to the wildlife that used them. a full-scde development project is not
recommended at this time.
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APPENDIX A

RO Reject-Regenerated ion Exchange Experiments



A. RO REJECT-REGENERATED ION EXCHANGE EXPERIMENTS

A.1 Background

Because of the concentrations of cddum (Ca**) and bicarbonate (HCO;') in the Waker Duck
Club wdl water, it would be necessary to add both adid and anti-sedant to avoid the
precipitetion of cadum carbonate (CaCO,) in the RO dements. Computer RO paformance
projections run for this water indicate the need for approximatdy 85 mg/L of 93-percent
aufuric add (H,SO,) plus aout 6 mg/L of FLOCON 100/Hypersperse (anti-sedant) to
achieve 75-percent product recovery.

Ancther way of avoiding CaCO, scding is to reduce the concentration of ether Ca** or HCO,
in the feedwater. Cadum, presant in the Waker Duck Club wdl water & between 80 and 85
mg/L, can be removed by ion exchange (IX) usng a drong add caion exchange resn
operated in a sodium cyde This means that the exchange Stes on the resin, which are
occupied by sodium ions (Na*) following regenerdtion, rdinquish sodium ions in favor of
cddum ions for which they have a gregter dfinity. Magnesum (Mg**) and other divalent
caions are removed as wel. The ion exchange process (sodium cyde) is shown in the
folowing forward reaction:

2RzNa + Ca™* = (Rz),Ca + 2Na*

where Rz represants the functionad group of the resn. Note that two sodium ions are
exchanged for each cddum (or magnesum) ion.

Regengation of the resn is usudly accomplished usng highly concentrated solutions of
sodium chloride (NaCl). generdly lo-percent. However, in RO feedwaters that have farly
high sodium levds and a favorable sodium-to-hardness ratio, i.e, high sodium concentration
compared to cadum and magnesum, the posshility exigs that the resn may be regenerated
usng the RO rgect (concentrate) stream as shown on figure A. 1. This method of resn
regenerdion has been demondrated in previous Redamation resserch dudies [1,2], but never
usng RO rgect with as low a sodium concentration as projected for the Waker Duck Club
wdl.

A2 Expaimenttd Desgn and Procedures

A sies of laboratory experiments were conducted to demondrate the feeshility of induding
rgect-regenerated ion exchange as a pretrestment process a the EMWD (Eagern Municipa
Water Didrict) RO research fadlity.

The ion exchange test goparaus, depicted in figure A.2, induded a l-inch diameter glass
exchange column and the associated pumps. tanks. €c.. required to prepare and trandfer feed.
rinse and regenerant solutions The column wias tilled to a depth of 2 feet with Rohm and
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Haas Ambelite IR-120 Flus cation exchange resin, which amounted to a resn volume of about
310 mL. lon exchange feed and regenerant solutions were prepared to smulate the EMWD
RO system raw feed and rgject streams (assuming the 12/10/91 Waker Duck Club andyss).
as fdlows

IX Feed IX Regenegrant

mg/L meq/L mg/l. meq/L
Cddum, Ca** 82 4.09 2 0.10
Magnesum,, Mg~ 21 1.73 2 0.16
Sodium, Na* 490 21.32 2346 102.00
Potassum, K~ 7 0.18 26 0.66
Bicarbonate, HCO, 808 1337 2739 45.40
Chloride, CI 490 13.82 1866 53.24
Sulfate, SO,** 202 421

A totd of 4 exhaudions ad 3 regengrations were paformed. The initid exhaudion was run
50 bed volumes, pagt the anticipaied cadum bregkthrough to make sure the resn was
completdy exhaugted prior to teding (no samples were cdllected during this initid

exhaudion). Samples were taken & 30-minute intavas duwing the remaning expeimentts and
andyzed for Ca*?, Mg*? and Na*. A 15-minute backwash (up flow) and a 15-minute rinse
were conducted, after eech exhaudion and regeneration.  The flowrates used in testing were as
folows

Exhaudion 83 mL/min (equivaent to 2 gal/min/ft*)
Regeneration 21 mL/min (equivaent to 05 gal/min/ft?)
Backwash auffident to achieve a 50-percent bed expanson
Rinse 42 mLimin (1.0 gal/min/ft’)

A.3 Reaults and Discussion

Grgphs of the three exhaudion/regeneration cydes are presented on figures A3 through A8
in the order in which they were run.  Likewise, supporting deta are shown in tables A. 1
through A.6.

A.3.1 Regenerations. - Refaring to the regeneration #1 grgph on figure A.3, Ca*? and Mg**
ae bang disglaced from the resn by the higher N& concentration (2346 mg/L). This occurs
rgpidly a fird:, then, towads the end of the regeneration cyde, the effluent cation
concentrations dowly return to ther influent levels At this point the resin is regenerated
about as compledy as the regenerant sodium concentration will dlow and the cyde is
terminated (Note: disregard the dip in the curves & 510 min - this represents operator error
and did not adversdy impact the regeneration).

Because of the low concentration of sodium in the regenerant solution (0.23 percent compared
to the manufacturer's recommended 10 percent), it was necessary to run the regeneration cyde
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sverd hours to expose the resn to a aufficdent quantity of sodium.  The totd amount of

sodium avalable in the RO pilot plant rgect will be about 22.2 Ib/day. Assuming the use of
an IX cdumn containing 3 ft® of resn, this is equivdent to 7.4 Ib Na*/ft’. This is roughly 63
percent of the tota amount of sodium recommended by the manufacturer for regeneration to

ful capecity.

Regengraions #2 and #3 are vary dmilar to regeneration #1 except that the Ca** spikes
coming off the rean a the beginning of the cydes gopear to be increeang for each successve
tes. However, this may be an anomdy of the sampling frequency, i.e, the pesk of the Ca**
curve may have occurred midway between sampling points for rhe earlier regenerations

A.3.2 Exhaustions. - Refaring to the exhaudion #2 grgph on figure A4, the data points & t,
represent the influent concentrations (sample was taken from the feed tank). The subssquent
data points are column effluent vaues Virtudly dl of the influent Ca** and Mg*? is taken up
by the resn during the first 690 mitt, a& which time breskthrough begins to occur.  Duing the
same time intervd. Na® is bang digplaced from the resn as indicated by the high effluent
sodium concentrations reldive to the influent level of 490 mg/l.. The resn's capacity

(meq hardness/mL resn) can be detemined from this grgph by cdculating the areas between
the Ca-? and Mg** curves and thar regpective influent vaues These cdculdions shown in
table A.2, indicate that a totd of 406.9 meq of hardness was removed, which resulted in a
resn cgpacity of 1.31 meg/mL. According to the manufacture’s literaure, the maximum
ataineble resn capecity is 1.58 meq/mL.

The graphs for exhaugions #3 and #4, shown on figures A.6 and A.8, bath exhibited
breakthroughs & about 480 min (135 bed volumes), somewha less than the 690 min achieved
with exhaudion #1 The corresponding resn cgpadties were dso lower, as indicated in tables
A4 and A6, yielding 0.93 and 0.92 meq/mL, reectively. Since this resin capacity was
obtained in two successve experiments, it probably is farly representaive of a deady date
vaue,

A.3.3 Problem areas. - The feed solution for the fird exhausion cyde was prepared without
pH adjusment (pH as tested was 8.3). Severd hours into the test, CaCO, was observed
precipitating in the feed tank and trander tubes Scde dso formed in the column, both within
the bed and a the surface By the end of the cyde the buildup was interfering with flow
through the resn. A pH 5 solution, prepared with hydrochloric acid (HCI) and deionized
water, was then fed to the column for 8 hours in an atempt to dissolve the scde, with little
effect. The resn was subssquently replaced and the test rerun & a pH of 6.5, without scde
formation.

The solution pH for the remaining expeaiments was st bassd on Langdier Index caculaions
For the exhaudion cyde, the pH; was determined to be 6.85 (assuming 70°F). The amount of
acid required to adjug the feed pH from 8.3 to 6.85 was cdculaed to be 135 mg/L of 93-
percent H,SO,. It is quite possble, however, that the exhausion may work fine & a higher
pH o with the addition of a amdl amount of anti-sedlant.  Additiond testing would be needed
to determine this



Because of the high HCO, concentration in the regenerant solution and large Ca** spike
coming off the resin at the dart of the regeneration cycle, the pHg was congderably lower at
5.46. However. both pH 5.9 and 6.3 were used during regenerations #2 and #3, respectively,
without problem. The amount of acid needed to adjust to pH 6.3 was caculated to be

962 mg/L of 93-percent H,SO,, which is condgderable. Unlike the feed solution, it is not
probable that this acid requirement could be reduced to any great extent.

These acid requirements, particularly for the regeneration, are far in excess of the 85 mg/L
needed in the acid/anti-sedlant pretreatment described earlier. Even if the regeneration could
be operated at a somewhat higher pH, without scde, it is extremdy doubtful that the acid
dosage could be reduced sufficiently to make the process cost effective. The additiona capitd
cogts involved would aso have to be factored in, which would further reduce the cost
effectiveness of the process.

A4 Conclusons and Recommendations

. Basad on the second and third exhaustion cycles, it appears that a resin capacity of
0.93 meq/mL is atainable, which compares to a theoreticadl maximum capecity of
1.58 meg/mL.

. Assuming the [2/10/91 andyss for the Waker Duck Club well water (5.85 meq/L
hardness), a tota of 3.8 fi* resin will be required to process 4500 gd/day of feed
water.

. Acid requirements to condition the regenerant stream, and most likely the feed stream,
to avoid CaCO, scae are far in excess of that required for acid/anti-sedant
pretrestment. For this reason, and congdering the additiond capitd costs involved, the
use of rgect-regenerated ion exchange would not be recommended as part of the RO
system pretreatment.

A5 References
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2. Kagkinen. J W., and P. E. Laverty, “Cation Exchange Pretrestment for High Recovery -
Yuma Desdting Plant,” U.S. Depatment of the Interior, Bureau of Reclamaion Report
No. REC-ERC-82-11. Denver, CO, October, 1983.



Table A.l, - Regeneration #1 data.

Elapsaed
Time (min)

0
30
60
90

120
150
180
210
240
270
300
330
360
390
420
450
480
510
540
570
600

Bed
Volumes

= N
R ==)
o o oo

8.13
1016
12.19
14.23
16.26
18.29
20.32
22.35
24.39
26.42
28.45
30.48
32.52
34.65
36.58
38.61
40.65

Ca (mg/L)

2.54
3.41
592
537
495
447
351
312
287
256
229
212
190
175
151
149
118
70.8
102
922
89.6

Concentratlon
Mg (mgfl) .

2.42
0.12
158
145
136
128
106
96.2
91.2
83.2
75.2
71
67
63.4
58.1
55.4
447
27.2
41.7
40.6
40.1

Na (mg/L)

2280
1.55
1270
1430
1490
1630
1790
1830
1880
1930
1920
1960
2000
2030
2080
2060
2010
1440
2120
2190
2190

Etapsed
Time (min)

0
30
60
90

120
150
180
210
240
270
300
330
360
390
420
450
480
510
540
570
585
600
630
660
690
720
750
780
810

870
900
930
960
990
1020

Bed

Volumes

104
112
120

.03
16.
24.
32.
40.
48.
56.
64.
72.
80.
88.
96.
.42
.45
.48
128.
136.
144.
152.
156.
160.
168.
176.

06
10
13
16
19
23
26
29
32
35
39

52
55
58
61
63

68
71

18474

192.
200.
208.
216.
224.

7
81
64
87
90

23294

240.
249.
257.

97
00
03

265.06
273.10

Table A.2. - Exhaustion #2 data.

---------------------- Concentration
Na (mg/L)}) Ca {sum meq} Mg (sum meq)

Ca (mg/L)

65.1
0.76

0.7
.56
49
.45
.44
47
49
.46
.49
.46
48
45
.46
.46
46
47
47
.48
54
84
.63

OO0 O 0O OO0 OOCO0OO0O0OSO o0 OO

-
=l
N

&~ oo

1.95
3.12
5.38
8.67
12.9
14.7
19.7
19.6
21.4
22.8
24.9

Mg (mgiL)

21.2
0.43
0.43
0.39

0.4

o
~
)

44
)
.45
.43
.48
.46
.47
.45
47
47
.48
0.5
0.51
0.55
0.65
1.1
0.88
1.49
2.82
5.4
9.85
18.1
30.8
43
46
55.3
49.9
49.7
47.6
46.5

O O 00 OO O OO0 oo

Subtotals
Total

525
621
629
590
601

636
611

641

616
627
627
602
607
585

577
563
572
558
562
556
558
562
574
564
575
562
568
533
530
477
449
527
477
483
471

471

Resin Capacity (meg/mL)

10.09

10.
10.
10.
10.

10
11
12
13

10,13
1013

10.
10.
10.

13
13
13

1013

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

337.

~N~N ~N N 0 ® ® WO O O

13
13
13
13
13
13
13
13
13
10
10
10
06

.87
.66
.32

85

AT

.75
.64
.44
.23

13

N wwhABMRABEAAREPEAEEAEPREREPREAEREADRARS
-

69.73
406.86
1.31



Table A.3. - Regeneration #2 data. Table A.4. « Exhaustion #3 data

Eispsed Bad = --------- Concentration - -- - ---- - Elapsed Bed @@ ------eiieoiiaiaoaoas Concentratlon - - - - - - -« - -~ -------
MNme {min)  Volumaes Ca(mglt) Mg {mg/l) Na(mg/l} Tima (min)  Volumes Ca(mg/l) Mg (mg/l) Na(mg/lj Ca(sum meq)} Mg (sum meq)
0 0 2.61 2.58 2330 0 0 77.1 19.9 479

30 2.03 22.8 2.76 1220 30 8.03 0.78 0.3 578 10.09 4.24
60 4.06 20 3.39 728 60 16.06 0.82 0.33 580 10.09 4.24
90 6.10 658 161 1300 90 24.10 0.81 0.33 579 10.09 4.24
120 8.13 605 177 1340 120 32.13 0.81 0.34 585 10.09 4.24
150 10.16 613 179 1350 150 40.16 0.87 0.36 563 10.08 4.23
180 12.19 550 161 1460 180 48.19 0.85 0.36 575 10.08 4.23
210 14.23 482 140 1550 210 56.23 0.86 0.35 564 10.06 4.23
240 16.26 406 121 1720 240 6426 1.02 0.43 664 10.07 4.22
270 18.29 373 108 1760 270 72.29 1.01 0.45 676 10.06 4.21
300 20.32 337 95.3 1810 300 80.32 0.95 0.43 605 10.07 4.21
330 22.35 304 85.2 1860 330 68.35 0.97 0.44 617 10.07 4.21
360 24.39 267 73.4 1900 360 96.39 0.97 0.44 508 10.07 4.2
390 26.42 242 66.6 1950 390 104.42 0.98 0.46 617 10.07 4.21
420 28.45 237 64.4 1980 420 11245 1.04 053 606 10.06 4.20
450 30.48 222 58.4 1910 450 120.48 1.24 075 597 10.05 4.17
480 32.52 217 57.3 2080 480 126.52 2.09 1.72 501 9.98 4.05
510 3455 188 49.6 2090 510 136.55 4.24 4.22 626 9.80 3.70
540 36.58 189 48.4 2020 540 144.58 7.74 8.72 626 9.44 2.98
570 38.61 175 45.5 2080 570 152.61 12.4 15.4 572 8.94 1.63
600 160.65 21.2 27.1 547 8.10 -0.05

630 168.68 32.1 38.6 511 6.88 -2.43

660 176.71 38.1 40.3 490 5.83 -3.78

690 18474 42.1 39.8 496 5.21 -3.90

720 192.77 45.1 38.3 489 4.77 -3.70

750 200.81 48.4 36.5 482 4.38 -3.36

780 208.64 49.6 35 490 4.10 -3.02

810 216.87 54.2 349 516 3.74 -2.86

840 224.90 55.6 32.4 496 3.37 -2.59

870 232.94 59.2 Mg 514 3.06 -2.26

800 240.97 61.2 29.7 496 2.71 -1.99

930 249.00 62.7 28.6 507 2.49 -1.67

Subtotals 243.92 44.24

Total 286.16

Resin Capacity {meg/mL) 0.93



Table A.5. - Regeneration # 3 data. Table A.6. - Exhaustion #4 data

Elapsad 000 --------- Concentralion - - - - ----- Elapsed Bed = 0 ----eameeaeeaeo-oa--- Concentrallon - - == - -c-e-mamnn
Time (min)  Valumes Ca(mg/l) Mg(mg/l) Na{mgl) Time (min}  Volumes Ca(mgi) Mg(mgil) Na(mgiL) Ca{sum meq} Mg (sum meq)
0 0 2.54 2.46 2410 0 0 78 20.1 471
30 2.03 1.76 0.22 9.8 30 8.03 0.91 0.16 561 10.08 4.21
60 4.06 741 187 1340 60 16.06 0.99 0.18 577 10.07 4.27
90 6.10 739 18.3 1370 90 24.10 0.98 0.16 566 10.07 4.27
120 8.13 662 166 1550 120 32.13 0.99 0.18 562 10.07 4.27
150 10.16 520 120 1720 150 40.16 1.02 0.18 565 10.06 4.27
180 12.19 504 116 1760 180 48.19 1 0.17 571 10.06 4.27
210 14.23 459 103 1880 210 56.23 1 0.16 569 10.06 4.27
240 16.26 413 89.7 1910 240 6426 1.06 0.19 579 10.06 4.27
270 18.29 363 74.9 1930 270 72.29 1.06 0.21 576 10.06 4.26
300 20.32 310 61.3 1880 300 80.32 I.08 0.19 577 10.06 4.26
330 22.35 288 54.3 1940 330 86.35 1.05 0.17 567 10.06 4.27
360 24.39 275 50.4 2020 360 96.39 1.08 0.2 565 10.06 4.27
390 26.42 248 44 .5 2010 390 10442 1.12 0.2 570 10.05 4.26
420 28.45 231 40.5 2050 420 112.45 1.22 0.28 558 10.04 4.25
450 30.48 218 36.9 2020 450 120.48 1.51 0.47 559 10.02 4.23
480 32.52 206 33.8 2020 480 128.52 2.42 1.05 567 9.94 4.15
510 34.55 195 31.4 2030 510 136.55 4.85 2.64 547 9.74 3.93
540 36.58 179 28 1970 540 144 .58 9.03 5.66 567 9.33 3.45
570 152.61 17 11.4 554 8.57 2.56
600 160.65 33.7 22.7 516 7.04 0.81
630 168.68 49.8 30.4 482 5.00 -1.14
660 176.71 58.6 30.8 467 3.45 -1.97
690 16474 63.7 29.2 468 2.59 -1.84
720 192.77 65.9 27.7 473 2.14 -1.53
750 200.81 67.9 26.3 487 1.86 -1.23
780 208.84 70.2 24.8 463 1.61 -0.93
810 216.67 72.2 24.1 482 1.34 -0.71
840 224.90 73.6 23.3 481 1.13 -0.55
870 232.94 74.6 22.6 483 0.98 -0.40
900 240.97 75.5 22.1 486 0.86 -0.26
930 249.00 76.4 21.7 485 0.75 -0.18
960 257.03 79.5 21.9 496 0.50 -0.16
990 265.06 79.3 21.6 498 0.32 -0.15
1020 273.10 77.6 20.9 465 0.43 -0.05
Subtotals 21848 67.74
Tolat 286.22

Resin Capacity (meg/mL} 0.92



APPENDIX B

FiimTec BW-30 Element Test Data



Dats

D6/07/93
06407493
060713
06/07193
06/08/93
06/08:93

08/14/93
0511443)
06715493
06J 15493
06715093
06716093
06/16/93
06/16/92
06117793
06117793
06/18/93
06r18/93
DE/18/93
061893
08721433
08/21793
0642293
0512293
06/22/943
082293
0/23493
08122493
0ar23ea
052%9)
D6/24r93
D6/24/93
06/24/93
08/24M3
DEr259)
DB/25/93
0672593
06728493
0628493
06r28/93
06r2893
06/29/23
06/29/93
0672993
06129493
06/30/93
06/30493
06/30/3
06rX0493
0710193
07/01/93
07/02491
070293

Tima

1147
14 00
1530
1600
09 00
11 00
14 00
16 00
0830
1100
16: 30
173
08 3
0¥
1400
1600
10 18
1300
1500
16 46
10 3
1300
430
6 00
1100
1400
1600
"y
14 Q0
18 30
14 00
16 00
093
"My
1400
17.00
0900
11-00
10.3¢
1300
14.30
16 00

12.00
14.00
15:30
09.00
103
1430
16:00
08:00
11:00
13130
0900
1130
430
1800
12
13.30
1530
6 00
0830
030
1400
16:00
0900
43
0900
1104

Elapaad
Time
{hours)

12
14
49
54
132
152
w2
202
242
257
3z
352
kLT -]
e
411
431
484
s
531
549
589
61.4
52¢
644
57.7

127
788
813
816
90 8
928

10,5

103 5

106 0

108.0

132

115.2

1243

1268

1283

1298

1354

1389

1409

142.4

147 6

1491

1531

154.68

158 4

1681.4

163.

179.3

141.8

184.8

186.3

190.0

192.0

194.0

194.5

201.1

2031

2066

208.6

2130

218.5

226.4

228 4

Fesd
(Umin]

211
212
211
209
27
27
225
227
227
227
228
231
27
228
228
229
229
222
73
237
221
227
227
227
227
227
229
227
227
228
227
2286
224
228
232
234
227
230
227
27
234
234
28
228
227
27
27
228
236
229
27
23t
230
227
2246
228
27
225
226
228
2248
225
25
224
228
232
232
234
227

{Lmin}

Fermeata
(Lmin)

164
169
7o
7a
185
ALY}
161
183
182
184
18.4
18.5
182
184
LR
190
87
191
192
13.1
198
194
a7
LR
85
8.4
18.7
B8
t8.7
8.6
8.4
18%
181
164
19.0
190
185
187
184
184
w7
1|2
181
184
132
123
a0
18.2
192
135
181
127
18.7
186
183
186
8.4
18.2
18.2
18.2
12
.2
18.2
18.2
18.2
182
18.2
18.2
7o

Filmtec BW-30 Element Test Data

Fead
(uSlem}

1488
1489
1490
1491
1544
1532
527
1530
1557
1552
1550
1559
1558
1550
1556
1560
1544
1549
1550
1557
1523
1529
153
1538
1547
1552
1559
1529
1530
1540
1538
1552
1562
1554
1562
1564
1535
1549
1541
1538
1530
1536
1558
1551
1551
1552
1539
1535
1540
1548
1568
1544
1556
1551
1550
1555
1559
1537
1542
1547
1549
1559
1543
1543
1548
1548
1529
1547
1538

oon - Conduciivity - -- - -«
nlarstage Raject
{uSem} [usfem)

2598 5489
3078 5489
nms 5219
ELE 5799
3338 6449
3358 6549
3328 6449
3328 B429
3418 6509
3429 6579
3388 6459
3398 6479
3408 5429
3408 6499
3428 6569
3433 6519
3374 8529
3408 6599
3408 6619
28 6669
3358 6739
3328 5409
3358 5489
33rs 6509
364 6519
3408 6579
3328 6509
33z8 6369
3348 6389
3348 5859
3298 6219
338 6089
3428 6619
M0A 8659
3448 8729
3478 6849
kEL ] 6329
3458 6549
3318 8229
3308 6309
3308 6299
3308 6299
3378 6299
3308 5209
3328 8249
e 6229
268 5009
3248 6109
308 4189
zrm 6059
»a 5199
3268 6198
k] 6209
»mnmn 3829
3358 6469
3354 6389
3348 8219
3228 5500
278 5789
3264 8259
3278 8259
358 8529
3278 6329
3tg8 8079
3188 5979
3228 8069
Jige 6089
3248 6149
3158 5939

Psrmante
{uSicm)

1240
130
134
140
172
163
157
158
168
18.3
15.8
15.5
16.4
162
155
15.4
16.1
139
15.9
15.2
16.1
16.2
162
163
171
166
%58
7.0
18.7
1740
12.2
12.¢
17.4
167
16.8
7.1
125
168.2
9.2
159
158
15.7
16.1
161
158
15.8
160
159
157
15.9
183
1683
166
157
16.9
181
185
18.1
175
181
10.4
182
178
170
1.7
17.6
W.e
169
16.8

Feud
(kPa)

1224
1223
1224
1224
1342
1342
1271
1269
1273
1265
1237
1237
1238
1239
1234
1232
1237
1232
LFx)]
12zn
1181
113¢
1136
1139
15
1121
1119
1133
133
1132
1136
1135
1139
1135
1131
1129
1202
1200
1231
1227
1226
1226
1221
1183
1158
1155
1157
15
1150
13
1151
1N
117
137
1092
toa?
1064
1122
1082
091
1091
1158
1126
108
1080
1165
1wra
1144
1129

Pressurs
brtersiage
(kPa)

1100
1100
1102
1102
1200
1201
17
1135
1139
1135
1903
1102
1105
1102
1096
1096
1099
1002
1090
1090
1053
1008
1002
1002
1017
989
985
995
995
295
100G
1001
1007
1001
og?
o34
1066
1063
1093
1088
1085
1048
1083
1047
1025
1020
1023
1020
1010
880
1016
987
979

59
950
933

as7
955
55
1018
959
o941
939
020
933
1000
9as

Rejact
{hPa)

280
980
)
986
1072
1071
1013
1010
1015
1019
9717
a7
281
978
970
968
e
964
962
962
926
854
B7g
B30
882

Raw Fead

82
8l
81
8.1
8.2
83
82
82
83
B2
.
LR
8z
LF]
a1
81
82
8.2
a2
8.2
8.3
8.2
82
L¥
84
a3
a3
8z
82
a2
83
a3
8.4
a4
B3
8.3
81
8.3
8.4
B4
8.4
a4
a5
a4
¥ ]
B4
LR
B4
83
81
a4
LY]
83
a3
83
a3
33
84
LY
B4
B4
85
a5
as
85
a5
85
B4
as

e pH ---

p
RO Fead

70
70
70
69
69
70
LY
6¢
70
1o
7.0
10
7.0
7.0
7.0
i)
70
70
7.0
70
740
70
16
70
70
i1
70
70
70
70
70
70
70
70
70
70
70
70
70
1o
70
70
70
70
10
70
7.0
70
74
71
T
71
7.0
70
ro
71
70
71
70
70
70
70
70
70
70
70
70
70
70

Rejact

69
60
58
58
54
52
51
54
EX ]
a4
5.5
58
55
54
54
5.4
57
57
a7
3.7
67
G4
64
65
6.0
&0
63

54
5.8
i3
13
6.5
6.4
G4
6.7
[&]
14
7.5
T4
7.2

78
74
T4
Ta
7.8
15
74
T4
1.6
7.5
(5]
16
7.4
74
73
15
13
7.3
73
7.4
7.3
73
]
14
1.2
75
73

Raw Fead
(deg C]

25t

254

255
256
260

281

259
ar4

273
na
285
289
289
290
299
0.2
292
299
32
04
291
31
305
s
291
300
301
2990
27
0%
290
294
235
239
296
X3
289
29.1
275
s
282
204
279
285
290
95

292
NS
3t
27
302
M0
31
ng
ns
3a
par g}
¥a
34
.5
281
294
04
k.
284
308
230
292

Temparaturs
RC Fead
{deg C}

249
2514
257
258
258
260
273
278
273
281
292
296
288
295
X8
ik ]
294
04
a7
38
293
08
M5
N6
296
8
s
291
304
086
294
na
86
296
304
311
239
294
274
282
a7
89
2119
%1
98
G4
292
237
nz
21
298
w9
3221
061
M2
2
236
297

I3
32
a7
297
M2
s
85
ni
288
295

Amblent
Ideg C)

W04
58
365
385
M5
365
3540
280
350

285
320
3040
R2¢
5
281
341
380
N
2140
260
200
249
.5
3040
1940
290
R0
BO
220
280
B0
400
210
320
90
2340
2840
350
350
310

350
344
200
250
350
B0
2290
40
AR
280

Turbidiy
Flter EM.
nty)

0044
D034
0013
0032
0029
0027
0027
0027
Q25
o024
0.027
0023
0024
0.024
0024
o024
¢024
G024
0.024
0024
003
o428
0.028
0027
0.026
9.025
0.024
0.023
0.023
0023
0 042
¢ 037
0031
0033
0025

0037
0035
0.027
0.025
0025
0.025
0.026
oozs
0.025
0025
0.025
0.025
0024
0024
0.026
0.024
0024
0041
0038
0038
0.037
0031
0033
o028
0028
0.028
0028
0026
0027
0026
0.026
09027
0026



Date

07102193
07102193
07/06/93
07/06/53
07/06/93
07106193
07/07/91
0710793
07/07/23
o7I07183
OTI0R/S}
QTI0RS3
Q0R9Y
o108M9)
070993
OTH993
07)09/93
07109
07112/93
0711219
071393
0712193
0N 19l
a71393
0711419
a7 1419}
o149l
or15/91
07115/93
0711503
0715/93
07/16/93
0116593
oM 16/9)
07/16/32
07419093
0711983
o119
07120073
o203
or2NT
02013
onz1m
02183
o193
or/21/93
07122433
07122191
oNza3
07123493
2 {patix]
Orwal
07126433
Q2693
O7127193
QrI27R3
o213
07128193
07/28/93
07128/93
0712993
07/29%/93
072993
0720493
QT3N3
01130493
O71XM9I
03093
DB/02/93

IME
st
3591
66
3703
klrd. |
343
3tsa
a6
3431
8
918
394 3
3953
87
4012
4100
4120
4150
4178
41213
4203
429 4
4314
439
4354
444.0
#45.3
448 3
4438
4549

Faed
Linvm

227
227
27
227
228
27
227
227
27y
27
27
27
227
27
a7
227
224
225
227
27
27
27
227
232
27
27
227
227
231
228
226
229
228
28
23
225
226
27
230
nv
227
227
228
210
220

228
227
220
22
227
27
227
225
28
227
228
229
229
28
228
227
228
227
228
27
227
27
224

Raject
[{F LU

57
a?
57
57
57
57
57
57
87
57
57
57
57
57
57
57
57
56
51
57
57
57
57
57
57
57
57
57
57
56
56
57
56
56

Filmtec BW-30

Parnmaate
[Umin}

170
17a
t74a
7o
170
174
7o
174
7o
1740
174a
170
174a
1740
1ra
1649
174a
i74q
1749
170
17.0
174a
17a
170
1o
179
1740
170
173
wa
170
170
174
LER Y
172
170
7o
179
172
170
174
170
17a
172
170
170
170
170
170
172
170
170
17.0
17.0
170
170
170
70
170
170
11.0
o
170
7o
169
170
17.0
170
170

Element Test Data - Continued

v . Conductivity - -

Foad Interstage Raject Permaate

usiem}  (ulfom)  {uSiem)  (uSicm)
1537 3188 6029 170
1540 3164 5949 172
1524 31748 6059 128
1524 3188 6099 152
1524 az2ta 6019 167
1528 3194 6032 163
1532 3192 6009 18.2
1522 3172 5969 158
1517 J008 5819 156
1521 N 5899 157
1537 a2 5749 165
1531 a17a 5979 160
1523 Jza 5889 159
1521 3148 5959 153
1540 3168 5959 159
1525 348 5939 158
152% N8 5969 1589
1522 78 502¢ 161
1531 2668 5619 108
1537 3178 5839 1049
1538 3199 5150 104
15%5 3195 5910 206
1500 353 5970 09
1506 3153 5380 211
1525 2988 5390 200
1515 m 6040 209
1502 317a B040 208
1507 3183 5980 210
1498 3179 6010 207
1496 3256 8020 206
1498 3178 8020 210
1503 3174 5950 21.4
1501 3170 5930 211
1490 3156 5340 206
1480 3135 5820 206
1454 p ] 5200 132
1466 339 6060 167
1470 3156 5970 178
155 3209 0 149
1488 nn 5900 199
1479 ns7 §920 195
1494 397 5080 200
1477 44 5910 149
1472 3148 &000 179
1472 3145 5990 a1
1478 EaK ] 5960 185
1475 355 6030 180
1473 3155 6050 180
1501 3193 6010 198
1495 314 6030 194
1495 367 5970 194
1499 3180 6000 195
1240 2629 5240 13.3
1350 2950 5660 180
1332 2900 5420 17.4
134 2908 5510 17
1330 2898 5500 178
1445 3113 5010 190
1443 3105 5740 1937
1448 3t 5770 195
1437 311t 5870 185
1437 3108 5890 185.4
1434 3108 5880 18.3
1441 o2 5850 188
1470 35 5860 189
1475 3073 5840 18.8
1472 3145 5840 189
1482 3158 5850 191
1009 2324 3949 ar

Foud
(xPa)

1108
1095
1179
1147
1100
030
LATAl
1165
$122
1102
1150
135
1089
1068
1147
1118
100
1064
1206
10
1282
128z
1236
1236
1382
29
1290
1288
1284
1242
1223
1282
1282
1267
1252
1311
1281
1258
1318
1209
1188
1146
1324
1320
1204
1237
1398
1387
1242
1240
1202
1198
1258
1221
1308
12713
1238
nm
1179
1470
1253
1226
1204
1187
1187
1178
1130
1144
1138

lmersiage
{kPa)

965
954

1234
1146
1144
1144
1139
1102
1083
1437
1437
1123
1108
1166
1139
1118
1188
1065

1007
1176
172
1149
1132
1249
1238
1097
1004
1060
1057
1107
1082
1160
1127
109%
1037
10X
1027
11908
1035
1063
1045
1046
1037
1012
1005

Raject
[kPa)

822
812
-]
858
425
a1
882
a77?
LET]
817
860
847
B80S
85
855
511
11
788
924
908
@99
999
952
9850
108t
1002
1000
1001
995
963
-1
993
93
941
962
1022
1000
]
1022
r

57
1028
1024

aa7
113
1090
952
849
97
913
957
945
1013

953
895
967
975
905
812

865
836

85
85
87
B7
ar
LR ]
86
B6&
86
8.6
86
86
86
a8
86
86
86
46
a?
ar
a7
ar
a7
a7z
a7
ar

73
73
T4
73
T2
T2
76
e
74
74

75
T4
74
76
75
74
T4
73
73
74
74
72
73
74
74
74
75
74
74
72
75
74
73
72
74
74
73
75
75
74
13
75
74
73
72
75
74
75
75
73
73
74
71
74
74
73
75
73
73
74
74
73
73
74
74
73
T2
75

Raw Faed
(dep C}

297
3027
e
274
288
e
250
27 ?
201
291
282
204
304
34
285
87
292
302
291
297
276
276
283
264
EGE]
269
18]
274
274
2ra
283
273
271
74
277
243
251
257
219
280
283
295
245
250
253
255
2390
230
274
276
250
232
2513
263
24 4
253
2%t
4
284
286
284
69
275
7
279
283
289
233
292

Temperaiure
RO Fesd
{deg C)

w2
oa
2649
n7?
296
I
262
277
2849
2949
281
FLE]
34
L]
282
280
2248
asa
298
o2
272
2135
287
288
254
268
21
259
276
282
289
273
bR
274
281
245
254
264
261
280
287
o
248
257
257
%0
231
232
3
277
28.5
288
254
w7
245
256
%5
86
289
281
%6
212
28t
m5
284
290
299
303
297

Amblant
{deg C)

320
30
229
280
M0
490
210
220
320
345
220
239
339
3a
200
ma
335
35
z2a
hrdd
170
ALY
o
301
170
219
220
200
260
M5
o
160
L1
250
299
245
g
30
189
220
285
3a
220
260
280Q
280
150
215
225
260
WS
W5
240
300
230
270
285
280
300
a0
245
295
EETH
330
e
B
re
7o
320

Turbidity
Fitter EM.
{ntu)

0026
goie
0034
Q031
0oz9
0028
0.03¢
002¢
aoz2e
09026
0028
0028
0027
Qo027
aQ2?
Q026
0026
049028
0042
0 04%
0032
0031
0029
a4l
ad028
0027
ag2r
0027
a7
o027
0027
04a27
aqQz7
0026
0026
0 044
a01s
0033
0032
0032
04030
0029
0028
0028
0028
0028
ao02a
o028
0029
0029
0029
0023
0049
Q04
0033
0033
0034
0031
0030
0030
0033
0030
0029
0028
0035
003
00X
0030
0 049



Dats

081024193
0RI02/93
0a/02/3
08933
009D
0B/0493
08104193
049
044913
080591
08/05/931
0B/D6/92
0BA0G/92
0B/6/92
08/08/932
08/09/92
08/09/93
Tl i)
0R/0aie)
08/ 1093
Qar10/93
0851113
0811193
0//M11/93
0811193
98112193
081293
gar12193
0812132
08/ +2/92
08/1392
0813190
0& 1391
08/16/9]
08/16/90
016491
04/17/91
0817191
0817192
08/ 1897
o0& 1851
08/18/93
o4/18/93
081591
08/ 1993
08/ 19/93
08120093
0820093
0b/20v83
0420493
oN2Y9)
02393
23
0124193
/2493
Oar24r83
0824/93
0a/25/93
0/25/91
varsel
08/25/93
08/26/93
0827193
D8/27193
0827193
08/22/93
083093
03/ 391
08/30/93

Time

130
1330
16 0Q
14 00
16 00
How
1%
1500
16 00
1430
1\N
0a 3
10 30
140G
16.00
R )
1430
14 30
16 0Q
14 30
1530
09 14
" od
500
16 00
1720
113
1500
16.00
053
1130
14 00
1600
00
15.00
1600
nx
1200
1843
13.00
14.00
1500
-1 ]
0900
1400
1600
10 12
1128
1304
1516
o8 30
W3
123
07:00

11.00
1230
1100
1200
LR ]
15.50
15.30
1.0
12:00
1230
1600
1000
1nx
1300

Elnpsad
Tima
(hours)

4559
457 9
480 4
465 9
467 9
4736
476 1
4776
478 6
484 1
4851
494.9
496.8
5003
502 3
508.9
si09
5119
5154
5200
5210
530.0
538
5358
5368
548.5
5500¢
551 8§
552 §
559.1
56t 1
563.6
565.6
569.7
5707
ST17
5822
581.7
587.5
5918
5924
5938
5948
505.2
810.2
5122
a22.5
8237
62513
6275
63348
8358
6374
656.6
6586
660 6
Ba31
6710
68720
aTas
6755
6806
683.2
6084.2
683.7
588 2
H950
§96 5
6940

Foad
{Limin}

22
27
228
229
2249
29
228
229
229
28
29
2.7
2%
228
229
227
ns6
227
224
223
22
20
226
27
2268
227
27
26
227
229
27
227
227
28
24
225
227
225
229
229
286
026
227
224
228
27
227
28
229
226
225
225
25
225
2249
226
226
27
27
227
nr
230
29
248
2249
226
2%
226
227

Reject
{L/minj

Filmtec BW-30 Element Test Data - Continued

Parmaats
Umin}

170
170
o
170
1790
17
1"a
17.0
170
1o
170
170
170
7.0
7o
170
170
170
170
170
170
170
170
170
170
170
170
1740
170
170
1740
174
170
1740
170
110
17.0
170
17.0
7.0
17.0
170
170
169
1te
7.0
170
17
7o
i7.0
170
70
17.0
17.0
17.0
170
17.0
7.0
170
1740
170
1o
1.0
17.0
7.0
170
1g
170
170

Feed
{ulicm)

1020
1025
1030

@93

996
1375
1378
1360
1386
1347
1359
1453
1455
1487
1468
1429
1429
1438
1443
1500
1515
1470
1478
1481
1488
1493
1493
1490
1496
1464
1453
1468
1471
1458
1470
1479
1463
1477
1484
1408
1394
1404
1397
1457
1451
1454
1424
1427
14
1423
1257
1257
1258
1369
1460
1452
1453
1504
1508
1509
1512
1519
1448
1450
1451
1477
1165
1164
1168

----- Conductivity - - -~ - -
Interstage Raject
[uSicm} {uSicm)
M5 3ra2
2350 4520
2366 4160
2000 4260
Frig] 4240
2930 4790
2964 4670
2871 4490
2580 4610
2913 4560
2921 4800
3135 5230
3124 5280
109 4170
ki) 5720
078 5780
3074 5820
3085 5860
W75 5810
nn 5810
3190 5640
3189 5340
2147 5910
3148 5810
170 5960
3188 5620
3 5800
e? 5690
nrs 5630
3155 583
3113 5420
347 5860
24 5730
3102 5720
3152 5850
1150 5940
3174 S090
348 5960
58 5920
03 5610
3005 5630
3006 5480
2989 530
75 6080
3112 5750
3125 5810
3072 5780
3062 5630
3045 440
3048 4980
27ar 5190
2 5410
2778 8370
2983 5630
3155 5750
3133 5850
3134 5010
182 5830
3190 5640
3182 5820
3189 5780
3181 5880
3o0ca 5650
3091 5680
3091 5640
KIRL ] 5720
2561 4710
2604 4490
2606 4420

Parmaate
[uSicm)

12
115
118
1249
153
182
18.0
i8.5
191
178
194
198
200
%2
19.7
w7
186
178
181
14.3
148
15.2
17.6
18.7
187
185
9.4
19.2
20.0
174
17.9
177
17.8
19
125
16.6
161
178
180
197
189
201
17ae
202
19.7
12.7
198
228
19.5
195
1486
14.5
14.8
257
221
w07
201
225
227
227
234
413
171
7.3
17.6
250
5.5
162
161

Feed
tkPa}

1106
1043
1083
1125
1106
1142
1124
111
1ARA)
1110
114
1185
175
127
1112
1242
1231
1203
1191
1219
1244
1350
1227
1221
714
1237
1230
1210
1208
1371
1349
1319
1300
1340
1341
1329
1361
1315
t298
1180
1158
1154
1150
1238
17
1158
1283
1250
120
1211
1296
1266
1228
1227
1241
1208
1176
1208
1196
11a1
1185
189
1189
1166
1153
1136
1263
1244
1226

Interstage
{kPa)

a1

45

946

981

964
1002

885

974

974

972

972
1044
1034

988

975
1097
1088
1082
10514
1084
1037
1210
1089
1084
1078
1096
1059
1068
1068
1224
1204
175
1158
1200
12014
1189
12t4
1172
1156
1040
107
1016
1011
096
1073
1020
1149
1107
0K
107
1153
1128
1080
1096
1101
1071
1041
1068
1055
1039
1025
1048
1037
1025
1012

38
12
1102
1088

Rajact

(kFa)
837
813
&0
B33
az0
4850
845
835
435
B32
833

892
848
836
952

920

47
940
wrz
850
949
942
956
947

928
1077
1057
1029
1013
1059
061
1050
1073
1025
1012

L7y}
874
B72
955
agt
are
1003

927
1009

953
955
959
93

923

803
8ag

888
878

858
972
9s5¢
943

pH

Raw Feed RO Fasd

a1
a1
a1
B2
B2
LR
a1
a1
a
a1
81
8.0
8.1
6.1
61
8t
82
a1
az
aa
ag
8.1
81
82
82
B0
-2
a1
a1
X1
at
81
8.1
8.2
82
az
a2
a2
8.3
8.0
40
a0
- X:]
8.0
B0
[ 14]
-1}
84Q
a1
&1
an
a0
at
at
a1
at
8
a0
8.1
at
81
8
81
8
L1
80
8t
81
at

79
70
70
T
69
7
o
X
10
11
70
[
o
o
10
70
7o
71
71
70
[A
70
EA |
L]
T4
1o
I8 |
1o
71
76
e
0
X
7.0
T
ra
71
70
Ta
70
10
69
7
70
7.0
70
72
LX)
8%
69
88
68
58
70
89
8.9
69
70
1
70
(Xl
I’
7o
(5]
7
68
69
69
69

Raw Fead
[dag C)

295
301
a7
292
309
299
303
308
3a
¥4
W8
296
297
07
ns
211
72
273
2823
301
303
217
208
290
300
2848
288
293
296
254
25.6
261
2.5
2.6
218
240
n7
242
251
292
294
297
048
217
290
287
285
267
70
215
256
26.0
266
2840
28/
28 4
289
278
281
86
294
204
291
294
296
302
255
25%9
261

Tamparature
RO Feed
{deg C}

kol

na

36
3.0
e
e
i
3ia
a9
M5
MG
29?
301t
316
e
273
217
286
291

38
e?
263
29.6
297
300
292
294
269
300
253
258
263
269
244
244
246
240
250
26.0
292
299
303
s
76
297
304
261
273
277
2813
255
252
214
276
280
284
29.7
282
287
294

289
85
2%9
30.4
30g
258

26.8

Ambisnt
{dag C)

o
389
a0
7o
80
no
s
360
k-]
3¢
90
240
no
G0
310
250
295
340
345
3540
54
224
355
350
350
200
310
320
305
210
2240
280
280
290
280
299
274
n40
KkEi]
2640
255
270
e
190
30
340
255
kK]
30
s
L]
270
344
115
219
325
360
e L]
330
350
B0
2740
2te
207
290
330
236
27¢
ns

Turbidity
Fikar EM.
[ntu}

0435
Q035
00X
9033
0032
0 040
0033
Q033
0033
0035
G032
G033
0036
g
Q031
0.035
0.030
0.030
0.030
Q.044
a.047
0.037
0.033
4032
0031
0044
0.036
00331
003}
0.037
0.036
0032
0.031
0.073
0042
0040
0032
0.03%
0.033
0.036
0.036
0036
G035
0046
0.034
0.035
0.046
0.035
0.032
0.032
0.119
0048
a9 03
0.028
Q041
0034
0.045
0037
0.040
005
0 044
0.045
0036
0036
0037
0038
0058
6.05¢
0.054



Date

0NG19)
[ro-TLA T XY
090193
090293
0902193
09402133
09/07/93
09407133
09407593
09/07/93

0903193
Ug0a3
Q90993
O9e0ora3
010693
01093
0910493
0911093
Ol
091383
091Vl
09713793
09114191
014193
0914091
0915093
09/15/93
091593
0915493
09/168/93
09/16/93
016193
09/16/93
Q17493
o193
09117133
o179l
09/20/9]
0%20/93
08/20/93
09r21/91
09219
0921132
09121792
0922193
0922093
09/22/93
0912393
0s/239
0Z393
09/24/93
2493
09/24/91
09/24/93
oH27193
02792
osv27o
0927193
09/28/91
09/2091
2091
0N28193
0W30/93
o013
09/30/93

Nma

09 00
10 30
1300
1000
1200
“ux
10
40
15.00
16 30
1130
1327
14 52
15 40
14 00
1300
1530
16 30
1%
1329
14 28
1530
1o
1200
1303
16 14
1500
16 00
1700
1100
1130
1354
16 19
1400
430
1530
1700
1026
113G
168.00
1704
10.00
11.00
1200
13
19331
1420
163
10.00
1.3
1200
143
16.00
16.30
0220
1435
1521
1611
1100
1200
1230
1512
1100
200
1300
15:00
1400
1500

Elapsad
Tims
{hours]

fz2 ¢
1235
T2 0
1333
2351
1re
784
7409
4189
T41 4
7486
751.5
7529
7537
761 8
reae
7661
7673
7742
1762
72
a2
7852
7862
787.3
7904
796.3
7973
7383
80714
8076
§10.0
4124
818.1
BtA6
8196
82114
8301
8312
8357
8367
B40.2
8412
B422
B49.1
B51.%
as2 1
as54.t
8618
882.6
86835
8714
68729
873.4
8823
887 &
8883
L)
890.7
a7
8922
8949
904.7
K57
906 7
90a.7
9153
9163

haw

Fead
(Lim¥la}

229
227
229
27
225
227
28
220
28
227
25
227
726
228
228
229
227
R4
228
234
228
229
26
225
286
28
231
228
229
220
232
229
229
228
228
230
228
230
230
228
230
2%
227
223
228
29
26
29
224
223
228
226
223
226
234
226
225
220
224
224
26
228
228
2258
24
227
224
2%

ELE

Rejact
(Limin)

Filmtec BW-30 Element Test Data - Continued

Parmeats
fwmim

170
170
170
170
370
7o
170
7a
170
1.0
17.0
110
17.0
7o
17.0
17.0
17.0
174
1740
174
171
1o
170
17.0
171
170
1.0
17.0
170
170
170
17.0
170
170
170
170
170
1o
7.0
170
170
"o
1o
170
170
17.0
170
17Q
70
174
170
1o
7o
170
wr
1790
7o
71
174
7.0
7o
74
170
170
V7.0
170
740
1ra
70

Foud
(uStem)

1500

1500

1500
1502

1505
1503
1428
1452
1458
1483
1481

1483
1485
1458
1468
1477
1482
1486
1459
1463
1465
1472
1456
1464
1456
1458
1445
1455
1458
1362
1378
13N
1373
1547
1544
1546
1547
1363
1363
1381

1380
1244
+260
1256
1450
1445
1458
1452
1537
1532
1530
1505
1517
520
1451

1481

1485
1488
1501

1516
1522
1534
1522
1526
1530
1538

15

1560

1562

----- Conductivity - -- - - -
interstage Raject
{uSium} {uSem)
3206 5920
3197 5820
3158 5570
3254 6150
3204 5950
7 5970
067 4970
A2t 5400
35 S740
M8 s57ra
075 5622
3133 5700
g 5230
k)] 4B3O
3145 5880
3134 5890
3143 5710
3148 5730
3088 5660
3101 5680
ma3 5650
3124 §770
M7 5940
3139 5820
3143 5750
3127 4650
3063 5740
3088 5750
04 arad
2980 5600
sz 5550
3138 5510
3129 3410
3210 5840
3210 5160
2 5890
2 5810
2855 4750
2045 3520
2058 5340
2858 5260
2606 4420
2672 5000
2672 4940
304 5430
ama 5410
2986 5420
000 5440
3220 5870
3220 5890
3220 5820
3100 s210
a2 5240
nsa 5340
2180 3690
0% 5690
ANx 5290
ana 4290
1220 5550
150 5880
2160 5850
320 5690
3150 5600
360 5870
180 5810
180 4200
220 5690
230 3950
3240 5970

Parmeats
fusicm)

233
233
233
214
225
9
144
172
19.8
204
198
198
1499
202
08
9.7
9.9
207
07
200
217
ng
16.9
17.9
178
87
17.0
178
185
190
189
189
19.2
182
a7
192
191
162
1656
164
169
119
125
136
8.2
189
200
19.3
154
16.2
172
129
149
129
w2
1923
199
2049
148
160
174
\LF
155
184
145
7.t
1840
1249
127

Fosd
xPa)

1210
1193
1175
1210
1196
1161

1urs
1119
1105
1102
1184
1170
1142
1149
1186
1145
147
116
1165
1139
126
113
410
4
1402
1348
1386
1350
1356
1206
1292
1274
1257
1342
1342
1346
1354
1428
142
1381
1392
1442
1434
1400
1295
1275
1271
1252
1290
1284
1280
1an
1269
1266
1295
1244
1223
1216
1292
1212
1249
1200
1297
1190
1169
1150
1161

1152
1439

Presaure
Intarstags
{nPra}

1066
1052
1035
1068
1054
1019
1037

982

970

965
1052
1032
1006
1003
1045
1003

982

a7
1024

999

906

975
1267
1269
1257
1208
1238
1203
1208
1146
1145
1126
1109
104
1196
1198
1206
1275
1270
1244
1244
1292
1286
1253
1146
1127
1127
1105
1148
1148
139
1183
127
1126
1243
1104
1083
1076
1149
1130
no?
1058
1073
1051
1034
13
1025
1015
1004

a9

a59
B38

852

342

833
121
1124
11
1057
1082
1051
1056

09z
[:172
956
1042
1044
045
1052
11148
1115
1090
1090
1138
1137
1108
991
25
a74
955

1005

1005
285

3858888 088ds

o
~
-

*
a

&8
70
69
71
71
10
70
7o
70
740
r4Q
7.0
10
1.0
70
a9
7a
7.4q
T4
a8g
63
7.0
7.0
740
70
69
70
TaQ
7a
70
70
LAY
69
L:E:]
70
8¢
10
7.0
e
7.0
89
7.0
6.9
69
69
89
7
70
7.0
10
7.0
16
65
70
70
70
71
10
10
10
g
70
1o
70

------- - Tamperature
Raw Feed RO Fead
itag CI (deg C)
242 291
283 286
287 w3
27¢ |2
281 27
209 299
291 29.4
305 n2
w9 36
34 321
%8 29.1
290 2986
294 305
247 3na
283 290
202 38
29.9 31.2
30.2 a4
289 296
2¢5 3086
298 to
303 35
47 247
248 247
B0 251
%7 261
239 241
245 251
FL N 252
287 265
5.8 266
27.0 27
274 215
25.0 250
250 249
250 249
250 248
225 224
s 226
231 232
232 232
25 215
218 217
220 2213
255 253
257 258
259 257
26.2 264
255 251
25.5 252
256 254
240 246
248 254
247 255
24 1 240
258 264
262 211
269 274
257 261
260 26
261 270
274 288
279 282
281 206
282 291
21 299
286 292
2849 237
283 30

Ambient
{deq C}

210
260
3190
270
320
a50
2640
360
36.0
3.1
330
Mo
o
/o
M2
4040
40.%
39.0
3335
39.0
age
3.0
19.0
20
254
260
280
280
3040
165
195
250
26.0
195
19.5
195
180
1o
200
z21.0
210
200
20
240
21.0
24.0
25.5
25.0
150
185
%0

itoe
3o
LA
50
5.0
M0
ite
356
0
390
290
325
345
380
345
355
350

Turtidity
Fier EM.
mtu)

0033
0039
G038
0035
0038
0042
3116
0083
0081
9079
0034
0.021
0.033
0.034
0034
G034
00335
0035
Q034
0.034
0.034
0.035
0.048
0.048
0.050
0048
0.052
0.051
0.059
0033
0.034
a9m
oo
0.034
0033
0035
0.035
0031
0.033
0.034
0.034
90.077
0072
0.07Y
Q0¥
0.0M
0025
0035
0.059
0.062
0.064
0124
0066
0.062
0.040
0040
G.040
0.040
o054
0.054
0.051
0.055
0.069
0076
0.370
0.050
0.037
003
004



Dale

10001793
10/01/93
10201783
10183
1/esve
10/05/93
10593
oS8
1V06/93
10/06/93
10/07493
10/07493
10/QT19]
10/07/93
10408491
10/08/93
1000893
/0893
L[s'ARFL ]
LOIARPLA]
1012491
10/12:9]
10/12/91
101219
10413793
101379)
1014591
/14193
10/ 14193
1 15/93
10815493
100 15/93
1/ 15083
1189l
10418193
10419193
10119/93
10/19/91
W1993
10620493
0r20r93
#2193
HVI193
1021493
10/22403
12293
10422493
10722493
1725493
10/25/93
10425493
10725493
2613
10126493
10726493
12693
2793
HV27/93
10/2792
1022193
10/28/93
10728492
10/28/33
10/29/93
10/29/93
102992
10729093
1101492
11/01/93

Fiewa

09 00
16 15
16 45
17.15
1330
14 30
15.30
17:.00
10.00
16 00
10 30
130
V.00
7%
0955
10.48
1500
1% 3
12 00
12 3
10.0¢
11 00
14:0¢
16.00
11 00
12 00
11 3¢
1330
18 0¢
10.00
30
133
500
00
12.00
1200
1330
1420
17.30
1220
1230
13
16:.00
17.00
1000
12:45
1500
1600
1100
11,30
12:00
123
103
1H¥
16 00
1730
1.0
113
1200
12:30
1330
14:00
17730
1130
14 00
15:00
18:00
12:00
12.30

{i_tein)

225
225
26
228
224
226
2235
224
232
230
225
231
232
234
229
230
232
226
222
222
2249
27
226
226
29
229
230
229
229
2249
28
229
2248
223
225
227
229
234
pr 4]
230
234
20
228
218
227
228
e
228
224
22.5
225
228
2%
227
227
227
225
226
228
227
27
227
227
28
227
28
228
227
224

Flowrste

Rajwci
{1 Jmin)

57
57
57
57
51
57
27

57
57
57
57
37
57
57
37
57
57
57
57
57
5.7
57
57
57
87
57
57
57
57
57
57
57
57
57
57
87
57
57
5?7
57
57
57
57
57
57
57
5.7
57
57
57
57
5.7
57
57
57
5.7
a7
57
57
87
57
5.7
57
57
57
57
57
87

Filmtec BW-30 Element Test Data - Continued

---------------------- Conductivity - -- - - macsaa-s Pressire -a------ seevasvoasss pH
Parmenta Foad otaratage Ragant Fand imaratage Rejact Raw Fead RO Fesd
(Limin) luSlem) {uSilem) [udem {uSfem) {kPs) (WPa) {kPa)
174a 1516 370 5810 202 1244 1001 958 a4 790
170 1529 3180 5830 21 1151 1014 are 85 70
170 1530 3160 5710 221 1151 1014 875 8.5 7.0
o 1533 3160 5540 230 1150 1012 a74 B85 70
70 1527 180 5760 16.0 1257 1117 8713 a6 B¢
170 1534 nw 5790 185 1246 1105 962 846 89
LT 1552 3180 5890 15.8 1211 1093 950 a? 68
170 1539 W 5850 173 227 1087 945 a7 70
170 1547 3200 5690 1849 1355 1207 1050 a5 70
7o 1528 3180 5030 ALK ] 1324 177 1026 86 B2
171 1541 3220 5910 171 1387 1223 1074 BS 70
170 1538 3210 5920 204 1358 1213 1066 85 68
170 1545 3140 5620 218 1312 £167 1018 8.5 6.9
170 1540 3200 5810 227 1312 1167 1016 85 58
171 1526 370 5760 210 1390 1241 1085 a5 Y]
170 1524 M70 5810 218 1379 1227 1072 a5 L]
170 1527 3150 5800 214 1345 1198 1045 B5 6.8
344 1524 3160 5770 21.8 133 1184 1033 B5 68
170 1473 7o 5320 16.9 1400 1253 1105 -1 59
170 1496 3110 5710 168.2 1425 1279 1430 86 6.9
170 1539 3140 5420 154 1400 1247 1087 as 69
17.0 1531 3150 5600 7.3 1325 180 1032 a5 69
17.0 1526 318Q 5670 19.9 1294 1151 1006 86 6.9
170 1533 2180 293 20 1221 1128 985 1] 6.9
170 1587 3240 5980 238 1241 1094 945 B4 69
170 1567 230 5320 24 1240 1094 944 B4 68
170 1577 3250 6060 21.2 1352 1202 1045 a5 69
170 1559 3250 BOS0 222 1285 1137 904 85 6.9
174 1563 3230 5330 229 1269 1424 a76 a5 69
17.0 1495 070 5650 215 1340 1189 1037 8.5 6.9
17.0 1478 3060 5600 214 1338 1189 1036 B5 69
wao 1475 7o 5640 214 1324 1176 1024 as (1]
174a 1481 3080 5640 225 1304 1160 1009 85 69
170 1487 3130 5710 85 1501 1349 1195 87 68
t7.0 1504 3130 5720 19.8 1492 1341 1186 87 8.9
740 1535 3180 4750 228 1318 1768 1015 85 68
17 1539 3180 §720 228 1205 1147 903 85 5.8
17.0 1543 150 5780 231 1281 136 o83 as 5.8
7.6 1550 3190 5820 24.2 1268 120 970 as 6.9
17.0 1501 3140 5680 222 1297 1147 962 85 1.0
17.0 1532 140 5650 23 1262 1144 888 85 7.0
1.0 1530 3140 5760 11.0 1310 1163 1008 85 6.9
17.0 1538 EIr] 5800 29 1278 1133 981 as 5.9
17.0 1542 It70 5780 235 1287 1140 908 a5 4.4
17.0 1542 3140 5700 25.0 1207 1062 914 a4 6.9
t7.0 1518 340 5680 255 1168 1026 879 B4 89
7.0 1520 3140 5570 258 1168 1025 B76 ad 69
7.0 1522 3150 5520 28,4 1162 1018 671 a4 6.9
1.6 1515 150 5500 174 1410 12685 1116 as 69
t7.0 1520 3470 5680 194 1408 1261 12 1] 69
1.0 1520 150 5810 %7 1405 1256 1103 Bs 5.9
7.0 1519 3150 5750 19.8 1390 1242 1089 L 1] 8.9
17.0 1557 3240 5680 24.0 1246 1100 948 B5 8.9
17.0 1555 3200 5670 243 1242 1095 843 as 69
7.0 1564 3200 5410 253 1168 1045 895 a5 5.9
tla 1965 3220 5630 262 1134 1045 896 a5 6.9
17.0 1558 3210 5720 250 1240 1094 942 as 8.9
170 1562 3210 5720 25.1 1237 1000 839 as 6.9
1a 1561 3210 5710 248 127 1099 938 a5 69
170 1561 3210 5680 251 120 1085 933 .3 69
7.0 1537 3160 5800 230 2n 1122 are 85 - X:]
17.0 1539 3150 5780 231 1261 1116 63 85 549
17.0 1548 3190 5820 24.9 1252 1105 956 85 10
17.0 1493 3110 5650 254 1206 1030 910 85 6.9
17.0 1495 3090 5660 257 1181 1038 B892 8.4 69
171 1495 3080 5590 254 1180 1035 aas 85 69
17.0 1437 W8y 5800 258 1n7 w027 ara 85 5.9
12.0 1529 180 5660 21.2 1402 1251 10495 85 69
170 1534 150 5750 13 1396 1247 1084 85 659

Raw Foad
(deg C}

7o
292
293
295
262
WS
268
270
238
248
236
nr
249
50
234
234
219
246
218
219
232
2313
241
48
%40
w1
241
246
249
231
232
234
238
180
190
232
218
239
245
234
233
227
235
238
269
271
27 4
215
209
211
AR
22
249
250
282
266
251
252
2512
-253
2317
240
247
251
264
66
266
207
8

Temperatum
RO Feed
deg )

270
299
3a
301
254
267
271
212
237
249
233
238
249
250
2390
232
24
242
222
220
224
234
244
251
281
262
234
a7
252
231
232
235
229
19.0
180
233
238
41
247
237
237
232
242
240
254
2ra
ar?
279
212
213
214
FAE:]
25.0
252
259
268
252
254
254
255
42
244
249
260
%8
%9
271
09
209

" Ambient
@ <)

2840
380
ara
¥
260
e
275
280
M5
250
17.5
mao
244
234
17.0
18.0
235
255
21a
195
210
220
264
284
244
2640
195
255
.0
175
205
220
220
17.0
180
25
290
270
255
280
280
300
26.0
250
210
8.5
29.0

245
25.5
265
275
225
225
nao
280
24.5
250
250
B0
275
215
230
205
265
280
285
1.5
190

Turbidity
Filtar Ef.
(mu)

aon
0 044
Q042
0043
0053
0053
0.064
Q044
0054
Q049
0098
0 044
Q059
0057
0026
4025
0024
0024
0062
0.044
0.042
0041
0048
0051
0042
0045
0.633
D026
0026
o027
0.027
0028
0.026
0045
0.041
0.030
oo2a
0028
0.024
0033
0,030
0027
0028
0.025
0027
0.029
0030
0030
0.056
0054
0053
0.952
0.032
0030
0927
0026
0.030
0.031
0.031
0.031
0.030
0.029
0.026
0.028
0.028
0.028
0.028
0.033
0.032



Filmtec BW-30 Element Test Data - Continued

Elapesd - oo Flowrate - rrsamseaanaene Conductiv Prassure - Temparsture . -- .- - Turbidity
Time Faed Reject Permaale Faed interstage Rajeci Parmeal Foad Intarstage Reject Raw Feed RO Freed Reject Raw Feed RO Faed Amblend  Fiter EM.
Date Time {haura) (L fonim} {Lfmin} {Limin) {uSicm]) {us/em} vSIcm) {uS/em) (hPa} {kPa) {kPs) {dag C) {deg C) {deg C) {rtu)
1170483 1300 1146 6 227 57 170 1534 3140 5730 214 1387 1245 1087 a5 69 16 204 210 200 0031
11/02/93 130 11614 222 57 170 1538 AR 5510 218 1127 947 .7k} a4 6% 11 282 2 e 245 0 DaG
1110293 1130 1162 4 225 57 170 1560 3260 5730 242 1121 981 841 8.4 69 76 283 284 250 0064
1170233 1200 11735 227 57 170 1562 3230 5670 250 1225 1078 930 85 67 16 247 251 e 0048
110393 1230 11740 227 57 170 1564 3230 5800 254 1224 1079 929 85 67 76 247 251 271 0 0a8
11/04/93 1430 [ALTE] 225 57 170 1513 3140 5690 258 1204 1054 808 8.5 70 78 255 258 250 0032
11/04/93 16 00 V186 4 229 57 170 1523 3150 5680 280 1204 1059 208 85 7.0 76 255 255 225 903
11/04/93 16 30 $186 9 228 57 170 1522 3140 5650 260 1222 1075 925 BS LT 16 254 254 04 001
11704193 17 00 tA7 4 226 57 70 1523 3180 5720 263 1223 1075 925 B 69 18 254 252 190 00Mm
110593 09 00 1igB B 227 57 170 1504 3130 5750 230 1329 " 1021 85 69 61 223 2zt 170 0030
11/05/93 1300 nee s 227 57 170 1501 3100 5780 234 1291 1142 990 86 68 77 228 231 250 0026
11105893 16 00 2028 226 57 170 1510 3130 5800 247 1267 119 968 a6 69 76 238 238 215 0025
1105493 173 1204 1 225 57 170 1507 3130 5720 251 1268 1119 958 0.6 89 18 237 236 220 06025
1110891 1100 12100 224 57 170 1444 3010 5480 182 1500 1348 1192 a7 69 77 177 o 2040 o057
11708493 113 32105 226 57 170 1445 3030 5630 we 1493 1344 1182 a7 69 77 e 1L 2110 0059
11/08/93 12 30 12115 25 57 170 1447 3020 5620 194 1490 1340 1108 8.7 89 1 179 |2 210 0058
11/08/23 1300 2120 2290 57 170 1449 3020 5650 198 1471 1320 1165 a7 6¢ 77 181 ILE] 2310 T ose
110093 0% 12242 227 57 1740 1520 3140 5600 60 2z 1074 9220 a4 89 77 247 248 218 no47
11/09/93 [k ] 5224 2 228 57 170 1519 3120 5620 26.1 1200 1053 900 K] 69 17 251 256 25 @056
110963 1500 12267 27 57 170 1533 3160 5630 278 1180 1035 886 as 69 7.7 259 261 260 0.056
11711183 10 00 1232.1 27 57 570 1566 3230 5740 272 1222 1072 918 a4 69 7 250 250 200 0030
1193 1100 1233 1 227 57 17a 1565 240 5740 7 1245 1065 913 as 69 17 250 250 250 0.030
1111192 1200 1234.1 227 57 170 1562 3230 5720 273 1214 1064 913 a5 69 77 251 252 225 ©.030
111192 V3] 1248 227 57 170 1561 3230 5730 72 1208 1061 904 LE] 69 17 251 252 23.0 6033
VIN2193 08 47 12435 26 57 70 1543 3200 5960 210 1571 1412 1243 L1 69 7 16 6 163 13.0 0033
1112191 1014 12450 228 57 7.0 1530 3200 5980 210 1559 1401 1239 86 69 77 167 165 135 0028
1112123 1300 1247 8 228 57 1o 1543 3200 5980 215 1544 1384 1227 LT] 69 1 168 167 135 noz7
1129 1530 1250 3 227 57 70 1544 azo 5960 218 1544 1388 1227 4.6 69 7 171 169 125 0.026
111583 1100 1256 1 26 57 7o 1482 3090 5650 19.7 1454 1340 1183 a7 69 77 174 174 15.5 0052
14159 1"¥ 1256 8 225 57 170 1492 3090 5600 211 1485 1332 1176 a6 [-1] 7 174 175 187 0.050
1W16/93 103 1266 9 227 57 174q 1544 3180 5710 25 1399 1244 1085 a7 69 77 o0 196 L6 0.035
1416093 110 1287 9 27 57 170 1530 R3] 5660 239 1383 1228 1067 a7 69 77 20 200 140 003
111693 12X 1269 8 224 57 1740 1523 3140 5620 240 1366 1213 1055 LE] (] 77 201 202 181 0.030
1916092 14 40 s2709 224 57 170 1527 3150 5730 243 1366 1213 1054 a8 a8 11 201 201 8.8 0.030
1117091 1t:| 12192 225 57 170 1537 3150 5620 28 1379 1225 1067 L% 689 1.7 208 206 183 0030
HA79a 1200 127948 228 57 s70 1528 3140 5820 26 1376 1221 1062 a5 69 17 206 207 191 0030
11793 123 1200.3 228 57 170 1526 3140 5630 238 1374 1220 1062 a5 68 77 2086 20.7 196 0030
1111893 1100 1269.9 229 57 170 1523 3140 5690 nz? 1465 1309 1148 88 (] 77 185 184 187 0032
111893 1400 1292 9 228 57 170 1522 3130 5640 29 1420 1268 108 8.5 LX) 77 192 1923 9.3 0931
151893 1530 1204 .4 229 57 170 1524 3140 5670 221 1417 1261 1101 as 69 7.9 195 19.6 1.8 0031
113093 16 30 1295 4 227 57 170 1529 3150 5630 28 1411 1258 1102 a5 68 77 19.8 128 16.8 0023
14719193 1444 1308.0 28 57 17.0 1468 3050 5540 209 1159 1011 860 85 69 7.7 271 26.8 225 ao2e
1171893 16.40 13099 227 57 170 1473 3060 5440 234 1155 1009 858 a5 68 77 26.8 %6 188 0.022
12293 1200 13158 227 57 170 1499 3040 5230 210 1153 1005 850 85 68 77 280 267 204 0081
(22193 1230 13161 24 57 170 1500 W 5500 232 1109 968 826 85 89 71 280 2748 220 0071
1172303 100 1328.4 224 5.7 170 1538 3200 5650 244 1231 1083 937 85 69 77 241 238 W61 0.067
1172393 1130 13289 222 57 170 1534 3190 5740 232 1224 1081 @36 85 88 1.7 240 239 69 0970
1123/93 1430 1319 s 5.7 170 1534 32 5840 287 1226 1083 936 a5 68 ) 242 240 T ooa?
192393 1518 13227 222 57 17.0 1530 200 5820 288 1227 1082 937 85 88 7.7 243 241 180 0055
11r24/93 103 1340.0 227 57 170 1538 3160 5620 270 1324 1171 1015 85 69 17 nt 215 155 0.043
11,24/93 1100 1340.5 25 57 170 1540 3180 5720 2?1 1321 1170 1013 85 88 77 217 215 154 0.044
1124193 1200 1415 228 57 7.0 1538 M7 573 68 1321 1170 1013 as [:¥.] r? 17 216 16.5 0,050
1124193 1230 1342 0 28 57 170 1535 ara 5710 26.7 1320 1168 1012 85 648 71 b3k} 216 18.9 0.052
V2993 11.30 1352.7 228 57 170 1513 3100 5640 218 1472 1315 1454 85 69 77 176 17.7 102 0.025
12993 12,00 1353.2 28 57 170 1514 3100 5580 221 1464 1309 1148 85 69 77 177 178 194 0,025
14730093 10.30 1362.1 228 57 170 1536 3160 5650 253 1424 1265 1105 85 6.9 77 188 a7 14.0 0.024
11130493 1100 1262.4 227 57 170 1530 3150 5700 255 147 1262 102 55 68 17 188 188 150 0.024
193093 1500 1366 6 227 57 17.0 1539 3o 5810 253 1404 1251 1092 835 68 77 19.2 191 17.0 0.024
13430093 1600 13687.8 228 57 17.0 1540 3160 6740 282 1388 121 1078 55 89 17 193 193 11 0.024
12,0193 1130 137249 222 57 170 1528 3150 5660 25 1319 1172 1022 45 68 77 204 205 174 0.054
12/9193 1200 13734 2213 57 170 1530 3160 5780 224 1328 1"re 1032 83 6.9 7.7 205 205 170 0050
12/01/93 123 13719 23 57 170 1534 3170 5670 235 127 1174 1028 85 689 77 205 206 18.0 0053
12/02/93 1430 1384.7 227 57 17.0 1506 3060 583 251 1354 1202 1043 a5 89 77 197 20+ 212 0042
12/02/93 16.00 13002 227 57 170 1518 3110 5630 287 1348 1195 1033 a5 69 7.7 202 203 196 0043
12/0393 1031 1395.7 228 57 1740 1496 2006 5380 256 1360 1206 1046 as 63 3.7 19.8 199 8.0 30
12/0393 1353 1399.0 228 57 17.0 1480 3070 5580 255 127 1127 1020 as a8 7.7 2086 208 2. 0025
12/03/93 1502 1400.2 227 57 17.0 1495 3080 5660 261 1326 1173 1020 a5 65 77 2017 208 201 0024
1240393 15 46 1400 9 27 57 174 1502 0% 5670 264 1326 LAFX] 1020 LE:] 69 17 207 208 21t 0024

12407193 100 1417 5 222 57 170 1465 2748 5510 8.0 1570 1414 1254 a6 659 - 49 150 147 0055



Filmtec BW-30 Element Test Data - Continued

Elapsed ~ --o--i---- FIOWMIRE® - - s s+ onmme  mememssms=---< Conductivity « s n--<--cenann amsmmeee Prospure  --------  ses--c-oe-o- pPH -cccanaas e Temperalure - ------ Turbidity
Tirve Foad Reject Pesrmeate Faad nteratage Rejact Parmaata Fead Interstage Rajact Raw Faed RO Feed Raject Raw Fead RO Fead Ambiant Filter EM.
Data Iima {houre} Wimin) (Limin) {Limin) {uSdcm) fudem) (ussem) {uSicm) {Pua} %Pm) [kPa) {deg C) (deg C} (dog T} {mtu}
12457193 1330 14200 228 57 170 1464 3030 5640 246 1551 1393 1230 86 6@ . 153 155 196 0044
1207193 1500 14215 26 57 170 1483 3060 5670 711 1539 1375 1214 848 64 17 158 16.0 177 0041
120793 1700 14215 224 57 170 1485 3090 5760 242 1529 1372 1212 86 69 77 163 162 138 0937
120003 1500 1440 6 28 57 170 1545 3190 5800 287 1289 1139 985 85 69 78 216 213 194 0040
12/0993 30 1442 1 28 57 170 1553 3210 5600 307 1257 1108 956 85 69 78 225 224 164 0039
5200993 17.00 14426 27 57 170 1550 3210 5630 308 1257 1107 958 85 68 78 224 222 141 LY
12010093 1M 1453 3 230 57 17.0 1496 3060 5750 244 1356 1202 1043 85 69 78 202 198 2171 0027
1211093 1453 1454 6 230 57 170 1511 3120 5820 269 1295 1143 986 8s 69 ] 208 212 241 0026
12010103 1522 1455 1 28 57 170 1522 3120 5720 280 1295 1143 988 BS 60 78 0% 212 258 0023
12083 10.30 1465 5 27 57 1.0 1458 3000 5300 188 1420 1284 1100 85 70 78 186 176 138 0069
[PILEY: ] 1100 1466 0 29 57 170 1467 3010 5370 206 1392 1238 1079 a5 69 78 184 181 145 0072
1211993 12 00 1467.0 228 57 170 1471 3030 5430 205 1381 1229 178 as 49 78 187 186 163 a070
121393 1230 1487.5 227 517 170 1472 3040 5520 201 1374 1220 1063 a5 84 78 9.0 18.9 159 0071
1211493 1100 1476 8 224 57 170 1539 3170 5720 239 1592 1432 1268 8.5 69 78 46 145 g8 0039
1214193 1400 1479.6 27 57 1o 1535 3170 5000 236 1589 1428 1265 8.5 69 78 14.8 “z 124 0.037
12014183 1500 1480 8 228 57 170 1534 3180 5940 218 1584 1425 1262 85 69 T4 148 147 120 0037
12115993 1100 1487.3 225 57 17.0 1440 3090 5160 241 1449 1293 134 a5 69 78 173 7 106 0.0%
121593 1120 14878 225 57 1.0 1438 7000 5600 249 1448 1292 134 a5 6.9 18 174 170 114 0029
1211993 12 00 1488 3 225 57 174 1435 2987 5570 750 1447 1201 1nn 8.5 6.9 18 174 174 113 0029
1211093 1100 1499 2 27 57 17.0 1475 3050 5870 255 1476 1319 1155 - 7.0 . 167 164 104 0029
12/16r93 14 30 1502 7 228 57 170 1474 3040 5700 25.3 1448 1293 1133 - [ 1] - 170 169 1213 0028
129793 17 00 15105 28 57 170 1482 3060 5700 26.5 1667 1504 1335 - 69 - 124 126 139 0.028
1217191 1924 15109 228 57 170 1482 w10 5670 222 1867 1505 1336 - 69 - 125 26 550 0029
12117133 1252 15124 227 57 170 1452 3020 sT10 224 1648 1487 t3z1 - 68 . 1239 130 158 o028
12720092 1100 1517.8 225 57 174 1568 3260 5860 3.7 1144 997 850 a5 649 - 26.1 256 121 0.047
122093 1330 15203 27 57 170 1568 2240 5690 35.4 1128 982 836 85 649 . 264 260 156 0.045
122093 16 00 1522 8 227 57 170 1581 3270 5710 w2 1141 995 B8 BS 69 . 268 258 138 0044
12120193 1700 15238 225 57 170 1580 3z70 3800 376 1140 992 845 8.s 69 - %6 259 120 D047
1221193 1430 1520 3 227 57 17.0 1560 3210 5730 29.1 1317 1183 1009 - 69 - 204 w02 1652 0030
1221493 1500 1528 8 227 57 17.0 1560 3210 5670 296 1314 1181 1007 - 59 . 205 203 177 0.030
122193 1600 15298 227 57 17.0 1568 3200 5750 305 1305 1152 996 . 69 . 20.6 205 172 0027
12293 16 30 1530.3 227 57 170 1571 3220 5810 309 1308 1153 998 - 69 . 207 205 146 oax?
142093 130 15403 227 57 170 1522 3150 5550 M9 1152 1004 854 . 69 . 25.3 25.0 142 o027
12122193 1300 15418 228 57 17.0 1523 3150 5570 343 +152 1004 853 . g - 254 25.1 171 0.027
122293 14.00 1542.8 229 57 170 1517 3130 5540 345 1141 996 848 . 69 . 25.5 25.4 194 0027
122293 1500 15438 227 57 17.0 1529 3160 5810 357 1141 995 B49 . 69 . 256 253 186 0.028
127233 1400 15518 227 5.7 B9 1541 3180 5980 60 1484 1309 1151 . 64 . 163 165 11 0029
127183 15 0G 1552 8 229 57 170 1541 3160 5980 260 1459 1302 1143 . 89 - 165 67 18.3 0.029
1272v93 17 00 1554.8 229 57 170 1558 210 5990 272 1472 1314 1154 - 68 - 169 166 126 0028
1221193 14 50 1558.0 227 5.7 170 1484 070 5540 174 1561 1402 1240 - 70 - 146 15.0 181 0061
12127193 1513 15584 222 57 170 1495 3080 5530 176 1548 1392 1231 - 69 - 148 148 19.2 0067
2127193 1700 1560.2 224 57 170 1503 3090 5530 199 1555 1398 12% - 6% - 14.6 149 195 0.068
12/20/93 1259 1568.2 227 57 17.0 1558 a0 5730 259 1134 984 a3r - a9 - 259 258 198 0.043
1212092 1342 1568.9 227 57 170 1554 3210 5120 w6 1124 975 azr - 6.8 - 261 259 206 0.041
12/20/93 1500 1570.2 227 57 170 1568 3230 5740 a7z 1122 a76 829 - 89 - 263 259 3 0043
1272993 1306 1578.1 227 57 17.0 1528 3160 5790 264 1407 1242 1085 - 69 - 19.5 80 19.4 0.026
122w93 153 15015 229 57 171 1543 3190 5810 0.7 1306 1153 o7 . 8.9 . 203 204 219 0.025
123032 0930 1592 2 28 57 170 1545 3190 8040 278 1495 1335 1173 - 69 . 162 159 101 0.025
123092 10.00 15927 226 57 17.0 1537 3100 8020 274 1494 1335 12 - 89 . 182 164 1"s 0.025
12430452 11.00 15837 27 57 170 1532 3160 5000 71 1450 1303 1143 . 89 - 16.4 16.4 155 0.025
01/01/54 0930 1605 8 233 57 170 1522 3180 5770 232 1371 1247 1061 . 6.9 - 192 190 ”s 0.050
01/0v34 ¥ 1807 6 228 57 170 1526 3190 5640 27.4 1307 1156 1002 . 89 . 204 208 242 0.058
010394 13.30 1809.6 224 57 17.0 1526 3150 5710 295 1260 1109 958 . 69 . 213 217 167 0.055
01702764 15:00 18111 228 57 17.0 1538 3180 5740 3.5 1228 1088 036 . 69 - 221 225 254 0.057
0104794 12:00 1616.4 226 57 170 1536 3120 5300 and 13% 174 1017 . 89 - 195 198 197 0.030
01704754 13:30 1179 228 57 170 153 3150 5670 297 1206 1852 997 . 69 . 198 202 235 0028
01704134 15:00 16194 226 57 170 1550 3190 5480 325 1293 141 988 . 69 . 201 206 249 0025
010414 17:00 18214 226 57 170 1550 3190 5480 328§ 1293 141 saz - 69 - 205 205 191 0025
01405194 14:3¢ 16297 27 57 170 1532 3180 8550 30.5 1317 1164 1007 . 69 . 195 197 204 0.026
0140594 15:30 1630 7 27 57 170 1538 atre s610 N2 1317 1163 1007 - 69 . 197 198 197 0.0%6
0105194 16.00 1831.2 228 57 17.0 1543 e 5690 313 1331 1178 1019 - 69 - 197 197 174 0.026
01/05/04 16.30 1631.7 228 57 1740 1542 3180 5520 09 1333 " 1019 - 69 . 197 195 160 0026
0107194 13-36 1645 1 28 57 170 1570 3250 5800 419 1078 9 785 17 6.9 73 275 272 165 0025
1706734 16:00 1647 6 228 57 170 1570 2250 5800 419 1092 948 798 77 59 73 L] 29 170 0.025
01/08/94 1700 1648 § 27 57 7.0 1586 3280 5700 434 1092 G44 798 76 58 73 275 %69 140 0026
Q07734 11,00 1654.7 29 57 170 1555 3200 5840 04 1347 1193 1035 - 89 - 198 197 146 0024
0107 13:31 1657.2 276 57 174 1550 3180 S840 a 1329 1176 102 - 68 - 201 204 181 0.024
1D/ ey 1650.2 228 57 17.0 1559 3200 5990 324 1323 17 1015 - 69 . 201 207 184 0.025
010744 1500 1650 7 228 57 170 1565 3220 8000 26 1322 170 1015 . &9 . 208 202 1613 0024



Filmtec BW-30 Element Test Data - Continued

Eiapsad = ---------- FROWrAM « <~ ------  s=ceccacacoco~ Conductivily » s+ s s rmnneas eeceaaan Prosgaurg ..o+ ----  s---s-aaaaan pH -cceeeees e Temparaturs - - - - - .« Turbidity
Time Fead Ruject Parmenta Fead interstage Reject Pasrmenia Feud Interstage Raject Raw Fesd RO Faed Rajrct Raw Fesd RO Feed Ambient Fliter EM,

Date Time {hours) [Limin} {Umin) {Limin} (uSicm] (uSicm) {uSlcm) {uSicm] (&Pa) {xPay (ura) (ceg G (deg <} (deg G} {rmu}

[PRFRT L] 0% 3 166G ¢ 25 57 iro 1525 3130 5740 kY] 1422 1266 1111 B 69 - 191 188 97 0055
01710054 10X 16619 226 57 170 1517 at20 5220 248 1420 1264 1108 . 619 - 191 189 27 0 0%
QLUI054 1130 1664 9 226 57 170 1510 3100 5710 269 1366 LFA3] 1058 - 59 - 204 201 168 0048
LIATRRE- "u» 1672 8 229 57 170 154q 3150 5760 28 1358 1200 1043 - 89 - 198 19.4 56 @043
0111194 14 00 1675 1 2249 57 1"wa 1537 3130 5530 237 1344 1188 1032 - 6.9 - 02 232 LR 0043
LIETRRT: 16 30 1677 6 26 57 170 1551 at80 5800 n7 132 1175 1023 - 59 - 200 2086 1686 0042
Q1712404 1330 1684 7 228 57 1o 521 09 5750 2749 1410 1251 1093 - 59 . 1w 183 211 o028
BRTRY ] 1430 1685 7 227 57 70 1523 120 5880 281 1409 1252 1093 - 69 - 180 B4 FAR G028
QUM 16 00 1687 2 227 57 i70 1531 1150 5940 289 1401 1242 1084 - 69 - 146 187 183 o028
D124 16 30 667 7 226 57 70 1535 50 5930 285 1398 1240 1085 . 59 . ar 187 172 go2?
0110 03 1698 3 227 57 70 1551 nod 5850 ars 1145 995 848 - 1.0 - 262 251 122 oo
V1r1294 10X 1699 3 25 57 170 1551 319G 5850 I 1132 982 834 - 70 . 263 26.1 165 0011
011504 AN i) 17033 2249 57 170 1541 1180 5840 ms 1132 a8t 831 - 69 . 263 262 176 0026
0171394 1400 17028 229 57 174 1545 N 5830 391 mni 967 822 . 69 . 7 267 232 o027
Gtr14/94 1100 70 227 57 170 1547 e 592G 334 1261 1105 951 B 5§49 - 218 FAR] 198 oa32
G1/1494 113 1708 6 227 57 170 1541 3170 5880 334 1258 1101 948 - 69 B 218 220 2049 0027
01 1494 1730 171 é 227 57 171 1552 37 5890 35 1254 1098 947 - 69 . 2149 221 234 9027
o144 1530 17136 2248 57 170 1557 asr 5020 18 1245 10991 B0 . 69 . 221 212 234 04027
0117104 1030 1750 224 $7 17a 1536 3160 5760 204 1302 115t 999 - 70 - 214 212 190 0.076
01794 13 1760 223 57 170 1536 3570 5840 26.4 1282 1130 9749 - 69 - 215 ne 214 Q.072
117494 1530 17200 27 57 170 1545 31860 5820 324 1237 1088 937 - 69 - n? 29 267 Q.064
CUITG4 1700 1725 224 57 170 1550 naa 5740 n7 1242 1090 941 . 69 - 2249 229 215 0 0B84
OHI1B/G4 11 0¢ 7271 229 57 170 1551 3180 5750 28 1255 1099 946 - (3] N 20 21 208 0.052
01/16/94 113 17276 229 57 170 1551 3160 5750 329 1255 109 946 - 69 . 220 21 08 0052
01/18/94 113 1728 6 229 57 170 1552 a16d 574Q P27 1255 1099 945 - 68 - 220 222 M6 0054
01/168/94 14 00 1731 228 57 170 1541 N0 5770 28 1230 1077 922 - 68 - 27 229 251 0.057
01/ 18/04 16 0¢ 17321 222 57 174 1563 3180 5710 350 213 1060 ona - 69 - 233 25 258 1.053
0171904 16 30 17383 229 57 170 1554 1160 5640 328 1272 1117 966 - T4 . 216 217 218 0.026
DW20/54 i1 1756 5 231 57 1140 1554 3240 6030 389 1099 a56 803 - 70 . 273 213 234 0026
09720424 15 00 17570 227 57 1r.0 1559 32190 5800 393 1097 949 804 - 70 - 275 215 2386 G D26
GIr21194 1300 17659 227 57 170 1548 n7 5590 344 1206 1053 901 - 70 - maq 2113 215 0.024
QY2184 1530 1160 4 229 57 17.0 1557 3200 5950 348 1195 1042 =¥ - 70 . 235 238 249 ¢ 024
01721194 16X 1789 4 227 57 170 1561 200 5930 355 1198 1042 a9 - o - 17 237 217 0024
0¥ 24194 400 17730 223 57 7.0 1564 10 5830 335 1068 LY AR - 10 - 271 268 1786 0 066
0424794 15 00 17740 222 57 170 1566 250 5570 3.0 1ot 954 a1z - 71 . 273 267 175 0.068
ou2494 16 00 17750 226 57 171 1568 3250 5560 .7 1119 969 24 - 71 . 273 %5 1786 0.068
01/25/94 1430 17826 227 57 11.0 1550 3160 38 254 1602 1436 1272 - 71 . 6.5 143 10.0 0029
012554 1530 1784 .8 217 57 17.0 1544 60 5750 27 4 1476 1344 1147 - 70 . 170 166 10.9 0029
Q25054 16.00 17851 228 57 7.0 B 3140 5850 269 1517 1354 1181 - 71 - 154 153 158 aaz?
G127/94 1000 1806.7 225 57 170 504 230 5980 2.3 1302 1143 99Q - 740 - 231 2.3 66 0.027
QIr27r 100 1807.7 24 57 17.0 1557 aeq 5810 354 1249 1081 934 - 70 - 229 21 47 0036
0U27/84 12:00 12087 128 57 17.0 1556 3180 5810 ES5 1250 1002 929 - 7.0 - 224 219 107 04925
01r28/04 14.00 1820.4 228 57 17.0 1532 3140 5080 291 1408 1248 1089 - 70 . 18.1 178 143 0.028
OU28/54 1500 18214 228 57 7.0 1540 3160 5930 298 1398 1240 1082 - 1a - 142 179 A Q026
01731784 1400 1824.2 28 54 17.0 192 3130 5800 248 1551 1388 1224 - 10 - 156 15.4 141 0 048
013154 16:00 1826.2 22.9 57 7.0 1525 3120 5450 257 1528 13685 1204 - 74 - 16.0 158 58 0.048
D01/ 1500 18324 228 57 170 1528 3130 Sran 287 1434 1273 11 - 70 - 116 173 145 0042
020194 153 1832.¢ 2248 57 7.0 1530 20 5580 289 1433 1273 1118 - 7.1 . 176 17.4 %Y. ] 0 040
2101734 16 00 1833 4 225 57 va 1530 140 5660 29.2 1432 1273 1116 - 7Q - 17.8 173 13.2 0039
02402034 103 18423 224 57 17.0 131 3090 5680 ny 1412 1251 1095 - 740 - 17.5 174 139 @067
Q202184 nom 1842 8 27 57 17.1 1510 o 5510 22 1412 1253 110 - 70 - 17.5 176 153 0.068
02102194 1300 18448 229 57 17.0 1509 3060 5830 245 1395 1238 1080 - 70 B 179 1749 18.0 0.066
02102494 15.00 1848.8 229 57 170 1517 30 5410 294 1287 1228 1072 . 70 - 187 a4 15.7 0.064
0210154 1600 1853.4 ne 57 171 1513 2789 5700 88 1494 1330 1168 - 74 - 160 1587 96 0052
GOV 1w 1854.4 228 57 7.0 1508 3090 5730 272 1483 319 1157 - 70 - 16.1 159 12.8 0.051
020V 153 18589 29 57 17.0 511 3080 5820 2.7 1461 1209 1139 - 74 - 16 4 165 151 0.048
Q20M 16 00 1859.4 230 57 17.0 1512 3080 S840 278 1459 1298 1138 - 740 - 16 4 165 151 0045



APPENDIX C

Analytical Data for the FilmTec BW-30 Element Testing



Analytical Data for the FilmTec BW30 Element Testing

561-Hour Data

8/13/93

RQ Feed Permeate. Reject
CATIONS
Calcium Ca mg/L 29 <1 1M
Magnesium Mg mg/l. 4.1 <0.1 81
Sodium Na mg/lL 285 4.0 1150
Potassium K mg/L 1.4 co. 1 54
Aluminum Al mg/L 0.17 c0.04 <0.04
Barium Ba mg/L 0.06 <0.002 0.22
Strontium Sr mg/L
iran (total) Fe mg/L 0.90 c0.02 0.03
fron  (soluble) Fe mg/L 0.03 c0.02 0.03
Manganese Mn mg/l 0.05 <0.005 0.05
Phosphorus  (total) p mg/t
Boron B mg/L 0.39 0.1 1.17
copper Cu ug/t 20 <3 10
Selenium Se ug/t 2 <2 7
Mercury Hg ug/t <04 co.4 <0.4
ANIONS
Bicarbonate HCO03 mg/L 271 6.1 923
Carbonate co3 mg/L 0 0 0
Chloride cl mg/L 231 1.5 959
Sulfate so4 mg/L 141 0.5 736
Flouride F mg/L. 1.8 0.03 29
Nitrate NO3 mg/L 7.5 0.4 30
Nitrite NO2 mg/L 0.06 co.01 0.06
Ammonium NH4+ ma/L
Inorganic N (total) mg/L 1.8 0.1 71
Silica  (total) 502 mg/L 22.9 <1 858
Silica  (dissolved) mgiL 22.3 <1 832
Total Organic Carbon mg/L ClLO <1.0 3.9
Heterotrophic Plate Count  HPC CFUImL >5700 381 5700
Alkalinity asCaC03 mglL
Hardness as CaC03  mglL 90 1.0 352
Specific ~ Conductance Reported uS/cm 1450 13 7200
Total  Dissolved  Solids Reported mg/L 665 25 3620
Total Dissolved Solids Summation  mg/L 996 14 4036
pH 8.2 5.6 7.7
Turbidity ntu
cations meg/L 14 38 0.20 56.70
Anions meg/l 14.11 0.18 59.51

Ratio Cations:Anions 1.02 1.26 0.95



APPENDIX D

Generalized RO Process Diagram for Checking Data Reduction
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Generalized

RO Process Diagram for Checking Data Reduction

Eien‘lent] ) B Element 2 ) Element 3 _ _Elemen_tiﬁ ,EPEHLS - mElg@_B__ )
g | a1 —T1Td 1 03— 0T .|
1 st Stage Y

B e s e e P A1 O

Ff Flow, feed
Fr Flow, reject

Fp «

Flow, permeate

Pi
Ci
2nd Stage
T T ] T T I
/-’—/’/’— ,_,—-—-—“'/’——’ - o
Cf Conductivity. feed Pt - Pressure, feed Tf - Temperature, feed
Ci Conductivity, interstage Pi Pressure. interstage
Cr - Conductivity, reject Pr . Pressure. reject

Cp - Conductivity, permeate

Fp
CP

Fr
= pPr
Cr



APPENDIX E

RO Element Serial Numbers as Loaded in Pressure Vesselsy



RO Element Serial Numbers as Loaded in Pressure Vessels

Manufacturer FilmTec : Model BW30-2540 ' Date  6/4/93

Stage 2, Vessel 18, Elements 4-6
: [ ———— R —

* | Ateooe7e || A1690405 -j[ T A1690750
B ! S I

[ — S —

Stage 2, Vessel 1 A, Elements 1-3
“ T e T T T L T K - = , DAL - . \

[ A1690854 [ A1690669 | [_ A1690416 B |

Stage 1, Vessel 2B, Elements 4-6
Ut ey op S S5 Bl
|| Atesostz ] mesoreo | | A1690800 |

[ W — R bt el Wy

Stage 1, Vessel 2A, Elements I-3

i A 6077 éj@[_ A1690790 T ] ‘

LTI T e S — T

Stags 1, Vessel 1B, Elements 4-6

[ | Ategorre i [_;: A1690814 :j | A1690421 jm]

Stage 1, Vessel 1 A, Elements 13

T T T

| [ ﬁA16§6;62 - ] I-:; A1690409 ] [-; A167998i§““:::|— §

Note: Facing east from back of skid.



RO Element Serial Numbers as Loaded in Pressure Vessels

Manufacturer Desalination Systems : Model Desal-3LP : Date 7/21/94

Stage 2, Vessel 1B, Elements 4-6

L ess [ esw T esw |

Stage 2, Vessel 1A, Elements 1-3
‘ [' S "ésihr ] e8] T eser _J ‘

R B oo T B S———— i [ S ————— U i

Stage 1, Vessel 2B, Elements 4-6

I T BT S

Stage 1, Vessel 2A, Elements 1-3

’ | s “Haa;; T [- 63516 I:- 815 ‘

D S S A - - T i T LTI

Stage 1, Vessel 1B, Elements 4-6

| 6w ] 63494 Sl e |

Stage1 Vessel 1 A Elements I-3
R Bl T e wsis |

Note: Facing east from back of skid.




APPENDIX F

Desal-3LP Element Test Data



Desal-3LP Element Test Data

Eiapsad - - T Conductivitlhas - cec-anmvssy  samcanan Proasurs  -s.sss0s saesaaemeaaes PH -------en eiaaaes Temparaturg - ----.- Turbidity
Tima Feed Rejact Parmaale Faad brtersiage Reject Parmeats Faad interatage Raject Raw Fead RO Feed Rejuct Raw Fesd RO Feed Ambismt Filter Effl.

Dale Time {hours} {Lmin) {LImin) Limin) {uSlem) [uSiem) {uSicm) {uSicm) {kPa) {kPa) {kPa) (dag C) (g C} {deg C} {ntu)

Q72294 10 15 27 230 57 170 1604 259 5480 296 1495 1322 1127 - 73 - 261 63 248 0023
07122194 15158 a7 213 57 17.0 1802 2000 5430 292 1471 1298 1101 . 78 . %2 66 273 0024
ot 1351 61 234 57 170 1603 2995 5600 03 1402 123 1039 . 74 . 270 27 M1 0027
orr2ame 1635 a9 232 57 17e 1618 3020 5550 337 1315 146 9% . 74 - 289 296 01 0024
o254 1115 129 233 57 169 1599 2400 5550 299 1316 1144 944 . 14 - 276 82 s 0036
072594 1130 151 232 58 173 1610 2988 5660 M5 1310 1135 934 . T2 - 281 289 P 0081
6712534 1500 168 212 57 170 1606 2978 5680 385 1276 1104 908 . 75 . 286 295 umt 0056
07/25/04 16 30 82 228 57 170 1615 2937 5680 376 1244 1075 833 . 75 . 291 303 370 0356
07/28/94 1400 234 225 57 189 1817 3000 5630 378 1248 1080 287 . T4 . 206 296 357 a0
07126194 1500 144 29 57 171 1648 3020 5740 405 1234 1056 ar2 . 72 . 291 302 382 ams
07126/94 16 00 254 229 57 17.1 1821 X 5760 98 1231 1049 870 - 12 . 234 1048 377 0.039
or1avied 145 M6 28 57 7 1854 3050 5550 354 1224 1054 857 - 72 . 292 s %9 0.048
07/27194 515 55 228 57 170 1657 3090 5700 0t 1218 1050 858 - 73 . 205 33 35 0067
0727184 16 45 BE 28 57 169 1658 2100 5570 358 1218 1049 858 . 73 . 238 304 319 0089
arrzaiee 1320 4.7 228 57 174 1669 2130 5750 atg 1218 1049 859 . 73 . 235 EhT) ars 0.049
01728/84 U a8 228 57 170 1670 3110 5810 arg 120 1033 841 . 74 . 298 309 e 0046
aTr2ae4 16 00 492 230 57 170 1877 3130 5740 420 1201 1032 840 . 74 . w3 M2 372 0.040
o204 1200 55.8 227 57 1o 1706 210 5960 38 1208 126 929 . 15 . 273 784 e 0023
0712994 1335 57.3 230 57 1.1 1708 2190 5910 389 1270 1097 900 . 74 . 217 229 356 0047
07129194 1441 56.4 27 s6 s7a 1712 2200 5910 187 1250 1979 Bas . 74 . 261 294 344 0051
oa/at/nd 110 67.7 27 57 g 1700 3190 5900 362 1303 1128 928 . 74 . %9 273 275 0.055
DB/ 1430 o PER 57 171 1748 300 5920 400 1276 1100 904 . 73 . 277 286 3.1 0051
OB/ 194 1520 79 219 57 170 177 3190 5990 409 1256 1084 as? . 73 . 279 200 %7 0.053
08/02/34 1330 795 224 5.7 17.0 1711 3210 5910 4112 1260 L] 294 . 75 . 2748 287 324 ooar
R4 14 58 802 30 57 170 1715 3200 6000 424 1244 1059 872 - 73 . 284 264 361 .08
08/02/94 15 48 LR 230 5.7 170 1719 200 5870 431 1224 1060 883 - 14 . 29.7 29.7 ®B5 0.038
08/02194 16 48 826 28 57 1740 7 210 5780 45 1226 1055 860 - 14 . 300 o %3 0.038
DI04 12 50 298 29 57 170 1683 170 5680 403 1259 1087 831 - 15 R 277 2868 449 0.041
ORD3/94 15 00 917 224 57 171 1887 170 5300 419 1237 1064 870 - 74 . 282 294 ara 0040
0B/0¥94 1550 9286 210 57 17.4 1889 2150 5830 a6 1230 1058 Ba3 . 74 . 284 276 s 0039
0B/04/94 155 1014 226 P o 1698 3200 5930 389 200 117 922 . 76 . 22 217 3 0043
0RI04/94 310 1027 28 57 7o 1698 3200 6030 418 1257 1086 a4 - 74 . 275 285 362 0.042
0Q/04/94 1450 104 2 20 57 17.0 1697 3170 s810 428 1235 1064 865 . 74 . 28.0 291 380 0.03%
080404 16 00 105.4 20 57 10 1701 70 5890 428 1230 1059 862 . 74 - 283 296 83 0038
08/05/04 1425 1132 28 57 170 1699 3180 5640 435 1200 1029 835 . 7.7 . 290 303 420 0.036
omo5/94 1500 1128 224 57 haips 711 3180 5540 446 119 1026 830 . 78 ) 292 305 425 0837
08/05/84 16 30 1152 232 g 7o 1720 3190 5840 452 1183 1012 820 . 7.5 . 207 31 4212 0037
0808/94 1o 1210 29 57 170 1701 2190 5850 43.0 1190 1047 19 - 73 . 200 30 156 009
08/08/84 1530 1295 29 57 17.0 1700 3180 5830 439 172 1002 808 - 73 . 02 312 a2 0.089
o/on/g4 1630 1305 29 57 17 1703 2200 5810 452 1169 288 799 . 74 . 05 35 6 0.090
0a/09/54 1130 1381 228 - 57 17.0 1702 3210 5930 448 1204 1033 845 . 73 . 205 301 06 0.065
08/09/84 1409 1408 228 57 170 1702 3200 5880 474 1o 1000 805 . 73 . 02 33 34 9080
080994 16.33 142.1 224 57 171 1708 3230 5870 45 1161 290 798 . 75 . 38 o 355 0.057
08/10/94 1530 1811 229 57 169 1712 3180 5520 48 1162 o2 795 - 75 . 04 at? 8.2 oore
08/10/94 16 44 1624 223 57 1ra 1747 3210 5840 73 1148 978 784 . 75 . 31 321 are 0.098
06411194 151 in.2 21 57 170 1712 2607 5820 a8t 1100 913 740 . 73 . 322 334 39.7 0058
08/11194 15.47 17217 238 57 171 1721 3224 5790 aa 1904 9% 2 . 73 . 322 3.4 398 0.069
08/12/94 18.25 1895 229 57 17.0 1695 210 5610 a4 181 1008 812 . 72 . 312 ns 297 0043
08/ 5154 1500 0.4 29 57 1740 1726 g 6040 459 1147 975 782 - 72 . a2 20 236 0.048
08/15/04 16.3¢ 2023 229 57 171 1730 az80 5000 ara 1147 or4 780 - 73 . 315 321 26 0.051
08 16594 1430 ne7 1o 50 17 1859 3240 6160 Py 136 975 808 . 13 . w6 s 358 0035
OB 1894 1500 2131 222 5.0 171 1665 3240 a1 46.8 1132 973 805 - 73 - e 34 351 0.059
08/16/94 17:00 214.0 223 50 17 1670 3260 8150 452 1132 972 804 . 7.3 . 359 302 334 006t
08/17/84 1410 245 228 57 170 1686 3210 5730 464 19 1020 827 . 73 . 298 301 353 0028
08/17/94 15:40 2258 239 57 174 1656 3190 5810 473 1187 mz2 813 . 73 . 00 oa 118 0045
08r17/04 18:50 2271 no 57 17.0 1685 3200 5870 478 176 1003 508 - 73 - 02 310 314 0.053
Oanars4 1408 2429 na 57 170 1633 3120 5430 ro 1200 1023 814 . 73 - 204 301 350 0.041
Oa/18/54 14:50 2416 12 57 170 1687 150 5460 s 1213 1032 824 . 73 . 296 e 323 0054
0a/18/4 16 00 204.7 225 57 170 1692 3190 5596 "6 1184 1040 Biz . 73 . 289 07 34.0 0.062
o894 130 2545 224 57 170 1626 3090 5660 85 123t 1055 85 . 73 . 206 299 209 0038
08/19/94 1250 2559 23 57 171 1621 3080 5300 08 1208 1032 B35 . 73 . 289 3 31 0041
08/19r94 .49 2514 27 57 170 1630 3060 5090 431 1178 1007 14 . 7.3 . 29.4 353 353 0039
08/19/54 15.50 2589 228 57 176 1633 3080 5350 s 171 997 804 - 73 . 27 358 358 0030
08/22/54 1450 2797 no 57 17.0 1626 2050 5440 355 1294 1113 59 . 73 . 269 27 e 0122
082234 a0 2604 228 57 16.9 1628 3080 5320 75 1280 104 8BS . 73 . 271 278 324 0.100
OR/264 1521 B8 225 57 170 1524 2888 5340 37 1268 1093 880 . 73 . 26.0 270 354 0.044
oBI23/94 1620 2029 ig: 58 17.0 1527 2898 5360 3.3 1283 1088 8ai - 73 . 263 24 352 0.047
g ne g P 56 170 1531 2013 5300 30 1258 1082 Bat . 73 - %5 275 M4 0041

57 17.0 1625 3060 5580 e 1245 1068 866 - 73 . 29 280 388 0036



0B/24/94
0BI24AI94
0B/25r94
08/25/94
DB/IZoa4
0B T94
0ar29gd
08130194

DB/ 1S4
0B/ 1184
OB/IT/G4
001134
D9/01/94
QU029

0912194
O 14194
O 14i94
0914494
014194
D 15/94
05115094
09716/94
09 16/94
02 1/94
DSH21/94
0912394
092384
0r26/94

08727134
10354

100G
100
10/04/54
10/04/94

1010094
10/10/94
1o11/94
1041 1194
12094
12794
10/14/94
10/14/94
10714194
10/17/94
10417194
10/18/94
10/18/84
10/19:94
10/19/94
10415794
10/21/94
W21/94
1021794
10724194
12594

Tirew

15 54
16 55
74549
1538
16 52
1356
1534
500
16 00
14 00
{Ea ]
16 00
t5 00
15 41
454
1536
1600
14 35
1500
155
1034
14 54
1455
1516
1551
1709
04 02
1
1429
15 57
¥527
6 01
1512
15 51
12 47
1421
t4 49
15 55
t528
15 50
15 52
10 43
14 0G
1500
1600
14 32
1558
1508
1500
1545
1520
16 00
1500
1537
14
15 40
16 01
1512
15 40
1519
1541
1507
1553
1615
1406
14 54
1556
600
1353

Elapsad
Time
{hours)

304 8
w57
3230
3232
3240
MI6
353
3520
3530
355 4
356 9
3713
so
I 6
Mza
384 5
a8
405 6
406 1
4089
4151
4187
4175
4279
4285
440 5
4520
454 5
4371
4586
4637
4643
47152
4759
488 3
4899
500 8
5019
5102
5107
5239
5M 3
3376
5186
5396
46 6
547 7
548 2
5998
590 6
601 4
6020
6132
6138
6367
6373
6377
490
549 4
860 6
660 9
6726
873 4
8737
a7 4
688 2
689 2
5958
7073

Foud
{itmin}

27
230
231
221
234
229
2
23 4
2219
224
230
228
231
217
232
229
25
230
232
239
2313
230
228
228
29
230
23q
226
229
224
224
220
21
224
227
229
2a
229
232
230
227
27
229
27
229
29
229
25
232
231
229
729
3o
232
210
230
230
n2e
229
29
210
230
228
231
232
230
Fa R
226
228

Flowrates
Rajact
{Umin}

&7
57
517
57
51
57
§7
§17
57

Desal-3LP Element Test Data - Continued

Parmeate
{Umin]

1740
174
174
170
170
170
1658
7o
169
170
170
170
1740
17t
17 1
174
170
170
170
172
7a
174
740
170
170
170
1740
170
174a
179
170
17a
170
171
7o
17.9
17a
171
170
170
170
7o
170
170
170
7o
17.0
170
17.0
17.0
17.0
170
7.0
17.0
70
7.0
tre
17.Q
i7ao
170
i7a
17.0
170
7o
171
170
170
170
7o

Fasd
(uSlamy}

1627
1835
1608
1808
1606
1597
1600
1565
1964
1557
1558
1557
1597
1597
1601
1602
1601
1647
1651
1654
1628
1616
1628
1640
1642

1603
1597
1800
1608
1596
1590
1570
1571
1585
1584
1571
1576
1587
1586
1604
1589
1586
1589
1592
1573
1571
1570
1526
1535
1511
1915
1514
1515
1452
1452
1452
1456
145%
1458
1461
1458
1458
1460
1442
1444
1445
1442
1448

- - Conductivities «..-.-
Inmterstags Rejsct
{uSicm} {uSicm)
3050 5660
3080 5510
2698 5100
3000 5300
kb 5370
040 5350
3020 5450
2302 5200
2966 5390
972 5260
2967 5460
2960 5360
3020 5500
3020 5610
030 5590
00 5620
3039 5530
It 5730
320 ST
3120 5180
2920 5600
040 5480
IO S290
090 56520
3090 5550
ore 5580
3070 5250
3050 5550
3040 5720
3030 5500
2978 5500
2906 5540
2995 5510
2963 5440
3010 5390
3000 5540
3000 $400
3010 5330
3030 5450
3030 54890
3040 5600
3080 5630
w70 5580
3070 5600
3ot 5600
3030 5640
3030 5710
3030 5670
28488 5280
2916 5340
2888 4760
2904 5490
2012 5370
2920 5430
6 5170
2815 5280
2820 5230
2800 5520
2808 5230
2805 5130
2018 3370
2803 5300
2m7 5350
2817 4900
27q7 5340
2793 5300
2809 5370
2793 5370
2022 5130

Parmuate
(uéem)

395
W5
345
W7
3z
40
421
22
354
¥
372
Ir2
353
358
W8
354
373
408
408
424
407
398
425
418
414
7
39
321

355
I5e
i
w?
o
EL Y
Ex- 1
o I}
40 4
s
39
Mo
a5
378

kb
A
304
308
292
34
328
azg
34
5.4
26
e
kra]

ana
215
280
200
296
27
34
8
22
M40
204

Feud
{kPa)

1237
1237
1214
1213
1210
1155
133
1292
1261
1300
1279
1280
1283
1294
1297
1281
1275
1241
1230
1231
1287
1235
1225
1213
121
1384
1544
1443
1377
1360
1320
1320
1266
1272
1301
1261
126t
1259
138
121
1264
1373
1346
1345
1340
1556
1542
1533
1434
1401
1394
1387
1393
1%
1446
1436
1429
1657
1656
1606
1604
1541
1541
1538
1508
4835
1472
1535
1545

Pressurs
intaratage
{kPaj

1062
1060
1037
1034
1032

a82

963
1104
1043
1124
1400
1100
1117
1114
17
Hy
1099
1063
1055
1052
1114
1058
1049
1038
1038
1200
1323
123t
1196
1179
1140
1140
1090
1094
124
1083
1082
1079
1142
1128
1084
1183
1160
1159
1154
1362
1351
1343
1239
1209
1202
1195
1199
1196
1244
1235
1237
1450
1448
1400
1397
1337
1338
1334
1300
1283
1267
1330
1338

851

826
a4
423
788
769
485
are
922
895

912
1
912
899
897
852
#52
853
903
58
a47
ax?
815
9893
1108
1022
887
974
o
94
291
291
915
a1

ar7
929
924

972
952
952
47
1141
1135
1129
015

984

983
1025
1020
1022
1224
1221
1976
1173
1118
117
1113
108G
1065
1050
1141
118

pH

Raw Feed RO Fead

1
1
77
Iy
77
77
17
78
78

78
78
78

78
78
18
78
78
ao
aa
ao
77
77

12
13
72
73
1a
Ta
T
74
73
72
73
73
73
74
T4
74
75
1.5
14
T4
73
T3
73
72
74
72
]
73
T2
72
13
73
73
4
73
T2
73
74
T4
74
72
14
73
73
7a
73
7.2
732
7.2
72
72
1z
72
72
1.4
73
12
73
13
1z
12
73
72
12
T
T2
T2
T2
73

Rajuct

72
72
73
72
7.2

72
712
71
74
13
|
T2
72
12
12
72
T2
T2
72
T2
n
72
74

Raw Feed
(deg C}

272
215
289
289
289
239
6
261
268
257
261
282
255
257
259
261
261
274
276
279
269
216
27 4
276
217
242
214
221
232
2348
245
247
244
252
254
%0
264
k]
253
254
263
247
251
252
253
205
206
2086
225
25
229
232
232
234
223
225
26
158
170
17
17a
19q
191
193
200
203
w7
89
180

Temparsture
RO Feed
ideg C)

282
88a
299
301
M1
306
314
273
wy
262
W9
270
261
26 &
266
269
269
285
87
288
A2
28 4
282
286
2808
241
242
226
238
246
252
254
267
26 4
260
269
211
27 4
260
26 1
270
45
251
252
253
204
204
205
231
28
234
237
237
239
223
225
225
172
173
182
103
195
1986
197
204
209
N2
193
194

Ambhent
(deg C)

4
it
.7
B2
e
354
154
M3
334
260
321

23
M9
e
3t
a7z
19
370
72
a2
279
5
73
e
3ve
256
156
252
N3
22
46
M7
58
7
Mo
330
ze
e
L
s
My
168
212
2017
na
162
163
165
E20:]
Ma
293
202
281
277
208
2204
198
235
236
254
251
258
259
260
261
270
271
167
230

Turbidity
Fliter EM,
(ntu)

0028
0030
0075
0 061
9 058
0058
0.043
0025
0022
020
0g1a
1019
0022
a025
0022
027
0026
0055
0060
0081
a 051
0041
0024
0021
o p27?
0081
ooz
0032
0036
oon
0024
0022
aoz22
4020
103z
o030
0029
aq28
0 048
0 046
0038
0035
1.032
0028
Doz
0 084
0050
0049
0.075
0090
0153
0116
0058
0.056
Q081
0.055
0056
0.054
Q051
0044
Q043
0042
004t
0041
0030
0430
04030
0130
oor?



Desal-3LP Element Test Data - Continued

........ Pressure  «.-:-c-- B R . B cavraas Temperalure ------- Turbidity

Elapsad - ----eee FIOWTralaE < ---rcnns  memmcesoesn Conductivitias
Time Feed Rajuct Permeats Fead interstage Reject Permaata Foed Interstage Rejact Raw Feed RO Fead Asjact Raw Fead RO Fesd Ambiemt  Fitter EM.

Date Time thoura} (Umin) {LAmin) Umin) {uSfcm) {uSem) (uB/em) (uSdem) (hPa) (kPa) {kPa) (deg C) (deg C) {deg C) {mtu)

10:2594 1500 OB 4 28 57 170 1448 2812 5370 301 1534 1329 110 78 73 73 193 196 n7 0069
VO/25604 16 10 7096 228 57 171 1450 2823 5370 07 1532 1326 1109 78 72 73 196 199 230 0067
10425094 1651 a2 229 57 170 1450 28 5430 308 1525 19 1100 78 72 72 198 200 224 0064
10/26/04 1554 7195 239 67 170 1444 2824 5350 302 1451 1249 1038 i 12 12 208 212 %1 0068
10126/94 t8 23 7200 231 57 170 1444 2822 5240 3o 1450 1248 1030 78 12 72 210 2113 276 0 066
10127194 1542 73149 227 57 170 1442 2786 5060 MS 1406 1206 993 rh 73 72 215 222 280 0056
H2He4 16 41 728 229 57 170 1450 2802 5210 356 1404 1203 991 18 12 T 218 225 295 0055
V028094 1500 7431 221 57 17.0 1442 2791 4990 337 1395 1195 082 T8 72 7a 221 226 282 0065
"0/28/94 1545 744 1 27e 57 17.0 1447 2797 4750 M8 1403 1198 980 7 72 72 2213 228 280 0063
10/31194 1523 7555 229 57 170 1434 275% 5170 31 1544 1338 17 T 71 70 185 191 257 0064
10734794 15.51 756 0 28 57 170 1437 2765 4710 312 1530 1325 1106 17 72 70 187 193 49 0061
ARTIT:Y) 16 04 766 5 229 57 17.0 w30 27 4870 303 1509 1305 1089 74 L] 72 193 198 257 0.055
10194 1627 768 9 228 §7 17.0 1431 2117 5210 W8 1516 1310 1093 78 72 72 194 198 254 0056
10M94 1508 7780 226 57 17.0 1432 2807 5180 27.3 1704 1493 1268 19 13 71 164 162 123 G 044
11/03/94 16 09 790 227 57 70 1433 2808 5140 272 1706 1496 1272 79 73 71 15 4 16.1 124 0041
1104194 1549 7897 228 57 7o 1407 2744 5010 251 1743 1530 1303 78 12 70 154 155 159 0.057
1407194 153 802.0 228 57 7.0 1402 2729 5110 288 1795 1581 1353 78 71 68 138 140 16.7 0038
11107194 16 28 502 4 221 5.7 17.0 1418 2773 5210 8.0 1808 1593 13684 7.8 7.1 68 140 1440 145 0036
11/09/94 14 04 0134 217 57 170 1398 2725 5070 205 1724 1511 1284 1% 7.2 69 145 150 204 0.030
1 10294 1448 a4 229 51 170 1407 2744 5100 292 722 1509 1283 re 74 68 "7 151 203 0030
1 14094 1550 8152 227 5.7 17.0 1417 2755 5180 281 1722 1507 1284 19 71 68 149 151 193 0030
11714194 1507 8290 231 57 1740 1421 2748 5200 275 1717 1502 1272 8.1 LX:] 67 152 153 192 0.125
11/14i04 1603 8299 227 5.7 169 1415 2737 5180 288 1700 1487 1258 8.1 7.0 656 156 156 168 008z
11745004 14 52 8% 8 227 57 17.0 139) 2697 5000 49 1900 1882 1448 L] 72 65 ns 22 19.3 0.053
11795194 16 00 B38.0 228 57 16.9 1409 2r 5130 247 1903 1885 1443 7.4 74 [-¥:] 1149 122 178 0054
U154 1634 8385 227 57 16.9 1406 2720 5160 245 1901 1885 1453 78 T4 X 121 121 154 0056
1116/04 429 848 7 2. 57 17.0 1412 2747 5250 232 1920 1703 1473 78 7.2 70 118 121 14.0 0.051
11716194 14 56 Bag 1 226 57 170 1410 2740 8316 218 1813 1695 1463 78 4 79 149 124 14.2 0453
11716/94 1558 850 1 224 57 170 1410 2754 5220 245 1930 1714 1482 18 73 70 120 12t 132 0053
1172434 1527 a72.7 228 57 17.0 1441 2250 4370 177 1981 1759 1526 7.8 72 7o 10.5 09 178 0.056
11724534 602 e7312 227 57 170 1142 2259 4380 190 1991 1770 1535 78 71 59 106 09 162 0054
113404 1454 B84.0 226 57 17.0 1130 2288 4630 137 1780 1564 1336 7.9 713 T3 142 142 189 0063
11122494 15 38 884 8 227 57 170 137 2249 4370 173 1739 1525 1300 7.9 74 77 V7 148 87 0.067
11122094 1537 885 7 27 57 170 1140 2283 4370 87 1729 1516 1293 19 73 70 15.0 150 161 0067
11724/54 1512 B9E 0 224 5.7 170 1122 2214 4300 201 1723 1511 1264 7.4 12 To 146 150 210 0079
f2r2as4 1551 89% 7 228 57 71 1130 2226 4310 218 1726 1512 1284 b | 73 89 148 50 192 0078
11720094 1542 908 1 225 57 1740 1106 2172 a1t 8.5 1997 1778 1545 79 72 7.0 103 107 159 o 159
112084 16 06 908 5 225 57 1790 1108 2185 4290 17.0 1994 1780 1547 7.8 7.2 7.0 10.4 107 15.9 0.158
112094 15:55 9202 228 57 171t 11048 21648 4190 189 1883 1664 1430 74 71 6.7 113 1% 181 0129
11/20/34 18 12 9205 228 57 17.0 1114 2193 4160 192 1884 1669 1438 79 73 6.8 1.4 19 173 0128
11/30/94 14568 8320 28 57 170 1128 2234 4240 274 1401 1198 950 7.8 74 [X] 213 215 224 0.200
1173004 15 55 9330 231 57 170 1125 2218 4090 10 1338 1187 a73 79 7.0 59 215 216 214 0194
12001784 1547 9412 228 57 199 122 2478 3700 214 1554 1346 121 79 72 749 176 178 206 0174
12401784 16 23 9418 229 57 170 1128 2248 4170 242 1560 1351 1125 79 71 5.8 176 177 10.0 0472
12005/94 15.46 9532 20 57 11e 1139 2268 4230 15.9 1632 1422 1195 8o 1.2 7.2 16.5 16.3 155 0248
1240584 1615 9537 228 57 17.0 1148 2301 4370 18.1 1511 1403 179 B0 71 71 167 165 "7 0252
12/06/34 1454 965.2 230 57 170 1152 2302 4200 19.4 1689 1478 125% 7.7 71 74 147 147 149 0169
12/07/84 1333 9741 229 57 17.0 1118 2216 4260 234 1593 185 1141 79 7.1 7a 17.3 17 1 t45 0210
12007104 1506 8750 230 57 17.0 §120 224 4130 228 1576 1366 1142 7.9 73 re 172 17.1 160 0.500
12407194 16 t1 978.0 229 57 t7.0 1122 Freid 4170 45 1569 1360 1a? 19 7.0 70 1.4 17.2 5 -
V2/0B/94 1535 9829 235 57 17.0 1161 2209 4250 238 1648 1438 1212 14 74 88 159 15.6 142 0500
V208484 16.28 983.3 231 57 17.0 1158 2281 4310 241 1665 1453 t226 T8 71 1] 16.0 15.5 118 04948
12012494 16 05 0927 2s 57 17.0 1152 2247 4300 2o 1841 1626 1390 By 18 6.8 21 121 141 0.495
H2/14/04 1401 9956 226 57 170 1140 2241 4310 197 19812 1597 1386 8.2 74 7.2 129 128 135 -
1201414 1458 996 8 249 57 17.0 1143 2096 3660 8.4 1803 1587 1354 8.2 74 7.1 133 132 14.5 -
12014484 1529 290.1 2249 57 170 1148 2261 4210 F1l 1780 1565 1336 . ¥] 71 70 128 136 122 ¢ 10§

1219/84 1553 1004.6 2t 57 174 179 205 4230 3z.4 131 104 12 7.9 69 6.9 229 230 12.5 0276



APPENDIX G

Analytical Data for the Desal-3LP Element Testing



CATIONS
Calcium
Magnesium
Sodium
Potassium
Aluminum
Banum
Sirontium
ron
Manganese
Phoesphorus {lotal)
Boron
Copper
Selenium
Mercury

ANIONS
Biearbonate
Carbonate
Chiorde
Sulfate
Flouride
Nitrate
Narie

Ammonium
Inarganic: N {tolat}

Silica (total}
Silica {dissolved)

Total Organic Carbon
Heterotrophic Plate Count

Alkalinity
Hardness

Specific Conductance
Tolal Dissolved Solids
Tola! Qissolved Sokds

pH
Tuwbidity

Calions
Asions
Ralio Calions Anions

Ca
Mg
Na
K
Al
da
Sr
Fe
Mn
o]
B
Cu
Se

Hy

HCO3J
Cco3
&
S04

F
NO3
NO2

NH4+
N

5102

TOC
HPC

as CaCO3
as CaC(Q3

Reparted
Reported
Summation

mg/L
mgt,
mgfL
mg/L
mofl
mgfl,
mgfl

mgfL
mgft

mg/L
mg/L

mgfL
cfutmL

mg/L
mofL

HSfem
mgiL
mg/L

nlu

megil
meq/L

Analytical Data for the Desal-3LP Element

RO Foed
95
210

<01
<0.1

o
0.1%
015

10

24
24

<1.0
>5700

:1]
309

1430
940
990

a3
14

15.79
15.46
1.02

5-Hour Data

7122194
interstage  Permeate
180 <1
3z <1
395 4
13 <1
<01 <0.1
0.2 <01
11 <01
<0.02 <0.02
0.03 <0.0t
08 <0.05
16 1)
186 ]
<3 <3
500 5
560 2
09 <01
26 <01
<0.1 <01
0.3 <01
06 00
45 <1
38 <q
17 <10
3o 76
153 a
609 <3
2900 33
1900 15
1882 21
7.7 64
{1 01
ag 20 0.34
2890 0.33
1.04 103

29

>5700

23
1300

5600
3770
3742

78
0.5

62.84
58.07
1.08

<30

2380

83
279

1490
990
978

a2
6.8

15.30
1508
1.0%

523-Hour Data

9/27194
Interstage Permeaate
168 <1
kL) <1
J60 &
14 <1
<01 <0 1
<0.t <01
11 <01
0.02 <0.02
0.03 <0.01
Q.55 <0.05
t.6 07
23 38
28 <05
<02 <Q.2
159 6
<3 <3
500 7
540 <1
0.8 <0t
kR <0.1
<0.1 <01
LR ] <0.1
0% <0.1
5 <1
32 <1
13 <10
1468 197
130 5
564 <3
3000 40
1760 30
1789 24
a0 6.8
0.3 0.2
27 8% 046
28.05 020
099 1.54

Testing

70
70

23
2452

260
1030

4600
3780
36516

79
0.2

55.87
56 51
099

18
18

<1.0

2380

90
194

1100
720
774

82
30

163
11.84
0.98

996-Hour Data

12/19/94
Interstage  Penmeats
107 <t
21 <3
juish 2
12 <1
<01 <0.1
<0,1 <Q.1
09 <0.1
<0.02 <002
0.0 <0.01
Q4 <005
17 06
1.0 <(.4
31 <04
<0.2 <(.2
171 3
<3 <3
3130 3
450 06
0.6 <0t
58 o7
<0.1 <0.1
<0t <0.1
34 <1
33 <1
1.3 <1.0
208 14
14Q <3
358 <3
1880 18
1330 15
141Q 10
748 8.5
Q.15 Q1
2120 025
2161 016

098 181

296

<3
580
770

L]
<01

65
56

741

243
662

4100
2270
2470

8.0
a1

38.00
753
101






APPENDIX H

Proposed Saline Marsh Monitoring Program






STUDY

Proposed
Saline Marsh Monitoring Program

(July 5, 1994)

l. Bi oproductivity: Sustaining Habitat Wth A Reverse
osnosi s Rej ect Stream
NBS' bot ani st will noni t or pl ant gromth quarterly
District personnel wii monitor plant growth weekly in both

the control and experimental saline narshes. Witten
observations are to placed in both an Cbservation Bound
Not ebook and (bservation Form Copies of the Observation
Forms are to be submtted nonthly to the Wtland's Project

Manager . If possible, the different species plant growth
are to be neasured weekly. Cbservation from plant growh by
species wll be ranked as follows:

Plant Health Rating Scale

from USBR
0= No effect
1, 2, 3 = Leaf injury, epinasty, elongation
abnormalities, di scol orati on, and/ or

chl orosis, mnor to noderate

4, 5, 6 = Severe synptons of conditions 1, 2, 3 and
Possibility of some upper stem injury

7 = Severe 1, 2, 3 synptoms plus 50 percent (%)
stem injury

8 = Severe 1, 2, 3 synptons plus rhizome and stem
injury; stem wusually 75 percent (% dead

9 = Upper leaves and stem dead except for renain-
ing 4 to 5 cm above soil; strong possibility
of severe rhizome danage

10 = Plant dead

Al so, weekly Polarold photographic records wll be taken at
eight (8) locations, and the photographs are permanently
placed in a Photo-Logbook. In Figure 1, letters mark the
phot ographic locations. On the photographs wll be witten
the date and photographic |ocation. In addition, nont hl y
photographs on slide film will be taken at the sane eight
(8) locations as nentioned previously. Si gni ficant changes

in plant health will also be photographed on slide film



Annual ly, benthic invertebrates are to be collected, counted
and identified, by USBR District personnel and/or outside
benthic invertebrate specialist (if funds are available).

In both the control and experinental saline nmarshes, ten

(10) random subsanplings will be collected into a large flat
pan to form a conposite sanple. The random subsanplings will
use either a core sanpler or Petersen grab sanpler. From

the conposite Sanple, grids are placed and all benthic
organisms within a grid are remved for counting and
identification. This is done either by sifting through the
sediments or utilizing a series of seives. Qids wll be
randomy selected until at Ieast one hundred (100) organisns
have been obtained from the composite sanple. The benthic
organisns are to be preserved in formalin, Lugol's solution
or some Other preservation nmedia for later identification.
These organisnms are to be classified by famly and/or genus.
A diversity index will be used to quantify the biological
information in both the control and experinental saline

mar shes.

WIldlife and other general observations, such as weather,
are to be witten daily in the oObservation Bound Not ebook
and summarized weekly on the Cbservation Form  Again, the
Wetland's Project Manager will receive nonthly copies of the
Observation FoOr ns.

Il. General Rater Qality And Accumulation Of MToxics In
Saline Marshes Sustained Wth A Reverse Gsnosis
Rej ect Stream

Sem -annual ly, water quality parameters wll be measured by
anal yzing five (5)grabsanples in the Saline Marshes. The
five (5) sanple locations are shown in figure 1, location
#1, 4, 5 & 8 and the reject stream. Paraneters to be
measured will include:

CGeneral Mnerals -~ Anmonium (NH,;, Amonia-N (NH -N,
calcium (Ca) , Magnesium (M), Potassium (X), Sodium
(Na), Bicarbonate (HCQ ), Carbonate (CQ ), Hydroxide
(oH), Chloride (O), Fluoride (F), Ntrate (NO),
Nitrate-N (NO-N, Sulfate (SO ), Hardness (Hard), Total
Di ssolved Solids ¢Tps), Conductivity (EC), Boron (B)
and pH

M scel | aneous - ortho-Phosphate (o-PQO ), Total
Phosphate-P (Total PO -P), Suspended Solids (TSS), %
Sodium and Sodium Adsorption Ratio (SAR

IJ



Metals ~ Auminum (A), Antinony (Sb), Arsenic (As),
Barium (Ba), Beryllium (Be), Cadmum (Cd), Total
Ghromum (Total @), (Cobalt (Co), Copper (cu), Ilron
(Fe), Lead (Pb), Manganese (M), Mrcury (HJ), N ckel
(Niy, Selenium (Se), Silver (Ag), Thallium (T1), Znc

(zn), and Boron (B)

[f funding is available, Mrcury (Hy), Selenium (Se), Copper
(cuy and Boron (B) wll be nonitored nore frequently
(preferably, nonthly) at the five (5) sanpling sites

menti oned above.

Conductivity (ECQ and Tenperature (and TDS by estination)
are to be nonitored weekly at nine (9) sanpling sites,
locations #1 thru 8 in Fgure 1 and the Reverse snosis
(RQ) reject line.

Monthly, Total Dissolved Solids (TDS @ 180°C} is to be
monitored at nine (9) sanpling sites , locations #1 thru 8
in Figure 1 and the Reverse Gsnosis fR.0.) reject |ine.

Annual |y, conposite soil sanples of the inlet and outlet of
the Control and Experinental Saline Marshes (location %1, 4,
5, & 8 of Figure 1) are to be analyzed for netals (see above
STUDY Il  Paragraph 1 "Metals"). A each sanple location, a
mnimum of three (3) soil grab sanples, O3 inches in depth
using a core sanpler or a Petersen grab sanpler, are to be
taken across the wdth of the mnarsh. These sanples are then
composited, in a large glass beaker, as one sanple for each
site. In addition to the “Metals” analyses, the follow ng
constituents wll Dbe tested for the soil sanples.

Particle-size analysis (PSA), pH, Conductivity (EC),
Sodium Adsorption Ratio (SAR), Cation Exchange Capacity
(cec), and Qganic Matter Content

Annually, the primary species of plants (stens, tubers and
leaves) are to be collected, marked and analyzed by an
outside contract laboratory for toxic accunulation,
specifically Mtals (see above STWY Il Paragraph 1
"Metals"). A mnimum of two (2) grans (dry weight) of

plants are needed for analysis, however, five (5 grams (dry
weight) wll be optinal. Estinmated wet weight needed will

be approximately one hundred (100) grans.

Annual ly, the benthic invertebrates in the saline narshes
are to be collected randonmy (see above STUDY | Paragraph 3)
and sent to an outside contract laboratory for analysis of
Metal accunulation (see above STWDY |l Paragraph 1

"Metals") . In addition to the collection of the benthic
organisms, rinsing and purging are required for sanple

)



preservation. Again, a mninum of two (2) grams (dry

weight) of benthic invertebrates are needed for analysis,
however, five (5) grans (dry weight) wll be optinal.
Estimated wet weight needed wll be approxinately one
hundred (100) grans. Ohce this is collected, the live
benthic organisns are rinsed wth filtered anbient water and
held in a beaker wth the filtered anbient water for four
(4)to six (6) hours. This time period allows for ingested
materials to be purged from the benthic organisns. After
the purging period, the anbient water is drained. Again, a
final rinse is done with filtered anbient water and drained.

Flows will be nonitored daily for the control and
experimental saline marshes. Flow data wll be recorded in
the (bservation Bound Notebook, and weekly sumarized on the
Cbservation Form  Mnthly, the Wtland's Project Manager
will receive copies of the Cbservation Forns.

II11. controlling WIdlife Ue of FEvaporation Ponds.

(bservations are to be made daily of wldlife use in the
marshes or evaporation cellss and recorded in the

Observation Bound Notebook. Weekly, the daily observations
are to be summarized on the Cbservation Form Also, a
detailed weekly observation shall include signs of wldlife
use such as tracks and droppings and be witten down in both
the (Cobservation Bound Notebook and (bservation Form  Again,

the Wtland's Project Manager wll receive nonthly copies of
the (Cbservation Forms.  Photographic records are to be kept
of any significant findings, and the photographs wll then
be kept in the Photo-Logbook. Oh the photographs, the date,
time and description of the photographs wll be witten
down.

IV. ~The Presence O Toxics In Evaporation Pond
Concentrate.

Sem -annually, the water in the evaporation cells is to be

sanpled for netals (see above STWY |l Paragraph 1

"Metals") . A grab sanple shall be taken at location | and
[l in Figure 1.

In addition, weather characteristics such as rainfall and

evaporation (from the evaporation pan) are to be observed
daily and witten down in the (bservation Bound Notebook.
Weekly, the weather characteristics are to be summrized in
the (bservation Form and nonthly, copies sent to the

wet | ands Project Mnager.



Proposed
Saine Marsh Monitoring Program

Summary

Dai ly

1. Wldlife and other observations such as weather, flow data,
and pan evaporation rate are to be observed and witten in the
Observation Bound Notebook.

Weekl y
1. Wlidlife and other observations such as daily flow data,
weat her, pan evaporation rate, are to summarized on the

Observation Form

2. Photographic records are to be taken of the Saline Marshes
from eight (8) locations (see figure 1, A thru H, and the
photographs are to be permanently placed in a photo-Iogbook.

3. Detailed wildife wuse observations of the Saline Mrshes and
Evaporation Ponds and are to be witten in the (bservation Bound
Not ebook and Chservation Form

4, EC and Tenperature (and TDS by summation) are to be
monitored at locations #1 thru 8 in Figure 1 and at the R.O.
Reject |ine.

Mont hly
L. Copies of the Cbservation Forns are to be submtted to

Wetl and's Project Manager.

2. TDS @ 180°C are to be nonitored at location #1 thru 8 in
Figure 1 and at the RQ Reject line.

3. Slide photographes are to be taken of the Saline Marshes
from eight (8 location (see figure 1, A thru H, and the slides
are to be stored in the photo-Iogbook.

4, Five (5) grab sanples (see Figure #1, 4, 5 & 8 and reject
stream) wll be nonitored for Selenium (Se), Mrcury (Hy),
copper (Qu) and Boron (B) -- optional.

Quarterly. _ _ _

1. NBS + botanist wll nonitor plant growh. Dates: unknown

Semi-Annually
1. Five (5) grab sanples (water) from the Saline Mrshes (see

Figure 1, $1, 4, 5 & 8 and reject stream for sanple locations) wll
be sanpled for General Mnerals, Metals and other constituents.




Dates: June 30th and January 30th

2. Tw (2) grab sanples (water) from the Evaporation Ponds (see
Figure 1, | & Il for sanple locations) are to be sanpled and
analyzed for Metals. Dates: June 30th and January 30th

Annual |y .
1. From ten (10) random subsanples collected to form a conposite

sampl e, benthic invertebrates are to be collected and split. One
hundred (100) random specimens are to be preserved in preservation

media and identified -- optional. For the other split,
approximately one hundred (100) granms (wet weight) of specinens
will be sent to an outside laboratory for Mtals analyses. Dat es:
June 30th

2. Four (4) conposited sedinent sanple are to be anal yzed for
Metals (see figure 1, #1, 4, 5 & a for sanmple location. 1In

addition to Metals analyses, Particle-Size Analysis (PSA), pH,
Conductivity (EC), Sodium Adsorption Ratio (SAR), Cation Exchange
capacity (CEC and QOganic Matter Content wll be analyzed. Dates:

June 30th

3. A mnimum of tw (2) grans (dry weight) for each plant species
are to be collected and sent to an outside |laboratory for Metals

anal yses. Dates: June 30th

Notes

1. If sanples are to be held overnight, sanples are to be
preserved according to either the contract | aboratory's
preservation procedure or 18th Edition of Standard Methods.

2. Dates are approximate days to sanple.

JWYORDPROCWPRES DEVILEMSALINE2



APPENDIX |

Pictorial lllustration of the Vegetation Establishment in the Saline Vegetated Wetlands
through the Study Period

The following series of pictures show an abridged progression of the plant
growth and establishment from May 1993 through August 1995.
Photographs were taken by Ms. Stella Denison, EMWD biologist, and
Ms. Joanna Crombie, EMWD Water Quality Specialist.



North Wetland - May 25, 1993

One month &fter planting. Four <dinity
tolerant species were planted in horizonta
bands across the cell repeated three times
to expose the plants to different pogtions
dong the <dinity gradient.

North Wetland . May 25, 1993
Same as above. Picture taken from west
end.

South Wetland - May 25, 1993

One month after planting. Four <dinity

tolerant species were planted in horizonta
bands across the cell repesated three times
to expose the plants to different pogtions
dong the <dinity gradient.

South Wetland - May 25, 1993
Same as above. Picture taken from east

ﬁﬂf‘!




North Wetland August 5, 1993

Fourteen weeks after planting, akdi bulrush
(Bolboshoenus robustus) had spread to every
avalable area except the bands planted with
creeping spikerush (Eleocharis palustris). Spike-
rush is vigble in the lower left corner of photo.

South Wetland August 5, 1993

Fourteen weeks after planting, akali bulrush
(Bolboshoenus robustus) had spread to every
avalable area except the bands planted with
creeping spikerush (Eleocharis palustris).
Spikerush is the band in the center of the photo

North Wetland - August 5, 1993
Same as above. Picture taken from west end.
Only dkdi bulrush is vigble

South” vyouauu’ August 5, 1993

Same as above. Picture taken of west end.
Spikerush is vishble in band dong left Sde
of photo.




North Wetland - October 4, 1993 South Wetland - October 4, 1993

Ove five months after planting, older akdi Ove five months after planting, older dkdi
bulrush is browning due to cooler temperatures.  bulrush and spiketush are browning due to cooler
temperatures and sdine conditions.

North Wetland - October 4, 1993 South Wetland - October 4, 1993
Same as above, Picture taken from west Same as above.. Picture taken of east
end. Cattal (Typha spp.) recruits are end. Spiketush is visble in Ieft fore-
visble in the left background. ground, cattails are visble in left back-

ground, and younger, greener akdi bulrush
is vidble in left middlie-ground.




North Wetland January 10, 1994 South Wetland January 10, 1994

Eight months after planting, the mgority Eight months after planting, the mgority

of vegetation has senesced due to the colder of vegetation has senesced due to the colder

temperatures. Picture taken from east end. temperatures. Picture taken of east end,
looking south.

North Wetland - January 10, 1994 South Wetland ~ January 10, 1994
Same as above. Picture taken from west Same as above. Picture iaken of east

end. end, looking north.



Narth Watland - Mav 27 1904

Thirteen months after planting, the vegetation
Is lush and green after the soring rans. More
cetall plants are visble on right sde A

band of lush spikerush is visble on the léft.

Sonth Wetland - Mav 27. 1994 _
Thirteen months after planting, the vegetation

is lush and green dfter the spring rains and no
regject brine flow since February 9, 1994

North Wetland - May 27, 1994

Same as above. Picture taken from east
end. Lush spikerush vishble in foreground,
catal visble on the right, and akali
bulrush in background.

South Wetland - May 27, 1994

Same as above. Picture taken from east
end, looking west. Cattail visble on
left dde. Lush adkai bulrush dominates
rest of wetland.




North Wetland - August 26, 1994 ~ South Wetland - August 26, 1994

Sxteen months after planting, cattail continues ~ Sixteen months after planting, and five weeks
to soread. Alkdi bulrush is gill dominant, of recaving rgect brine flow, the older dkdli
while a smdl spikerush gand is visble in the bulrush plants are browning due to the higher
left foreground. water sdinities.

North Wetland - August 26, 1994% South Wetland - August 26, 1994.

Same as above. Picture taken from east Same as above. Picture taken from east
end., Lush cattall and akai bulrush end, looking west. Lush catall visble on
are visble in the foreground. left dde. Older dkdi bulrush is

browning.




North Wetland - January 13, 1995 | South Wetland - January 13, 1995

Twenty and one hdf months after planting, Twenty and one hadf months after planting, and

the vegetation has mostly senesced due to amog dx months of recaving rgect brine flow,

the colder temperatures. the vegetation has senesced due to the colder
temperatures.

North Wetland January 13, 1995 South Wetland - January 13, 1995
Same as above. Picture taken from east Same as above. Picture taken from east
end. end, looking west




North Wetland - May 26, 1995
Twenty-five months after planting, the
vegetation was lush and green after the sring
rans and wam temperatures. Although the
three main plant species were Hill present,
catails were becoming the dominant Species.

South Wetland - May 26, 1995
Twenty-five months after planting, and nine
months of recelving rgect brine flow, the
akai bulrush and cettall came back at
dendties Smilar to the previous year. In
contragt to the previous year, the plants were
browner probably due to the higher water
dinities.

North Wetland - May 26, 1995
Same as above. Picture taken from east

end. Catal was becoming the dominant
species. A few hardstem bulrush recruits
are vidble in the left foreground.

South Wetland « May 26, 1995

Same as above. Picture taken from esst
end. looking west. More catail are visible.
Vegetation was browning due to water sdinities.



North Wetland - August 28, 1995 South Wetland - August 28, 1995

Twenty-eight months after planting, cattail Twenty-eight months after planting, twelve
became the dominant species in the cell. months of recalving rgect brine flow, and
High eveporation and low water flow Stressed high evaporation rates caused browning of the
vegetation in the wetland. vegetation.

North Wetland - August 28, 1995 South Wetland - August 28, 1995
Same as above. Picture taken from east Same as above. Picture taken from east

end. end, looking west.




APPENDIX J

Electrical Conductivity (EC) and Total Dissolved Solids (TDS)
Readings in the North and South Vegetated Wetlands



Electrical CGonductivity (EC) and Total Dissclved Solids (TDS) Readings In the North and South Vegetated Wetlands$

---------------- deassscensnnnns MORWCHl-ere--c-censcnscnncnnmnanaeea eesacaamennssssnsnsnnccacenens SoUthCell-v--cncerimmcniiaia i
Statlon § Station & Statlon 7 Statlon 8 Station 1 Statlon 2 Station 3 Station 4

Dats EC 108 _EC 108 EC IDS _EC_ s AYGEC EC DS _EC 108 EC. s _EC_ DS AVGEC
071382 8380 4134 8880 4342 8580 4277 8550 4258 a543 8520 4238 7220 4603 T30 4785 TAZ0 482 T2
07/14/83 8470 4208 8710 4382 8570 42714 8830 4505 8870 4820 4433 8810 4427 7380 4784 7510 4882 7125
072182 6250 4083 8550 4258 7140 4841 7840 4966 6895 7200 4880 7220 4893 8080 5252 8330 5415 7708
07w 2120 1378 2190 1424 3530 2295 4400 2819 3083 3220 2003 2780 1807 2290 1554 as50 2308 2085
07120193 5200 3380 5400 3315 5200 3380 5310 452 5203 5510 3582 5470 3550 8520 4238 85680 4264 8015
08/02/93 5400 510 5840 2684 5520 3588 5350 3478 5478 6600 4290 6450 4192 8510 4232 8440 4188 8500
08/04/92 5280 3432 5480 568 3830 3860 5490 as5e9 5473 80870 4466 6730 4315 T040 4578 7210 4687 6963
08/09/93 63680 4450 7000 4550 7220 4803 7320 4758 7100 7580 4027 8840 5748 8630 5610 8460 al4 8828
08/12/91 8270 4078 8710 5662 TO70 4508 7880 5122 7483 7500 4875 7280 4719 2090 5004 8050 5883 8225
08/18/93 4880 3158 4870 3166 4790 2114 4710 3082 4808 68040 3820 a18a 4017 8220 4042 8250 4083 8173
08/0103 5570 3921 7420 4823 7000 5194 8890 4479 agas 7680 4992 T840 4966 9990 6494 10021 8514 8533
01116/94 3500 2215 3800 2470 ag50 2588 4250 218 3975 5200 3380 6250 4083 8500 4225 8500 4225 €113
0172194 4050 2633 4190 2724 4380 2834 4500 2925 4275 5800 arr 6400 4180 4700 4355 8850 4453 6438
012674 5400 3510 5500 3575 5700 aras 5500 3575 5525
0272494 1400 2918 1350 874 1300 845 1350 a7a 1350 890 : ]
03/03/04 1550 1008 1600 1040 1850 1073 1706 1105 1325
0QW11/94 1650 1073 1850 1202 1800 1170 1950 1268 1813
03/18/04 2300 1405 2400 1560 2400 1560 2400 1560 23715
03/28/94 1450 043 1800 170 1700 1105 1750 1138 1875
04704194 1800 1235 2200 1430 2100 1385 2300 1495 2125
O4/19/94 a50 818 1800 1170 2500 1825 2400 1560 1913
Q427104 550 ase 1050 832 2100 1385 2800 1860 1575
05/08/94 1550 1008 J200 2080 2900 1865 2900 1885 2638
05/13/94 1800 1040 2100 1385 2800 1690 2500 1825 2200
05/20/94 800 585 1050 683 1850 1203 1650 1073 1383
06/03/94 800 520 1450 843 2700 1755 2900 1685 1083
06A10/94 1100 715 1500 975 2800 1885 2000 1300 1875
08/17/04 1800 1170 2000 4300 2200 1430 2200 1430 2050
08/24/54 1850 1203 2000 1300 2400 1580 2400 1580 2183
QTRO194 1700 11058 2100 1365 2500 1825 2800 1820 2215
07/08/04 950 618 1150 748 1400 910 1200 780 1175
oTH5e4 1850 1288 2200 1430 2300 1405 2600 1600 2283
08/18/94 450 283 850 553 1950 1268 - 2000 1300 1313
08/22/94 550 358 1250 812 1850 1203 1900 1235 1388
08/30/04 asc 228 450 423 1450 943 1450 043 875
09/08/94 850 423 1000 650 1450 243 1250 a1 1088 4500 2025 ae00 4290 aroo 4355 8800 4420 a150
00/13/04 400 280 85a 553 1250 213 1200 780 925 B500 4225 6200 4030 8500 4225 6400 4160 8400
09/20/94 400 260 800 585 1100 s 1450 043 963 5400 as10 8000 900 5500 3575 5800 3840 5825
Q972704 550 358 1100 75 1400 910 1350 87a 1100 6100 3945 6300 4085 6800 4420 8700 4355 8475
10/04/94 500 325 1200 780 1250 a13 1400 910 1088 8200 4030 8500 4225 8400 4160 8800 4420 68475
1011/94 450 293 1000 a50 1100 Ti5 1250 a1a 950 8300 4085 8400 4180 66800 4290 6600 4485 8550
10/18/84 800 390 1100 715 1200 780 1200 780 1025 8000 3900 8200 4030 8700 4355 8700 4355 8400
1101./94 350 228 450 291 T00 455 750 488 543 4900 2185 4900 20 4900 3185 5300 345 4075
11/08/04 1200 780 850 552 950 [31:] 1000 650 1000 4000 2600 4900 3185 5000 3250 5000 3250 4725
111584 500 225 350 228 450 203 450 203 438 3500 2275 3700 2405 3800 2470 3900 2535 728
11/22/04 BOO 520 700 455 apo 520 B0 585 B30 3600 2M0Q 3800 2470 3900 2535 3700 2405 arso
11/20/94 200 585 700 455 800 520 800 520 BOO 3500 2275 3700 2405 3800 2470 3800 2470 3700
12/00/04 fo0a 650 800 520 a0t 585 800 585 900 3600 2340 3800 2470 3700 2405 3900 2535 ars0
12113/04 950 618 as0 553 1000 650 1000 650 950
12/20/94 800 520 a50 553 1000 850 1600 as0 813
12127194 1000 650 1000 850 200 585 975 834 068
010305 450 203 450 293 450 293 400 280 438
011095 800 80 700 455 700 455 650 423 863
011785 700 455 750 488 750 438 750 488 733
01/24/95 700 455 BOO 520 850 553 800 520 788
020395 815 530 871 831 B45 614 888 577 905
02/10/85 269 175 523 340 833 541 558 383 548
0211785 M 207 sar 348 540 It 540 as1 484 1117
02/24/95 a5 42 300 254 700 481 748 480 478 3150 2048 3830 2400 2320 1508 2400 1580 2025

Note: Shaded numbers indicate periods when tha RO system was not operating, and therefore reject flow was unavailable.



Electrical Conductivity (EC) and Total Dissolved Solids (TDS) Readings in the North and South Vegetated Wetlands -Continued

------------------------------- NorthCell - v cvrccmeine e iiiaanans B L - 1. 11 1 X | R L R P PR
Station & Statlon § Statlon 7 Station 8 Station 4 Station 2 Statlon 3 Station 4
Dats _EC 105 EC_ 108 EC IDS EC. DS AVG EC EC_ DS _EC IDS EC 108 EC 1ns AVG EC
0M0BAS 157 102 253 1684 427 278 235 218 203 1707 1110 2990 1044 1780 1164 1860 1207 217
032495 135 88 221 144 as54 230 1} 259 bigd 2870 1738 3410 2297 3020 1883 a8
033175 150 68 531 344 540 355 488 317 420 760 3 AR 7751
4/14/95 84 55 120 78 410 287 475 309 272 2 386 548
060995 88 57 207 187 408 285 041 812 431
DB/16/95 92 [ 4] 575 374 458 299 1112 723 559
08/30/85 83 54 252 164 267 174 922 588 s
oTnTAas 151 99 1030 870 295
08/04/95 280 1689 510 332 490 319 720 488 495 7850 4873 8590 5584 8870 8288 9300 8045 8803
0anoms 240 156 420 273 570 kKra| 1020 843 582 8320 5408 9500 a175 10050 8533 9190 5074 9245
081185 az7 213 393 255 3 242 550 58 411 9680 azg2 12840 8218 12120 7878 12080 7852 11830
08/22/95 75 49 540 355 498 az2 298 194 354 12010 7807 12770 8301 11870 7584 126810 8107 12285
09/29/95 130 85 419 272 690 449 1337 889 844 8010 5207 10780 007 11380 397 11410 T41T 10385
10/06/95 142 92 704 458 565 380 1730 1125 790 M0 5928 9790 6364 10440 a7o6 2070 193 8080
Average for the Study From 01/18/94 11419 From 7113183 48238
Avarage for August 1994 through August 1985 T15.2 47348

Average for August 1894 through October 1995 699.4 52928



APPENDIX K

Average Evaporation Pan and Precipitation Data Over Time Intervals
Between Listed Dates



Average Evaporation and Precipitation Data over Time Intervals Between Listed Dates

Pan Leve! Water added Average Evap. Pan Leval Water added Avarage Evap.
Date Time Reading 10 level Differsnce over Interval Ralnfall ' Date Time Reading to leval Difference over interval Ralnfall
052192 09:00 1.604 | 00/17/83 11:00 2.622 0.774 0.194
05/24/93 09:00 1.058 4,134 0.548 0.182 i 08/20/93 08:00 1.958 0.664 0.221
05/29/93 09:00 2877 1.454 0.291 | 08/21/83 1H:.00 1.604 0.264 0.264
06/02/03 00:00 1.640 1.028 0.257 ! onr2/a7 10:00 1,529 0173 01472
06/04/93 09:00 1.038 4.048 0813 0.307 ] 09/24/93 10:00 1.068 4.422 0.452 06.227
08/07/83 00:00 4.290 1.248 0.415 1.480 | 09/28/93 10:00 2.888 1473 0.358
a8/0823 09:00 4,007 9103 5.101 ] 1013 10:00 1048 4 ARA 1043 03431
06/09/92 09:00 3.882 0.215 0.215 | 10/068/03 10:00 2284 1.582 0.318
0811/83 09:00 3.008 0,878 0438 t 10/07/93 10:00 1924 4431 0.380 0.380
06/14/33 05:00 1.880 1.028 0,342 t 10/11/03 10:00 3,866 0.585 0.541
06/15/03 11:00 1.520 0.480 0,480 t 10/15/93 10:00 3.265 0.801 0.150
08/18/93 11:00 1.148 3870 0.374 0.374 | 10/19/83 10:00 3073 0.192 0.048
08/17/83 11:00 351 0.437 0437 | 10/22/93 10:00 2.485 4191 0.838 0.279 0.250
oar21/93 09:00 2.000 1.533 0.383 1 10/26/93 16:00 a2 0.060 0.240
06/22/99 083:00 1.623 0a1r 0.377 1 10/20/93 10:00 2.180 4.540 1.784 0.504 0.740
DA/24/03 09:00 0.970 3533 0.653 0.327 1 11/0293 10:00 3.803 0.847 0.212
068/25/03 11,00 a2 0.255 0,255 | 110582 10:00 2.708 4,587 1125 0.375 0.140
08/28/03 09:00 2.026 1.252 0417 { 111292 08:00 3810 0.777 0.111
068/29/93 11:00 1.572 0454 0.454 { 111501 11:00 3.657 0.153 0.051
08130/93 10.00 1.124 0.443 0.448 i 11/19/93 1300 3174 0.483 0121
070283 09:00 0.475 4878 0.849 0,325 ! 11/29/93 08:00 2.0 1.158 0.118
07/08/93 11:00 2.786 1.802 0473 i 113003 09:00 1918 0.008 0.098
0710793 09:00 2.448 0338 0,338 | 1200293 15:00 1.740 0.178 0.088
0720093 09:00 1.883 4.521 0,785 0.383 1 12/00/93 10:00 1.641 0,089 0.098
07/12/93 09:00 3.408 1.113 0 ! 120773 10:00 4073 4577 0078 0.020 2,510
07/13/83 08:00 2.048 0,382 0.362 1 12/10/83 15:00 3775 0802 0287
0711403 08:00 2.762 0.284 0.284 1 12/12/93 08:00 39013 0062 0.021 0.200
07/15/03 10:00 2.434 0.328 0328 1 12/17/93 10:00 3.822 0.001 0.023
07/168/3 09:00 2.069 4.788 0,366 0.308 1 12120/83 10:00 3.713 0.109 0,038
071982 09:00 3873 1.113 6.7 | 12/23/93 14:00 3.439 0.274 0.091
072093 05:00 3,345 0.328 0.328 | 12/27/83 14:00 2,869 0.570 0.143
07423/ 09:00 2,504 2.751 0.250 | 12/28/83 12:00 2774 0.005 0.095
077279 14,00 1.351 1.243 0,311 1 1229/03 13:00 2637 0.437 0.137
07/29/3 17:00 0.735 3.410 0818 0.308 1 01/03/04 10:00 2078 0.581 0.112
0730/03 09:30 330 4,581 0.078 0078 1 01/07/04 10:00 1.480 0816 0.154
08/02/93 09:20 3.346 1.216 0.405 1 01110/84 13:00 1.160 3.800 0.300 0.100
08/03/93 09:30 3.015 0.331 0,331 i 01711/04 10:00 3170 0.120 0.120
08/04/03 09:30 2848 0397 0,387 1 01204 11:00 3,806 0.184 0.164
0870593 09:30 2218 0.402 0.402 | 0113/04 11:00 3404 0,142 0,142
08/06/93 09:30 1.8 4.502 0.382 0.382 b 01714/04 11:00 3.396 0.008 0.008
08/09/63 09:30 3.301 121 0.410 f 011784 09:00 2078 0420 0.140
08/10/83 09:30 3.032 0.320 0.329 i 01720104 11:00 2492 0.484 0.161
0813792 09:30 1,941 4873 1.091 0.364 ) a1/25/m84 1100 2.608 0,084 0017 0.200
08r16/83 09:30 as23 1.050 0.350 I 01726194 11:00 2.569 0.039 0.039
08/17/93 00:30 3.514 0.308 0.308 1 01/26/94 11:00 2,782 0.007 0.003 0.200
08/18/93 09:30 3.178 0.338 0.330 1 02/04/04 09:00 3.074 0,038 0,005
08/19/93 11:00 2.801 0.a77 04377 1 02/08/94 09:00 4.302 0,082 0.021
08120103 13:30 2578 4522 0.223 0.223 I : o B R ; : 0 B
08r23/83 08:.00 3310 1.212 0.404 I
08/24/93 07:00 2,837 0373 0.372 !
08127793 11:00 1.822 3.808 1145 0.372 I
06/30/93 08:00 2857 0.949 0318 1
08/31/93 09:00 2515 0,342 0.342 1
08/01/93 69:00 2,240 0275 0.275 |
09/02/93 09:00 1.037 0.303 0.303 1
08/03/93 09:00 1518 4521 0.419 0.418 |
08/07/93 0900 2,308 1.915 0.479 l
00/09/93 ©9:00 1.855 0.75% 0,378 i
09/10/83 02:00 1.512 4.558 0.343 0,343 |
09713/93 09:00 3396 1.160 0.387 i

Note: Shaded numbers indicate pariods when the RO system was not operating, and therefore reject flow was unavallable.



Average Evaporation and Preclpltation Data over TIme Intervals Between Listed Dates = Continued

Pan Level Water added Average Evap. Pan Leval Water added Average Evap,
Date Jime  Reading to level Difference  overinterval  Rainfall | Date Time  Reading to level Differonce  overinterval  Rainfall
3.18 | 00127104 1.185 4183 0.183 0.183
| 00/28/04 3.800 0.283 0.283
| 09/30/04 3.220: 0.680 0.340
i 11004 2.688% 0.531 0177
1 10/04/04 2,517 0.172 0.172
| 10054 2088 a0 003t 0200
| 10110704 1.704 0.962 0.196
; 10011/84 1474 0.230 0.230
I 10442094 1,242 0,232 0.232
f 1011304 1.009 4508 0.233 0.233
f 10H4/94 4235 0.273 0.273
1 1017/04 3.904 0.331 0110
1 10/18/94 3.700 0.204 0.204
1 10119/94 3.402 0.208 0.208
1 10/21/94 2,157 0335 0.188
1 10/25/04 2.505 0.852 0.163
1 10726094 2385 0.120 0.120
1 1027194 2.253 0.132 0.132
1 10/28/94 2.089 0.164 0.164
: . I [ 10/21/94 1.721 0.368 0.123
CT128/04 14:00 2,002 1.342 0.447 1 11/01/94 1.581 0.160 0.160
O7/27/84  THis datais for the purpose of simulating actual 1.243 0.1 I 11/03/94 1.698 0.163 0.082 0.300
O1/28/4  conditions since the data for this period Is lost. 0.618 0.308 1 11704/94 1,570 0.128 0128
0112004 0.078 0.078 1 11/07/94 1.257 0313 0104
08/02/04 1.215 0.405 I 11/08/94 1.190 0.087 0.087
08/03/54 0231 0.331 I 1710/94 0,088 0.202 0.101
08/04/04 0.307 0.397 I 11714194 1.081 0.407 a.102 0,500
D8/05/04 0.402 0.402 I 111504 0.972 32 0.108 0.108
08/08/04 0.382 0.382 1 11718/84 3578 0.248 0.248 0.050
08/00/04 1.231 0,410 1 11717134 3.585 0.000 0.000 0.019
08/10/54 0.320 0,329 I 11718/04 2,352 0.203 0293 0.050
0811794 1.001 0.364 I 11721734 2.141 0.211 0.070
08/12/64 1.050 0,350 | 11722194 3,040 0.101 0101
08/15/94 0309 0.309 1 11723/54 2914 0.126 0.126
08/16/94 0.338 0.238 | 11/28/94 2822 0.592 0,118 0.300
Can7/ee 077 0377 I 11/29/94 2.502 0.120 0120
0a/18/04 0.223 0.223 I 11/30/04 2.493 0.009 0.009
C8/19/94 1.212 0.404 I 12/01/94 2214 0.219 0.219
0012294 0.373 0373 I 12/05/94 1,060 0314 0079
08/23/04 1,115 0372 I 12/06/04 1.922 0.028 0.038
08/24/04 0.949 0.318 I 12007/94 1.857 0.065 0.065
08/25/04 0.242 0.342 I 12/08/94 1,873 0184 0,184
08/26/04 0.275 0.275 1 12/13/94 1.498 0377 0.075 0.200
08/20/94 0.203 0.303 I 12/14/94 1.351 0.145 0.145
09/30/54 3.161 0303 0.303 I 12010/04 0.943 0.408 0082
08/31/04 2833 0.328 0328 I 12/20/94 0.750 4,450 0,163 0.193
09/01/94 2 540 0.283 0.293 | 1221/94 4388 0.100 2.100
09102764 2234 0.306 0.306 I 12/22/04 4.274 0.184 0.164 0,050
0RI06/04 0.750 4,855 1.484 0371 ! 200
09/07/54 4.263 0.392 0302 I 500
03/09/94 3454 0.809 0.405 ! 00
00/12/54 2.426 1.028 0.343 | 000
09/13/94 2181 0.285 0.265 !
09H14/54 1850 0.211 0211 !
09/15/94 1.689 0.261 0.261 |
00/16/54 1.200 4.260 0.399 0.309 ]
Q972004 2.9800 1,300 0.325 |
%2104 2,681 0,200 0.209 |
00122154 2,400 0.281 0.281 ]
09/26/54 1.368 1.032 0.258 ]




Average Evaporation and Preclpltation Data over Time Intervals Between Listed Dates = Continued

Panlevel  Water added Average Evap. Pan Level Water added Avorage Evap,
Date Time Reading 10 laye! Rifference  over interval Rainfall
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[ 08128195 1.032 4178 0.386 0.386
| 06129105 3611 0.564 0,564
1 08/30/05 3.200 0.411 0.411
1 07/05/95 1.285 1935 0.3a7
0316/95 4.2685 0.059 0.058 { 07/06/95 6.610 0.855 0.855
0¥17/95 4,120 0.145 0.145 [ 07/97/95 0.001 4,659 0.800 0.609
03/20/95 2822 0.208 0.099 1 07105 3212 1.447 0.482
0X21/95 a8 0.041 0.041 [ 07111/85 2.813 0.399 0399
0¥/22/85 4139 0.042 0.042 0400 | 0712195 2.450 0.323 0323
032395 4.714 0575 0,575 1 07113485 1.808 0.592 0.592
PY27/05 4,378 0.338 0.084 [ 0714/85 143 0.467 0487

T : R WL L ¥ 028 1 071795 0.500 1,131 0.377 0.200

[ 07H18/85 0.010 0.480 0,490
( 07H19/85 -0.500 4,668 0.510 0510
i OF20M5 4079 0.587 0.587
1 07/21/95 3607 0.382 0.382
1 07124185 ‘ 2.188 1511 0.504
I { Q7125095 1.431 0.755 0.755
04711195 112 0.203 0.203 1 07/26/85 1.454 0.023 0,023
0411295 2858 0.258 0.256 ( 07127785 1014 4.654 0.443 0.443
C4/13/05 2570 0.286 0.206 [ 07/28/85 4.086 0.568 0.568
04/14195 2204 0.288 0.286 [ 07131195 2.583 1.502 0.501
04120095 3840 0.000 0.000 1558 | 08/02/95 1.800 0.774 0.307
04r21/05 aorn 0.770 0.770 1 0B/D3/D5 1.367 0.442 D.442
04/24r95 2241 0.820 0.270 1 08/04/95 0.026 1341 1.341
04125195 1870 021 0.271 1 08/08/05 £0.750 4.351 0.778 0.194
04/26/95 1724 0.238 0,230 1 0810005 3.805 0.458 0.458
04/27/95 1.300 0344 0344 I 0815/5 3253 0.642 0.107
05/01/95 0,750 0.840 0.160 | 08/16/95 0.025 3613 2628 2,620
05/02/95 0.550 3552 0.200 0.200 1 0a/17m5 3.256 0.327 0.327
05/03/05 3834 0.218 0218 1 08/21/05 1.884 1.402 0.351
05/05/95 3104 0.440 0.220 ] 08/22/95 1.526 0.358 0.358
05/08/95 3.130 0.264 0,088 0200 | 08/24/95 0.500 4.470 1.020 0.513
05/08/95 ‘ 3.020 0.110 0.110 1 08/25/95 4182 0.288 0.288
05711785 2,557 0.463 0.23t { 08/28/95 3.008 1.144 0.381
05/15/95 2104 0.853 0.183 0200 | 0813195 1.647 1.191 0.307
051995 1415 0,880 0.172 | 09/01%5 1.454 0.392 0283
w2295 0.500 1,784 0915 0.305 1 09/05/95 0.000 4030 1.454 0.264
05/26r05 ass 0.271 0.088 i 09/06/05 a.763 0.276 0.278
05/30/05 2328 1.187 0.207 1 09/07/05 3.329 0.434 0.434
— 053185 1975 3:238 O35t 8351 | 00/08/95 2921 0.408 0.408
e —————————— 97— — a4 peam._ 1| 09/11/95 1.888 1,035 0.5




Average Evaporation and Precipitation Data over Time Intervals Between Listed Dates « Continued

Panilevel  Water added Averags Evap.
Date Time Reading to levet Riffersnce  over interval Rainfali
09/12/05 1415 4038 0.4 0.471
09/1V95 2,787 0.281 0.2a1
09114795 3.302 0.455 0.455
09/15/95 2.844 0.458 0458
09/18/95 1.928 0.008 0.302
09/16/95 1.588 0.350 0.350
09120005 1,282 0.305 0.305
D9/21)95 1.092 4.052 0.194 o101
00/25195 2.807 1.445 0.361
08/27/95 2,038 0.569 0.285
00/28/95 1.775 0.263 0.263
06/20/95 1.628 0.147 0.147
10/02/95 0.002 4.554 1.628 0.542
10/03/95 4009 0.455 0455
10/04/95 3815 0.484 0.484
10/05/95 3301 0314 0314

10/06/95 2,977 0,324 0.324
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