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| ntroduction

An increasing number of brackish water RO (Rev&smosis) and NF (Nanofiltration) systems
are being designed and operated on high salinggidish feed water sources which can range from
2,000 to 12,000 mg/I TDS (Total Dissolved Solidegreased feed TDS can dramatically impact the
design of the RO/NF in terms of hydraulic desiged pressure requirements and in permeate quality.
Issues discussed include hybrid RO/NF membranermsydesigns for improved hydraulic flux design,
the use of ERDs (energy recovery devices), anthtpact of higher salinities on the rejection ofgon
Systems with improved hydraulic flux designs catuee the rate of fouling and cleaning, be more
energy efficient, and improve permeate quality.t&ys with either feed-side or interstage energy
recovery devices can be more energy efficient eipayback time period has to be reviewed. A
discussion will be presented that the industryr@svidely addressed and that is the observation of
increased system salt passage with increased f28dand increased concentrate TDS at higher
recoveries. The industry historically calculatell passage based on temperature, membrane type,
membrane age, and the composition of ionic speécitee feed water. Improved calculations for salt
passage address the three theoretical mechanissat passage which are convection, diffusion and
charge repulsion. In particular, the combined ¢ffet feed ionic strength and membrane surfacegehar
play an important role in the rate of salt pass#igs.important that the RO system design progatcti
programs account for the high TDS effect on membsait rejection. Two new case studies with high
feed TDS feeds are presented which reviews howdesiign correlates with actual operations. The 1
case study is the 16-mgd 75% recovery North Miaeadh Norwood Oeffler water treatment plant
which includes a 6-mgd hybrid RO system whose ferdce is the 2900 mg/| Floridan Aquifer. TH8 2
case study is El Paso Water Utilities, the worldigest inland desalination plant, has a ratedtplan
output at 27.5-mgd with a 15-mgd 81% recovery R&em whose feed source is the 2000 ppm mg/I
Hueco Bolson Aquifer.

Design Considerations for High TDS Brackish Feed Waters

For purposes of this paper, high TDS brackish featérs have been identified to have feed TDS
up to 12,000 ppm and can be treated by brackisbrnié and RO membranes with feed pressures up to
450 to 600 psi (31 to 41.4 bar). As feed TDS insesaover 12,000 ppm TDS, then higher pressure
seawater RO membranes rated up to 1000 to12069$b 82.7 bar) tend to be used to accommodate
the higher feed pressures associated with oversgpthie higher osmotic pressures that are generated.

The basic steps and design parameters to addrdssigning an RO/NF are:
» Define the target permeate quality. This is impatria membrane selection.



» Define the quantity of feed water to be processgueoneate produced as this dictates the size
of the system.

» Define the per cent recovery of feed water as patey@s these impacts permeate quality,
system hydraulics, concentrate TDS and osmoticspres

* Define the feed water source quality for determgmnetreatment requirements and in selecting
a suitable flux design that mitigates potentiallifoy

» Define the feed water specific ions for determinasgnotic pressure requirements and in
determining specific ion rejections.

» Define the temperature range as the warmest temoperia the worst case permeate salt passage
and the coldest temperature is the highest fee¢pgressure requirement.

» Define the age of the system to project normal nramd degradation due to usage and cleaning,
predict the rate of fouling using a fouling factorannual % flux decline factor, and predict the
annual % salt passage increase factor.

» Define the operating cost of energy and the pay-biate period to determine if the capital cost
of an energy recovery device can be recovered.

The focus of this paper is to address the effebigif TDS feed waters in computer design projestion
and how this correlates to actual field operations.

Hybrid RO/NF Systems

High TDS feed water systems lend themselves t@deg with hybrid RO systems, primarily
due to the hydraulic flux imbalance created byl#inge osmotic pressure differential from the feed e
to the concentrate end. A hybrid RO/NF system swhich uses a different set of RO/NF membranes
from one stage to another stage or can use adtitfeet of membrane types within a stage itselblera
1 reflects the design opportunities available ®dhsign engineer with the final membrane selection
based upon the permeate quality required, the epfeed pressure and energy requirement, and
whether an interstage energy recovery device osteopump is desired.

For comparison purposes, the feed TDS is 4,000 gparecovery is held the same so that the
concentrate TDS is basically the same at 20,000 pp®, and the average of the feed and concentrate
TDS is 12,000 ppm. The osmotic pressure of the iedé psi and 210 psi when you get to the
concentrate, all of which has to be overcome byaftydied feed pump pressure before any water can be
produced by the membranes. This wide differentiadamotic pressures of 164 psi makes it a challenge
to create a design with good hydraulic flow anc thalances between stages. The design used ath8-in
diameter 400 sqg.ft. elements in a two-stage 2x1aritdy with 3 pressure vessels and 7 elements per
pressure vessel.

The flux for the system was 15 gfd and the fluxtfer £' stage was 17.5 gfd and 10 gfd for the
2" stage. Balancing the flux between stages hasdvengages of spreading the rate of foulant
deposition over the greatest membrane area afgbitraproves the final system permeate quality when
the flux is increased in the later stages. To namnthe flux balance between stages, the design was
operated with a®istage permeate throttling to generate sufficienieate back-pressure as required to
balance the flows. A typical rule of thumb for sdite flux balance between stages is not to excéed a
to 1 ratio. Another operating parameter used talbdish flux balancing between stages is the desite



to exceed a minimum lead element flux rate basetth@mouling potential of the anticipated feed wate
source and this can be found in the membrane metouéast RO/NF design guidelines.

The design engineer can mechanically balance tixed|by throttling the®istage permeate and
as rule of thumb this is suitable up to 30 psi p=ate back-pressure, after which serious considerafi
operating cost savings can be realized by investamital costs into an interstage ERD (energy recov
device) or pump & motor booster pump. It is impatttnat if ' stage permeate throttling is used, that
the design does not allow the complete closuréeffi stage permeate flow as this can result in
irreversible membrane damage. The ERD typically brackish water system is a turbine-based ERD
which boosts the™ stage feed pressure (or last stage dependingrobemof stages in the design) by
recovering the energy from the high pressure fitede concentrate flow stream. Utilization of alDER
is typically based on a suitable return of capitaestment and is not readily retrofitted oncedfistem
is installed as it requires capital cost, re-pigngh pressure pipe, and down-sizing the RO feedpto
reduce feed pressure and improve pump efficienbg.use of an interstage booster pump would be
used in the event that the ERD cannot producecserfiti boost pressure to create a desired finaéstag
flux. There are design engineers who believe iaf@hg the stages with equal fluxes for the beréfit
reducing the rate of fouling to a minimum.

It is noted that selecting the optimal membranes@hfor high feed TDS systems has a large
number of parameters and design guidelines to addiéere are design engineers who prefer to use
only one type of membrane in their design for psgsoof the operational flexibility of being able to
move elements from one position to another in igld fn the event of severe fouling situationsar t
minimize the spare element inventory required oam # review of Table 1 highlights the advantages
and disadvantages of membrane selection.

The 1st design of Table 1 uses a conventional desity all the same type of membrane and no
ERD. In this case, it is a brackish LP-RO (low gree reverse osmosis) which uses a low pressure
membrane with high rejection and is rated at 9q@ @ 99.6% NaCl rejection when tested at the
factory under STC (standard test conditions) of A8iCand 1500 ppm NaCl. Compared to thed2sign
which uses a hybrid SW-RO & LP-RO design, the petadDS is 44% higher and the energy
requirement is the same at 3.44 Kw-Hr/1000 gallwfifgermeate produced. These low pressure/high
flow elements require a significant tage permeate back-pressure of 90 psi to actiieyeroper flux
balance. This could be the design of choice ifdégigner achieves his desired permeate qualitimngil
to add capital cost but save energy cost by usingtarstage ERD, willing to add capital cost far a
interstage booster pump to achieve a more equdlizeger stage, and wants only one type of
membrane in all stages. This design has one adyafta systems that have high colloidal or biolagjic
fouling. Generally, this type of fouling occurs ead elements. The loss 6f dtage product flow can
be compensated by decreasing the permeate badupes

The T'design of Table 2 adds an interstage turbine EBRcd that would reduce the energy
usage 24% from 3.44 to 2.8 Kw-hr/1000 gallons ofrmsate and make it the most energy efficient of
the £'3 designs, but would still be the highest perm@&8 at 108 ppm and would still require 35 psi
1% stage permeate back-pressure to balance the floxg&s5 and 10 gfd.

The 2" design of Table 1 uses a hybrid approach witS&+RO (Seawater RO) membrane in
the £'stage and all LP-RO elements in th&gage and no ERD. The high rejecting SW-RO mengbran
is rated at 12,000 gpd at 99.8% NaCl rejection wieeted at the factory under STCs of 800 psi and
32,000 ppm NaCl. The use of a high pressure seaR@eanembrane in the''ktage takes the energy
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required in 1' stage permeate throttling and converts it intobst permeate quality possible. The
hybrid design of case 2 has the best permeatetyjwdien compared to thé'and & designs by 44%
and 33% respectively. The hybrid design has egeitanergy usage to th& design and 4% less
energy usage than th& 8esign. The tstage permeate back-pressure is only 18 psi tmbalthe flux
between stages and this design would be the lovegstal cost design and have the best permeate

quality if no ERD is used.

Table 1: Conventional and Hybrid RO/NF Comparison
(with no inter stage Energy Recovery Turbine Device)

1 2 3 4
1% Stage Elements LP-RO SW-RO HP-RO SW RO
2"% Stage Elements LP-RO LP-RO HP-RO 3HP-RO & 4 NF
Permeate TDS ppm 108 ppm 75 ppm 100 ppm 463 ppm
% Salt Passage 0.9% 0.6% 0.8% 3.9%
Feed Pressure 293 psi 293 psi 305 psi 277 psi
Kw-Hr/1000 gal 3.44 3.44 3.58 3.26
1% Stage Permeate 90 psi 18 psi 75 psi 0 psi
Back-Pressure
Feed TDS 4,000 ppm Same Same Same
Recovery 80% Same Same Same
Concentrate TDS 20,000 ppm Same Same Same
Average Feed/Conc 12,000 ppm Same Same Same
2-Stage Array 2x1-7TM Same Same Same
System Flux 15.0 gfd Same Same Same
Stage 1 Flux 17.5 gfd Same Same Same
Stage 2 Flux 10.0 gfd Same Same Same

The 29 design of Table 2 would readily accommodate agritage ERD to reduce energy usage

15% from 3.44 to 3.0 Kw-hr/1000 gallons which woaldo create a 10% better flux balance of 16 gfd
1% stage and 13 gfd'2stage, and improve permeate quality 7% from 75 fp@0 ppm due to a better

flux balance.

The 3% design of Table 1 uses a conventional design alitbrackish HP-RO (high pressure
reverse osmosis) membrane and no ERD. The HP-Rfieatss rated for 11,000 gpd at 99.7% NaCl
rejection when tested at STCs of 225 psi and 100 NaCl. This design produces only 8% better
permeate TDS than the all LP-RO and requires 6%erpergy to do it. Compared to tHE Bybrid
design, the permeate TDS is 33% higher and theygri®#% higher. The 75 psi'stage permeate
back-pressure makes it a candidate for an intexdE&]D or booster pump.




The 3rd design of Table 2 adds an interstage tarBIDR device that would reduce the energy
usage 23% from 3.58 to 2.91 Kw-hr/1000 gallonserhpeate. Its energy efficiency with the ERD is in
the middle between thé'aind & designs and its permeate TDS is also in the midictill requires 18
psi T stage permeate back-pressure to balance the floxXgs5 and 10 gfd. The designer would either
select the ¥ low pressure RO design for the best energy effijeand feed pressure requirement or he
would select the™ hybrid design for the best permeate TDS if permeatlity is the deciding factor.

Table 2: Conventional and Hybrid RO/NF Comparison
(With interstage Energy Recovery Turbine Device)

1 2 3 4
1°' Stage Elements LP-RO SW-RO HP-RO SW-RO
2" Stage Elements LP-RO LP-RO HP-RO 3HP-RO & 4 NF
Permeate TDS ppm 108 ppm 70 ppm 100 ppm 430 ppm
% Salt Passage 0.9% 0.6% 0.8% 3.9%
Feed Pressure 236psi 254 psi 248 psi 220 psi
Kw-Hr/1000 gal 277 2.98 2.91 2.59
1% Stage Permeate 35 psi 0 psi 18 psi 0 psi
Back-Pressure
Interstage Turbine 24% 16% 23% 26%
ERD energy saving
Feed TDS 4,000 ppm Same Same Same
Recovery 80% Same Same Same
Concentrate TDS 20,000 ppm Same Same Same
Average Feed/Conc 12,000 ppm Same Same Same
2-Stage Array 2x1-7TM Same Same Same
System Flux 15 gfd 15 gfd 15 gfd 15 gfd
Stage 1 Flux 17.5 gfd 16 gfd 17.5 gfd 15 gfd
Stage 2 Flux 10.0 gfd 13 gfd 10.0 gfd 15 gfd

The fourth design of Table 1 uses a hybrid desigh avhigher permeate TDS requirement as is

found often with potable drinking water systemshwdttarget permeate TDS of < 500 mg/l. THesthge
uses all high rejecting SW-RO membrane in tlisthge and a combination of HP-RO and NF
membranes in the'®stage and no ERD. The use of a high pressure seraR@ membrane in thé'l
stage takes the energy required rsfiage permeate throttling and converts it intobist permeate

quality possible but it also aids in the flux balarbetween stages and eliminates the need to apply
stage permeate back-pressure. THestage uses three HP-RO elements in series foeddeclements

in the pressure vessel, followed by four NF elemémseries as the lag elements in the pressuselves
The 8-inch 400 sq. ft. NF element in this casehgga flow and low rejecting membrane rated for08),2
gpd at 91% NaCl rejection when tested at STCs byf 8 psi and 1,500 ppm NaCl. The use of the HP-
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RO and NF elements allows the designer the flaggtib dial in the desired permeate TDS while
minimizing the feed pressure requirement of theéesys This design has the lowest energy requirement
of all four systems by 5% to 10% but also has igbést permeate TDS.

The 4th design of Table 2 would readily accommodatenterstage ERD to reduce energy usage
20% from 3.26 to 2.70 Kw-hr/1000 gallons of perneedthis design would also create a 10% better flux
balance of 15 gfd®istage and 15 gfd'®stage, and improve permeate quality 8% from 468 fp430
ppm due to a better flux balance.

The Effect of High TDS on Salt Passage Through Brackish Water Membranes

Since 1998 the effect of high TDS feed on salt agsdas been studied and suitable correction
factors have been developed for computer desigegiron programs to account for the effects of feed
water on the projected permeate quality for brdciuater polyamide-based RO and NF membrane
elements. The salt passage rate through membrabased on the following parameters:

» Temperature: The higher the temperature, the hijiigepassage.

* Membrane type: Brackish membranes have higher gasates than seawater membranes.

» lonic species: The passage of inorganic ions islEpendent based on size and charge (e.g.
monovalent ions pass more readily than divalerg)ion

* Feed pH: Variations in feed pH impacts the passégans (e.g. lowly ionized boron and silica
are better rejected at pH greater than 9).

* Feed TDS: Salt passage is higher at very low fd28 @and at high feed TDS.

e System recovery

* Membrane water flux

 Age

Graph 1 shows the permeate Salt Passage Corréetabor to be applied for a given feed TDS.
Interpretation of the curve shows that the feed Tib®e range of 100 to 2,000 mg/L results in no
significant correction of salt passage for feed TB&ed less than 100 mg/L TDS results in an inegkas
salt passage. Feed in the range of 2,000 to 5,300 TDS also results in an increased salt passeue.
increase in the Salt Passage Correction Factdeéar salinity stabilizes at feed TDS above 5,300Lmg

The increase in the feed TDS salt passage comefetaor for feed salinities less than 100 mg/L
TDS are attributed to the impact of interactiobnmen the membrane surface charge and the low ionic
strength of the feed solution. NF and RO elemergdactory tested and challenged with a relatively
high salinity test solution (500 to 1,500 mg/L).

This feed TDS salt passage correction factor isapptied to projections using seawater elements.
The seawater elements are factory tested at higtitg£32,000 ppm NaCl) and thus already has taken
this high salinity affect into account.



Graph 1: Salt Passage Correction Factor for Feed Salinity
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Salt Passage Correction Factor for Feed TDS

The feed TDS salt passage correction factor isieghpd all brackish RO and NF membranes in a
liner fashion from 1.0 t01.8 in the TDS range &) to 5,300. The correction factor is applied dgua
to all cations and anions calculated in computejgation programs. This safety factor automatically
corrects the permeation rate of specific ions addkd flows over the membrane and is concentrated.

The increase in the feed TDS salt passage cornefetator for feed salinities above 2,500 mg/L TDS
is attributed to a previously unaccounted effedtigh salinity waters with brackish water composite
polyamide membranes. This effect is theorized tdueeto charge shielding at the membrane surface.
Improved calculations for salt passage addresthtikee theoretical mechanisms of salt passage which
are convection, diffusion and charge repulsiorpdrticular, the combined effects of feed ionic rsgjté
and membrane surface charge play an importantrrakee rate of salt passage. A theoretical disoussi
of the increase of salt passage is described alagetother papers. A short explanation of thisdty
entails the generation of an electrical potentradn as the Donnan potential. The Donnan potential
occurs at the membrane surface and is createcelrgpulsion of negatively charged anions away from
a negatively charged membrane surface, while tisear attraction and alignment of positively charge
cations at the membrane surface. Salt passagggtheomembrane depends on the passage of negatively
charged anions through the negatively charged mamebiThe positively charged cations are attracted
to the negatively charged membrane and shield #rabrane and inhibit the passage of anions when
the Donnan salt rejection potential is high. Arr@ase in feed TDS leads to an increase in catitmshw
starts to reduce the Donnan rejection potentialrasdlts in an increase of salt passage. As thescur
indicates, eventually the Donnan rejection potéfitially stabilizes and the increase in salt pgssa
levels off. Studies have indicated that the Donmegection potential is higher and salt passagess for
membranes with higher negative charges and forviegdrs with a higher percentage of divalent
cations. [1]



Case Study: North Miami Beach Florida

A hybrid low-pressure RO (LP-RO) system was comiorms=d in April 2008 at the Norwood
Oeffler Water Treatment Plant in North Miami BeaEhgrida. There are 3 trains that can produce 2
mgd (7,570 m3/day) of permeate each at 75% recoVéey groundwater supply for the LP-RO is
extracted from the Floridan Aquifer at a depth lodat 1400 feet (425 m). The feed TDS can range from
2900 ppm to 3800 ppm, but this water source haadkantage of being low in TOC (total organic
carbon), color < 1, and iron < 0.1 ppm. Interediinon this plant there are 3 trains of NF whicheogite
at significantly lower feed pressures and processd fvater from shallow Biscayne Aquifer wells. The
NF feed water is a completely different feed watgh low TDS averaging 400 ppm, but is high in
TOC, color and iron. Ultimately, the 6.0 mgd pertegsom the hybrid LP-RO system, the 9.0 mgd
from the NF system, 15 mgd from the existing linaitication system and 2 mgd of filtered raw water
will be blended and produce 32 mgd of finished platavater from the plant.

The low pressure RO system was designed to uséypes of membranes. Th& 4tage uses a
better rejecting but lower flow RO membrane, ESPA&ed at 9,000 gpd and 99.6% NaCl rejection to
aid in balancing flux between stages without the afs™ stage permeate throttling. Th¥ &tage uses a
lower rejecting but higher flow RO membrane, ESPAdted at 12,000 gpd and 99.3% NaCl rejection
to aid in flux balancing and improved energy e#fiwty. The factory standard test conditions for both
are 150 psi and 1500 ppm NaCl. An interstage tersigle ERD device is used to improve energy
efficiency and aid in flux balancing between stagds pretreatment consists of cartridge filtration
sulfuric acid for pH adjustment and antiscalante Blgstem is a 2-stage array 36x18-7M and runs at
75% recovery.

All 3 trains were successfully started and Tabiku3trates the results of the system operation
after one year of operation in February 2009 im&eof projected design versus actual operations. Th
actual salt passage of 1.4% was 20% better thaprdpected 1.8%. The computer projected salt
passage would have added a 20% increase in perifiedtevhen the feed TDS is 2,900 ppm and an
80% increase at the concentrate end of the systean WDS is 11,300 ppm. In this case it would appear
that the applied high feed TDS salt passage caoretdctor was on the conservative side. A reviéw o
the specific ion rejection showed good correlatiith actual salt passage of hardness and bicatbona
was less than expected.



Table 3: North Miami Beach Train 1 Hybrid RO Actual vs Projected Data at Year 1

Proj ected Actual
% Salt Passage 1.8% 1.4%
Permeate TDS 119 ppm 101 ppm
Permeate Hardness as CaCO3 5 ppm 2 ppm
Permeate Sodium 40 ppm 40 ppm
Permeate Chloride 51 ppm 51 ppm
Permeate Sulfate 6 ppm 6 ppm
Permeate Bicarbonate 20 ppm 7 ppm
Feed TDS 2,900 ppm Same
Concentrate TDS 11,300 ppm Same
Average Feed/Conc TDS 7,100 ppm Same
Energy Consumption of HPP 2.53 kWhr/kgal 2.59 k\Kitpal
Feed pressure 196 psi (13.5 bar) 201 psi (13.9 bar)
Permeate pressure-both stages 19 psi Same
System Flux 13.2 gfd (22.4 Imh) Same
1% Stage Flux 14.7 gfd (25.0 Imh) Same
2" Stage Flux 10.4 gfd (17.7 Imh) Same
% Recovery 75% Same
One year fouling factor 0.95 0.88
One year flux decline 7% 12%
One year salt passage increase 0% (typically 10%) % 0

Case Study: El Paso Texas

A conventional low-pressure RO (LP-RO) system waged in July 2007 at the Kay Bailey
Hutchison Desalination Plant for El Paso Wateriti#g. There are 5 trains that can produce 3.0 mgd
(11,355 m3/day) of permeate each at 75% recovédnry.gfoundwater supply for the LP-RO is extracted
from an aquifer called the Hueco Bolson. The feB&Tan range from 2000 ppm to 3200 ppm and has
a high sodium chloride content. Ultimately, theQlBhgd of permeate from the LP-RO will be blended
with raw water to produce 27.5 mgd (105,000 m3)addyinished potable water from the plant.

The low pressure RO system was designed to ugeoosltype of membrane, ESPA1, rated at
12,000 gpd and 99.3% NacCl rejection at a factaapdard test condition of 150 psi and 1500 ppm
NaCl. Permeate throttling of thé' §tage is used to balance the fluxes between stamgkan interstage
turbine-style ERD device is not used in this ca$e pretreatment consists of cartridge filtratipH,
adjustment and antiscalant. The system is a 2-stagg 48x24-7M and runs at 83 % recovery.

All 5 trains were successfully started and Tabikudtrates the results of the system operation
after two and a half years of operation in Jan2&d0 in terms of projected design versus actual
operations. The actual salt passage of 4.1 % wasgher than the projected 3.9%. The computer
projected salt passage would have added a 5 ¥aseia permeate TDS when the feed TDS is 2,500
ppm and an 80% increase at the concentrate et afystem when TDS is 11,300 ppm. In this case it
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would appear that the applied high feed TDS sas@age correction factor was close to being accurate
It is possible that salt passage was higher thajeqted because higher permeable ESPA1 membranes
were used in both stages. It is quite likely thase higher permeable membranes are more sensitiv
the higher salinity feed waters.

A review of the specific ion rejection showed rezeule correlation with actual salt passage of
hardness and bicarbonate was less than expectedmblalance in the flux between stages in this case
indicates there is probably a moderate foulinchefd stage, but a cleaning of th&atage is not
required since the system normalized permeate fléwsalt passage and delta P (feed-to-concentrate)
are all in acceptable ranges. This is more comfooplants with very good feedwater, where turlyidit

and TOC are low.

Table4: El Paso Train 1 Low Pressure RO Actual vs Projected Data at Year 2.5

Projected Actual
% Salt Passage 3.9% 4.1%
Permeate TDS 302 ppm 316 ppm
Permeate Hardness as CaCO3 16 ppm 5 ppm
Permeate Sodium 102 ppm 121 ppm
Permeate Chloride 140 ppm 183 ppm
Permeate Sulfate 10 ppm 1 ppm
Permeate Bicarbonate 41 ppm 8 ppm
Feed TDS 2,464 ppm Same
Concentrate TDS 13,000 ppm Same
Average Feed/Conc TDS 7,732 ppm Same
Energy Consumption of HPP 2.04 kWhr/kgal 1.96 k\itpad
Feed pressure 180 psi (12.4 bar) 173 psi (12.0 bar)
Permeate pressure-1st stage 39 psi (2.7 bar) Same
Permeate pressure®®atage 5 psi (0.3 bar) Same
System Flux 15.3 gfd (26.0 Imh) Same
1% Stage Flux 19.5 gfd (33.2 Imh) 18.0 gfd (30.6 Imh)
2" Stage Flux 6.9 gfd (11.7 Imh) 10.0 gfd (17.0 Imh)
% Recovery 83% Same
Fouling factor at 2.5 years 1.0 Same
Annual Flux Decline 0% Same
Annual Salt Passage Increase 10% 13%

Conclusion

Increased feed TDS can have a dramatic impactedekign of brackish water RO and NF systems.
Hybrid RO and NF systems which can use a numbdiffeient membrane types can be used to
produce the most energy efficient systems, canym®the best permeate quality, and can improve
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system flux distribution that may reduce the rdtéoaling. The use of turbine-type energy recovery
devices in a design can improve the energy effayemmprove permeate quality, and improve flux
distribution and reduce the rate of fouling. Evidenvas presented that high-lights the critical rfeed
implementing feed TDS correction factors in deggograms to increase the projected permeate salt
passage for high salinity feed waters. Two casdgiesufor North Miami Beach and El Paso reflect the
value of applying feed TDS correction factors falt passage.
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