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Reverse Osmosis - Benefits

- Reliable and Consistent Technology

- Easy Operation & Maintenance

- Treated Water Meets Potable Quality
Standards

- Membrane is a Physical Barrier
o High Salt Rejection (> 98%)

o Effective at Removing Emerging
Compounds




Reverse Osmosis - Limitations

- Brine Management
- 5% Typical
> Salinity
- Sustainability
- Rising Energy Costs
- Need Energy-Efficient Systems

- RO-Centered Systems Often Utilize Less Energy Than Other
Technologies

- Scaling & Fouling Limit Efficiency and Recovery
- >50% of cost = pretreatment SDI,; < 3
- Capital and Operation Costs Considered Expensive




Brine Management

O

Evaporation Ponds

o Large Land Area

o Capital Intensive — Construction, Liners

o Arid Climates Only

Deep Well Injection

- Often Difficult To Permit

- High Pumping and Monitoring Costs

- May Contaminate Water Supplies and Deteriorate Soil Quality
- Limitations on Area Recourses Raise Disposal Well Bids
Hauling

- Expensive

Sewer Disposal

- Salt Accumulation Issue Reaches Downstream Treatment

Facilities
- Zero Liquid Discharge (Evaporator/Crystallizer)

- Capital and Operation Cost Intensive
0]
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High Recovery RO Plant

To optimize overall plant recovery that include all
stages of plant treatment; pre treatment, reverse
osmosis and reject water recovery.
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Pre Treatment Optimization

oUse of compact & efficient clarification units

oMinimize backwash of filters and recover
backwash water

oReduce the potential of RO scaling and
fouling and hence increase the recovery by
having reliable pre treatment.



RO Optimization

oReverse osmosis optimization;

oUsing naval design technique employing state
of the art membranes.

oReject water recovery;
oUse another step of reverse osmosis

oReduce the potential of another step of RO
scaling and fouling by treating the feed water

oEvaporation (ZLD)



High Recovery RO
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High Recovery RO

Brine

Primary RO Advanced
Recovery

Brine Recovery (24 RO)

Permeate

|

- --—-—»

—-—--—-—»

Near ZLD |
1

Brine Crystallizer
Concentrator y

-

Brine Line Land ‘

Application



A proprieta
s for desalination of fead water with high concentrations
of sllica, organics, hardness, heavy metals, boron and particulates,
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MULTIFLO™ MULTIMEDIA  |ON EXCHANGE CARTRIDGE  REVERSE
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Case Study; Soften the brine

= T

me/L 300

me/L 110

sodium, Na_ |NEOEY 745

potassium, k  [REORY 32 Challenges:

me/L .

me/L :

strontium, s [REIETE : - Brine Disposal

SSrons me/t - Silica Precipitation

me/L 0.1 ,
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Case Study; Soften the brine
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Case Study; Soften the brine

Fbw rate 295.59 m 3/

Fbw rate 295.58 m 3/ Fbw rate 295.58 m 3/

Fbw rate 221.69 m 3/

F

Fbw rate 274.79 m3/|

———— .ﬂ_i—' [\
Fow rate 73.90 m 3/ Fbw rate 73.52 m 3/ Fow rate 66.38 m 3/
Fbw rate 300.00 m 3/
DS 3742.09 m g/ DS 14684.09 m g/ 08 13741.09 mg/1 DS 13782.37 mg/| :Eg rate ﬂ:;g :3$
Hardness 120. 11 1 Hardness 477.80 f Hardness 34.45 1 Hardness 0.10 1 i 6 3é ‘ 9
Sufates 590.00 mg/ Sufates 2348.20 mg/| Sufates 2249.07 mg/| Sufates 2249.07 mg/ p :
Sta 30.00 m g/ Fow rate 4.41 m 3/ Sta 118.00 m g/ Sta 5.00 m g/ Sta 5.00 mg/
pH 7.00 - b pH o T8 oH .27 pH 11.28
Fow rate 53.10 m 3/
Fow rate 0.00 m3/
Fowrate 4.42 m 3/ Fow rate 70.34 m 3/
Jah
T ]
<f> : Fbw rate 13.28 m 3/
Fbw rate 78.31 m 3/ DS 68143.53 m g/l
Hardness 0.50 1
Fbw rate 4.79 m 3/ Sufates 11207.68 m g/
5 pH 11.27 | Sta 24.78 m g/

Sufates 2249.07 mg/ m pH 11.91 -

Hardness 34.45 1

Sta 5.00 m g/ @

DS 13741.09 m g/ | Fow rate 1.27 m 3/

IES] 100000. 00 m g/ |

o
@ @ Fow rate 2.70 m 3/
Fow rate 3.18 m 3/ | PRoDUCT
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Case Study; Soften / Seed the brine

Concentration

o~ Challenge:

- : — - Water conservation - High recovery
Ppm - No treatment: 50% recovery
m ppm 618 - With Softening : 83% Overall recovery
m ppm 71 - Lime Ca(OH)3: 3.1 ton/day
ppm 170 - Soda Ash: Na2Co3: 50 ton / day
m opm 3187 - Sludge: 51 ton /day
- g35 - With PreC|p|ta'.c|on: 78% Overall recovery

- No Chemicals

TDS ppm 6133

cob ppm 148

ppm <2
ppm 150

@ TITRE PRESENTATION / SOUS TITRE / DATE 18



ase Study; Soften / Seed the brine

85% Recovery RO
Sof t ener

90% Rec. WF

. B —

f\___.- > d WASTE b

Fbw rate 850.00 m 3/ Fbw rate 942.06 m 3/ Fbw rate 920.61 m 3/ Fbw rate 920.61 m 3/ Fbw rate 828.55 m 3/ Fbw rate 704.16 m 3/
pH 7.60 pH 7.61 pH 10. 88 pH 7.80 pH 7.80 pH 6.13
Conduct vty 5437.61 uS/cn Conductivty 5525.76 uS/cn Conductivty 6389.51 uS/cn Conduct vty 6338. 51 uS/cn Conductivty 6338.51 uS/cn Conductivty 75.30 uS/cn
TSS 0.00 m g/ TSS 9.77 m g/ Tss 10.00 m g/ TSS 10.00 m g/ TSS 0.00 m g/ TSS 0.00 m g/
Catium 1101.00 m g/ Catum 1011.72 m g/ Catum 187.39 m g/ Catum 187.39 m g/ Catim 187.39 m g/ Catim 0.62 m g/
Bcarbonates 170.00 m g/ Btar bonates 159.44 m g/ Btarbonates 8.56 m g/ Btarbonates 61.80 m g/ Btcar bonates 61.80 m g/ Btarbonates 1.21 m g/
Car bonat es 0.59 m g/ Car bonates 0.56 m g/ Carbonates 54.62 m g/ Car bonates 0.33 m g/ Carbonates 0.33 m g/ Car bonates 0.00 m g/
Suf ates 3187.00 m g/ Suf ates 3195.64 m g/ Suf ates 3208.55 m g/ Suf ates 3275.43 m g/ Suf at es 3275.43 m g/ Suf at es 16.18 m g/
TDS 6096. 28 m g/ TDS 6108.00 m g/ TDS 6150. 25 m g/ TDS 6216. 07 m g/ TDS 6216.07 m g/ TDS 41.14 m g/

Fbw rate 92.06 m 3/ Fbw rate 21.45 m 3/ Fbw rate 124.39 m 3/ Fbw rate 145.84 m 3/

pH 7.80 pH 10. 88 pH 8.83 pH 8.99

Conductwty 6338.51 uS/cn Conductity 6389.51 uS/cn Conductity 31196.68 uS/cn Conductiwty 27686.78 uS/cn

Tss 99.99 m g/ Tss 100000. 00 m g/ TsS 0.01 m g/ TSS 14710.48 m g/

Catum 187.39 m g/ Cabum 187.39 m g/ Catium 1244.64 m g/ Cabum 1089.11 m g/

Btarbonates 61.80 m g/ Btarbonates 8.56 m g/ Btarbonates 365.96 m g/ Btarbonates 309.99 m g/

Carbonates 0.33 m g/ Carbonates 54.62 m g/ Carbonates 35.55 m g/ Carbonates 41.95 m g/

Suf at es 3275.43 m g/ Suf at es 3208.55 m g/ Suf ates 21725.68 m g/ suf ates 19001.72 m g/

TDS 6216.07 m g/ TDS 6150.25 m g/ TDS 41177.07 m g/ TDS 36024.66 m g/

Q© Direction or Department name 19



ase Study; Soften / Seed the brine

65% Recovery RO

CaSO 4 desat ur at or
90% Rec. WF

(>
|

f 2 3 WASTE )
R

Fbw rate 850.00 m 3/ Fbw rate 1159.36 m 3/ Fbw rate 1132.11 m 3/ Fbw rate 1018.89 m 3/ Fbw rate 662.27 m 3/

pH 7.60 pH 7.42 pH 6.75 pH 6.75 pH - 5.27

Conduct vty 5437.61 uS/cn Conductity 7444.67 uS/cn Conductiwty 6656.50 uS/cn Conductiwty 6656.50 uS/cn Conductiwty 74.93 uS/cn

TSS 0.00 m g/ TSS 9.76 m g/ TSS 10.00 m g/ TSS 0.00 m g/ TSS_ 0.00 m g/

Catium 1101.00 m g/ Catium 1160.62 m g/ Catum 609.34 m g/ Catum 609.34 m g/ Clabum 1.66 m g/

Bcarbonates 170.00 m g/ Bcarbonates 215.04 m g/ Bcarbonates 153.97 m g/ Btarbonates 153.97 m g/ Bcar bonates 2.70 m g/

Car bonat es 0.59 m g/ Car bonat es 0.53 m g/ Car bonat es 0.07 m g/ Carbonates 0.07 m g/ Car bonat es 0.00 m g/

Suf at es 3187.00 m g/ Suf at es 3819.55 m g/ Suf at es 2546.84 m g/ Suf at es 2546.84 m g/ Suf at es 7.59 m g/

TDS 6096.28 m g/ TDS 8076.06 m g/ TDS 6190.58 m g/ TDS 6190.58 m g/ TDS 38.09 m g/
Fbw rate 309.36 m 3/ Fbw rate 113.21 m 3/ Fbw rate 27.26 m 3/ Fbw rate 196. 14 m 3/ Fbw rate 160.48 m 3/ Fbw rate 356.62 m 3/ Fbw rate 187.74 m 3/
pH 7.23 pH 6.75 pH 6.75 pH 7.47 pH 7.47 pH 7.47 pH 7.38
Conductiwty 12683.24 uS/cnm Conductiwty 6656.50 uS/cn Conductwty 6656.50 uS/cn Conductivty 15839.84 uS/cn Conductwty 15839.84 uS/cn Conductiwty 15839.84 uS/cn Conductiwty 14575.39 uS/cn
TSS 36.59 m g/ TSS 99.99 m g/ TSS 100000. 00 m g/ TSS 0.00 m g/ TSsS 0.00 m g/ TSS 0.00 m g/ TSS 14518.49 m g/
Catum 1324.50 m g/ Catum 609.34 m g/ Catium 609.34 m g/ Catum 1737.82 m g/ Catum 1737.82 m g/ Catium 1737.82 m g/ Catum 1573.98 m g/
Bcarbonates 338.17 m g/ Bcarbonates 153.97 m g/ Btarbonates 153.97 m g/ Btcar bonates 442.95 m g/ Btarbonates 442.95 m g/ Btarbonates 442.95 m g/ Btcarbonates 401.46 m g/
Carbonates 0.62 m g/ Carbonates 0.07 m g/ Carbonates 0.07 m g/ Carbonates 1.51 m g/ Carbonates 1.51 m g/ Carbonates 1.51 m g/ Carbonates 1.07 m g/
Suf at es 5554.03 m g/ Suf at es 2546.84 m g/ Suf at es 2546.84 m g/ Suf at es 7262.36 m g/ Suf at es 7262.36 m g/ Suf at es 7262.36 m g/ Suf at es 6577.73 m g/
TDS 13503. 23 m g/ TDS 6190. 58 m g/ TDS 6190.58 m g/ TDS 17629.25 m g/ TDS 17629. 25 m g/ TDS 17629.25 m g/ TDS 15968.76 m g/
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ZDD Technology

- What is ZDD?

- Zero Discharge Desalination

- Proprietary Brackish Water Desalination Technology
e US Patent 7,459,088

e Electrodialysis Metathesis (EDM)

e “Kidney” that removes salts from an RO
concentrate stream




ZDD “Sweet Spots”

® General

* Feed Water Temperature 15-35"C
High Scaling Waters (Cas0,, CaPO,)
Brackish Groundwater (TDS < 7,000 mg/L)

Silica Concentrations < & mg/L in Source Water
=» Higher Silica Concentrations — Use NF, Ceramics, Bypass Blend, etc.

®& Scenarios
= Diminishing Supply
-» Conserve Depleting Water Source (Drought, etc.)

=3 Greenfield Site or Retrofit
= RO/NF = EDM

e I[ncreased Production

=* Maximize Yield to Satisfy Increased Demand (Population Growth,
Industrial Expansion, etc.)

=¥ Fixed Source Water Supply
=3 EDM Retrofit Only or EDM = RO

@ TITRE PRESENTATION / SOUS TITRE / DATE
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Conventional Electrodialysis

Concentrated Concentrated
NaCl MNaCl

f& 9"& c (=

Diluate Diluate
& e

OO

(W)
©)

g e pedting “Cell” mummp

Rinse NaCl NaCl Rinse
© Feed Feed




Electrodialysis Metathesis (EDM)

Concentrated Concentrated
Na,S0, CaCl2, MgCl2
& Nacl & Nacl

Dilute
MalCl

. .‘

'y
L
-

-
®
-
- Repeating “Quad” _
Rinse Brackish NaCl Rinse

© Water Supply



ZDD Configurations

> Diminishing Supply
- Conservation of depleting water source

RO SYSTEM
(NEW OR EXISTING)
= —

FEED WATER PRODUCT WATER

RO CONCEMTRATE EDM STACK
MIXED SODIUM SALTS

’ EDM DILUATE MIXED CHLORIDE SALTS

EDM DILUATE RECYCLE

ELECTRODE RIMNSE

S50DIUM CHLORIDE

v EDM FEED

25



ZDD Configurations

- Increase Water Production
- Maximize yield for increased demand

FEED WATER

(EXISTING)

PRIMARY RO SYSTEM

BLENDED PRODUCT WATER
r'y »
— SECONDARY RO
SYSTEM
> EDM STACK
MIXED SODIUM SALTS
EDM DILUATE MIXED CHLORIDE SALTS N
- '
BLENDED

RO CONCENTRATE

EDM FEED

ELECTRODE RIMSE

SODIUM CHLORIDE 26




ZDD Modes of Operation

@ Basic Mode of Operation

o No existing RO; Low TDS / Silica required in Product

RO SYSTEM
FEED WATER - > * CRODUCTWATER
RO CONCENTRATE
EDM STACK
FILTRATE
MIXED SODIUM SALTS
v EDM DILUATE >
< MIXED CHLORIDE SALTS
SILICA PRECIPITATION + —| | -
SYSTEM
SODIUM SULFATE DIWATER
METERING SYSTEM
SILICA SLUDGE ,
SO0DIUM CHLORIDE
METERING SYSTEM
ELECTRODERINSE |
EDM FEED —
S0DIUM CHLORIDE il
¥




ZDD Modes of Operation

@ Concentrate Recovery Mode

o Existing RO; Low TDS / Silica required in Product

PRIMARY RO SYSTEM > BLENDED
(EXISTING) [ PRODUCT WATER
| SECONDARY RO SYSTEM
FEED WATER » | — —
EDM STACK
q—
MIXED SODIUM SALTS
¥ EDM DILUATE »
MIXED CHLORIDE SALTS
SILICA PRECIPITATION | + —‘ ‘ _
SYSTEM v
BLENDED
RO CONCENTRATE
SODIUM SULFATE DIWATER
METERING SYSTEM
SILICA SLUDGE )
50DIUM CHLORIDE
METERING SYSTEM
ELECTRODERINSE |
ED'M FEED —
50DIUM CHLORIDE !




ZDD Case Study — Alamogordo, New Mexico

@ Product water

—
NF
= E DI water to EDM
L -] ! >~
Pretreated <> <"> L 3| i
water i " NF permeate DI mixed bed
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ZDD Case Study — Alamogordo, New Mexico

Table 1. ZDD water quality during Alamogordo testing

@ Direction or Department name

[ 17,
94 5 190 86 7,400 310
370 150 580 350 21,000 57,078
1,300 8.5 2,600 1,300 1,600 90,764
290 260 140 100 89,000 11,766
1.7 0.86 1.8 0.82 ND 61
24 23 33 33 5.7 11
2,300 471 3,840 1,940 133,000 146,834
Stream Number 1 2 3 4 5 6 7
Pretreated NF EDM Mixed Mixed
oot Source | NF Feed | wyater | Concen- | Diluate | Sodium | Chioride
Water trate Return Salts Salts
Flow rate—gpm 25.5 38.5 25.0 135 13.0 0.22 0.28
Conductivity— 27-35 | 27-35 | 08-1.0| 7.7-10.0 | 2.7-35 113 136
mS/em
Di—deionized water, EDM—electrodialysis metathesis, NF—nanofiitration, ZDD—zero
discharge desalination




ZDD Evolution — System Recovery
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ZDD Demonstration Unit (EDM)




ZDD Case Study — Alamogordo, New Mexico

@ Evaporation Pond Sizing
@ Evaporation rate of 22.8 cmm/month (average) per NOAA
@ Softening & High Recovery BWRO @ 90%
@ 231 gpm concentrate = 42 acres
@ ZDD @ 94%
@ 150 gpm concentrate = 24 acres

@ Conventional BWRO @ 72% would require 147 acres



Questions?
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