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Abstract

Water factory 21(WF 2) in Orange County California, is a advanced wastewater treatment(AWT) plant designed
to reclaim biologically treated municipal wastewater for injection into a seawater barrier system. Processes included
are lime treatment, air stripping, filtration, activated carbon adsorption, reverse osmosis(RO), and chlorination.
The effectiveness of each treatment process is presented including pretreatment, RO dimineralization. The data
collected show that the processes, including RO, used at WF-21 are capable of producing a very high quality
water on a reliable basis. Treatment reduced all contaminants, to levels below national primary drinking water
regulation maximum contaminant levels. It was found that lime clarified secondary effluent can be used as
feedwater to a RO dimineralizer. Experiments with new low pressure membrane(250psi) show great potential
for reducing RO cost.
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GHTY System o FF ABE THo| A AT} YA AE AAE Fohd A8IIsAE YFAT
ek,

# 2ol Mt ¥F Orange Countyol  £A] 8142} 27 A2 5ol tiated AY§F7H System® 2 RO Memb-
rone® A §8hod, o 2% Product Waterdl AAFE Asks: ol gol BE H5UFE B719d Ass AF
2442 AH8E BHo 2, 3dzke) 716l A Pilot Plantd Y3 Field Plant Test& 4N ¢ A&, 2
SERIEY CEER Y

2 AHEEX U U

2—1 AEER
2—1—1 Pilot Plant

29 19] R ups} o], Pilot Plant®] &3-S 10,000gpd©]1# RO Feed water(24)< Lime Clarifier2
g W&2oltt. #3%E Membrane Moduled] Scale 322 WA7)19)8l pH 248 % Inhibitor(SHMP) &
A 7}A1719, Lime Clarifiero] A Carry Over® ¥#8X2%8 Z¢Pump ¥ Membrane Elements 23822
3tPumproll 25um Cartridge Filter& 423 8} %1tk AH4-¥ Membrane& Spiral Wound Type?] Cellulose Acetate
(CA) 2 Polyamide(PA) Membrane®]t}.

2—1—2 Full Scale Plant

7NRAAE 1Y 20] e Hiehgo], AAYFAHH RO ¥EFH LR ¥ 5™, RO Membrane Sys-
tem?] £ %&& 5 MGDolth o 714 A &) F % Chemical Clarification, Nitrogen Removal, Recarbonation, Filtra-
tion, A/C Adsorption, Disinfection & Microfiltration 373 2.2 T4 5o 1t} AF-8¥ Membrane Spiral Wound
Type, Asymmetric Cellulose Diacetate Membrane©l™}.

2—2 AEuy

Pilot Plantd @& v 8§47 2xdoz2 ANYFHL d&dlstd Lime/ROFATLZ H4YE B
olW Feedwaters pH7} 11022 wl$ Eol CaCO;Y AT Membrane 7H¥3 @do] LAFER °F
uhA) 317 98] owtAl Ab3Qlo 2 H A pH 55~582 23319 28, £ CaSOy Scale WA E 913 Inhibitor2 X
SHMP, 11mg/1E& #9384tk &%, AA Plant] HE¥ 2 T g S54& 053 2ot

2—2—1 Chemical Clarification

Chemical Clarification® F&EH, €3, 8x2 FAHY Jdon, SHAZAM Limeo] AHE-EH.
Limee AEA oo ojs) H3 pH 110& FAFEE CaOZMH 350~400mg/1E F &t

2—2-—2 Air Stripping

Air Stripping® ZFE, 719 9 HE 300m’/ mPeE =dEH.
Air Stripping Towers= Q& Feedwater® e ¢tEUold s AAH Lo 2 M= Ao, Feedwaters 2 4=
UoldAa ¥E Z4E A3, Qe LAY /7182 A o &Ha 9ok
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Figure 1. Lime~ RO Pilot Plant Flow Diagram

VIRGIN LIME

CARBON DIOXIDE
CHLORINE
BACKYASH WATER

TO_GROUNDWATER INJECTION

Figure 2. Orange County Water District Water Factory—21

2-2—3 Recarbonation

Lime Clarification] 913 pH 11.07}A] &0}
¢ pH 757hA) HolmRoh E£§ o] Basinol & G4
£ Al Breakpoint Chlorination®] ©]§o] X1, o]uj}

Process Flow Diagram

2—2—4 Mixed Media Filtration
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Recarbonation BasinollA] o]4tslgta F o) ol #)

U] FFHLEE ol @t FRYoHY A
o ROy Az W FFUE 91 1040l

Filter Media(} #)& Coarse Coal, Silica Sand®} Gamnet 522 FAS o] 3, $98d Halas

02m®/m?/min® 2 AA =Y} Alum¥ Polymer’t £% Clarification® Z3A17]7] 98 EH T}
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2—2—5 Activated Carbon Adsorption

Granular Activated Carbon(GAC) Contactorst Calgon Filtrasorb 3000 Carbong 353l i1, ¥z
viA] A EW, FHAZFE 3Mminelt FEYTFEH HEETE 02m° m? minelth

2—2—6 Reverse Osmosis System

RO Membrane Modules®ll E17}717 e} Scale Precipitation Inhibitor®4 SHMP, Membrane Module
el v E S A7 42 E T3, YRHA AE 25um MicrofilterE 44 %] 5193 t}. Membrane 543 o
o2} 329F PumpE B3t HE3 o] FHEHM, Feedwaterdl +€ Fo3dled Membraned] ¢ pH
55~588 ZA§T}
3. &3 W oH

E e FANE Eol2e Y £2 E4EAG AgFAZd FUNAT FE2DE Yehidth

Table 1. Average Characteristics of WF-21 Influent & Blended Injection Water

Constituent Average Concentration

Secondary Treated Influent Blended Injection Water
EC, umho 1385 613
pH 74 78
Turbidity, Tu 10.6 03
Na, mg/l 168 87
Cl, mg/l 190 95
TOC, mg/l 12.8 35
COD, mg/ 46.5 6.7
NH;3-N, mg/] 2.1 05
TKN, mg/l 50 21
Total Coliforms, 3.3X108 <03
# /100ml

3—1 Pilot Plant 4%

CA 2 PA Membrane® & 83}l Membrane Aol W& ¥ ¥ 7, PA Membraneo] i3t x5 ¢
ZHgo g H4¥L HAsYch RO Membraneo] 2% 3482 85% 2 Z&34r})

3—1—1 Cellulose Acetate(CA) ¥ Polyamide(PA) Membrane ¥ 349

CA RO Systemell W$F A3 4A|% 3 6239t pH Control A2 QAste] -] SO}
AR Y 2R g 2UHA AR oy A Y AR £Hon, 45 294 pHEA L
AAFIZ 33, 194 &4 Fdl 28] pH 110914 pH 8022 #ZaAF3, 28494 pH 55~582 2
Z3 &Y

CA Membraneo] th§ 3000A17te] A8Zd7, TDS} COD7F 90% 014 AASNLH, NHe-N= A9 100
% 225 9lck. PA Membraned th3t 2,400A17tel 4823, TDSE oF 9%, CODE 95% 4 AL,

Membrame J. Vol. 1. No. 1. 1991
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Sulfate, NH3-N= A2¢] 100% AAHJ} ©]E 5 Membraned] HdZ 3o 3t =ZEY AxE 7 24

JERARLH

Table 2. Pilot Plant Operation
Typical Salt Rejection, COD & NH3-N Reduction

. Feed(mg/l) Permeate{mg/l) Rejection(% )
Constituent |74 PA CA PA CA PA
Sodium 177 159 11 14 938 99.1
NH, 10 0.5 1.1 <0.1 830 >80.0
S04 227 320 16 1.0 99.3 99.7
Cl 210 186 14 75 933 96.0
NO; 20 11 58 0.3 710 97.3
TDS 749 885 42 11 944 98.8
COD 23 21 20 <10 913 95.2
NH3-N 6.6 1.1 N.D N.D - -

N.D —Not Detectable

T8, 19 3, 4= CA, PA Memberane ZtZtell tf gk Z Az e JAAH &9 ¥M3E BAFErh CA

Membrane2]

[=]
8,

Ao B 94~95% 2 FAAEE YEAAT A71A, BHAIZE 99, 12241 o

HAAE] &F 75% 2 HojH=dl, o] pH Control A3 2 A3 74U 7t8] (5L pH) Feedwaterl Membrane

#9o] g so] WE JhrEa Aol LAY ol

3L H

R,

PA Membraned] %-% 9 #H-&-& 2400713

APAEd HT 96~98%E e 2dlA dEREAE d87IFF Performanced] dEFE 713
Events®] A& Uehd Zoln, B 3, 4o FEH3UH

Table 3. Pilot Plant Operation

The Major Events of the Applied CA Membrane

Event Elapsed
Number Time Event
1 99— 122 High pH operation. Membrane badly hydrolyzed
2 226 New membrane elements installed
3 342 Dual media filter bypassed
4 1015—1135 Intermittent high pH operation
5 2402 Membrane elements cleaned
6 2743 Intermittent high pH operation
7 2813 Original Cartridge filters replaced
J\-‘f"ﬁ’\c’“"f'v.’\s""""\/‘" \‘A"L,(f %, Soeene t e P n\‘yro'. Too “‘. \"' .

Salt Rejeciion (%)

Hours of Operation
Figure 3. Pilot Plant Operation— Salt Rejection
for Cellulose Acetate Membrane

dEEd A1d A1E, 1991
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Figure 4. Pilot Plant Operation— Salt Rejection
for Polyamide Membrane
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Table 4. Pilot Plant Operation
The Major Events of the Applied PA Membrane

Event Elapsed Event
Number Time
1 2 Replaced all elements in vessels #1 and
#3: replaced one element in vessel #2
2 579 Installed two new elements in vessel #1
3 672 Original cartridge filters backwashed
4 889 Original cartridge filters replaced
5 1531 Membrane elements cleaned and inspected
6 1581 Membrane elements cleaned
7 1667—1826 | High conductivity readings on vessel #1
8 1793 Low suction pressure shut-off switch
failed to activate—feed pump damaged
9 1826 Replaced all membranes in vessel #1,
repaired mechanical leak, returned feed pump to service
10 1990 Solenoid valve replaced
11 2280 Replaced cartridge filter

3—1-2 1% 2 AY H-E TFC Polyamide Membrane Performance

Eux A8 A= Thin Film Composite(TFC) PA Membraneo| thated H& k8o 3194(400psi) <1
7499} AH(200~250psi) Q] A, F 4 A J&¢o) & Membrane A5 A E-E HAAEA o™, AU
7% 3 Flux7t A&k 08 432 479 Fdsich 234 o] 400psie] T4 792 200~250
psi¢] At Aol hated, 247t 643141 118545 HEE AAISAT 9714 g F, 27
4804 7HE-QH-S 200psi, 71 69641 FSHE 250psi ¢E & AL HEL HAEAT H 5o o]E F A
AT et Q¢ 2 Mg FAEA Ao st JERATH

Table 5. TFC-PA Membrane
Typical Water Quality Performance

Constituent Feed(mg/D) Permeate(mg/1) Rejection( %)
Al B2 A B A B
Sodium 185 2190 18 124 9.0 94.3
Nitrate 13 02 03 <0.1 97.7 >50.0
Ammonia 29 280 15 48 .8 829
Sulfate 405 410.0 09 36 99.8 99.1
Chloride 210 239.0 10 374 952 844
TDS 1017 1023.0 33 644 96.8 937
COD 23 29.6 <12 143 >%4.8 95.3

1Applied High Pressure(400 psi) 2Applied Low Pressure(200~250psi)

Membrame J. Vol. 1. No. 1. 1991
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¥ 5 691 astel HEHE 4 A Agte] wE f-Fo HaE YelQdEnt, 2716 5~55gpme
Product water& ¥4Ftgedl, 64311 Folv 42gpme g ZAs) ¥, AP A$e 2Y 79
Uehli el 2716 11~13gpmoll A, 1185A 7t F & 37gpme2 A3 o2 e Fluxel 278
H2 YL Feedwater®] #40] 37130l ©& Membrane E'H ¢ Fouling 7+&oll 71908 Ao 2 Alg @}
g, oJ7|A 4 H A= Events® YUER Rolth

3—2 Full Scale Plant&%

STHAFLETE FAUZ B0l2E AYFE A71E, T2 L 43 HESY o428 A S F43in
Atk ot & 2HEZ L AAzed QoA A FHEC] qsted, 4t FHEL SRR,
& FF ThE SHYEL AAsted d3te aRyo g HeHAn e, 9 AN FHY
7 349 58 F40 t3te] =33, Ogol RO Sysetm®] £718, #7158 R 2 9o 28 A @
d¥d3E 7estan @k

3—2—1 Chemical Clarification

9E, g3, COD 3 2 #el 2 9ol thd Lime Clarificationd] 9§ 4 #3771 ¥ 6o Uehuth
4™}, Chemical Clarifierell A1, &%) pH 222 pH 109°]1%1t}. Chemical Clarification®ll 4 & 9} lol] o 3
AAsol ddsta, §xo] F9, AT o 75% Base, A JEE DT 9% ol BAdGT)
A5l f71% &, COD, TOC AR = #A st th =8 LimeN 2l £ pH 2PN A2 47 445
e EdFo & AT AS 99%0lF Tadgch

Table 6. Removal of General Contaminants by Lime Treatment

Influent Effluent Percent

Contaminant Unit Concentration Concentration Removal
EC umho 1717 1638 5
TDS mg/1 1000 934 6
pH 73 109
Turbidity TU 7.7 0.88 89
PO4-P mg/1 53 0.04 99
COD mg/1 535 303 43
TOC mg/1 14.8 110 26
Total Coliform #/100mi 84X 10° 09 29
Fecal Coliform $# /100ml 135X104 02 9
Silica mg/1 222 129 42
Fluoride mg/1 13 08 38
Boron mg/1 0.7 0.56 20
Organic mg/1 247 117 53
Nitrogen
Calcium as Ca mg/1 876 787 10
Magnesium mg/1 220 1.9 91

AR MY A3, 1991
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Figure 5. The TFC PA Membrane Performance of the Applied High Pressure(400 psi)
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o2 FFHE Lime treatmentel Sl& ¢ EHHo2 479 & sich & A=) A Lime treat-
mentA, $8E AA E%E £ 7o) Gebl Aeul, hFE 50% o3¢ Al A = .2, Beryllium, Zine, Selenium¥}
Arsenics& A9 AAHA oG},

Table 7. Removal of Heavy Metals by Lime Treatment

Contaminant Influent Percent

(ug/) Concentration Removal
Silver 12 85
Arsenic <50 -
Aluminum 72.6 71
Barium 1119 61
Beryllium 1.2 -
Cadmium 42 74
Cobalt 15 63
Chromium 220 71
Copper 42.8 84
Iron 117.8 83
Mercury 0.23 52
Manganese 4.2 97
Nickel 62.5 62
Lead 29 96
Zinc 844 —
Selenium <50 -

3—2—2 Air Stripping

Air Strippinge 9 Al F7] £l 3 FF RV AL HEE AANESE A HojH
a2PAL FAW Fd79] FRYotd A FE780~85% HAHUY Wl ool tiE HY A% Hoe
T35 A7tA F7I2EEY U AALLE dHAHJUS.

Air Stripping®ll 3 53] AEAZF AAF o vty EARHolge Aol FHHULH, E 89 Al
A g 23E Jehl A

Table 8. Removal of Trace Organics(VOA) by Air Stripping

Contaminant Influent Conc. Average
(ug/D Removal( %)
1, 1, 1-Trichloroethane 6.4 97
Trichloroethylene 15 93
Tetrachloroethylene 8.7 97
Bromodichloromethane 0.77 87
Chloroform 34 80
Dibromochloromethane 098 83
Bromoform 0.55 64

Auyd A1d A1, 1991
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3—2—3 Activated Carbon Adsorption

BT FHL o] durEl 23 HEFo K718 E AAY FHe2 AHg-Hrh A/C Columns
483 B34 27} sgpm/fite, A {213k 348, Down Flow® &2 Atk & 99 COD, TOC R ¥% #71&3
W AA £&E YEAT

Table 9. Removal of Organic Materials By GAC

Contaminant Influent Conc. Average
Removal( %)
Bromoform 142 83
Bromodichloromethane 326 82
COD 286 66
Carbon Tetrachloride 0.18 66
Chloroform 5.7 64
TOC 12.3 55

* Geometric mean concentration in ug/l except TOC and COD, which are in mg/l

Fo&d g AA AFE & 109 YRSy, €F0EH = ES 238 $7183 3L, Arsenic, Barium,
Beryllium, F'WE, &, Selenium, &, Zincs< #W37t gIAch EFuwoly Jl=F AEY F7hs €3
s AY E44e] o2 Alg v

Table 10. Removal of Heavy Metals by Granular Activated Carbon Adsorption

Contaminant Influent Concentration Percent
Removal
Silver 0.21 -
Arsenic <50 -
Aluminum 247 +5
Barium 42.0 -
Beryllium <10 -
Cadmium 0.78 +50
Cobalt 1.0 -
Chromium 5.7 23
Copper 184 76
Iron 162.9 82
Mercury 0.53 20
Manganese 4.79 37
Nickel 21.0 19
Lead <0.1 -
Selenium <50 -
Zinc <100.0 -

* Geometric mean concentration in pg/l

Membrane J. Vol. 1. No. 1., 1991
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3—2—4 RO Membrane System Performance

RO Membrane System©. 2B A Product Water % & AHHoZ 423 F2AY (P
A AL - AEeD e vl gh 3 (2749 e A 717 B9, Feedwaterol] thek TDSSF HF 42 o]
Y 8ol UEht vk HAEL Plant® 3% 2 909 WY 24 YEY golth. o8 A
et Wg s, AnXE "79d 8¥9] &IFINL, FAA g Zasta 'god 199 758Fo] ).
29l 9zt FaAnirt 39l Ay 727FR dolMEd], ] 2A& Ammonia Stripping Fang ZE 7

ol

28 T4 4UEH, 9% £ 8T & 9 10F, 5 75~85Folom Hux:= gl A A= 1~39 )
YER T
Feed Water?] €& TDSE "79d 9€9 746mg/I2RE "81d 399 1264mg/17tA] W ahstgr}.
18 8ol Bojl wpelEo] Feed Water®]! H¥ TDSE £7) 5709 $He 750~800mg/l, e F2EC
850~975mg/l, °1 ¥ 1671 ¥ F<IL 1000~1275mg/l, 1E)il vpATo 2 plY Hote FHoz 7+
755~976mg/1°] A}, ol TDSH 3ol 2§ U902 Feedwater 45 o] wjFolc),
Feedwater2] TDSH 3k 5919l 5708 7hx 20, o] & 98k Product water?] Fluxell 2% H&-2 713 ch.
ARA & 499 A, 27709 B Feedwaterd] AFY WF T 75~125psiz 222 (400psi) T
Bl dte] 1% 037t E HolH & 9L TR ohsidr)
Ao dE 23 Data’t B 119 19 9o veht Utk o F Datak AWAA] 717HESQ 7 ¥z
Boas vehd Aol
Plant €% "79d 790 4.05mgd2HE 80 1, 290 5mgd7hA Z7HEIQE], ole £4:9 =7t
WA 3t7] 3 MZE Membraneo] A H Q7] WRolc), "80d 2~3Ye] Lo FHad AL
Fouling™ Feedwater®] 42 7Z3lo] 7]1Q18ta, 4~59 9] nl4d Z7ls $29 HAA Ao B zow
ALRET 2F AW O 0|32 P79 £ 350E EREka 0] &M o T Fastye)
brane Fouling®] 2 F<1Q He=w Alg®)
Plant®} & FAALL 27] 799 790 8788% 904 HH o2 Zslsle] "god 39l 9627% 7HA) =7}
3tA=d, ol v} Foulant 39| Pluggingl Al A48 Membrane EH] 148t 287 Wro 2 A}
=220
Lol FEE RAYH 2 FAH o= Zadte] "81d 39 89.15% ©]1%.0.1], 3~8Y o E 89.15~91.96% 7FA]
o &g H3lE el ol

Table 11. Total Plant
Mean Product Flow and Rejection versus Operating Month

°
r
=
[¢]
2

Product Percent
Month Flow, mgd Rejection
1979
July 4.05 87.88
August 4,08 86.76
September 414 88.07
October 4.63 89.34
November 4,66 91.11
December 464 92.59

HEH AP A1E, 1991
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FEEDWATER TDS.mg/1

N R

70

FEED¥ATER TEMPERATUREF

J[A[SIO[N]D{JIFTHIA[MIJIJIAISIOINIDF[FII{AIN[J[J lA[S]l

1979 1981

OPERATING TIME MONTHS

Figure 8. The Temperature and Total Dissolved Solids of Feedwater to Full Scale RO Plant(5mgd)

5 * —’_‘ v New Membrane Added
5
£ M
* -V
\AVAYA \VAVARRRT4

Lo e

PRODUCT FLOW.MGD

: JIA[S[OIN[D%JIT[NIAIHIJIJIA[SIOINID[]J]FII[A[H]J]J IA]?}]

1981

OPERATING TIME,MONTHS

Figure 9. Total Plant Product Flow and Rejection over an Extended Period of Operation
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Product Percent
Month Flow, mgd Rejection

1980

January 497 93.61
February 502 95.00
March 479 96.27
April 4.80 95.90
May 495 94.70
June 4.93 94.82
July 4.73 94.15
August 474 9359
September 461 9324
October 4.36 9321
November 4.06 92.68
December 3.77 92.84
1981

January 403 9148
February 3.86 91.89
March 4.30 89.15
April 433 89.56
May 440 90.64
June 4.60 90.23
July 444 91.58
August 4.36 91.96
September 4.56 9127

B 12l FR7] 12708 F<L9] Feedwaters e 2 ©]2E#H gd=uo}, COD, TOCSl g AAEE
UeRdth ol FEHE MEEd vid A% HEad JER FAoldt dSF W uiel Pol, 271e] 20]
ol Bt AAZ ¢ ZHAU & Sodium®]& A AL '80d 1089 90%NAM, "81d 19 83%71A
Hastgon, diol AAEE AL o] Folee FHZ ALY A Ho) AXE A, Memb-
rne®] Formaldehyde 1% &9 o & E o] gl& o] Fo A AL

agAek 27e] 9] AL, Aol MAEL T80d 1Y ol F A% 100%ol0eH,
H3 9% A HA 93%74A WIHe™ IF HT AAHEL 97% 0 Th olfFEE
Membrane ¥H 9] o]4olu}t AZtgt 7t Aol gleS U5 Held.

A AA AF] AAL Y 17Fol 9] F3% FAE G 27bo] 0] W3} fle 99U, AAES
Membrane®] 1% Formaldehyde& ol Ao} o FA7|zHs<t, w43 Membrane 22 %E Fou-
lantE o] AAELR & 17104 Membrane¥ 3 Flux7t Z715 R g AR Er} Feedwater®9] ¢+
EYol xE # H-& W9 Nitrate ¥ 234t 33 CDA Membrane Nitrate ] &Rt 2 H0| 2%
o 2 AAGAT. &, RVl AAEL 27] MY F 868%, X AR o) Fole Padte 800~87.0%

w & Sulfate AAEL
4oz nlFof Hol

Medd A1d A1, 1991
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oI, Nitrate®] B+ 271 3/HY FLL 46~65%, A3 o|FolE 20~40% Itk

TOC AAEL HI 914%lA HA 831%, BT 87% 1AL, CODMAELE HI 985 HA 838%, BT
04% iU, F] FA o Fox & FHFL YN o|$2e 4Y A} 2HE R/O Plants TOCH CODE
AAsed gAME ¢ EHHA FAAE & 5 YA

Table 12. Average Rejection of Ions, TOC and CO

Time(M) 1980 1981 Mean
Constituents 100 11 12 1 2 3 4 5 6 7 8 9 Rejection

Sodium Inf.! 233 244 213 224 261 233 220 200 159 161 155

Eff? 23 24 25 37 38 42 3B 27 26 23 21 23

Rej? | 90 89 90 83 8 84 8 8 8 8 8 8 86
Calcium | Inf 68 75 80 70 73 8 83 78 132 94 73 78

Eff. 0o 0 ¢ 6 o0 O o0 O 0 0 0 O

Rej. {100 100 100 100 100 100 100 100 100 100 100 100 100
Chloride | Inf |282 271 293 201 288 345 323 290 218 233 216 210

Eff. 29 36 35 51 41 57 52 47 37 34 28 27

Rej. 9 87 88 82 8 8 8 & 8 8 87 87 86
Sulfate Inf. |226 239 274 203 214 234 234 226 228 195 169 176

Eff. 1 6 4 2 2 1 9 8 6 5 5 12

Re;j. 9 97 99 99 99 95 96 96 97 97 97 93 97
NH3-N Inf. 68 75 80 70 73 8 83 78 132 M4 73 78

Eff. 0 0 o0 0o 06 0 0 o0 o0 0 o0 O

Rej. 86 87 88 86 8 84 8 81 8 8 8 & 85
NO; Inf. 2 23 24 21 3 3t 27 27 20 17 15 10

Eff. 3 3 3 3 4 5 4 5 3 3 2 2

Rej. 60 50 50 40 40 50 33 0 0 33 29 18 40
TOC Inf. 72 58 73 - 74 90 90 105 — - 114 130

Eff, 09 05 09 - 09 13 13 13 — =—= 15 22

Rej. 88 91 88 — 8 8 8 88 - - 8 8 87
COD Inf. 186 96 162 134 137 203 178 235 173 263 267 290

Eff. 15 10 10 02 11 25 20 26 15 28 32 43

Rej. 91 90 9% 99 92 8 8 8 91 8 8 8 90

Feedwaters o] SE&AE AA 3%, W42 FA F Lime Clarifiation® A/C Filterdl 4 88 473
oj3t2 A e HAAIT, RO SystemS FH31AA BS A FH A olo] he 2 24 A7} & 139 Jeh}
ATh 714 RAAE upe} o], AN FAHANAM Mg FFolE nFno] Fhsol o], Ay £449)
A olzd FF AP 2LAE oVl ALt AND. FEFEFE U BE H Lo Uside
AAE] AFXNHRh= ¥ & Hog Algdch
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Table 13. Average Rejection of Trace Metals™*

Trace Metal Influent Effluent | Rejector(%)
Silver 0.30 0.05 833
Arsenic <50 <50 -
Aluminum 247 74 70.0
Barium 418 18 95.7
Beryllium <10 <10 -
Cadmium 0.70 004 943
Cobalt 050 0.02 96.0
Chromium 28 0.5 821
Copper 80 37 538
Iron 410 35 915
Mercury 02 02 -
Manganese 170 0.07 95.9
Nickel 210 05 976
Lead <10 <20 -
Selenium <50 <50 -
Zinc <100 <100 -

* All concentrations expressed as pg/l

3—3 System Moadification

A8 AAS e 2N RO Membrane Systemol AE® 2L 603 Fykoln, 1970139 o] 224
AN AYE RO Membrane System®] Z-4=ith.
Process Development &7197|¢] 1, 23 84212]42¢ Feedwater}oll %5 o]0 Biological Debris?t RO
Membrane ¥4 Fouling® #&A1#H Systemel AFA3ME 7HA K
ololzre MY ANE %3, RO Membrane System® ©| &8 EAI3S: ABFHL A& AAE TR
7 Membrane Cleaning®] Key Pointg}= A&l o124 HIUch
FH, A 24dze) 22 AYE EdZ, A9 Technologyst U$ E&AQ thAAA e Systems AHE&
Technology® HlX 7 AESHATH

3—3—1 Lime Clarification® &% RO @& System
23 100) oA vk} o] RO A FH A Lime Clarification® AH8-X1% L Coagulant Aid Addi-
tion-Rapid Mix-Flocculation & Multimedia Filtration-Chlorination2 2 7733t}
Lime Clarification® AH&- X ¢22 22 3|4} Site Space® Bt} o] £8 3o 2 o]§8 & glon, &3 FA=
433 AgE F U] 4FHAR

3—3—2 Axjg System®) UF Membrane Module 2§
23 1101 Ve vl9} o], Feedwater®oll ¥-3-¥ Biofoulant 328 #4A1" 5322 UF Membrane
Module® 2] Systemol &-8AF

Bl A1d A1s, 1991
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Figure 10. The Process Flow Diagram with the Simplified Pretreatment
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Figure 11. Advanced Process Flow Diagram including UF Membrane Module
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Z A 8] System®l A Lime Clarification®] 4 &% 7%, RO Feedwateri= ©] 49| 8 ¥ Biofulant”} Membrane
EH) Geldg 33T, o Geld:< Membrane FluxE F43] Z2A#0

UF Membrane Module€ 53§ A gj+d-2 & 90% ©]/4, Bacteria 9% ©}/¢ A 71 ¥ 2.2 ¥, Feedwater <]
TDS7t %2 Z %9 Aol RO Moduleglol= 3 &4 ZHd] A189 $ o] 4FHU

o] #ZL& AA g Systeme] R HF AT, o] Yolrt & Q&R A S ZHI Bl 23
TOC Reduction &% H7187] 93] A7 Project® JAFl St

3—3—3 Cost Estimates
’3719] Al7}A] thE Process Type2] 7 -l t 3t Cost Estimates® ¥ ZHESIQ 00, o] o3l A&
8958t H 1401 YERRAY,

Table 14. Summary of Cost Estimates A, B, and C
15 mgd Reclaimed Municipal Wastewater

Item A B C

Annual O & M Cost $ 3,009,659 $2,142974 $ 2,626,968
Annual Capital Recovery 2,827,560 2,043,315 2,226,135
Total Estimated Cost $5,837,219 $4,186,289 $ 4,853,103
Annual Water Production

1,000 Gallons 4,927,500 4,927,500 4,927,500
Acre Feet 15,120 15,120 15,120
Reclaimed Water Cost

$./1,000 Gallons $118 $0.85 $0.98
$ ./ Acre Foot $ 386.06 $276.87 $ 32097

A ! Present Process System
B Simplified Process System without Lime Clarification
C : Advanced Process System including U/F Membrane Module

* Basis & Assumptions

@ Feedwater®] TDS : 1000mg/l, =& . 75F

@ 34& :85%, Plant$ % : 15mgd

@ Chemicals®] ©7} . 90% Lime : US$ 93/ton
9%% 34t 1 US$85/ton
SHMP 1 US$1.25/1b
Chiorine  : US$ 302/ton

@ deu)E : US$008/kwh

@ Capital Recovery : 713t : 203, ©o1ZH& 1 8%

@ Plant ¥ A @ EA wg Coste EF HolgUARES

&b UF Module Cost : US$600(OD : 8in, Length : 40in)

W A1d Al1s, 1991
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Z, @A 9 Process System¥ Lime Clarificationg 3 && Systemdl i ¢ 2] @71& v|13dtoq EW, A=
US$ 386/Acreftol 2, ¥ US$277/Acreft® 28% v 8287 AHE & 4 AN W, £ F¢
ARt B3 Eed UF AN E =98 3% A2u £ US$321/Acreft2, B A Process System th¥] 17% 2|
Hgd3 AnE dg & AN

E AY 2d3e 32X AA 2 EX v Cost7t A9 HAULEZ, o]F EPAIITE AT HAHAA
Lime Clarification A+8-&, &3 Filtration® UF && System¥ ¥ 3}e] Xglu] o] AR F7HE Flolth

.. 2

1) Water Factory 21(WF 21)& A E%3 Me& A3 E4] 8l4& RO Membrane System® &3t |+
AEE B7)9% NeR S FYF2 o] &, I sHE el dEtd 4FE AU

2) RO Membrane System? A 2F3 3 RO Module2 T4 ded, 2449 A4 2337 R/O Mo-
dule®] 35Fd] ¥HE o3 LPEHd] T HAE & didte 4PL Pt

3) Pilot A¥olM e, AXNHFHE G583 Lime/RO FARCEE A AT F35en, o
Ao A A FAF Air Stripping Mixed Media Filtration, A/C adsorptions ©] A=l o] 43¢ v]&
A EHE d€ F UUh

4) Pilot 284 RO Module®) A ¢ Thin film composite(TFC) Polyamide(PA) Membrane< 831t}
A923, S 2 dAAEE Udehlden, {718 § FUY T Aoz AAHUML

5) #%+(200~250psi), I Flux-§ Membrane$ AH&-% Pilot A @A, A AHEL 90% o4, Fluxe 11~13
gpmoll o] 2 H o}, 3tA % A4 Membrane & 7He A& AT HoIUA R, Feedd] 50l F7Hetol whe
Membrane ¥®¢] Fouling 7522 <13l AlZto] ZAdgte] wel Flux’t 343 #F43Ad.

6) 3d447t9] Full Scale Plant(5mgd)® ¥ 4723, RO Membrane Systems ©]&% 39 AYFH
355 QIEEA & 75, 35S AET tEld v 2F o AAE & Addo] AFHUS

7) AAF Systeme) A&AE F71A1717] 9§ Modification® 24 Lime Clarification® 4 &# 745}, Bio-
foulant ZA1E 27 18] UF Membrane Module® 38 A13) System® ¥l g A3}, A v]&HeA,
A System ®lasle] Aze 28%, FAe 17%9 ¥EEY AHXE 4& F I
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