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Abstract : The relation between performance maintenance conditions and those cost efficiency was studied to choose an optimum
operating condition in the seawater desalination pretreatment system. A hollow fiber microfiltration module, which was developed
with domestic technology, was tested with the various operating conditions such as chemically enhanced backwash cycles and design
dosages of a cleaning chemical. Transmembrane pressure was measured to investigate membrane fouling status and cleaning degree.
In addition, economic analysis was performed to compare water production costs by the operation condition. As a result, The opera-
tion mode III, chemically enhanced backwash at once a day with 100 mg/L of sodium hypochlorite (NaOCl) was selected. The
concurrent evaluation between membrane filtration performance and its economic analysis will be suitable to choose an efficient
optimum condition.
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Q9F: \ L 3 "\Dl-"\ﬁ} A2 71e2A A" 7Fr4] Ao IHmicrofiltration: MF) Z&3-AM ZE(2 WA 35 m’)<Q
A5 H71E BHOR 1000 mUday T2 S TS BUES QAR St oF 319 B STV RAHOE A
2] 3l FF8+] 1.5 mm’-day A4 ZANA o1}37], 2] M| A (chemically enhanced backwash: CEB) =9} A4
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A2 slegast THORA A5F WA s oA verse osmosis: ©]5F "SWRO”) A|2gle] thgst o] ukeh
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3 oQEAS Ao F4HEH RO B4 o o HEET 9lom S8 vyt Corpus Christi Bay Al
Fe A G5 Zolch, AAA AANE Bl A o vzl ATE B ARAPE QA B B4, 37
B4R o Alg A5, o oglom AR QY £48 F B ohEoln Asgue MmdT Fol AW ut gk
0 4 gloms §AT HSL YA RO Bo $S AT Abo] w2 SDI (silt density index) H] 60% ol
=9 2= Qhh o] 4 o]alel vl TA o) uF| Eaut A7 TAHL LA

tration)©] 3fj4= A 5] b1} 2z
g o} microfiliration: ©]3} “MF”) 2 Fe]o] sh(ultrafiltra-
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off thgt A7} m| RS AAo|unz eJ=tulo] 7|a X7t AF Table 1. Effluent characteristics of the dissolved air flotation sys-

o3}, tem (Mar.-May, 2012)
AA7HA] UF F7 o] MFof vsf s+ ¢ Oﬂ ?'é}_ 5 ftem Max. Min, Aver,
f718AT A fiste] £ AAYES BYORA PH 8.54 79 8.23
_‘F‘_E]— Zy7) AL 9= AAo|t} 20 kDa O] 01_4 UF b TDS (mg/L) 43,830 36,830 38,595
© 0.4 bar(Z2AZ v ¢re, algar cell rupture) ©]5}+2] A Conductivity (mS/cm) 54 84 514 5407
oF &4 Al W& 1o ¢(bio-fouling) e =7 £ 2= Q= A Turbidity (NTU) 425 0.08 1.09
oz oA Qrk? ey W4 EA A ok 0o Ezo] Q) TOC (mg/L) 20 08 12
244 0] B SupE A o] Z2E Ao ut ZAo] AR Temperature (C) 207 1.3 13.05
2 2 MF o] fA#e] 2 oyz] sn SHofA Aol
Qlth. Table 2. Operational conditions for the pressurized MF membrane
whebA] B Ao Al 1,000 mYday 2] A% SWRO Operation Firation  Fitration Chemically en- Design
AR EZWE Aoz FY 7|&=2 Est S3AM EFY ;r):gzt‘laon time cycle  hanced backwash d?\ls:gglof Note
o] MF AAg] A+ oS H7lsl= g £2]o] 9k o Al (minutes) (times/day) cycle (times/day) (ma/)
Bhel ool o, olalo] w2 548t 41 A1F (che- e ) B
mically enhanced backwash: ©]3} “CEB”) 59| &% WH4-E I-b *
AAsiRomn 1 AEHS Kol A k. I
II-b 45 24 4 25 *
I-c

2. H51diH lil-a 38 31 1 100
% 45 24 4 100

21. i o3 SHE li-b 38 31 1 100

H Ao BAEFAA] 71Ak2e] €123 1691%] SWRO *No chemically enhanced backwash, ** After the cleaning in place
ol SUES Ao ST A7) SUASL A4S 7]

Zo3 1,000 m/day £ s 4 glow, AAe] 2 MF 259 42 1.5 m/m’-day?] A9 2702 £
024 §EF7| AP (dissolved air flotation: 0|5} “DAFY), AP, Table 2 o] S HS WSl sl
o]erE3to] T (dual media filtration: ©]3} “DMF”), 7Fel4] & CEB 7| ‘I}a} =44 5S gt 2 oATkA e
L x4 Hejuhe e o 98 2 9t} B ol 2 &4 5 787 Oﬂ/\ﬂ(backwash aeration 2 o - Wlj&= EZ3h

A= Fig. 1¢] SWRO 34 % DAF #2| & 7|94 MF & £ shie © A F7100 w1 1~43] ol

ok oAb & ek AP EE (NaOCl)OE 223 9A = A2, FAl(aeration) &
= AA, AFHa 0.1 mgL o|skz A H(rinsing) & HHl
2.2, 311 {2 MF Ot 2l XAl skt 9 s Q%’% 91t 315 Al7d(cleaning in place: ©]

5} “CIP”) AR} ¢17] AP g REw, AF Al Al
2 AFAH(COOH),) 1%2}F 3HHH,S04) 0.1% S-4S, 7] A
7 Al NaOCl 3,000 mg/L&} 48t EE(NaOH)-& &35}
of pH 112 & g o] 833t

E Ao e FY 7|&2 Niet 3 A hollow fiber)
EFQ] 9] dfl4~ A28 712! PVDF (polyvinylidene fluoride,
Econity) 22 AME-5FITE 22 TIPS (thermally induced phase
separation) WA} ¢ AW (stretching) &2 A 23} 0, 9
F7(pore size) 0.1 pm, =& THHZA-L 35 m?o|t}.

}owq MF 2ES tji gt ZMEq| A x| dle] 2012 e
3QUEE 20124 5Y7HRA] OF 3/ QT ASS HAESS 2.3.1. aizZixiet & 3|48
D} 713 ordltloll A 243t & DAF A e|5E AR A} ohFet 2z mE 1w e HEE molstr] fsfiA
f35t9on 1 EAL Table 13+ ) 7E2F Q) (transmembrane pressure: ©|3} “TMP”) APE 4] (1)
a@-» DAF >—» DMF > »  1stRO Product >
MF/UF > 2nd RO

Fig. 1. A schematic diagram of the 16" seawater reverse osmosis desalination pilot plant.
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A7 A, Pz £%) e (kPa), P & Qe (kPa), Py A
24 e (kpayolt}.

_ Qf_ Qbu;
RR= 7@ 0, > 100(%) ©))
A7IM, Q= AdTFS, Q.= AATF, Q& WETT
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2.3.2. ZMY &M

Table 2] LN 9 olahAls wmeh Sl A &
W27l B2e AN AAY BAS SRS BHE
USBR (United States Bureau of Reclamation)2]
(Water Treatment Estimation Routine) &2 AF8-3}% 0,
% SR 01 % NS skl ke Sel
Azl 8-S st

A7ku] 82 2 7141 8(total construction cost)T} -J-2] T
Z] Z Adn)EE thA] 2 H](direct capital cost)
@} 7H8H](indirect capital cost)Z® LEETE Z™HE= A&
A4u)E, ot 2 2E AA]H], Roidu] 9 Ay oy Bl-E-
= KRl A4 F oA dlv]v(contingency) B! ZRAE

Table 3. Design assumptions for economic analysis

Type Parameters Input value Note
39,375~
Product flow rate 42948 I/d reference to Table 6
Plant availability 94%
MF Planned operation time 100%
process per day 4
input
Number of modules 1
Number of membranes 1
Recovery 77.3~889 reference to Table 6
Building cost 1,076 default value of the
9 usD/m? analysis model
D|r§ct Miscellaneous 5% of module cost
capital Plant it "
ant interconnectin
cost 9 5% of module and
piping .
o miscellaneous cost
Engineering 10%
Intergst during cons- 6%
. truction
Indlirect f total direct
capital  Contingencies 20% o total direc
) capital cost
cost  Project management 10%
Working capital 4%

Table 4. Operation and maintenance cost input

Cost Input value Note
Electricity rate 0.07 USD/kWh
Sodium hypochlorite cost 92 USD/kg 110 won/kg
Specific gravity 1.168 NaOCI
Membrane life 10 years
Staff days/day 0.33 8 hours/day
Labor rate 8.33 USD/hr 2,000,000 won/month
Amortization time 30 years
Interest rate 6%

el g3te] @A) A2 B
(capital recovery)S}.0.m, o] <& 6% AFE3]4 717HE 30
4L #4519t Table3& MF FAH/IE 9let 9 ghat
AEH G S 95 7PN E Lehe, gAe g
Tabledo] 7} §\%e] 3= Adgler AL Fol A4
sheiet.

ERERE E RN X

-IPU

Capital recovery

(USD/m? - yrl= TCC+ i - (1+i)"/((1+i)"—1) 3)

o]71 A, TCC= & 7A/dn]-E(total construction cost)S, i+
o|ZFg, ne A3 7]7to|th

Zo] WAGe =N Ay 2L E%ﬁ]—jl_ } stk =
7] TMP 14.1 kPa Z 7oA HAEE AZslglon, 7+ &4
A HIV)E AHE SAskt -, 1 (-, ) T

]’Oﬂ/d‘l‘f CEB 43]/d ZZofA] X]/Kg ATE 93} k= A}

8% W3} dFL, Ie, [lla oA E B5& ALE 9
gk 13)/d CEB AFEE HESIAT IV #7222 5

%2] NaOCl Z7(100 mg/L)o| A AAF7] ¥slo] w2 &
5, 1M-b 72 CIP o] % AP aats ghelstarat sk¢lct.
3} steleE Haat A5 g4 FA 5 @Y BEALb, 1Ib)
2 QI3 CEB 1| 43 432 H7}st¢thFig. 2).

HA I-a, [I-a L7tof|A 1Y 43] CEB 32 AA oF&
AME S} GRS AES A3k OFE ARERO] %10](50 ppm,
25 ppm)E= Qo TMPE] A% 4 glo] 27] AT
ARRE AIE UERAE W %E-OJ NaOCl g4
9l MY EIE weo) wet Eo) o FFPurhe
HhE 2 0] CEB $=3jo] 9} @ ¢ Hlxjof gu}z|¢l Aoz Tt

R R |
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Fig. 2. Trans-membrane pressure variations during the MF operation,

w]Qith ¥, CEBZ AlA|5}4] 9= 79 33 1 NTU, TOC CEB 43 A] 19 43| CEB Z7(I-a, Il-a, ll-c, [V) 025
1.2 ppm HAE o] Yoot U4 S = BEtal o 2 Yo B TMP Z4a3E #2402 2lgt A3}, NaOCl 5=

28] WAyt 74 = ET YA RO R e W AR B9 AY RS e 4 o e

pol 91 B vebuth 190 18] A3 ZUE CIP o)F 19 6% H=9
o Pk, %<—7lao_l GARHO) S8 M B A TMP 45l 20 kPa o]sl TMPZE GBS Slsielck
FAe BHAQ o AR ofu] a2 ¢jo] AW o] A% ko] BrHSE B (ll-a)

M-a #7hs §3l 318 A5S 918 19 18] CEB 21 2 A 9J3tale 19 18] 100 mg/L CEB 2o|A % Hg =

= ATE Ay, 1 27)0e AEGAQ] TMP 347t 35 ¢l o] 7hEei, =2 I4s FRUL ted AeRE W

oy, o] A% s B sho] BiEE= 5 AF e

a7 ujole Aoz yEyth 9 e o] s 2

Q7] HEor AdE, 3l4g 45 At ARF7] WA 3.2. 3|2

(1< 13D gt d=st Brhrt ol Rl IV 12 53 A 0)2 B3 2 eAzA ¥E g4 7Ps3et 34es A

Y = 1Y 43 AR 23, TMP g4s S8 AR Asto] vt} 348 LHWAe] wel MF 1 w

T YR ERISHF S CEB v|=d) Fof mE v 2 Ho o] AR A 7Hett S YustEE W ZE9 F

2 sl CIPE 53 7 5 2l&o] 2ad JoR ddy AT AFLsE 7Hs Aol u|R= deko] Atk oL E 15

it m’/m’+d, Bt W2 35 m® stol A 9] Z A B BiE 3|4
CIP o] & III-b 2 A= TMP7} &4 27| o|3K11.3 25 Table 50 A A5k

kPa)2 259100 of 20 kPa 0|12 oYX 02 {45 e A3} 313)/99] ofak £7]15 24= 19 13] CEB =7

%Atk NaOCl 100 ppm 274 348 62 FIt 14 1

2] CEB 7l gl3stsict Table 5. TMP variations for the pressurized MF operation
Ao WE TMP WHEH&S Agste] Table 40f 1t Time period (Operation TMP variation

gtk ZF A7 &= W38 1Y HIe R 3AEES mode-time section) %/whole time interval ~ %/day note

t}. CEBE $3¥35}#] 48 AL 1Y 3AF A 52.0~108.8%2) l-a 276 44

TMP 715 ®lom, CEBE 33t Hfol< o LHes -b 2720 1088 .

AR ET} Blo] o]]e A M-aS ALt (9)2.2~(-)12.2 ll-a 270 -155

%2 7+ =7]9] v|s] TMP7} Zastich II-b 62.6 520 *
CEB 1] 28] A AE T2 CEB 7|2 AA3H9-29 ll-c 26 22

T B} 3522 NS b 7o) 1I-b Bt TMP A48 ll-a 803 145

o] 2 AL0RE UET] o= ek AlF & 7/Hﬂ6HXJ ® \Y 96 -132

Hol|A 1 9 AL ws} vl we] AFPEs Aow ll--b 881 6.0

= *No CEB condition
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(e} Bjsgo] 243)/U9] A3} £715 Zh= 14 49] CEB
220 1L IV)ofl v Arizles 5323 & 4 ek o=
22 CEB 3 o= Qlsf uf AlAol Hagt s32 S71s)
£ uhd, o3t AJZRe] ZHAR AE|4wke A 2 o]]7]
otk 3aE FH SHd A= A2 AAF7IE s 2ol
22w Aol v oA Ao dddEn

3.3. dHly &M

3.0 Az H A FolAl gRlgh ukel o] uF A7
SHo A= BHEAG o] aatHoly, 3lg SHolA= 1Y
13] Aol Adsich whE Ao o2 fxoe HlE
7kel 3l F7boll wE AJAE H3t ol AR AF
o2 ARG B4 5 x4 E YA 8-S vt
ok 1d7ke] 2gu|et P e = EE 5 714 H]|-Etotal con-
struction cost)= 4AHgsIlon, {2 B8] A
53] <17t u]&(annual cost)T} AA7F 1 m’ AAtu]&-S A4
3lo] B w3} ch(Table 7).

HaL A3t 7F 2dm e ¥ Aol Wste| w2 capital
recoverys= & H3I7} Qlglon, CEB Ao W& oF& A}
S50 HstR Qs fxHeE Hge] HApF & AR Y
et fA3E v8-2 SHEE o] 7P F9low, 1
o 43] 100 mg/L CEB ZAQ IV #$7} 714 2 Aoz 1}
E}5Th capital recovery®t frA|¥E|H|e] Fom UEhhe
AZE WG AZE 1 m’ YatEge gA B n| o] F7)9) u}
2t AAEgIch E6] Az 1 m’ Patu]g2] 79 Table 63

=
=
Zal

ot Jo o
X
s}

tlo

Table 6. The estimated recovery rates for the pressurized MF

operation
Operation Permeate Backwash Drain Recovery
mode (I/day) (I/day) (I/day) rate (%)
| 39,375 6,781 1,400 799
Il 39,375 7,875 1,400 773
1l 42,948 3,336 1,600 889
Y 39,375 6781 1,400 799

Fig. 3. Pie chart for O&M cost percentage.

Table 7. Detailed economic analysis

Operation mode

Cost items
| Il M1l v
Direct capital cost (USD/yr) 9,792 9792 9839 9,792
Indirect capital cost (USD/yr) 4000 4,000 4,000 4,000
Total construction cost (USD/yr) 13,792 13,792 13,839 13,792
Capital recovery (USD/yr) 1,002 1,002 1,005 1,002
Total O&M cost (USD/yr) 8,783 8,665 8547 9,241
Annual cost (USD) 9,785 9,567 9,552 10,243
Annual cost per m® (USD/m®) 072 071 065 076

7o) Ralgako] F(EL 3|40 22) SARE [Io] T
m’g BTt 7P 2 Z(0.65 USD/m)S & 4= gtk
4 Zulo A HHEAHS 23 MF 349 TMP A
a7t o), SHmEY oFEALg T YAgae] 2}
2 3] SHRE 1 o] 7P AAIZ Q] AoZ et
wth b 7+ 54 CIP o]3 obg &9l TMP 2hivt 7}
Selne SARE Ilo] 7 x7dos A4d Aoz A
]

o},

d
palel

=
W

SARE ol Ao] gATe] G5 o uFL AET A
Fig. 33} o] CEB 2710 m sjslobE ujgmrts <zl

H] 9] Hlgo] tiH(93.6%)S AAIEIGITE ol T HER
2F(WAA 35 m’, 1/5 m’/m’-day) A|lAElo 2 SAs A}
2 gt mER g8 24 Aol A
H|-§ 5 7|t 59| H|Fo] Eobd Zo=m ArtEw, T
m'g YArH S EFH ad o sgEch

A o=
A 2E BEEo RN Iy Ve i
& 5 juis

2 AL 2 o

}E) ha -
g AR AE oy B9 JFOR 77149

Cleaning
chemicals (NaOCl)
3%

Repairs and

replacement and

misc.
2%
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CEB A7 o] i Ago] fabalel A0 hehton,

T R & AAE & OﬂfﬂL e AAF71E F4l
=2 340 EYF 883t Ao Z HukE ot WAkt
92 AAE 4 2 o 7HA 24 A F 1Y 13 100
mg/L CEB ZA(LARE ) & Aoz =&3ch
MF 9t ©4, ayns 7 2 4 {5 ol et zpo|7}t
Ao ARl o AsHA7t 7P~0}E} 7HaA A7
S5 %%liilﬂ %ZMF%HIE Azretal 34EE =9I
i

Ae AE SR % E7|& =S S #07
oH—,—E,—’FB03-02) ZE AT LALIEA IS 131FIP-BO
65893-01)7} R&D 14 Az ey 71EArd st A U(IHA
H 3 11TRPI-C057432-01)2] ¢17tH] 2| Yol o5 4=3%| 2]
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