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Member List for Phase-1 Field Survey

Name Position Organization

PEECHR e fiE ES[ENEAL 2

Mr. Noriaki NISHIMIYA Leader JICA 5% Horz 8 %% 2
w

i E— TR R Bt 11> AT I

Mr. Shinichi MATSUURA Procurement Management Planning, Jicsy

W i [T ) e

Mr. Ryuji OGATA Planning Management JICA HiERES 553,
KEVRE 174

Velly  fHsC

Mr. Hirofumi SANO

FE HR

Mr. Tetsuo IZAWA

R w4

Mr. Yoshihiro AKIYAMA
e R

Mr. Takeo YAMAGUCHI
=50 70 NI R el e AN

Mr. Ronald J. PETERSON
8 P. XLA T

Mr. Ravi PEREIRA

Wil fEZ

Mr. Yoshihiro KIRISHIMA

HEH AT/ KB F i
Chief Consultant/Water Supply Planning 1

Mz alE - G (T8 1
Facility Plan and Design (Plant) 1

MR - BRE (FT ) 2
Facility Plan and Design (Plant) 2

Wt - gt (EA)
Facility Plan and Design (Construction)

TR - HERFE PG TS AT
Operation and Maintenance Plan/Financial Analysis

BREAL SR
Environment and Social Considerations

T PRGN ALI 3517/ 55 R

Construction Schedule/Cost Estimation/Tender Document

ITXYx—TA O
YR (BR)
NJS Consultants Co.,
Ltd

1) JICS: JAPAN INTERNATIONAL COOPERATION SYSTEM
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10 | 10H6H| & [BEHIE(BAZE)., MCWD&EHH MO 22 O O O O O O O O O O
11 | 10H7H| K |[fEtlitho ikt O O O O O O O
12 | 10H8H| &K [fEhfiho bhfsefist O O O O O O @)
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21 |10A17H| + |HINHTA® O O O O O O
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24 | 10H20H | kK |FENEOKF O O O O O O
25 | 10H21H| K |FEENEOKRF O O O O O O
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&M 3. BEfRE (B=H)
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Organization

Name (nickname)

Status

MCWD

Metro Cebu Water District

Mr. Armando Paredes

General Manager

(Mandy)

Mr. Lasaro P. Salvacion Manager,

(Boboy) Water Resources Department
Mr. Michael M. Balazo Assistant General Manager,
(Mike) Technical Services

Ms. Rowan E. Tenedo Manager,

(Wawa) Corporate Planning Department
Mr. Edgar H. Donoso Assistant General Manager,
(Edgar) Finance

Mr. Noel R. Dalena Assistant General Manager,
(Noel) Pipeline Maintenance

Mr. Angelo H. Cabije Manager, Service Connection
(Gelo) & Installation Dep.

Mr. Jose Eugenio B. Singson

Officer in Charge,

(Eugene) Project Management Office
Mr. Roel A. Panebio Division Manager,
(Roel) Environment Division, WRKC
DOF . .
. Mr. Rommel Herrera International Finance Group
Department of Finance
NEDA Manila Ms. Pia Reyes Infrastructure Staff

(National Economic &
Development Authority)

Mr. Reno Cantre

Infrastructure Staff

Ms. Joyse Ann

Infrastructure Staff

NEDA Reagion7
(Cebu Office)

Ms. Mariene

Resional Director

Mr. Rafael Tagalog

Division Chief

Mr. Engr. Margarito Cabadsan

Senior Economic Specialist

Province of Cebu
(Cebu State Government)

Mr.Adolfo V. Quiroga

Provincial Planning &
Development Coordinator

JICA Philippines Office

Mr. Norio Matsuda

Chief Representative

Mr. Masafumi Nagaishi

Senior Representative

Mr. Naoto Kuwae

Representative, Poverty

Reduction Section

Mr. Makoto Iwase

Representative
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BHS ZEEH A AFEHYRXbE

Name of Materials Month/ Year Publication
JBIC: Japan Bank for
Feasibility Study of Seawater Desalination Facility for Water Sep. 2005 International Cooperation
ep.
Supply in Metro Cebu  Final Report P TEPSCO: Tokyo Electric
Power Service Co., Ltd.
Provincial Water Supply, Sewerage and Sanitation Sector Plan GTZ: German Technical
(PW4SP)  CEBU Main Report Cooperation
Dec. 2003 o
Provincial Water Supply, Sewerage and Sanitation Sector Plan Provincial Government of
(PW4SP)  CEBU Appendix Cebu
Imperial Palace Hotel RO System Design Materials & System Flow 2009 Imperial Palace Hotel Internal
Diagram Document
NJS: NJS CONSULTANTS
The Study for Improvement of Water Supply and Sanitation in Abr. 2009 CO., LTD.
r.
Metro Cebu in the Republic of the Philippines  Progress Report P NK: NIPPON KOEI CO.,
LTD.
. DENR: Department of
Revised Procedural Manual (RPM) for DENR .
- . Environment and Natural
Administrative Order No. 30 of 2003 (DAO 03-30)
. . August 2007  Resources
Implementing Rules and Regulations of PD. No. 1586 .
L EMB: Environmental
establishing PEISS
Management Bureau
. . - Central Book Supply Inc.
Environmental Laws in the Philippines 1999 - 2nd Ed o aad
Editorial Staff
A Legal Arsenal for the Philippine Environment .
J PP 2002 Antonio A. Oposa Jr.

The Philippine Islands: Batas Kalikasan

Geological Map of Cebu Quadrangle (Sheet 3750 1)

First Ed. 1985

Philippine Bureau of
Mines and Geosciences
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(1]

il R R ARBAKL QKA REZ B S

AR PR E

£ 1994411 B

IR oD 151](40,000m*/day) Tl O/M Z 135 170 FI/m® & 72 > TW AR 2D 5 LE 1%,
AR WL, AR TN, 33, 28, 12, 11% & 7o T D,
WA KALRERR CEFE I NT-KIZ, pH MEL . FU 7 U THEEPRKREVADETH

DD TR —) L7 KON IR & 2208,
ﬁﬁ&@*ﬁ“ﬂmfﬁmw%éﬁt’w%ﬁw
T AT > TN D, Fiz,

% &Rk DR |
V—Z&EANL, pH

EEMNH Y . ZOF FAKEMFIZEKT
FODi=, HE

T H AR N2 O E XA L T L

SRR PE Ry DIRINZ 1T 72 5 14 ALER VB

Lo L. YR iEs D54,
ZOHKRGEOMIEK L T L RTAZLICE Y WEEABEE S ONT LA Y BE
BWLWWKIZZRY | BRI BB IR N E B TV D

TEy,
Fholtk

AR AL hE R

il

B

SRR

=

Mis R (VERE/K &)
WAL F =

EIJINSS

IO FEEH

<
R

Bk 75
T T A
o

BpE L T2 B KIG OB R O JLBK 3K & 72 -

TR IR Al T

#712,000m* (0.3 m’/m*-capacity)

#19,900m* (FEFKHIFE # 17,600m%)

RC KXONPC &Y (HiF 1R, Hi k4 )
40,000m* H

W2 (RO )

#9 40%

ANRA FNRIPEFRRY 7 2 REA (525
7 8,000kW ., ¥ EE 77 (BR) O HEREBUE 12 K 0 K¢ illis £ (66kV)
ZEERD,

MUK E )7

ViNEE/IN: OV

#9347 (5 (EEEAHL 85%) (86,750 M/m% H)
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KB Eh#R : 2005 Water quality

K RO JEAPEIK FrZE3(%)
TDS (mg/L) 34,800 278 99.20
CI (mg/L) 19,800 119 99.40
S0, (mg/L) 2,490 5.9 99.76
Na (mg/L) 11,400 96.1 99.16
T-hardness (mg/L) 6,360 10 99.84
Conductivity (uS/cm) 50,800 456 99.10

WREHFHTL = | .

o 1M1 5,000 mi-AEEEAKH

o 1lazyl:
e 1%/ 1

63 RO &7 2

6 VAV ]
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mAEAKEEERE

Sia FEEE (40,000 m3/H ). HRA(10,000 m'iH ) W
BRE 1,200 x 220w x 135 GRERLREZD JEE = 1.0 i
] . ARt} 4.5m” x10.5m™ x5 3m (G5 2 fE =500 o’
AR ) o TS 125
AU 194 1’5 1 48mH x (4+1) 25 Bl = 112,000 w’/H
EIEEESR (EF2EERE)
2 e 2ipEs EE1ERABE 30 xi124+) B HiEfE= 384 n®, 2B = 10 il
EBOFRRIBE  33.6m™ (3+1) HET#E= 270 n’, 2i8EE= 15 mH
218K 8= 1,000’ x2 B8 =000 v, ISR = 30 &
it 391’5y x 45mH x (8H) & S = 102,500 m*/H
R 715 537’0 x (B
AR 7 201w’ iy % 650rH 2 3 {558 = 102,500 r’iH
3) ROSH(7% ROJE 159 5131 w'fH x3 & NS = 41,000 w'/H
63 Ay EbiL e (7 P 29 FR) 6 Tl AvbinT sk 136wzl vk
BET A5y % A0mH x (241 & {58 = 11,500 m’ig
B RITE R =200 w’ x 2 (Hy eIk ISR 14 5
& HREE RamE E700 1230 mx 15 CRERLREZD FE = 1.2 i
et FE=2100m’x1 % FEEIRE: 50 Fr
o, RS FE=330m'x2%
e BEEENT | Le3niis s OeH x () B
e B =380 w’ x3 &, 4=04 ', H=40 wH (&) ETERRT 25 m el iday
IR BB =260 1’ x 38, A=64 rd, H=40 nH (BE) HETERTF 36 wliday
Bt ofeEn i TBEEAERT : 4 -5 BREH
et ik 100 225
Bk 39 2.5 w1 H Oks 65 % LI
P et
[ VETBIESRES MY A A SR
) RIS EERET-YIEAER
BPE-FVEA SRR
6) BEERH 2E, AT BESER
7) $itIEE R ERES, I E EIR, SR, ESRRAR, ST

Note: Remarks are estimated by the specifications
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WiR%E (RO) HMEARKICEID LAKERTFE~DOBEH, =EEBTHR

1. W re—

o WEKITEF%, WA SN D ATLELEAE CHEKFT OB ERET D,

o  THEMNROPEEY 2— NVINTEIH LY, WHEDZWIEAKN RO PEE Y 2 — /LI
AF SN0 T2 LI ICAEYCBE NS LERENME T 5. LicioT, 7
7 v b DL TEERIIIATLBERR AN OMEREDN R E R A 52 5,

o HAMLERIC X VGBI /e o T MEKIZE LR > 7 CHE ) % 5~8 MPa & THJE L RO X
WG S, BEGHEAKD 30 ~ 60 %3k E LTHERD HEND,

o FRVIIRMEIAKE LTHEEY 2 — b SN0, JENEALTEY EINY —
EUEIZE ) xR —F B LTk, BRI LS.

2. RO EDFHY
HEAR R AAEEATFIZ ) T RO BT/ I L & T,
- EHERLR=RD 70,
- AEFEARPISHEED I 2T NG EET,
- IERHERE ELNE S,
- HEERa LRI b
DI R EAT D,

I E THARTIE RO #EKIRAKIEDOIEAK T A MIFWE STV,

ZAUZENLER 40 %, TRLX—[EILEE L OB, TR LF—FHALS 7~8 kWh/m® f2 £ T
bV, EBEXKRPKREREEEHDTWENSETHSDH. L LEFETH, BIEEOHM (50 ~
60 %), TFAF—[EILL AT AOBEMICL Y 3kWhm® EOIERE LN TEY, ENT
LEFOEK=T A MEL70 M/ M UTEFRENS. W TIE, 7T bR i
HEEIC S L 523, BEIZ65 ~ 130 M,/ m*ICEEL T\ 5.
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3. BiREA D RO HEAKBEAKILDOIRE & XfIRR

RO DR

XIS

K2 R N O— g ORI

o PR N OSERRE ORI L B IK = 2 ME
- BIALEE AR E 0 A FE OH N,

RO o 27 AR N

TR —EL S AT LD,

7T MERE T EOMIEAIC X B = L X — FUEA O

15 DHE A T2 IR AR ~D RIS

EE'E (SS10mg/L~), HHEMIGYDHEA T2MHE TORILEE & LT
o WAEY AT LOUGE,
MERE R EREE AN + = o0 T-REERBI AN K 2 AIKE O
SHE TSI SRV LS 4 8 A8 O A CEE A~ DA TR
¢ EABOEA
RO DAL 2P G 2 M35 & & bick 0 BRI kE 2557
BRSNSl (UF: Ultrafiltration) %, $5% A8 (MF: Microfiltration)
MDA, BUR CIIEREE S AR 2~3 FET 5038, i
JEOREBEALCE 7 7 v 7 AEDIED, EESA 0@ EIC X 0K
Jak AT RE

AEREYOK D LB, BARRIIC
X, R m A X UERERA
bW, K UREKEELED
HEWBEOBRE

o KEEERICHIET S 2B RO AT 2D IE(L

1B HBB/KEFE RO CUHET S 2 BEICEY M XXy, KRy
FOBRERERD,

oL ZIEAR T FEL, WK 45 ppm BRE S £, THERE TS TR
TIEET D728, BIROHEKKKILA RO EDEERS: (pH 6.5 ~ 7.5)
TIEZ D TIRA T EORREFENMEL, 1B RO TIF/KEAUE 1 ppm
WAREETH S, T2 OEA, 2B H & L TERE RO TRLE LKEAEL
BT .

T2, BMEICE > TE R g A X DRERBENEL DN H 573,
oAb 2 BREIZARY T I RAREA ST K E O A Al

[ =
HEo

4. EK=R |

17 ¢ U B OAREFEETIER U #EIL 05mg/l LA T, BAED WHO fa¢tH 0.5mg/l LR Téd 5723, WHO 1%
LV EICAEE T2 TE, (Img/l 8iviEZ bl b)
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WEARBAHEREREEOH O E L, &M XK E S

1. BEXHFID2—):
o TEHHIM : K TS5 (MEAKMALHEZE @ 4.5 4F)

2. EEWE
o HCMUEERE: K9 46,000 m* (0.92 mYm¥H) FRELEAER 16,000m* (LK [ FEAY
21,000m%) #EARPAICAI : 0.42 m*m®/day
o EPEKE: Max. 50,000 m*/ H
o HukHH: 12FELUK 52
o HRAKAEAF : WRFEE (WKIEIE 60%)
o Humk=: KR & — LK LR A L CTHEZIE N~
o EKHERY : HEKE ¢ 800 x approximately 20 km
77 v Miak~EKYs . IER=K 12 km
oK ~BlKi  IER=4) 8 km
o  HEH: #7440 {1 (88,000 M/m*/ )

3. FEORKK
o RAAXBUKITA  THWRMEK & L EHNZ UK
o BITALEL : UFJE RV ZILARLRASA T TRAEDCRRMR 7 % Tl
o WRBGNX 2B (BE (CEE /Lo — A hze k) —BHLBR AR E S
X (RUTIRRANATNAR) (ZXD, K0 BERKOARE
o K= A b PAKEIE 60%
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4. FFEEFEHE
1) BUKFGE  BEBUk R
(2) BFEEUKDIANE 2 I
o RFBHUKFRUL. WEEWRRE I LD B~ DOEBE LR TH L, i,
WoS\EHIC LD W RilEkERUKTE 5,
o BBEAFATIZ, BUKRL 70k o THUKIEO AN 2VER L TP, DKL
ZHEFIH LT, WHABE LRWIERICEWEE (RIGELLT) THBUKkT 5,
(3) RO M&EFHn : 54FELL I
RO EA~DHKE K DIBAHRD T 72 < | IO, {L2r7e B (Hik) 2% 72
WEABRY 2R 8RR S C & 72 A2, IR R ZE L e e i b b,
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(4)

T L X — [l

HORIRAEEK D & DE S =R ¥ —% TRV F — AL ¥ — BN K o TR R L F
—ICEHL, I EEERC THRE O T LR — 8 LT T 2255, £ 20%D
TRAF—FEILT 5,

(%) HFIETIELUTOL S 72, LVHRORB VT R/LF—RINELENEH STy
Do

N

Energy Recovery t-0 PX [E & HEE® (PX®) L= - 72— D DERENERSY D 7%t 2|0
HRZCT R L ¥ — A E T RO A7 A (SWRO) BHEERH D T R ILX—% 98%FLE
[E1}a e

LE PO IS EMEICENTZE T Iy 7 e —2—=RNb 1 | KIRE), MERFEFEAZEL
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bR LIZ <V, PX X SWRO #K{IL7 rEAD= R LF—IZEKNT 5 2R h&E
BT 2, =L X —REIEEE 2 L OSSR L TR 60% =2 A R & T& 2,
30 FETHEMHI L TWD,

PX =L — Al X Em s & SR ERE AR L, RO BMIKRO X O 2@ EHE
W SIRERHAFURICIER 1T L < (59 98%) =R AFX—2 B8 Xt 5, BERFIC
TARF—TFR E R DI,
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HEARBAKI Q&A, MHBIRAEFBHEKHAKL QKA REZEH R, 1994

1 WBAEAMEGROFER RS EBRXILE : %)

DIE=Y JRE R

FHisAbE KRARITBTHNEEOKITES | Grd bR FToEATEY , B
ROBRKALICRERZE Y . | BROFHFIANAEETH Y . K
Z D NI HEK 2 AL, KEKD | BER T LS D RN I 7
HE B S CHAKES D HE | 9 5 ko kol

2. RO JRFEME & 515

B oy ey (128 SRR L L T — R

U7 S REAHO B, A5 T

_I U7 RIE | (FEAEZOVBXZIZLELD) IZIER

[RoBt]— Y7L RREAEA AN DR TS,
— 27 7 YT I R R AR R

—[#EH B Y TS R SRR E AR Y 7

L™ Fem |

AU T I RREEMEIT
o [EEENL B —AETIIRETE RN MV ENRKRETE S,
o FE7o, —MRENIANA IABRDFERFEDO HEEE D BEZ D IZ WIEIEIZ > TV 5D,
o AN FATNIHERDOPERIIE A —H =NV | KA =D —IC L VIROENIH - T
HHEIFGRIZZR STV D, Bl EOA—BT—0D RO L A > F b UE N F 4
IZHEIHTE 5,
o KRUT I RREDOEE, BERARNC SBS IS THHEHRT 5 2 LK, PEREELE
WZATH 728,
O SBS W2 B THA : 1 B OMEICKHG
©@ SBS HEATA Zfiidt o —EE, ORP BRE @ HFE Y — 7 M Shi-%
A3 35 HD SBS AR FHMEE, @BFEIGFINT 5,
o A/RA FZAI RO FEIHEAKMNC A v o2 A—H (FFFLE : K30um) M : 4k
M OPRHEZHD , HEIRE BT 5,

RS D,

o IERIFRIE : BOyBERERE R AT D BIEMGEE & A KA D KEE & bR MR
ThY ., RENICITFERE L 0 —ZDIEITHIEN S 5,

o BB PidEReE (GBI ERE VTN ) LR E (K AR/ sE) 3R
BOMBETHIR SN TWT, ZIENOMEREM & BERERIC R 72 b D
MBBRIRTE D, REMITTIRY 7 FRESERD D,
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AR RO FED{LEEEIC L B 08

BEEE#H=HA | Mioh B | 2¥ 2 -1 ER
EHEFERAVTIF
Filin Tec TWIBW EWIHE-30* Spitral
(DO HE-95* HR-99* Plate & frame
(PCID ZF-95* Tubular
Bl AU-TO0*, S1T-200*, 311-900* Spiral
FEE®TL MTER-720# Spitral
BREEEREFRUTIF
DuPont .. PemasepBOBAD Hollow fine fiver
‘D Pont ‘Permas ep B-15 rSpjral
P FRAMECITIE /B UOLT
OP ... BC-GndPAINT  Spwel
Hydnautios CBAY o Sprral
HEEL . NIRTIOTYNTRTIHF*  Spul
EDu FPont ‘Permagzep A-15% Spriral
RS TIELS
FilmTee MF-40% WF-40HF* Spied
BEEL  NTRTIBUSNTRTI*  Sphal
i {5U-200%, SU-600%, SU-300*  {Spiral
Bln-27k7-}
E T SC-1000,3000 Bpl
L = c 2 . S -
Hydanauties ATLENCA Spal
DSl 1205408 {Spiral
DuFont 1ok I Spiral
Epn-2b07Es-1
LH VR R iH-:u]lu:usep ‘Hollaw Fiber
B A& U7
‘H L 'PEC-1000* Spiral
ISR
HEH (k% ‘Solrox iTubular, Spriral
RN
A ‘PEIL iTubular, Sriral
At B ARy
DSl DesalPlus* s
Millip ore {PSRO* {Spiral
‘pm®Ir NTR-64107450%  idpied

(ZE5XE) RFRIB. FREFR., £@. 200100, 237(19%1)

3. BUKER :

(1) HuokHis
BOK#RIE, AR KRR IS D, 7R & O RMIEANZIETE D&, £z,
RPN ECRVMIEIZRET 26D & L, BUKHLE Z &V 200m, KK 9m & L
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)

@)

4.

M)

)

7=

UK

BUKE QRIZENEE % 1.32 misec & 974UE, ¢ 1,100 mm & 72573, ZHUZHEOR
K RIANLT $1,200mm & 9%, HEFREAE ORI &1 K 2RO H ~ DN
ZB ST ORFEIEANERD T,

FEOMEITEERE & LT H% (STPY400) ZHMH L. WNil=ARx HE,
i — L2 — L= F ANV OB T, S 5 20 FitH O BRI AT,

BKE v b

BOKE >y FARALIR, S ARG Z IR T OB 7 — 2 KO HEE L. BUKERKK
9H. HEIBREEFE OB IKIANGRRE Lz, A7 U — K@iy 0.13 m/sec

AL FE SR (A1) :
UK © 1~2 fE(SS 2 mglL)
R AL E < LIRA1E L 2 R AIBBEO AR — RTEE T, B B N2l 721 71
X (B Az &,
AT EZITBE N A B 2BV ET TLE D Z &b, T ORI E
bT22endD, 2D, HIEBIEEERICY —27 LTCEES OfREZITV, &
ICLE LT AKEEWET D720 R v v 7 Aia 2 kAib) 38T Lz,
BUE & OE R 0> D A1 O <15 2§l L7z,

— K AR

B BERUE AR (B8 A 50

SHE 93,200 x 11,000~

M : SSINma b=/}

AWM OAHBIE © T/2744b 400 mm, B> 400 mm, #5F] 200 mm
AR E 300 m/H

A5 (12 +1)

TR A
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i BOUE DA S g (HE i )7 )

SHE 93,200 x 11,500L

e - SSINMm A" hif=s)"

AL OAIRIE © # 700 mm, #5F] 200 mm
AIEHEE 400 m/H

AL (9 +1)

5. HIALEZAEAY % HKdbh

Fdh EED)
WHiERE T MY U A . MAEMBRIC X DEESE OGSV BLIE
HARE 2 8k BE - W ARIC K DWER S ORE
Wilg pH % FIF TR — Bk
EHliEE ST N DA HHbRE, BRIZEIDBEOHED L,
N E -
Chemicals Dosing Rate (mg/L)

NaOCI 0.5t025

FeCl; 2t08

H,S0, 40 to 50

NAHSO; 5x2 A

(1) RO BEfEAG/KEFREE - SDI fE or FIfE, pH, ORP %
(2) SDIfiE : 4 LLF
o  FRELIWAKUE - Al (@A, KUY v 7 AHiR)
(3 pH
o KD pH L 83 FREE, VEAKTREEH LT DFHIBGIED -0 pHT LT &35,
(4) ORP : EHfifiilik V — &2 L DR REMR

6. REZT74NE—
QLRI K B : 537 m3/h x (8+1)
TR/ MR FLEE : 20 um95% DL bfRZE

7. BERST KPR EZBOMER T

8. TRNAXF—[EIEE :
o FAKIRIKALIIRIGE A Tk, SRAGHFGKED 40%FREDNRK E 720 | 7R D DK 60%
XIEERE ) L FERI UL WO REN & o 7o £ FIRMEHEK E LT S 5,
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Public Health and the Environment World Health Organization Geneva 2007,
Desalination for Safe Water Supply Guidance for the Health and Environmental

Aspects Applicable to Desalination

1. Intake facilities

Intake facility occupies 10 -30 % of the capital cost of entire facility.

Seawater intake wells are either vertical or horizontal source water collectors, which are
typically located in close vicinity to the sea. In the case of aquifers of high porosity and
transmissivity, which easily facilitate underground seawater transport such as the limestone
formations, seawater of high quality and large quantity may be collected using intake wells
located in-land rather than at the shore. (well: less than 20,000 m*/day)

Raw sea water collected using wells is usually of better quality in terms of solids, silt, oil
& grease, natural organic contamination and aquatic microorganisms, as compared to open
seawater intakes. Well intakes may also yield source water of lower salinity than open
intakes.

2. Pretreatment

Generally most membranes require feed water with an SDI of less than 5 (favorably 4) in
order to maintain steady and predictable performance.

Chemicals used for pretreatment prior to membrane desalination

3. Product Water Disinfection

Usually chlorine dosage used for disinfection is 1.5 to 2.5 mg/litre.
Usually, sodium hypochlorite solutions decay rapidly over time and loose 10 to 20 % of
their strength over a period of 10 to 15 days, especially in warm climates.

4.  Concentrates management

The TDS level of concentrate from seawater desalination plants usually is in a range of
65,000 to 85,000 mg/litre;

The amount of particles, total suspended solids (TSS) and biological oxidation demand
(BOD) in the concentrate is usually below 5 mg/litre because these constituents are
removed by the plant’s pretreatment system.

Often scale inhibitors contain phosphates or organic polymers. The concentration of scale
inhibitors in the concentrate may reach 20 to 30 mg/litre.

The elevated salt content of the concentrate samples could interfere with the standard
analytical procedures and could often produce erroneous results. Therefore, concentrate
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analysis has to be completed by an analytical laboratory experienced with and properly
equipped for seawater analysis.

e  Many crops and plants cannot tolerate irrigation water that contains over 1000 mg/litre of
TDS. However, TDS is not the only parameter of concern in terms of irrigation water
quality.

e Boron/borate levels in the effluent could also limit agricultural reuse because borates are
herbicides. Chlorides and sodium may also have measurable effects on the irrigated plants.
Most plants cannot tolerate chloride levels above 250 mg/litre.

Pretreatment chemicals used in membrane desalination systems

e  Chemicals used for pretreatment should be of high-quality (“food-grade™)
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Residuals from membrane desalination processes

Residual

Source or cause

Application

Backwash Solids/Sludge

Suspended solids in the feed water

Open intake seawater, brackish
surface water

Backwash water

From removal of suspended

Open intake seawater, brackish
solids in the feed water surface water

Cleaning Solutions

Cleaning of filtration membranes
(MF/UF) and process membranes
(RO, NF)

Open intake seawater, brackish
surface water

Concentrate or blow down (if
cross flow)

Filtration membranes operating
in a cross flow mode

Open intake seawater, brackish
surface water

Spent media (sand, anthracite
and/or garnet)

From the removal of suspended
solids in the feed water

Open intake seawater, brackish
surface water

Cartridge Filters —
polypropylene

Final fine filtration prior to RO,
periodic replacement

Most membrane desalination
processes, except those using
MF/UF filtration membranes

MF/UF membranes —
polymeric material
(polypropylene, polysulphone,
polyvinylidene-fluroide
(PVDF), cellulose acetate

Membrane replacement for
MF/UF systems

Open intake seawater, brackish
surface water

RO membranes (polyamide
thin film composite, cellulose
acetate)

Membrane replacements.

Open intake seawater, brackish
surface water

In general, the membrane pretreatment systems produce 1.5 to 2 times larger volume of
spent filter backwash water than the granular media filters. However, contrary to the MF
or UF membrane pretreatment filters, the granular media filters require their feed water to
be preconditioned with coagulant (usually iron salt) prior to filtration. This typically adds
60 to 80 percent of additional solids load to the spent filter discharge, and therefore its
disposal typically results in higher solids handling costs.

Filter backwash sedimentation tanks are often designed for a retention time of 3 to 4 hours
and allow removing more than 90 percent of the backwash solids.

5.  Small desalination systems

Less than 4.000 m*/day

Sea based mobile applications that are configured in one skid and often referred to as
package plants.

For small skid mounted systems, it is common to have the pretreatment chemical injection
points, cartridge filter, feed pump, and membranes and pressure vessels on the skid.

Small membrane desalination units may be deigned to operate with smaller size (2-inch ~5

cm or 4-inch ~10 cm) membranes.

6.  Chemical Aspects of Desalinated Water
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(1) Boron and bromide

In terms of key contaminants of direct interest for health and environment, the most important is
probably boron, which can be of significance in reverse osmosis plants since the rejection ratio of
boron (probably mostly as borate) is less than that for most other inorganics.

The current WHO guideline value for boron (borate) in drinking water is 0.5 mg/litre, however, this
is due to be reconsidered under the rolling revision of the Guidelines (WHO, 2004). Although a
health based guideline might possibly be 1 mg/litre or higher, there are plants that are sensitive at 0.5
mg/litre.

The latter might become the principal issue for residual boron i.e. its effect as an herbicide if present
in sufficient amount in irrigation water, particularly in areas where rainfall is so low as to not cause

leaching of salts from soils.

7. Quality control
Quality control of chemicals, maintenance of monitoring equipment, review of laboratory

performance and selection of test methods are important components of monitoring programs.

(1) Additives and chemicals

e to use only chemicals certified for use in the production of drinking water.

e Documented procedures for the control of chemicals, including purchasing, certification,
delivery, handling, storage and maintenance should be established and adherence to these
procedures should be monitored.

(2) Monitoring equipment, sampling, laboratories and methods of analysis
Monitoring can be undertaken using on-line instruments, field kits and laboratory-based analyses
depending upon the application of the data and the precision and accuracy requirements.

e  Maintenance and regular calibration of on-line instruments and field kits. Chemicals used
in these instruments and kits should be stored under appropriate conditions and results
obtained should be periodically checked by comparison with laboratory based analyses.

e Assurance of the accuracy and representative nature of water samples. Guidance on
sample collection is provided in International Organization for Standardization (ISO)
Standard 5667.

e Regular assessment of the competence and accuracy of testing laboratories. General
guidance on quality assurance for analytical laboratories is provided in Water Quality
Monitoring (Bartram, 1996).

¢ Animportant issue for desalination facilities is the selection of appropriate testing

e Equipment and testing methods. Equipment and methods used to monitor freshwater
sources of drinking water may not be suitable or provide accurate results when used with
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high salinity water

e  Suggested monitoring parameters and frequencies for desalination plants (Small plant)
Component Control measures Operational Parameters Monitoring
Control frequency
measures
Detect and prevent contamination by sewage | Enterococci and/or E.coli Weekly
(Pathogenic  protozoa, viruses, bacteria)
(Likelihood of presence based on sanitary
inspection)
Detect and prevent impacts of storm events Turbidity (used as on-line measurement for | Preferably
process control) on-line
Detect and prevent impacts of | Algal species, including cyanobacteria, | Monthly
microalgae/cyanobacteria dinoflagellates, or chlorophyll as a
surrogate
TOC (if concentrations change investigate | Monthly
. . . sources)
Detect and prevent impacts by industrial -
discharges I_Detrolgum _0|I hydrocarbons/grease | Yearly
. including volatile compounds
(based on an assessment of local conditions) - -
Industrial chemicals Monthly
Radioactivity Yearly
Salinity Daily
Source Chlc_)ride Daily
Sodium Weekly
Boron Yearly
Bromide Yearly
Silica Daily
Iron Weekly
Manganese Yearly
Monitoring associated with downstream control Turbidity On-line
measures (pre-treatment and treatment) Alkalinity Daily
pH On-line
Temperature On-line
Heavy metals Monthly
Low solubility chemicals e.g. Ca, , F, Ba, | Monthly
Sr, Mg, ,fluoride, sulfate
Hydrogen sulphide and metal sulphides Monthly
Ammonia Monthly
Total dissolved solids (TDS) Daily
SDI On-line
Flow rates On-line
Detection and prevention of Conduct!v!ty - On_—lme
biofouling/scaling/precipitation Cond_U(_:tlvny/TDS ratios - Da!ly
Pre- Turbidity after pre-treatment, particle | Daily
treatment counts
pH (if acidification or alkalinisation) On-line
Use of additives e.g. antiscalant Flow and dose rate monitoring On-line
Quality control on additives and materials Test additives and materials; check records | Daily
Prevention of microbial fouling Disinfectant residual or ORP On-line
Process Membranes Recovery ratio (calculated from flow rates) | Daily
Management
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Component Control measures Operational Parameters Monitoring
Control frequency
measures

Chemical balance from conductivities and | Monthly
flow rates (calculated)
Trans-membrane pressure On-line

Process - -

Membranes Flow meters on permeate and brine On-line

Management —— - -

Conductivity in permeate and brine On-line
TOC (particularly where source water | On-line
contains elevated microbial contamination)
Disinfectant dose monitoring On-line
Calculate Ct (Values for Inactivation of | Weekly
Viruses (mg-minutes/L) (Concentration X
Disinfection Removal of microbial contaminants time) -
HPC (heterotrophlc plate counts) Yearly
Disinfection byproducts (including | Monthly
brominated compounds) relevant to the
method of disinfection
Corrosion Re_duc_tior_1 _of corrosion in distribution sfy_stems Flow and dose rate monitoring On-line
inhibition using inhibitors such as phosphates and silicates
Quality control on additives and materials Test additives and materials; check records | Daily
E.coli Weekly
Prevent.mg' mlcroblal. 'and . chemical HPC Monthly
contamination by controlling intrusion through — -
cross connections/backflow or faults in mains or Turbidity - - - Daily
other infrastructure Inspect for system |nteg_r|ty, monitor burst | Monthly
main frequency and repairs
Monitor system leakage Yearly
HPC Weekly
L . . Disinfectant residual (consider persistent | Daily
Control of free living microorganisms . . A
disinfectant where Legionella/Naegleria
potential considered unacceptable)
pH Daily
Storage Ir_on Monthly
Distribution . L Zl_nc Yearly
Prevention of corrosion in storage tanks, long | Nickel Yearly
pipes, domestic plumbing Copper Yearly
Lead (if problem) Monthly
Zinc and phosphate (if corrosion inhibitors | Weelky
are used)
Maintain chemical stability after mixing | Post mixing or post disinfection | Daily
different sources (desalinated/non-desalinated monitoring for LSI (Langlier Saturation
water) or after disinfection Index) /CCPP  (Calcium  Carbonate
Precipitation Potential) where mortar
linings used or Larson Index where steel or
carbon/steel used
Disinfection Disinfection by-products (including | Monthly

brominated compounds)
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Component Control measures Operational Parameters Monitoring
Control frequency
measures
Temperature and DO (thermal processes) On-line
In marine or brackish lake environments select pH On-line
Concentrate discharge points to minimise impacts. Salinity On-line
discharges Discharge into areas with high levels of mixing
or use diffusers to promote mixing Hea\_/)_/ metals/salts Quarterly
Additives Quarterly
Phosphates and nitrates Quarterly
Wastewater pH On-line
effluents Turbidity On-line
from Collect discharges and treat or discharge in | Suspended solids(SS) Daily
pre-treatment | accord with Residual disinfectants Daily
facilities or | requirements set by environment Iron or aluminum — based on the type of Monthly
from protection agencies coagulant used
membrane Membrane cleaning agents On discharge
cleaning

8. EIA (Standard Approach)

“Mandatory’ or “positive’ lists which include projects always requiring EIA (e.g. major

projects, possibly large co-generation plants for electricity and water);

Project lists which define thresholds and criteria above which EIA is required (e.g. a

desalination plant with more than 20,000 m3/day of production capacity);

‘Exclusion’ or ‘negative’ lists which specify thresholds and criteria below which EIA is

never required or below which a simplified EIA procedure applies (e.g. a desalination unit

with less than 4,000 m*/day of production capacity).
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Jargen Wagner, B. Sc. Chem. Eng, Membrane Filtration Handbook Practical Tips

1.

and Hints, Second Edition, Revision 2, November 2001

Replacement spiral wound element price.

e  Thin-film RO sells for US$ 15 - 25 per m? membrane area

(Note) the price varies from country to country. It also depends on the number of elements and

element construction.

2. DESIGNING ASYSTEM
1 Select, guess or measure flux in Imh.
2 Calculate the number of m2 membrane area by dividing permeate volume by flux. (15 to 25 Imh)
3 Select a membrane element and find the m2 membrane area per element.
4 Calculate the number of membrane elements:
(membrane area) / (membrane area per module)
5 Is the number of modules reasonable?
If NO : go back to # 4
If YES : continue to # 6
6 Is there more than one membrane element per housing, e.g. spiral wound elements?
If YES : select the number of modules per housing and calculate number of housings.
If NO : continue to #7
7 Calculating the number of recirculation loops is a bit tricky, because several parameters are involved in making
a decision.
If the flux curve is steep, select relatively many loops.
If the flux curve flat, select relatively few loops.
Select a number of loops and distribute the membrane elements evenly.
Avre the number of housings/modules big enough to justify the number of loops chosen?
(The more expensive a system is, the more loops can be justified in order to increase efficiency and decrease
membrane costs.)
8 Find the specified feed flow and typical pressure drop per module.
Since all modules/housings in a loop are in parallel, the type of recirculation pump can be chosen.
Knowing the volume to be treated and (hopefully) the operating pressure, a feed pump can be chosen.
9 Having selected flow, pressure and pumps, the kW consumed can be calculated.
10 | With respect to the cost of a membrane system, only a broad guideline can be provided.
For industrial applications:
Most spiral wound element systems will cost between US$ 400 and US$ 600 per m? installed.
These numbers can be doubled for more expensive tubular or fiber systems.
For water desalination:
Somewhat less expensive than industrial systems.
11 | The internal volume is typically 1.5 liters per m?> membrane area. This figure is important in order to calculate
the amount of water used for flushing.
12 | Water for flushing is three times the internal volume per flush.
13 | Variable costs are mostly US$ 0.4 - 1.0 per m3 permeate.
Interest and amortization is the same number as the variable costs.
US$ 1 per m3 permeate in total is a good figure.
14 | There are no good rules of thumb for floor space.
A lab system will usually take 2 -3 m%
A production system with 1,000 m> membrane as spiral wound elements needs 30 square meters of floor space.
Compared to most other processes, membrane filtration equipment does not take up much floor space.
15 | Membranes are a consumable item. All users want to know how long membranes last, but it varies widely

A6-1-31




from application to application. The following is typical for polymer membranes, but even small variations in
product composition can have a big impact on the life time, and so can the plant operator.

Water RO, NF 3 to 6 years

Water UF 2 to 4 years

16

Typical investment in a complete system, Prices based on incl. pumps, tubes, membranes and controls
exchange rates January 2000.

US$ per m?

Spiral wound element water 150

Spiral wound element industrial 350

Tubular 1400

Plate and frame >1700

Fiber system >1700

Ceramic >3000

3. Comparison Between Spiral and Hollow Fiber Membrane Modules

Spiral wound element Hollow Fiber (wider) Hollow Fiber (fine)*
Membrane density (m%m?) High Average Very high
Plant investment Low \ery high Medium
Tendency to fouling Average Low \ery high
Cleanability Good Low None
Variable costs Low Average Low
Change of membrane (see note 1) No No No
Flow demand Medium High Low
Pre-filter, Other demands =50 pm, no fibers =100 um, few fibers =5 um, extreme
pre-treatment

Note 1) Membrane systems can be designed in such a way that a change of membrane means a complete change of a
major part of the hardware. Most tubular and flat sheet designs are made in such a way that only the membrane is
changed, leaving the bulk of the system unchanged.

4, Glass Fiber and Stainless Steel Vessel

(FRP) Stainless Steel
Pressure 20 mPa rarely above 8.0 mPa
Temperature <70°C <100°C
Side port entry difficult / rare easy / standard
End cap entry standard non-standard
Sanitary no yes (possible)
Price 100% 150 - 200%
2.5",4.0",8.0" water standard difficult
3.8",5.8",6.3" not available dairy standard
6.0" military standard not used
43", 8.3" not available Koch dairy standard
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Desalination: A National Perspective Committee on Advancing Desalination
Technology, National Research Council ISBN: 0-309-11924-3, 316 pages, 6 x 9,

(2008)
1.  Average Seawater Quality (mg/L)

TDS 35,000
Chloride 19,000
Sodium 10,500
Sulfate 2,700
Magnesium 1,350
Calcium 410
Potassium 390
Bicarbonate 142
Bromide 67
Strontium 8
Silica 6.4
Boron 4.5
Fluoride 1.3
Nitrate 3.0
Arsenic 0.003
Uranium 0.003
Selenium 0.00009

2. Intake facility

e Design engineering, equipment procurement, and construction spending on intakes and outfalls
are estimated to total 5 to 7 percent of capital costs for RO

e Coastal subsurface intakes include beach wells, radial wells, horizontal directionally drilled
(also called slant-drilled) wells, and infiltration galleries. By taking advantage of the natural
filtration provided by sediments, subsurface seawater intakes can reduce the amount of total
organic carbon and total suspended solids, thereby reducing the pretreatment required for
membrane-based desalination systems and lowering the associated operations and maintenance
costs. Pumping from subsurface intakes may also under some conditions dilute the seawater
with less saline groundwater, thereby reducing the total dissolved solids (TDS) in the intake
water.

e \ertically drilled beach wells are typically used for small (<19,000 m*day; 5 MGD) systems
where the local hydrogeology (e.g., aquifer transmissivity) will permit it.

e One of the potential disadvantages of beach wells is that deep wells may result in lower water
temperature and thus higher viscosity; hence, higher pressure (and increased energy) will be

required to pump the water through the RO
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Seabed filtration system.

Pre-treatment

Proper pretreatment of feed water is the most important factor in the successful operation of an
RO plant, and pilot testing of the pretreatment process is a critical part of plant design.
Subsurface seawater intakes, aquatic filter barriers, and deep ocean water intakes can greatly
reduce the need for pretreatment.

RO membrane

For seawater RO, the specific energy usage is typically about 3-7 kwh/m® with energy recovery
devices

For brackish water RO, energy usage is comparatively lower, about 0.5-3 kwh/m®

Predominant Seawater RO Processes

Operating temperature (°C) <45
Pretreatment requirement ¢ High
Electrical energy use (kWh/m®) 2.5-7
Current, typical single train capacity (m*/d) ¥ < 20,000
Product water quality (TDS mg/L) 200-500
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Typical water recovery 35-50%
Reliability © Moderate

a) For the purpose of this table, a train is considered a process subsystem which includes the

high pressure pump, the membrane array(s), energy recovery devices, and associated
instrumentation/control.

However, larger facilities may group pumps, membranes, and energy recovery into process
or pressure centers to lower capital costs and improve operating costs.

b) Product water quality for RO is a design variable. Each pass through an RO plant typically
removes 99 to 99.5 percent of dissolves salts in the feed water. Successive passes using
additional membranes can be added along with other design optimizations to achieve
permeate with the TDS required for a target water use. Potable water requirements can
readily be met with 200-500 mg/L TDS water, which can be achieved from seawater with
a single RO pass.

¢) and d) : Compared to electro-dialysis or vapor process

Energy Recovery Devices.

Typically 40 to 60 percent of the applied energy in the process can be lost if the concentrate is
discharged to atmosphere without any attempt to recover that energy.

In general, energy recovery devices can recover from 75 to 96 percent of the input energy in
the concentrate stream of a seawater RO plant

Existing energy recovery systems can be divided into two categories.

The first are devices that transfer the concentrate pressure directly to the feed-stream (e.g.,
pressure exchanger, work exchanger), which have energy recovery efficiencies of about 95
percent.

The second category includes devices that transfer concentrate pressure to mechanical power,
which is then converted back to feed pressure (e.g., Pelton turbine, Francis turbine,
reverse-running pumps). The overall efficiency of energy recovery here is about 74 percent
(assuming a Pelton turbine efficiency of around 87 percent coupled with a pump efficiency of

85 percent).

Typical NF and RO cleaning formulations.

Foulant Type Cleaning Solutions

0.2% HCI

Inorganic saltsa 0.5% H3PO,

2% citric acid

2% citric acid

Metal oxides

1% Na,S,04

Inorganic colloids (silt)

0.1% NaOH, 0.05% Na dodecy| benzene sulfonate, pH 12

Silica (and metal silicates)

Ammonium bifluoride
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0.1% NaOH, 0.05% Na dodecyl bezene sulfonate, pH 12

Hypochlorite, hydrogen peroxide, 0.1% NaOH, 0.05% Na dodecyl bezene
Biofilms and organics sulfonate, pH 12

1% sodium tripolyphosphate, 1% trisodium phosphate, 1% sodium EDTA

Source: Dow Chemical

7. Climate Change and Desalination

There seems to be no question that climate change will significantly impact the water resources
sector and, as such, will indirectly impact desalinization. A rise in sea level over tens of years may
have adverse impacts on coastal aquifers from increased seawater intrusion. Direct impacts of rising
ocean levels may over the lifetime of the project have some minor effect on desalination structures
built adjacent to coastlines because current sea-level rise is approximately 2 mm/year (United
Nations Intergovernmental Panel on Climate Change, 2007). Furthermore, storms associated with
climate warming may be of either higher frequency or higher intensity.

Depending on the location of the intake, the temperature of the water may increase slightly, requiring
small changes to the desalination process. Although these direct impacts to desalination structures
and processes appear to be small, they should be clearly understood prior to the design of a major
desalination facility.

8.  The Costs and Benefits of Desalination
e The costs for the seawater desalination process by RO to be $0.61/m®. The cost is based on a
system of 100,000 m3/day; a normal interest rate of 6 percent; $450 element cost; $0.05/kWh

energy cost; assumed electricity use of 4.5 kWh/m?; and 20-year capital invest period.

Annualized capital costs 0.15
Parts/maintenance 0.03
Chemicals 0.07
Labor 0.10
Membranes (life not specified) 0.03
Electrical energy ($0.05 k/Wh) 0.23
Total ($/m3) 0.61

e Bid construction cost for a 3,000 m*/day (0.8 million gallons per day [MGD]) RO facility was
about $26 million, of which approximately $7 million was accounted for by the costs of a brine
concentrator

e Impact of Water Source, Scale, and Process Design on Capital Costs (38,000 to 380,000
m°/day)

e Membrane Life. Membrane costs are now quite modest, ranging from only 3 to 5 percent of
annual costs. Extending membrane life is likely to have a very small impact on desalination

costs.
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Relative capital costs per cubic meter for seawater and brackish water RO desalination according to
facility size. Brackish water is 1,000 mg/L TDS(38,000 to 380,000 m*/day). below 38,000 m*/day
where the costs rise even more dramatically (USBR, 2003)

Effect of facility size, water source, and pretreatment process on relative annual costs per cubic meter for
RO plants. The baseline assumptions for this scenario are as follows: energy costs are constant at $0.07/kWh;
membrane life is assumed to be 5 years; nominal interest rate is 5 percent; depreciation period is 25 years.

9. Research to Lower the Costs of Desalination

(1) Improve pretreatment for membrane desalination
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Pretreatment is necessary to remove potential foulants from the source water, thereby ensuring

sustainable operation of the RO membranes at high product water flux and salt rejection. Research to

improve the pretreatment process is needed that would develop alternative, cost-effective

approaches.

)

e Develop more robust, cost-effective pretreatment processes.

Membrane fouling is one of the most problematic issues facing seawater desalination. Forms
of fouling common with RO membranes are organic fouling, scaling, colloidal fouling, and
bio-fouling. All forms of fouling are caused by interactions between the foulant and the
membrane surface. Improved pretreatment that minimizes these interactions will reduce

irreversible membrane fouling.

Alteration of solution characteristics can improve the solubility of the foulants, preventing their
precipitation or interaction with the membrane surface. Such alteration could be chemical,

electrochemical, or physical in nature.

Membranes such as microfiltration (MF) and ultrafiltration (UF) have several advantages over
traditional pretreatment (e.g., conventional sand filtration) because they have a smaller footprint,
are more efficient in removing smaller foulants, and provide a more stable influent to the RO
membranes. Additional potential benefits of MF or UF pretreatment are increased flux,
increased recovery, longer membrane life, and decreased cleaning frequency. More research is
necessary in order to optimize the pretreatment membranes for more effective removal of
foulants to the RO system, to reduce the fouling of the pretreatment membranes, and to improve

configuration of the pretreatment membranes to maximize cost reduction.

¢ Reduce chemical requirements for pretreatment.

Antiscalants, coagulants, and oxidants (such as chlorine) are common chemicals applied in the
pretreatment steps for RO membranes. Although these chemicals are added to reduce fouling,
they add to the operational costs, can reduce the operating life of membranes, and have to be
disposed of properly or they can adversely impact aquatic life. Antiscalants may also enhance
bio-fouling, so alternative formulations or approaches should be examined. Research is needed
on alternative formulations or approaches (including membrane pretreatment) to reduce the
chemical requirements of the pretreatment process, both to reduce overall cost and to decrease

the environmental impacts of desalination.

Improve membrane system performance
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Sustainable operation of the RO membranes at the designed product water flux and salt
rejection is a key to the reduction of desalination process costs. In addition to effective
pretreatment, research to optimize the sustained performance of the RO membrane system is

needed.

Develop high-permeability, fouling-resistant, high-rejection, oxidant-resistant membranes.
New membrane designs could reduce the treatment costs of desalination by improving
membrane permeability and salt rejection while increasing resistance to fouling and membrane
oxidation. Current membrane research to reduce fouling includes altering the surface charge,
increasing hydrophilicity, adding polymers as a barrier to fouling, and decreasing surface
roughness.

Oxidant-resistant membranes enable feedwater to maintain an oxidant residual that will reduce
membrane fouling due to biological growth. Current state-of-the-art thin-film composite
desalination membranes are polyamide based and therefore are vulnerable to damage by
chlorine or other oxidants. Thus, when an oxiant such as chlorine is added to reduce
bio-fouling, dechlorination is necessary to prevent structural damage. Additionally, trace
concentrations of chlorine may be present in some feed waters. Cellulose-derivative RO
membranes have much higher chlorine tolerance; however, these membranes have a much
lower permeability than thinfilm composite membranes and operate under a narrower pH range.
Therefore, there is a need to increase the oxidant tolerance of the higher-permeability
membranes. Lower risk of premature membrane replacement equates to overall lower
operating costs.

Past efforts to synthesize RO membranes with high permeability often resulted in reduced
rejection and selectivity. There is a need to develop RO membranes with high permeability
without sacrificing selectivity or rejection efficiency. Recent research on utilizing
nanomaterials, such as carbon nanotubes, as a separation barrier suggest the possibility of
obtaining water fluxes much higher than that of traditional polymeric membranes.

The development of membranes that are more resistant to degradation from exposure to
cleaning chemicals will extend the useful life of a membrane module. The ability to clean
membranes more frequently can also decrease energy usage because membrane fouling results
in higher differential pressure loss through the modules. By extending the life of membrane
modules, the operating and maintenance cost will be reduced by the associated reduction in

membrane replacements required.

Optimize membrane system design.
With the development of high-flux membranes and larger-diameter membrane modules, new
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approaches for optimal RO system design are needed to avoid operation under thermodynamic
restriction and to ensure equal distribution of flux between the leading and tail elements of the RO
system. The key variables for the system design will involve the choice of optimal pressure, the
number of stages, and number and size of membrane elements at each stage. An optimal system
configuration may also involve hybrid designs where one type of membrane (e.g., intermediate
flux, highly foulingresistant) is used in the leading elements followed by high-flux membranes in
the subsequent elements. Fouling can be mitigated by maintaining high crossflow velocity; thus,
foulingresistant membranes may be better served in the downstream positions where lower
crossflow velocity is incurred. Thus, additional engineering research on membrane system design

is needed to optimize performance with the objective of reducing costs.

e Develop lower-cost, corrosion-resistant materials of construction.
The duration of equipment life in a desalination plant directly relates to the total costs of the
project. Saline and brackish water plants are considered to be a corrosive environment due to
the high levels of salts in the raw water. The development and utilization of corrosion-resistant
materials will minimize the frequency of equipment or appurtenance replacement, which can

significantly reduce the total project costs.

e Develop ion-selective processes for brackish water.

Some slightly brackish waters could be made potable simply though specific removal of
certain contaminants, such as nitrate or arsenite, while removing other ions such as sodium,
chloride, and bicarbonate at a lower rate.

High removal rates of all salts are not necessary for such waters. lon-specific separation
processes, such as an ion-selective membrane or a selective ion-exchange resin, should be able
to produce potable water at much lower energy costs than those processes that fully desalinate
the source water. lon-selective removal would also create fewer waste materials requiring
disposal.

lon-selective processes would be useful for mildly brackish groundwater sources with high
levels of nitrate, uranium, radium, or arsenic. Such an ion-selective process could also be used

to optimize boron removal following RO desalination of seawater.

e Develop hybrid desalination processes to increase recovery.
Overall product water recovery in a desalination plant can be increased through the serial
application of more than one desalination process. For example, an RO process could be
preceded by a “tight” nanofiltration process, allowing the RO to operate at a higher recovery
than it could with less aggressive pretreatment. Other options could be devised, including
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hybrid thermal and membrane processes to increase the overall recovery of the process.

The possible hybrid combinations of desalination processes are limited only by ingenuity and
identification of economically viable applications. Hybridization also offers opportunities for
reducing desalination production costs and expanding the flexibility of operations, especially
when collocated with power plants, but hybridization also increases plant complexity and

raises challenges in operation and automation.

(3) Improve existing desalination approaches to reduce primary energy use
Energy is one of the largest annual costs in the desalination process. Thus, research to improve the
energy efficiency of desalination technologies could make a significant contribution to reducing

costs.

¢ Develop improved energy recovery technologies and techniques for desalination.
Membrane desalination is an energy-intensive process compared to treatment of freshwater
sources. Modern energy recovery devices operate at up to 96 percent energy recovery, although
these efficiencies are lower at average operating conditions. The energy recovery method in
most common use today is the energy recovery (or Pelton) turbine, which achieves about 87
percent efficiency. Many modern plants still use Pelton wheels because of the higher capital
cost of isobaric devices. Thus, opportunities exist to improve recovery of energy from the

desalination concentrate over a wide operating range and reduce overall energy costs.

e Research configurations and applications for desalination to utilize low-grade or waste
heat.
Industrial processes that produce waste or low-grade heat may offer opportunities to lower the
operating cost of the desalination process if these heat sources are co-located with desalination
facilities. Low-grade heat can be used as an energy source for desalination via commercially
available thermal desalination processes. Hybrid membrane-thermal desalination approaches
offer additional operational flexibility and opportunities for water production cost savings.
Research is needed to examine configurations and applications of current technologies to

utilize low-grade or waste heat for desalination.

¢ Understand the impact of energy pricing on existing desalination technology over time.
Energy is one of the largest components of cost for desalination, and future changes in energy
pricing could significantly affect the affordability of desalination. Research is needed to
examine to what extent the economic and financial feasibility of desalination may be

threatened by the uncertain prospect of energy price increases in the future for typical
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(4)

desalination plants in the United States. This research should also examine the costs and

benefits of capital investments in renewable energy sources.

Investigate approaches for integrating renewable energy with desalination.

Renewable energy sources could help mitigate future increases in energy costs by providing a
means to stabilize energy costs for desalination facilities while also reducing the environmental
impacts of water production. Research is needed to optimize the potential for coupling various

renewable energy applications with desalination.

Develop novel approaches or processes to desalinate water in a way that reduces primary
energy use

Because the energy of RO is only twice the minimum energy of desalination, even novel
technologies are unlikely to create step change (>25 percent) reductions in absolute energy
consumption compared to the best current technology. Instead, substantial reductions in the
energy costs of desalination are more likely to come through the development of novel
approaches or processes that optimize the use of low-grade heat. Several innovative
desalination technologies that are the focus of ongoing research, such as forward osmosis,
dewvaporation, and membrane distillation, have the capacity to use low-grade heat as an
energy source. Research into the specific incorporation of waste or low-grade heat into these or
other innovative processes could greatly reduce the amount of primary energy required for

desalination and, thus, overall desalination costs.
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RO Desalination Plant for Imperial Palce Hotel by Asian Industry Inc.

2 x 500 m*/day sea water desalination, consisting of ;

1.  Specifications
(1) Wells pumps (2+1)
e For transferring the sea water into the feed water tank

e Type Grundfos SP-R, submergible centrifugal pumps

e Material Stainless steel

e Specification 5-60 m*hr x 150 — 400 kPa x 9 kW x 3 phase x
380V x 60 Hz

e Quantity (2+1)

e Connection Outlet Rp 4 inch

(2) Feed water tank 1
*  For storage of well water
e \olume 200 m*

o All measurement devices are included in scope of supply
e Civil works to be supplied locally
(3) Feed pumps
e For providing flow and pressure from the feed water tank to the downstream

equipment
e Type KSB Etanorm, centrifugal pumps, bronze alloy
e Specification 5 -60 m*hr x 350-550 kPa x 11 KW x 3 phase x
380V x 60 Hz
e Quantity (2+1)
e Connection inlet/outlet DN65/DN40

(4) Prominent Media Filters
e For the removal of turbidity from the feed water

e Type KF-4882 SIA

e Specification
Dimension Dia 1,300 x 2,500H
Filter media Support: gravel 3 -5 mm x 130 mmH

Filter: sand 1 -2 mm x 820 mmH

Flow rate 13.9 m¥hr (LV 10 m/hr).
Operating pressure 300 kPa (Min.), 800 kPa (Max.)
Operating temperature 35 C max.
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Air temperature 40 C max.

Backwash 19 m¥hr (LV 14 m/hr)
Backwash pressure loss 80 kPa
Backwash period 5- 20 minuets
Backwash volume 1.6-6.4m’
e Materials
Pressure vessel x 1 Fiber glass
Control valves x 1 ABS + fiber glass type SIATA
Pressure gauges x 2 Stainless steel (316 or similar)
e Quantity 2 (parallel)
e Notes

- Including distributer for raw water, ascending pipe and sieve for filtered water,
support gravel and filter sand (both to be filled into pressure vessel at site

- Electronic controller for programming of backwash cycles as well as backwash
periods

- Limit switch for switching off the RO-unit during backwashing

- Unit pre assembled and ready for connection

- Space for installation for one filter is 2,500H x 1,600x 1,600

- Gross weight on filter 1,700 kg

(5) Prominent dosing system
e For injection of AntiScalant to prevent membrane scaling

o Type Btda
e Specifications
Capacity 0.74 1/hr
Back pressure max.1 MPa
\olume of dosing tank 60 |
Suction lance 6 x 4 mm
Dosing hose 6 x4 mm
Motor 0.02 kW x 230 V x 60 Hz
e Materials
Dosing tank x 1 PE
Suction launce x 1 PP with 2 stages float switch fault indicator
Injection valve x 1 PVC
Meter dosing hose x 5 PE
e Quantity 1

(6) Prominent Inline mixer
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()

(8)

e For optimizing of chemical reactions in the feed water

o Type
e Specifications
Total capacity mixture
Pressure loss
Connection
Dimension
Material construction
e Quantity

PE-DN 100

50 m%/hr

10 kPa

DN 100

¢ 110 x 500 mm
PVC

1

Prominent ORP-controlling “OPR”-measurement of raw water”

e For control and monitoring of the final ORP value of the raw water

o Type
Redox controller Type D1CA
DGM in -line probe housing
Redox recorder

e Specifications
Power supply
Measure range
Relay control
Ambient temperature
Dimensions

e Quantity

D1Ca OPR
x1
x1
x1

230 v x 60Hz

1,000 to + 1,000 (mV)
alarm relay

0.5-50 C

125" x 75° x 135"

1

Prominent pH-controlling “pH”-measurement of raw water”

e For control and monitoring of the pH value of the raw water

o Type
pH controller Type D1CA
DGM in line probe hosing
pH sensor

e Specifications
Power supply
Measure range
Relay control
Ambient temperature
Dimensions

e Quantity

D1Ca pH
x1
x1
x1

230 v x 60Hz
1t012

alarm relay
0.5-50 C

125" x 75° x 135"
1
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(9) Prominent conductivity-controller ”Cond-measurement of raw water”

Quantity

For control and monitoring of the conductivity of the raw water

Type

Conductivity controller Type
DGM in -line probe housing
Inductive conductivity sensor

Specifications

Power supply
Measure range
Relay control
Ambient temperature
Dimensions

Quantity

1

D1Ca Cond
D1CA

x1

x1

230 v x 60Hz

0.2 to 1,000 mS/cm
alarm relay

0.5-50 C

125" x 75° x 135"
1

(10) Prominent RO unit (20 m*hr/unit) incl. AC for control cabinet

(11) Prominent Dosing Station

(12) Prominent Dosing Station

For desalination of sea water

Type
Quantity

For injection of NaOClI

Type
Specifications
Capacity
Back pressure

\olume of dosing tank

Suction lance
Dosing hose
Motor

Materials

Dosing tank x 1
Suction launce x 1
Injection valve x 1

Meter dosing hose x 5

Quantity

For injection of Na,CO3

Pro 1700SW ERI
1

Bt4a

approx. 0.74 I/hr
max. 1 MPa

60 |

6 x4 mm

6 x4 mm

0.02 kW x 230 V x 60 Hz

PE

PP with 2 stages float switch fault indicator

PVC
PE
1
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Type

Specifications
Capacity

Back pressure
\olume of dosing tank
Suction lance

Dosing hose

Motor

Materials

Dosing tank x 1
Suction launce x 1
Injection valve x 1
Meter dosing hose x 5
Quantity

(13) Prominent Dosing Station

For injection of CaCl,
Type

Specifications
Capacity

Back pressure
\olume of dosing tank
Suction lance

Dosing hose

Motor

Materials

Dosing tank x 1
Suction launce x 1
Injection valve x 1
Meter dosing hose x 5
Quantity

(14) Prominent Inline mixer

Bt4a

approx. 12.3 I/hr

max. 0.4 MPa

1,000 |

8 x5 mm

8 x5 mm

0.02 kW x 230 V x 60 Hz

PE

PP with 2 stages float switch fault indicator
PVC

PE

1

Bt4a

approx. 12.3 I/hr

max. 0.4 MPa

1,000 |

8 x5 mm

8 x5 mm

0.02 kW x 230 V x 60 Hz

PE

PP with 2 stages float switch fault indicator
PVC

PE

1

For optimizing of chemical reactions in the permeate line

Type

Specifications

Total capacity mixture
Pressure loss

PE-DN 65

20 m¥/hr
11 kPa
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Connection
Dimension

Material construction
Quantity

(15) Prominent pH- controller

(16)

(17

Prominent conductivity -controller

DN 65

¢ 75 x 500 mm
PVC

1

For control and monitoring of the pH values of the permeate

Type

pH controller Type D1CA
DGM in line probe hosing
pH sensor

Specifications

Power supply

Measure range

Relay control

Ambient temperature
Dimensions

Quantity

For control and monitoring of the conductivity value of the permeate

Type

Conductivity controller Type D1CA

DGM in line probe hosing

Conductive conductivity sensor

Specifications

Power supply
Measure range
Relay control
Ambient temperature
Dimensions
Quantity

Permeate storage tank

For storage of product water

Volume (min.)
Quantity

D1Ca pH incl. Accessories
x1
x1
x1

230 v x 60Hz
1t012

alarm relay
0.5-50 C
125" x 75° x 135"
1

D1Ca cond. incl. Accessories

x1
x1
x1

230 v x 60Hz

0.01 to 20 (mS/cm)
alarm relay

0.5-50 C

125" x 75° x 135"
1

800 m®
1

Civil works construction to be supplied locally

All necessary level measurements, scope of supply
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(18) Prominent central control panel (each line independent)

e For control and monitoring of the positions 1-18
e Type PM CCP17
e Quantity 1

(19) Product pumps

For transferring the product water into the hotel distribution

o Type Grundfos CR

e Specifications
Flow 5-15 m3/hr
Pressure 320-570 kPa
Power supply 5.5 kW x 380 V x 3 phases x 60 Hz
Connection (Inlet/Outlet) DN 65/DN65

e Material Stainless steel DIN 1.4401

e Quantity (3+1)

2. Price 780,000 US $

e Deliver on site, CIF Cebu

¢ Including transport, installation and start up service

e Exclusions;

Raw water tank

Product water storage tank

Building permits, DENR license

Main power supply to the plant room
Construction of civil works and drainage

3. Delivery time Approx. 12- 14 weeks after clarification of all

technical and commercial issues
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Notes:

2.

The sea water RO design is based on a theoretically feed water analysis with a TDS of
35,000 mg/l and a temperature of 25 “C. The feed water entering the RO-unit s beach well
sea water or sea water coming from an open intake which is suitably pre-treated.

In general the feed water entering the Ro-unit should be filtered, chemically conditioned,
have a COD<5 mg/I, fouling index = 3.0, max turbidity 0.5 NTU, and it is to be free of oil,
chlorine, H,S and colloidal SiO,. Further parameters such as Ba, Sr, Fe, Mn Al are to be in

acceptance non-scaling concentrations.

If the sea water comes from a good maintained well, the following pre- and post treatment

are recommended;

e  Homogenous distribution of the injected chemicals via inline mixer

e  Filtration over 25 1 m or a sand filter for removal of SS (in addition to 5 u m filter on
RO)

e Injection of anti-scalant (e.g. Permatreat) to prevent precipitation of sparingly soluble
salt in the sea water

e  Monitoring of the redox potential, pH and conductivity of the sea water via suitable
controllers

e Injection of NaOCI or Ca(OCl), to disinfect the permeate of RO

e Injection of (Na,CO; + CaCl,) to adjust the pH and hardness of the permeate
according to WHO

e Monitoring of the pH and conductivity of the final drinking water via suitable
controllers

The daily consumption of anto-scalant (e.g. Permatreat 100 for sea water) can be
calculated after provision of a detailed feed water analysis.

The salt rejection of the proposed RO is approximately 99 % for the sea water desalination
unit, perfect drinking water quality will be produced having salinities well under 500 mg/I.
However, due to the low permeate pH and low hardness it is necessary and recommended
to adjust the pH and the hardness of the final drinking water, eg. by injection of Na,CO;
and CaCl,, or by filtration over dolomite. Finally, a disinfection e.g. by NaOCI or chlorine
dioxide should be done before it is distributed into the hotel.
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5. Proposed RO units are supposed to run at a recovery of 40 % (sea water desalination unit).
This might be able to be optimized after provision of a detailed feed water nalysis.

6. The estimated energy consumption of the above sea water desalination RO-Unit is to be
expected around 2.6 to 3 kWh/m3 of permeate only, because the state of the energy
recovery by pressure exchanger is applied.

7. Control cabinet for the power distribution and control of the complete for each version as
offered above.

8.  Atleast 300 kPa is required directly before the RO plants.

9.  Prominent Sea Water Desalination RO-Unit Type PRO SW ERI

For desalination of filtered and chemically conditioned sea water according to theoretically
created sea water analysis with a max. feed water salinity (TDS) of 35,000 mg/| at a temperature
of 25 C (to be free of residual Chlorine, colloidal SiO2, and H2S, COD < 5 mg/l, fouling
index =3.0 and max. turbidity 0.5 NTU. Further parameters such as Ba, Sr, Fe, Mn, Al are to
be in accordance to WHO guidelines), consiting of;

e Compact frame made of stainless steel x1
e Front table for control instruments mad of PP x1
o  Pre-filter made of PP incl. filterbag5 um x1

o Set of glycerol filled pressure gauges made of stainless steel x 1

e Motor valve for raw water made of PES x1
e Set of check valves made of PVC + stainless steel x1
e Pressure switch for raw water x1
e Thermometer made of stainless steel x1

e High pressure axial piston pumps in parallel operation brand new Danfoss made of duplex
and super duplex stainless steel x1

e Set (5 pieces) of pressure vessels mad of glass fiber

o Set (30 pieces) of membrane elements made of composite membrane (PE, PS, PA*)

x1

e Pressure exchanger incl. booster pump and incl. variable frequency drive for energy
recovery from brine stream x1

e Magnetic inductive flow meters made of neoprene coated mild steel for flow on pressure
exchanger low and high pressure side X2
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e \Variable area type flow meter for permeate and concentrate flow made of polyamide
X2
e Set of sampling valves made of PVC and stainless steel x1
e CIP system for chemical cleaning, disinfecting or stand still conservation of modules and
piping incl. pump made of stainless steel, cartridge filters made of PP, tank made of PE, 2
—way valves and drain valve x1
e System for automatic filling of cleaning tank and rinsing of membranes by permeate at
every unit shut off x1
e Interconnecting piping made of PVC, stainless steel DIN 1.4539 or equal at high-pressure
side x1
e Air conditioned micro-processor control panel according to EN 60204, DIN VDE 0113
standard-protection class IP 54 incl.
- backlit graphical display with real text messages, digital conductivity meter, adjustable
limit values,
- operation and malfunction real text messages and LEDs,
» main switch,
» menue for activation of automatic operation and cleaning or disinfecting,
» 1 potential-free contact for remote alarm,
» terminals for pre-treatment units as softner, dosing pumps, hardness control as well
as level control for permeate tank

Note:
* PE = Polyester, PS=Polysulfon, PA=Polyamide; PP=Polypropylene

10. Technical Data of Prominent Sea Water Desalination RO-Unit Pro SW ERI per unit

e Permeate flow rate at 25 °C Approx. 20.8 m¥hr
(16.7 m*/day/element)

e Operating pressure Approx. 6.3 MPa

e Recovery* Max. 40 (%)

e Raw water consumption Approx. 50 (m%/hr)

e Required raw water pressure (min./max.) 0.3/0.6 MPa

e Rejection rate 99 %

e Main supply 380 v x 60 Hz

e Power installed 55+ 7.5 kW

e R.O power/m® 2.2 kWh

e Connections: Raw water, permeate, concentrate DN 100, 65, 80
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e Dimensions of RO frame 7,000" x 1,400° x 2,200"

e Dimensions filter frame 2,500" x 2,5005 x 1,800"
¢ Dimensions cleaning tank ¢ 1,100 x 1,720"
Note:

- Prominent RO units are produced according to EC (European Community) standards
and will be delivered incl. EC conformity declaration as well as CE (Certificate
European) plate.

- The max. recovery can only be adjusted in case of best water quality, fouling index =
3.0 problem free operation, and according to the needed permeate quality.
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A6-2. TEHE & #
Cost Estimation and Project Components

No. Facilities Specifications Image
1 Well ¢ 3,000 to 4,000 diameter well
Seawater Pump ¢ 200 x 3 = 12.5m A8m,) 125m e
. 25m; 60m , 40m 4.0m
Porus concrete pipe { | ) J )%
OE al Drain ¢ 200 —
s P Intake ¢ 200
A 2 X l Unic truck comes in here ‘
&
2 Intake Pipe Intake: PVC ¢ 200 x 3, L=30m x3 ©
Overflow: PVC ¢200 x 1, L=30m e
Flexible connecter, Air valve, Butterfly valve 2
Drain from resovoir tank ¢ 200
Overflow from resovoir tank ¢ 200
3 Raw Seawater |L4.0m x B5.0m x H5.3m
Tank Waterproofing painting ] 08 07 e %* 4.0 94
Butterfly valve, Flexible Connecter, —_— X o < Q) 50
Drain pipe ¢ 200,L.=20m 5 ;9‘]; \3 2 ﬁ o200
<r 3=
2
. Cinder |
V= -
P 0§l 4.0 . 95
5.0m ) 5.0m
4 RO 3,000m*/day RO unit See plan for details
Desalination  |pre-treatment unit
Facility Chemical dosing unit
High pressure pump
CIP system
5  Electricity and |Electricity panels (No.1 LV, No.2 LV, Static capacitor,
Generator Intake pump, Distribution pump, Chemical dosing) Generator
Facility Backup generator
6 Building RO desalination plant building See plan for details
Electricity and generator room
Control room or adminstration room
7 Treated Water |L12.0m x B10.5m x H5.3m A Dver flow goes to seawater tark 298 T g s
Tank and Waterproofing painting |25 12.0 80 _, 23, 40
Pump Room  [Pump room L8.0m x B10.5m x H5.3m [ [ I
Flexible connecter, o E Treatedwater o
Drain pipe ¢ 200,L.=100m SR Slopp goes down
Overflow pipe@200,L=80m
o Treated water strage
o As reservoir +9.5
8  Distribution |PVC pipe ¢ 250, L=200m - ©  Over flow 200
Pipe and Pump|Distribution pump, 1.83~0.85m3/min, h=27~48m Ty o oo
Flow meter for ¢ 250 WA
_I 1 -
9 Waste water [L4.0m x B5.0m x H5.3m Almost same as 3. Influent tank
tank Waterproofing painting
Butterfly valve, Flexible connecter,
Drain pipe ¢ 200,L.=20m
10 Discharge Pipe[PVC pipe ¢ 300, L=700m See plan for details
Distribution outlet, Butterfly valve, Flexible connecter
11 Pavementetc. [Administration road See plan for details
Gravel and asphalt pavement
Chemicals and |FI (SDI), pH, Turbidity, Residual chlorine, Electric -
Analysis conductivity, ORP meter, Anthracite, Sand, NaClO, etc.
Others Machinery
Design and Construction management, Operation test and training, Soft |-
management _[componet
Total
Contingency 8%
VAT 12% MCWD responsibility
Grand Total
Including RO exchange, Chemicals, Electricity, Manning, |MCWD responsiblity,
O&M Cost . . . i 3
(per year) Sand and Anthracite exchange, Cartridge filter exchange and|Unit cost 50Php/m

Repair cost 5% Initial Note: RO excnage will be every 5 years (20% per year)
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Well

Exchange rate

1.995
No. Item Q-ty Cost
1 |Drilling Works
¢ 3,000-4,000
15mx 1 15 m
2 |Well Logging & Casing Installation
1 set
3 |Gravel Packing & Seal 1 set
4 |Surface Sealing with cement 1 set
Sub—total
5 |Sea water Pump (submarged type)
3 set
6 |Pump Installation
Footstool, etc.
3 set
7 |Well Development & Pumping Test
1 set
8 |Transportation (to and return)
1 set
9 |Porous concrete pipe
¢ 300mm x 10m x 2 pipes 20 m
Subtotal 1 set
10 |Others (Level meter, Cover, Step. 10% of above)

Total
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Intake pipe, ¢ 200 x 3

Exchange rate

1.995
No. Item Q-ty Cost
1 |PVC Pipe
L=30m
$200x 3 90 m
2 |Overflow Pipe L=30m
$200x 1 30 m
3 |Flexible Connecter ¢ 200
Twin sphere 8 set
4 |Air Valve complete set
Assembly
1set stand-by 4 set
5 |Butterfly valve
¢ 200, Assembly
1set stand-by 4 set
Subtotal
6 |Others 10% of above
(PVC pipe coating for sun protect, etc.) 1 set
Total
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Raw Seawater Tank

Exchange rate

1.995
No. Item Q-ty Cost
1 |Earthwork
Back—hoe 50 m®
Backfilling Manpower 20 m®
2 |Gravel Base 9 m?
Mortar 5 m’
1 set
3 |Rainforced Concrete
4.0m x 5.0m x 5.3m
50 m’
4 |Form work
Assembly 200 m?
5 [Waterproofing painting
100 m?
6 |Pipe work
Enveded pipe ¢ 200 x 5set
¢ 300 x 1 set 6 set
7 |Butterfly valve
Assembly
¢ 300 x 1 set 1 set
8 [Flexible Connecter ¢ 200
Twin sphere 3 set
9 |Pipe work Drain pipe
L=20m
¢ 300 x 2 set 40 m
Subtotal
10 |Others (Manhole, Water level meter, etc.)
10% of Above 1 set
Total
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RO desalination plant

Exchange rate
1.995

No.

Item

Q-ty

Cost

1000m3/day x 3 unit

3 unit

Total
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Electricity, Generation facility

Exchange rate
1.995

No.

Item

Q-ty

Cost

1 [Backup Generator

1,000kVA, Mafler

1 set

2 |Electricity Panels

No.1 LV, No.2 LV, Static Capacitor, Intake Pump,

Distribution Pump, Chemical dosing

1 set

Subtotal

3 |The establishment costs

35% of above subtotal

Total

A6-2-7



RO, Electricity and Generator Building

Exchange rate

1.995
No. Item Q-ty Cost
1 [Earthwork
Back-hoe 3,000 m*
Backfilling Manpower 500 m®
2 |RO desalination plant
750 m*®
3 |Electricity and Generator Room
50 m*
4 |Control room or Adminstration room
50 m*
5 |Administration room etc.
100 m*

Total
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Treated Water Tank

Exchange rate

1.995
No. Item Q-ty Cost
1 |Earthwork
Back—hoe 170 m°
Backfilling Manpower 60 m®
2 |Rainforced Concrete
Tank 12 x10.5x5.3m
Pumproom  8x10.5 x 5.3m 290 m®
3 |Form work
Assembly 550 m’
4 Flexible Connecter ¢ 250 1
¢ 200 2
Assembly
5 [Pipe work
Enveded pipe ¢ 150
¢ 200
Assembly 6 set
6 [Waterproofing painting
400 m?
7 |Drain from Resovoir tank
¢ 200
100 m
8 |Overflow from Resovoir tank
¢ 200
80 m
Subtotal
9 |Others (Manhole, Water level meter, etc.)
10% of Above 1 set
Total

A6-2-9



Distribution pipe ¢ 250 x 1, Distribution Pump

Exchange rate

1.995
No. Item Q-ty Cost
1 JPVC Pipe
L=200m
$250x1 200 m
2 [Flexible Pipe ¢ 250
Assembly 1 set
3 JAirvalve for ¢ 250
Assembly 2 set
4 |Butterfly valve @100 x 3 3 set
0150 x 3 3 set
0250 x 1 1 set
Assembly
5 |Distribution pump 1.83~0.85m3/min
h=27~48m
3 set
6 |Flow Meter
for 250
Assembly 1 set
Subtotal
7 |Others
10% of Above 1 set
Total
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Waste Water Tank

Exchange rate

1.995
No. Item Q-ty Cost
1 JEarthwork
Back—hoe 50 m®
Backfilling Manpower 20 m®
2 |Gravel Base 8 m
Mortar 4 m
1 set
3 |Rainforced Concrete
4.0m x 5.0m x 5.3m
50 m°
4 |Form work
Assembly 200 m?
5 |Pipe work
L=10m
©200 x 3 set 30 m
6 [Waterproofing painting
600 m’
Gravity flow
Subtotal
7 |Others (Manhole, Water level meter, etc.)
10% of Above 1 set
Total
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Discharge pipe, ¢ 300 x 1

Exchange rate

1.995

No. Item Q-ty Cost
1 |PVC Pipe Submarine

L=700m

$300x1 300 m
2 [Flexible Pipe

Assembly 2 set
3 |Distribution outlet

Assembly 1 set

Subtotal

4 |Others

10% of Above 1 set

Total
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Pavement etc.

Exchange rate

1.995
No. Item Q-ty Cost
1 |Gravel Pavement 550 m°
Asphalt Pavement 550 m*
Subtotal
2 |Excavation
180 m’
3 |Back filling with compaction
180 m’

Total
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Consumablles, Chemicals

Exchange rate

1.995
No. Item Q-ty Cost
1 JAnthracite
13 ton
2 [Sand for water purification
20 ton
3 |NaClo 10% liquid
Dose: 0.5t0 2.5 mg/L
1 ton
5 JAnti-scalant 63% or 75% liquid
Dose: 40 to 50 mg/L
1.35 m3
6 |SBS (NaHSO3)
3.8 m3
7 |NaOH 20% liquid
Post treatment for pH control
0.54 m3
8 |RO unit stock for one(1) year

Total

A6-2-14



Instruments

Exchange rate

1.995

No. Item Q-ty Cost
1 |FI (SDI) measurement tools

1 set
2 |pH meter with temperature meter

1 set
3 |Turbidity meter

1 set
4 |Residual chlorine analyzer

1 set
5 |Electric conductivity meter

1 set
6 |ORP meter

1 set

Total
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Fence & Gate Exchange rate

1.995

Item Q-ty Cost
Net Fence

30m x 2

60 m

Gate Road access 4 m

Seashore access 2 m

Total
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Land Price

Exchange rate

1.995
No. Item Q-ty Cost
1 [Land Acquisition
90m x 30m
2,700 m*
Total

A6-2-17



Cost Caluculation for Electrical Equipment

MANE

Parts

Q'ty

Cost

NO.1 LV Feeder Panel

panel

1000W

MCCB3P 1000A

motor operated

MCCB3P 150A

with ZCT

tie transformer 50kVA

440V/220-110V

MCCB3P 100A

MCCB3P 50A

PT

CT

V meter

A meter

F meter

Power Factor meter

WHM

AS, VS

DalmlmldvNVo o 2N 2N =

Total

NO.2 LV Feeder Panel

panel

1000W

MCCB3P 300A

with ZCT

MCCB3P 100A

with ZCT

MCCB3P 100A

N W W —

Total

Static Capacitor Panel

panel

—y

MCCB3P 50A

a1

Static Capacitor

w

20kVA with SR

Total

Intake Pump Panel

panel

PT

CT

V meter

A meter

MCCB 100A

MCCB 50A

MCCB 30A

with ZCT

Direct on—line stater

15kW

Reverse starter

0.4kW

tie transformer 5kVA

MCCB 10A

COS 2p

CS 2p

CS 3p

Lamp

GTWWWW—=WW— ===

—_

Total

Distribution Pump Panel

panel

PT

CT

V meter

A meter

MCCB 100A

MCCB 50A

MCCB 30A

with ZCT

Direct on—line stater

30kW

Reverse starter

0.4kW

tie transformer 5kVA

MCCB 10A

COS 2p

CS 2p

CS 3p

Lamp

—_

Indicating Controller

— OTWWWW = WW =~ ===

pH controll
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MANE

Parts

Q'ty

Cost

Indicator

Flow

Totarizer

Flow

pH meter

Flow meter

—_

150mmDIA

Total

Chemical Dosing Panel

panel

PT

CT

V meter

A meter

MCCB 100A

MCCB 50A

MCCB 30A

with ZCT

Direct on—line stater

0.2kW

tie transformer 5kVA

MCCB 10A

COS 2p

CS 2p

Lamp

NOODW—-0 = d = =ttt |

—_

Total

Diezel Engine Generator

750kVA

—_

Pacage type

Mafler

—_

65dB

Total

Equipment Total

Marerial and Installation

35%

Grand total
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A6-3. Site Photos

Meeting with MCWD Candidate Site Overview

Desalination Plant of Mactan Rock Company (1) Desalination Plant of Mactan Rock Company (2)

Desalination Plant of Mactan Rock Company (3) Desalination Plant of Mactan Rock Company (4)
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Tisa Water Treatment Plant (1) Tisa Water Treatment Plant (2)

Tisa Water Treatment Plant (3) Tisa Water Treatment Plant (4)

Dam Site for Tisa Water Treatment Plant Dam Site for Tisa Water Treatment Plant
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Candidate Site (1) Opposite site Candidate Site (2)

Candidate Site (3) Candidate Site (4)

Candidate Site (5) Candidate Site (6) Seashore Side
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Candidate Site (7) Seashore Side Candidate Site (8) Seashore Side

Candidate Site (9) Seashore Side Candidate Site (10) Seawater Condition

Electricity Receiving Facility Image Meeting with NEDA Reagion7 (Cebu)
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