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PREFACE

In response to the request from the Government of the Kingdom of Saudi Arabia, the
Government of Japan decided to implement the technical cooperation project for the

- seawater desalination technolugy, and entrusted the project to the Japan International

Cooperation Agency (JICA).

o JiCA'sent_ a team, consisting of researchers from the Water Re-Use Promotion Center, to

the Saline Water Conversion Corporation (SWCC) of the Kingdom of Saudi Arabia from
January 1992 to February 1995 for the collaborative research actmty as the third stage of

the extended period,

The team conducted four experimental research themes under close cooperation with
researchers from SWCC, and those fruitful achievements are highly competent for the
publication in international conferences.

1 hope that this report will contribute to the advancement of seawater desalination
technology in the Kingdom of Saudi Arabia and to enhancement of friendly relations
between our two countries,

I wish to express my sincere appreciation to the officials concerned of the Government of the
Kingdom of Saudi Arabia for their close cooperation extended to the team.

February 1995

& gfz/,/z:/)
Kimio Fujita
President

Japan International Cooperation Agency
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<Stricture of this Report> e

In this report, chapter and section will be shown at the front contents and further detailed
contents will be shown at the front of the sectlons and paragraphs.

The page number at the bottom of the page is a serial numher of each paragraph however,
header showing section, chapter and paragraph is printed at the top of the page to avoud :
confusion and make it easy to access the searching pages. o









)

1. Introduction

This FINAL REPORT covers the results of the cooperative research work conducted for the

- purpose of facilitating mutual communication between the SALINE WATER CONVER-

SION CORP_ORATION in the Kihgdo_m of Saudi Arabia (hereinafter referred to as
"SWCC") and the research cooperation team nominated by JAPAN INTERNATIONAL

COOPERATION AGENCY (hereinafter referred to as "JICA™) for the execution of the re-

search éouperaﬁnn, schemed in the INCEPTION REPORT of the "RESEARCH
COOPERATION FOR THE SEAWATER DESALINATION TECHNOLOGY BETWEEN

SALINE WATER CONVERSION CORPORATION AND JAPAN INTERNATIONAL

COOPERATION AGENCY" (hereinafter referred to as "INCEPTION REPORT") based on
"the DOCUMENT ON THE THIRD EXTENSION OF THE TECHNICAL
COOPERATION 'FOR THE PROJECT OF THE SEAWATER DESALINATION
TECHNO_LOGY BETWEEN SWCC AND JICA" (hereinafter referred to as "Third Exten-
sion R/D") and "the MINUTES OF M_EETING ON RESEARCH COOPERATION FOR
THE PROJECT OF THE SEAWATI%R DESALINATION TECHNOLOGY BETWEEN
SWCC AND JICA" (hercinafter réferred to as "the M/M"), signed between SWCC and
JICA on 13 October, 1992,
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2 Histoﬁcal Background =

2.1 Outline

In- its second five - yeérs plan - in. 1976, guidelines- were - established for large scale
industrialization and the preparation of urban infrastructure in the Kingdom of Saudi
Aj'abia and national construction has been promoted steadily ever since. Consequently, the

“securing of large quantities of water for industrial use as well as water for domestic purpose
became a major problem.. The geographical conditions dictate that the major part of the

riecessary water supplied must be derived from seawster so that the role of seawater

'desalinat_iOn plants has become increasingly important in recent years,

In the light of this béckground, a round of preliminary negotiations between Japan and

~ Saudi Arabia began in November 1975, during a visit to Japan by the Governor of SWCC,

with his informal request to the Japanese Government for cooperation on seawater
desalination technnlogy

In January 1982, JICA and SWCC signed a Record of Discussion concerning the

implementation of this project (hereinafter referred to as the R/D) and the cooperation has
started. - '

The period of cooperation has been extended to February 1984, re—extended to February
1992, and finally to February 1995. This final report covers the results of the research
cooperation project conducted during the period of final extension, from March 1992 to
February 1995.

2.2 Chronicle

The outline of the circumstances of the research cooperation project are as follows:
(1) January 1982 - : SWCC and JICA signed R/D

(2) October 1987 : The period of cooperation has been extended for three years to
- "~ February 1989. - '

(3) December 1990 : The re—extension for another three ye:irs has been discussed with the



(4) April 1991

(5) October 1992 - .

@

scheme during the period and mutual understandmgs has been '
obtained,

¢ The re-extension up to February 1992 has been sngned by both
. parties wl'uch was delayed by the Gulf War. . Four research themes

on MSF and seven research themes on RO has been conducted during
-this penod : ' :

' The.M[M l‘ofr_.the 'third.extens.i_dnghas fbeenlsigl.led'by both parties.

The period of cooperation was from March 1992 to February 1995

-and two.research themes on MSF and. also two research themes on
- RO were selected. '

2.3 Contents of Research Activities

Due to the consequence of the Gulf War as well as other causes, the pollution of seawater by
oil became a crucial issue for seawater desalination at the discussion of the scheme of second

and third  extension.

. The SWCC strongly. requested  to includ_e-"the' study on

countermeasures egainst oil contamination of desalination plant in the cooperative'research,
and such subjects were covered in the research themes.

The research themes conducted during the second extension period, up to- February 1992,

were as follows:

<MSF>

(1) M-1 Laboratory 'experiment on scale prevention

(2) M-2 Corrosion tendency for some kinds of materials .

(3) M-3 Study on some materials by corrosion measurement apparatus _
(4) M-4 Analysis of oil dispersed in raw seawater at the heat rejection section of . .

MSF plants

<RO>

(3) R-1 Sterilization

(6) R-2 Pretreatment of seawater

(7) R-3 Pollution effect of membrane cleaning discharge
(8) R-4 Selection of membrane



@

(9 R-5 Chemical cleaning of the fouled membrane
(10) R~6 Selection of membrane for hybrid type RO
(11) R-7 Standardization of the main analytical methods

The research themes conducted during the third extension pei'iod, up to February 1995, were
those extended from the previous M-1, M-4 R-2 and R-6. Those themes are as follows:

(1) Study on scale control for MSF process

(2) Study on countermeasures against oil contamination of product water in MSF
process _ _ '

(3) Study on selection of RO membrane for hybrid system

@) Study on countermeastires against oil contamination for RO process
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3. Objectives of the Research Cooperation

The objectives of this research cooperation are to have researchers of both Japan and Saudi

- Arabia conduct collaborative research activities on the 4 research themes related to seawater

desalination technology and to transfer Japanese seawater desalination technology to Saudi
Arabia.’












@

‘CONTENTS
Page
4. Basic Policy for Implementation of Research Cooperation ««:civccoirciiniinciiiiin., 1
4.1 Collaborative Research Activities +»++++++- Cersebevenssarserenen terrveenrernesrenee rerrreens 2
4.2 Work Plan retreceterersarernteesrrasennne aresernies reererssaensereresanterstnrrsrrrarsernns 12
4.2.1 The First Research Activities in Saudi Arabia _
I(January_March’ 1993) revernenceriininniiiiniin sessssmassarasaserseassesrarnnenae 17
4.2.2 The Second Research Activities in Saudi Arabia
- (April 1993 - March 1994) «--eecreeivimennismemismneivmineiensinnese, vee 17
4.2.3 The Second Research Activities in Japan :
(April 1993 — March 1994) «srccciniiimiiiininiiaisicnnmissisieicniciniin 18
4.2.4 The Third Research Activities in Saudi Arabia :
@ (April 1994 — February 1995) s:sesessennns CeeessssssEersesssarsanstesstsineranann . 18
4.2.5 ‘The Third Research Activities in Japan
(Apri] 1994 - February 19958) srearairaniscisanicsnninisissnnsrine sesisinesasenens 18
4_2_6 . Preparation of Final Report ooy NEUGsMsNREBAURSBAS LRSS aee 19
43 Undertaking of JICA and SWCC .+ vrvnean veeeansens Cereerranernreare carernacen vevarene 20
4.4 Organization ------------------------------ L N R T Y NN 21
4.5 Supp!ementary Anangement of Equipment .............................................. 24
4.5.1 Supplementary Arrangement of Chemical Analysis Equipment «eseoserarenineee. 24
4.5.2 Supplementary Supplied parts and laboratory equipment ««-«:seestesensiecrancans 25



Table

Table 1-1

Table 1-2
Table 2
Table 3

@

List of Tables
Descriptidn o _ VPage_ :
Division ofResponsibi]ities ----n-i-n_o---.q.o TinvhavenFasanner e : lil.ill....'....;."...i.... 22
Divisu]n ofResponsibﬂities ...... araaa Neaumresssrsennrs enes . ...._.'.-..u....._.......... _ 23
- Division of Responsibilities for Chemical Analysns Equlpment - 26

Parts and Equ[pment Supplied by JICA ............... _................_......-._.. 27

-



Fig. 1
Fig. 2
Fig. 3
Fig. 4-1
Fig. 4-2
Fig. 5-1

Fig. 5-2

Fig. 6-1
Fig. 6-2
Fig. 7 -

()]

List of Figures
Description : Page
Time Schedule for Laboratory Equipment and Test Plant for MSF s crcecaess 10
Time Schedule for Laboratory Equipment and Test Plant for RO «++«vseeteeere 11
The First Research Activities in Saudi Arabia «:socceeeinnininiiininiiiniin, 13
The Second Research Activities in Saudi Arabia sesssessmissniaenionts R 7
The Second Research Activities in Japan «cceceninennnn. Srrmrsessssusremsaaiennanran 14
The Third Research Activities in Saudi Arabia «--.-.- srrsranisessanenes sisseneens 15
The Third Research Activities in Japan «-coseverserenes Crecrrerersesasrascansenses 15
The Fourth Research Activities in Saudi Arabia --.--.- renerseseriserataiasentinens 16
The Fourth Research Activities in Japan «s«ssseereesainen. crersheatsasrassastrranasa 16

Organization Chart of the Project «:«:-+ Sravierersreseertenisersrenerneranas siversenean 21






@

4 Basic Policy for Implementation of Research Cooperation

This research cooperation consists of two parts,r firstly collaborative research activities and
secondly supplementary arrangement of equipment and materials, details of which are given
in the following chapters.
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4.1 Collaborative Research Activities S

The following four thermes: related to ' Multi-Stage Flash Dlstlllation (MSF) and Reverse
Osmosis (RO) have been implemented for col!aborative research actlv:tles

Study oh Scaie Control of MSF Process (MSF-1)

Study on Countermeasure against Oil Contamination of Prodliet-Water in MSF
Process (MSF-2)

Study on Selectlon of RO Membrane for Hybrid System (RO 1)
Study on Countermeasure against Oil Contamination for RO Process (RO—Z)

The expression of the research purpose and contents for these four themes described here is
identical to that of M/M. Fig.1 and Fig. 2 show the completed schedule for MSF and
RO research activity, respectively.

A. Study on Scale Control for MSF Process (MSF-1)

@

@)
1)

2)

3)

Purpose

Productivity deterioration of an MSF plant stems mainly from scaling of the heat
transfer tubes. Thus, it has been studied how to control the scaling by chemlcal
dosing for MSF plants in Saudi Arabia.

Scope of Work

Investigation and Preparative Experiment _

The effects of some scale inhibitors were compared by conducting scaling tests in a
laboratory, in urder to select promising candidates in addition to investigate for the
status of productivity deterioration of MSF plants in Saudi Arabia.

Test with the Heat Transfer Test Equipment _
Based on the preparative experiment, the effects of the selected scale inhibitors were
tested under thermal flux using the heat transfer test equlpment in order to evaluate
the scaling rates under various conditions.

Based on these comprehensive data, the scale inhlbltor to be tested with the MSF Test
Plant were selected.

Tests with the MSF Test Plant _
~The confirmation test of the selected scale inhibitor were carried out at the MSF Test




4y

1)

1)

b.

@)

‘Plant.

. ~The effects of the scale inhibitor with and without simultaneous use of acid were

compared.

Evalwition and Report

Data obtained from the test with the MSF Test Plant have been evaluated in order to
obtain the followmgs _

- Data relative to the increase in the fouling facto‘r of heat transfer tubes. -

- ~Data relatlve to the efficiency of ball cleaning for scale removal and its adequate

frequency

Essen'tial-Equipment and Matcl'iais '
Equipment '

Scale deposition test equlpment (above 100°C)
Scale deposition test equlpment (under 100°C)

" =three neck flask with a cooler -

Heat transfer test equipment
—~modification of the equipment owned by SWCC

Materials

Scale inhibitors
Brine

Sulphuric acid
Anti-foaming agent
Acid cleaning agents
Sponge balls
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B. Study on Countenneasures agamst Oil Contamination of Products Water in MSF

)

Process (MSF-=2) .

Purpose . :
In MSF desalination of oil contamlnated seawater, contamination of the product water

18 expected Thls study alms at proposing how to prevent such contaminatmn

@
1)

2)

3)

4)

5)

K]
1)

a.

.

Contents of Study. : :

Investigation and Preparative Experiment : : G L

Information on the seawater quality in case when contammated by ml and the yapor—
liquid equilibria of hydrocarbon and brumoform, were investigated through literature
surveys. The preparative experiment on volatility. of bromoform and hydrocarbon
contained in oil were also carried out.

Measurement of Vapor-liguid Equnhbria : B T
The vapor-liquid equilibria of hydrocarbon and bromform under the desalmatmn
conditions has been measured.

Simulation and Prediction of Contammation

The behaviors of hydrocarbon and bromoform in the MSF Test Plant wnll be
simulated and predicted by the combination of the data obtained in 1) and. 2) w1th the
characterlstlcs of the MSF Test Plant.

Tests with the MSF Test Plant

The results of the computer simulation were conﬁrmed by the experiment done at the |

MSF Test Plant.

Evaluation and Report

The countermeasures against contamination of product water were proposed by

analysis and evaluation of the results obtained in 4).

Essential Equipment and Materials

Equipment

Preparative experiment equipment

Vapor-lignid equilibrium measurement equlpment W|th a cooler
Personal computer owned by SWCC
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MSF Test Plant

- Materials _
_Hydrocarbon, bromoform

Brine

¢.  Scale inhib_itors

f.

Anti-foaming agent
Acid cleaning agents
Sponge balls
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C. Study on Selection of RO Membrane for Hybrid System (RO-1)

Ly

@)
1)

2)

3)

4)

&)

1)

C.

Purpose

This study aims at the selection for a hybrid desalination systeins of the most practical_. _
membrane module with a high permeate flux rate among commercially avallable RO

modules to desalinate the high salinity Arabian Gulf seawater yleldmg product watcr
of 1,000-1 500mg/l TDS.

Scope of Study
Investigation and Preparative Experiment

Experiments on the performance and the effect of chemlcal cleanmg of fouled |

membranes ‘ :
Comparison of _p’erformance behaivior of several flat membranes with potentially
performance were promising conducted to select membranes of high permeate flux
rate. Experiment were carried out with clean seawater in conformity with the
conditions of Practical temperatures and pressurés (the first screening). |

Tolerance tests of chlorine and turbidity were carried out selected on the membrane
(second screening). :

Experiment with RO Mini-module (1)

Further evaluation of the selected membrane selected from the flat membrane test
were made using and RO mini~module test unit, - _

For selected modules, tests of chlorine and tolerance, washing, etc. were carried out.

Tests using the RO Test Plant

RO modules applicability to a MSF-RO Hybrid desalmatlon system were confi rmed_

by conductlng tests on RO modules using RO Test Plant.

Evaluation and Report _
The most suitable RO module for a MSF-RO Hybrid process and its usage were
selected for practical use from among present modules.

Essential Equipment and Materials
Equipment

SDI measurement equipment

Flat membrane tester owned by SWCC
Two flat membrane cells

!ngﬂ I
. S
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d. RO Mini-module tester (1)
-e. RO Test Plant

2) Materials . -

a; Flat membranes

The fouled membranes used in the SWRO plants were obtalned with their operation
histories thmugh arrangement made by SWCC.
RO Mini-modules '
RO Mddules for practical use
- Chemicals such as ferric chloride and SBS -

s"'.==ﬁ-.°s='

Anthracite and sand for laboratory scale sand filter test



(4)

D. Study on Countermeasures against Oil Contammation for RO Procem (R0—2)

(D

@)
N
a.

2)

3)

Objective el :

This study is aimed at proposing the best countermeasures against oil contamination
of seawater RO feed, containing several tens of mg/t of oil. The main ob,]ective is to
remove cil from an oil cotaminated seawater RO feed prior to its entry: to.-SWRO

-membranes.: -

Contents of Study

Investlgatmn and Preparative Experiment

Literature survey of analytical data, solubility, analytical method and removal method
of soluble and insoluble oil into seawater were carried out. : '

Literature survey of analytlcal data, solubility, analytical method and removal method _

of halogen compounds such as trihalomethane were carried out.

Literature survey of oil tolerance of RO module were carried out as well as literature

survey and experiment on removal of halogen compounds such as trihalomethane, -

Experimental Qil Removal by Pretreatment

Preparative experiment

Laboratory experiment were carried out on removal of soluble and insoluble oil
present in seawater by coagulation sedimentation and adsorption methods. The
removal effect of coagulation-sand-filtration, adsorption by polymer, active carbon
and combination of these methods have been studied.

Oil dosing experiment S

The preparation of oil contammated seawater model and the analysns oil content were
studied.

Oil removal experiment _

The removal of soluble and insoluble oil were studied by coagulation—sa'nd-;ﬁltration,
adsorption by polymer, active carbon method, ete.

Regeneration of oil removal equipment _ .

The regeneration conditions of media and equipment used in the coagulation-sand-
filtration, adsorption by polymer and active carbon were studied.

Oil Tolerance Test using a Flat Membrane Tester

Using a flat membrane test unit, éxperiment on the effect of oil (especially soluble oil) on
membrane performance were carried out, using pretreated seawater as the feed water.




o

5)

0

@ -

(4)

Experiment with RO Mini-module (2) |
Oil tolerance of RO mini-modules were tested using pretreated feed seawater. Based

- on the results of 2) and 3) above,' combination of pretreatment and oil-tolerant RO

mini-module will be test_ed te design the process against oil contamination.

Test wuth the RO Test Plant .
Confirmation of the process efficiency and oil tolerance of RO module was examined
using the RO Test Plant with practical commercial modules.

Evaluation and Report _ .
A combination of seawater pretreatment and use of oil-tolerant modules are at
presently the best countermeasures against oil-contamination.

Essential Equ_iplhent and Materials
Equipment

.. Two flat membrane cells

Qil dosing preparation equipment

Oil adsorption equipment

Oil adsorption tower back-washing eqmpment
RO Mini-module testers (2)

RO Test Plant

- Materials

Flat memb:ranes :

Dnsihg oil for preparation of contaminated seawater
RO Mini-modules

RO Modules for practical use
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4.2 Work Plan

The working schedules and the research activities for each fiscal year are summ_aﬁ'zed in
Fig. 3-Fig. 6. o '

12
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- Fiscal Year o : 1992
Month : 11 12 1 2 3

Remarks

1. Explanation and discussion of N
the inception report
2. Technological discussion with =
the counterpart
3. Transfer of the MSF & RO Test =
Plants and instaliation plan :

4. Implementation of collaborative
research
1)Investigation and preparative
experiment
The status of productivity
deterioration of MSF plants
@3Selection of scale inhibi-

tors. -

@Modification of the scale
deposition test equipment
2)Tests vith the heat transfer

test equipment
M | @Modification of the heat
transfer test equipment
Selectlon of scale lnh|b1—

3)Tests ¥ith the MSF Test

Support for installation
Trial runs
Operation tests
Water analysis
Evaluation of fouling
factor

4)Evaluation and report $P/R

i‘;}'.?’

[

1) Investigation and prepara-
tive experiment
Investigation of the
Arabian Gulf seawater
Preparative experiment
Water analysis
2)YMeasurement of vapor-liquid
equilibria .
3;31|ulat10n and prediction
4)Tests with the MSF Test Plan
Modification of -the plant
Operation tests
Water analysis -
Evaluation of transferred
"substance to product water
5)Evaluation and report . - ®P/R

to—m (DR

l)[nvestlgatlon and’ prepara-
tive experiment
Survey on RO sodules for
hybrid system
Performance evaluation of .
fouled membrane
2)Comparison tests of flat
meabranes
R { 3)Tolerance tests with flat
weabrane in chroline and
turbidity
O i 4}Experiment with the RO mini-
odule tester (1}
] gSelection of module :
Tolerance tests with flat
megbrane in chroline and
turbidity
5)Efpe{llent with the RO Test

Support for installation
Experiment

{& 6)Evaluation and report | PR

l)lnvestxgatlon and prepara-
tivwe experiment
R |'2)0il removal experiment by
pretreatment Ilth bench .
- scale equipment -
3)0il tolerance tests lllh a
{flat membrane tester
2 | &)Experinment '1th the RO mini-
S o module (2)
5)Test with the RO Test Plant
6}Evaluation and Report ®FP/R

- Notes : = implementation by JICA  ====>= [mplementation by SKC{ === |[aplementation by JICA/SWCC

'- Fig.3 The First Research Activities in Saudi Arabia
13



_ _ (4) _
Fiscal Year i C L 1993 ,
Month : 4 |5 |6 |7 | 8.t9 10|11zl r]2]3-

£. Implementation of collaborative
research :
1)Investigation and prepara-

tive experiment . .

1 @DThe status of productivity

deterioration of MSF plants

Selection of scale inhibi-

tors
@Moditication of the scale
deposition test equipment
2)Test with the heat transfer
test equipaent
(DModification of the heat
transfer. test equipment:
@Selection of scale inhibi-

tors
3)Tests with the MSF Test
lant . .
Support fTor installation
Trial runs .
Operation tests
Water analysis
Evaluation of fouling o
. factor : : . :
4)Evaltation and report . EE : ®P/R

1} Investigation and prepara-
tive experiment

. Rourk_s

—_— o 2

[nvestigation of the
Arabian Gulf seawater
Preparative experiment
Water analysis
?)Measurement of vapor-liquid
equilibria L
3}31!1.!1&11_0!1 and predietion
4)Tests with the MSF Test
Plant .
%Modiﬁcation of the plant

[T T I 4

Operation tests
Water analysis .
Evaluation of transferred =
substance to product water :
S)Evaluation and report _ ®P/R

I investigation and prepara- _ i : : . : ' .

tive experiment
Survey on RO module for
hybrid system
Performance evaluation of
fouled membranes
2)Comparison tests of flat
membranes i
R | 3)Tolerance tests with flat
membrane in chlorine and
turbidity L
Q | 4)Experiment with the RO wini-
module tester (1)
| Selection of sodule
1 Tolerance tests with flat
membrane in chlorine and
turbidity
5)Experiment with the RO Test

lant . .
Support for imstallation

Experiment :
6)Evaluation and report $F/R

1}Investigation and prepara- -
tive experiment

R { 2)0i] removal experiment by
pretreatment with bench
scale equipment .

10il tolerance tests with a _ ;
flat membrane tester . ’ . : - T

2 [ Experiment with the RO mini- e |- R R : %

—O

module (2) :
S;Test with the RO Test Plant
6)Evaluation and report . ; L 34 R

- Fig.4-1 The Second Research Activities in Saudi Arabia NN,

Month 4 | s | s | 7|89 1w |mliz]l1 |23 | remarks
1. RO-1 : Analysis of fouled ‘ ' o SR P '
sembranes : : . e .
2. Preparation of the interim rep. | = U TR N SITR

:Inplementation by JIcA/swee

;implementation by JICA
Fig.4-2. The S_ccon'd 'Reseal"ch_ Activities inJ 'apan"
| 14 DR

Notes: ~— :implementation by SWCC
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Fiscal Year : : 1994
Month - - - 4 |s |6 |7 |89 |10 |1n]|1]2]zs3

Rematks

4. Implementation of collaborative
research '
1} Investigation and prepara-
tive experiment .
—— @The ststus of productivity
deterioration of MSF plants
‘DSelection of scale inhibi-
tors )
@Wodification of the scale
deposition test equipment
2)Tests with the heat trans-
Gger test equipment
Modification of the heat
transfer equipment .
Dselection of scale inhibi-

ters
3)Tests with the MSF Test
. Plant

Support for installation
Trial runs

Operation Tests

Water analysis .
Evaluation of fouling
factor = - o

- m u '

4)Evaluation and report $P/R

1) Investigation and prepara-
tive experiaent
‘@Investigation of the
Arabian Gulf seawater
Preparative expetiment
Water analysis o
2)Measurement of vapor-liquid
equilibria o
. 3;Sllulat§on and prediction
4)Tests with the MSF Test
Plant :
%Modxhcatlon of the plant

N —m wE

Uperation test
Water analysis
Evaluation of transferred o
p substance to product water
@ $)}Evaluation and report $F/R

1} Investigation and prepara-
tive experiment :
@Survey on RO modules for
hybrid system
®Performance evaluation of
fouled membrane
Z)Congarison tests of flat
. membrane .
R | 3 Tolerance tests with flat
membrane In chlorine and
turbidity .
O | 4)Experiment with the RO mini-
godule tester (1)

Selection of module
Tolerance tests with flat
membrane in chlorine and
turbidity -

5)Experiment with the RO Test

[,

ant . L
Support for installation
Experiment

B)Evaluation and report : : ®P/R

1) Investigation and prepara-
tive experiment

R | 2)0i] removal experiament by

-pretreatment with bench

? scale equipment i

3)0il tolerance tests with a

flat membrane tester .

2 [ 4)Experiment with the RO mini-
nodule (2) .

S;Test with the RO Test Plant

G)Evaluation and report 4P/R

P

"Fig.5-1 The Third Research Activities in Saudi Arabia

Fiscal year 1984 4 5 | 6 7 8 9 100011 |12 1 2 3 L

{. Preparation of the draft final
report :

:implementation by JICA

Notes: :Implementation by SWC{ ======——— . laplementation by JICA/SWCC

'Fig.5-2 ‘The Third Research Activities in Japan
15
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Fiscal Year 1994 Lo .
. 1. Bemarks
Month 4 516 | 7418 [9 J1wi1lf12]1 2 | 3 :
5.  Explanation of the draft final "@DF/R.
report ' ' o
Fig.6-1 The Fourth Research Activities in Saudi Arabia
"Fiscal Year : 1994 . : ; " omaric
Month als e |7t folw]ulwli |2 [3a | ™

5. Preparation :of the final rep.
6. Sending the final rep. to SWCC

Notes:

:lmplementation by JICA~

:Inplementation by SWCC.

: Isplementation by JICA/SHCC

- Fig.6-2 The Fpurth Research Activities in Japan_' o

1



4.2.1.

(l)

)

&)

@

)

4.2.2

@)

(4)

The Firsi Research Activities in Saudi Arabia (January-March, 1993) '

Explanation and discussion of the Inception Report

In January, 1993, JICA team explained the Inception Report at SWCC head office in
Riyadh and confirmed the division of responsibility for the work between JICA and
SWCC, '

Technical meeting between SWCC and JICA -

Based on the_'lnception Report, SWCC and JICA discussed the technical aspects of the
research themes in detail at SWCC's R&D Center. On this occasion, it was agreed
that if there were a request to change the plan, appropriate modification could be
made within the M/M limitation.

Plans for the transportation of MSF and RO Test Plant
The MSF and RO Test Plants had been stored at Yanbu, but in January-February

- 1993 they were moved to Al Jubail.

Implementation of collaborative research -

Collaborative research activities were undertaken in the R&D Research Center

according to the scheme mentioned in 4:1.

Preparation of progress report :

The progress report covering the results of the literature survey and the preparative
experiments mentioned above have been published, March, 1993,

The seco_nd Research Activities in Saudi Arabia (April 1993 - March 1994) .

Supplementary chemical analysis equipment arranged in this period were as follows:

A : X-ray diffractometer, -
B : Ion chromatography,

Concerning A, the equipmert, including a supply of parts, has been assembled, inspected and

operated and technical guidance has been given on its operation and maintenance as well as

guidance on application technology. -

Concerning B, assembly and installation were completed. in the previous period. In this

17



@

period, training has been given on analytical: operatlons to promote proficiency ln the -
operation of the equipment and, at the same time, guidance has been given in care and
maintenance technology and appllcatlon technology 50 that those involved will be fully'
informed, . ‘ ST R,

@

3

4.2.3
@

@
3
4.2.4

0y

4.2.5

)

Implementation of collaborative research ,
Collaborative research activities were undertaken in the R&D Research Center
accordmg to the scheme mentioned in 4.1

Preparatlon of progress report R
- The progress report on the research work tlunng this penod have been -

published on October, 1993,

The Second Research Activities in Japan -

Publication of Interim Report . ' o v

The interim report on the results of the research work during the fi rst and the second
research activities periods have been published on F ebruary, 1994

Explanation and discussion of the Interim Report :

" In March, 1994, JICA team discussed the Interim Report at SWCC.

Analysis of fouled membrane . : . o
The analysis of the collected fouled membranes have been conducted both at Saudi
Arabia and Japan as part of the RO-1 project. '

The Third Research Activities in Saudi Arabia (Api'il 1994 — Feb, 1995)

Implementation of collaborative research
Collaborative research activities were undertaken in the R&D Researeh Center
according to the scheme mentioned in 4.1,

The Third Research Activities in Japan (April 1994- Feb. 1995) -

Preparation of draft final report

The collaborative research was completed at the end of December 1994, after which
the JICA team returned to Japan, taking with them the data - requlred for the
preparation of the draft for the final report to be completed in Japan. ‘ This report
summarizes the results of the collaborative research which has been made up to that:




)

time, at all times in collaboration with SWCC.

(2) Explanation to SWCC -
For a period of nine days in February 1995, .IICA team explamed the draft for final
report for the benefit of SWCC and its contents were discussed.

4.2.6 Preparation of Final Report

The final report was prepared jointly by SWCC/JICA researchers within the last one month,

19
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4.3 Undertaking of JICA and SWCC

)

1)

2)
3
9
5)
@
D
2)
3
4
&
L))
)

2)

3)
4)

5)
6)
7

8)
9

Undertaking of JICA and SWCC has been established for the folowing items. -
Laboratory equipment |
Materials s

Test Plant

Personnel required

Others |

JICA has provided the following experimental equipments' and SWCC has provided
the utilities for them and also provided necessary manpower for the installation and
commissioning: '

Mini-Module Tester (1)

Mini-Module Tester (2)

Cooling Water Cycling Equipment for SWCC's Flat Membrane Tester

Coo!mg Water Cycling Equipment for Mini-Module Tester (1)

JICA and SWCC have made an agreement as relate to the responsnblllty undertakmgs
for the main equipment used for this l‘esearch activities.

SWCC provided the following:

Six separate office spaces and one meeting room for the members of JICA team

A fully furnished accommodation for the members of JICA team according to
SWCC's standard during their stay in the Kingdom of Saudi Arabia

Vehicles with drivers for the JICA team during working hours including commutation

Expenses and necessary duties on the mternal business trip in the ngdom of Saudl'

Arabia for the members of JICA team

Customs formalities and their necessary charges, if any, as may be imposed upon the -

equipment and/or materials to be provided by JICA to SWCC
Expenses and necessary duties on the domestic transportatlon for the equipment
and/or materials to be provided by JICA to SWCC -
Expenses on the telephone and fax from SWCC Research Center to the offices in
Japan for the JICA team to send 1mportant information with permission of the
coordinator of SWCC Research Center
Chemical and physical analysns _

Pretreated seawater feed

20



4.4 Organization

(4)

The organization and division of responsibilities are shown in Fig.7 and Table 1.

swce Joint JICA
Meeting
) Administrative
. Staff
Technical Technical [ Technical
Group Group ‘| Advising
- : Committee
Joint Technical Team
. Leader of the Team
SWCC:A. AL-AZ7AZ -, JICA: T. GOTO
RO Group MSF Group
- skee Jica swee J1cA
| Coordinator: Coordinator:S. HASERA | | Coordinator:AL SOFT | Coordinator:T. HAMADA
AEDUL RAHMAN ABANMY
| ATA HASSAN M. KITAGAWA M KUTTY Y. TANAKA
0 MOHAMED - FAROOQUE H. [¥AHOR! ESSAM E SAYED K. WATANABE
ABU TAHER JAMALDDIN {H. TANIGUCHI A. DALVI S. NAGASAWA
| | RADWAN A. RASHEED . |M. HIRAI . S. AL SULAMI - M. SUGA
AL AL=RUWAILI T. OKABE M IMAM Y. KOGA
FAYYAZ MUBEEN K. MARUYAMA G. MUSTAFA S. MAKISHIMA
AHAMAD AL-AMOUDI K. MRUI S. THANKACHAN Y. MIYAMOTO
THOMAS MANI H TAKADA

Fig.7 - Organization Chart of the Project
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" Table 1-1-" Division of Responsibilities = '

: Name

Responsibilities Contents of Work

' : JICA SKCC
General ~ Management and planning for research T. Goto A A Al-Azzaz
S activity : IR .

Management + Negotiation with counterpart

-| M§F~1, MSF=2 Implementation of experimenntal research in |T. Hamada A. K. Al-Sofi
(Research and "'Saudi.Arabia and evaluation of the results M. Kutty
Coordination) " Scale inhibitor selection Essanm
* Characteristics of the test plant for '
simulation of oil behavior - :
| » Evaluation of chemistry related data
* Evaluation of heat transfer related data
MSF-1, MSF-2 * Impleméntation of chemical analysis for Y. Tanaka S.Sulami
{(Analysis) seavater, brine and scale M. Suga Imam
+ Evaluation of chemical analysis data Thankachan-
- Assistance for implementation of experi- :
mental research -

MSF-2 *+ Implementation of bench-scale preparative |K.. Watanabe. Thankachan
{Vapor-Liquid experiment for oil behavior in MSF plant o A.G.Dalvi
Equilibrium-1) - Investigation of physical properties for

analysis of oil contaminants behavior

MSF-2 * Obtaining of Vapor-Liquid equilibrium data | S. Nagasawa | M.Kutty
{Vapor-Liquid + Determination of given condition for Dalvi
Equilibrium-2) computer simulation programs Thankachan

MSF-2- * Preparation of computer simulation program | Y. Koga: M. Kutty
(Computer Hard ¥Ware: NEC PC38 & IBM~PS/2 L Essam

Analysis) Soft Ware: BASIC, FORTRAN & € or C** :

* Anendment of computer simulation programs
based on experimental results

MSF Test Plant + Supervision for the test plant assembly  [S. Makishira Al-Sofi,
(1) | and installation C oM Kutty,

' ‘ Essan
MSF Test Plant * Supervision for trial runs, operation and [Y. Miyamoto | Al-Sofi;
(2) | maintenance of thetest ' S ST Mo Xutty,

o | Essanm

22.  R
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Table 1-2  Division of Responsibilities

Responsibilities

Contents of Work

Name

JICA

SKCC

RO-1, RO-2
{Research and
Coordination)

Implementation of experimental research in
Saudi Arabia and evaluation of the results
* Prior investigation for RO-1
* Bvaluation of preparative experiment
_results for R0O-2 .
+Evaluation of mini-module test results for
R0O-1 & RO-2 :
« Evaluation of the test plant resu]ts

S. Haseba

A. Abanmy
A Hassan -

RO-1, RO-2

- (Analysis-1)

- Water quality analysis needed for flat
membrane tests, mini~rodule tests and the
test plant tests
Mini-module tests for membrane selection
in hybrid system
Tolerance tests with mini-modules in

.chlorine and turbidity :

Support for information retrleval from
Japan

M. Kitagawa
Y. Taniguehi-

M. Farooque
A. Jammaldin
A R.Ali

M. Fayyaz

RG-1, RO-2
(Analysis-2)

Investigation of fouling for used RO
membrane and study of cleaning method
Implementation of R0 system performance
analysis and hybrid system simulation .
calculation -

Evaluation and selection.of membrane for
hybrid system

H. Iwahori

| K. Marui

Nomani

Ata Hassan
A. Jammaldin
A R.ALi

M. Fayyaz

R0O-1, RO-2
{Membrane .
Evaluation-1)

.

Comparison tests with flat membrane tester
to select membranes for hybrid system
Tolerance tests with flat membrane tester
in chlorine

Operation of the test plant for RO-1 and
evaluation of the results

« Assistance for implementation of experi-
mental research :

M. Hirai

Nomani

‘Ata Hassan

M. Faroogue
A.R.ALQ
M. Fayyaz

RO-1, RO-2
(Membrane
Evaluation-2)

-

Comparison tests with mini-module tester
to select membranes for hybrid system
Tolerance tests with flat membrane tester
in turbidity

Operation of the test plant for RO-2 and
evaluation of the results.

T. Okabe

Ata Hassan
M. Farooque
A. Jammaldin
A R.ALQ

M.Fayyaz

| Ro-2

(Pretreatment)

Removal tesis of oil from seawater by
coagulation &.filtration and adsorption
Studies and tests on preparation artifi-
cially oil contaminated seawater
Literature survey on analytical methods
cils and organlc halogen compounds such as
trihalomethane in seawater

Literature survey on tolerance tests w1th
RG modules in oils and separation capacity
of membrane for organic halogen compounds
Experlments for oil removal by pretreat-~
ment L . .

-

K. Maruyama

Ata Hassan
M. Fayyaz
M. Farooque
A. Jamalddin
A.R.ALH

R O Test Plant -

.Superv131on for the test plant assembly,
-1nstallat10n. trial runs, operation and
maintenance

H. Takada
T. Yago

A. Hassan -
A. Abanmy
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45 Supplementary Arrangement of Equipment

The work of settmg up common materiais (research mstruments, the MSF Test Plant, and

the RO Test Plant) in the assigned Jocations and making adjustments was carried out and the_

plan for the preparation of common materials was unplemented. - Within thls _period | @F,
supplementary. parts for the installation/ modlficatlon of MSF and RO test plants and
supplementary laboratory equipment for the preparative experiments were supphed

451 Suppiementary:Arrangem'ent of-'Chemical Ana:lys'is Equipment :

Within thls proJect period, dlspatchmg engmeers to take charge of the followmg items (Table
2), the supplement to the common matenals plan was implemented and guidance on
operatlon and mamtenance technologies were made.

1) Chemlcal Analys:s Devnce A _ .
- Implementation of assembly, mstallatlon and inspection e :
~ Guidance on operation and mamtenance technology for electron probe micro-
analyzer. :
- Implementatlon from October 1994 to November 1994

@?) Chemical Analysis Device B T
-~ Implementation of assembly, lnstallatlon and inspection
= Guidance on operation and maintenance technology for ICP emlssion spectrometer,. |
 infra-red spectrometer and spectrophotometer _ _
~_Implementation:from October 1994 to November 1994

(3) Chemical Analysis Device C _
~ Implementation of assembly, mstallatlon and mspectlon :
=~ Guidance on operation and maintenance technology for X-ray dlﬂ'ractometer.
- Implementation:in January, 1992 '

(4) Chemical Analysis Device D
- Guidance on operation and maintenance technology for the ionchromatograph
- Implementation:in April, 1992 and September, 1993
Engllsh version of operation manual for ion chromatograph IC—500PS was prepared and
submitted.
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452 Supplementary Supplied Parts and Laboratory Equipment

Supplementary sup'pli_ed' parts for the installation of the Test Plants and equipment for the
preparative experiment are listed in Table 3.

Details of the installations work are described in the following sections.

a Instail_a_tipn of the MSF Test Plant R ' :53.1

b. Modification work of the MSF Test Plant :6.4.1
¢. Installation of the RO Test Plant - = = :73.1
d. Installation of Pretreatment of Oil Removal Experiment - 821

Installation of the Mini-module Tester o 7121
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Table 2 Division of Responsibilities for Chemical Analysis Equipment

-| Responsibility- :|. . ... -‘Conténts of Work — — Nm
. _ JICA | SWCC
Chemical * Implesentation of assembly, - |Y. Tanehata | Nausha Asrar - $
Analysis insta]lation and inspection 1 | T. Prakash :
Equipment A * Guidance on operation‘and -~ - | % < John 0" hara
maintenance technology for _ | Ismail Andijani
Electron Probe Microanalyzer -~ {. . | Mohd Ismail
Chemical - - { *Implementation of assembly, M Inoue . |8 Sulami ~ . .
| Analysis installation and inspection _ | A.G. Dalvi
Equipment B~ | + Guidance on operation and T [MAJaveed
+ | maintenance technology for-~.- |, - . .. . .| Radwan Rasheed.
. -ICP Emission Spectrometer, ' o
Infrared Spectrometer and
Spectrophotometer
Chemical - Implementation of assembly, S, Sakano | Andijani
Analysis installation and inspection : . | Al-Fozan
Equipment C - Guidance on operation and | Shahreer
: maintenance technology for
X-ray diffractometer
Chemical + Implementation of assembly, N. Kawashima | 8. Sulami
Analysis installation and inspection H Obtsuka = | A G Dalvi
Equipment D « Guidance on operation and Azhar A Nomani
maintenance technology for Radwan Sulaiman
Ionchromatograph ' :
» Preparation of English Version
of Operation Manual
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Table3 ' Parts and Equipment Supplied by JICA

No Description
1. Additional Parts for MSF test Plant
1.1 Pumps & Motor for Distilate Sampling
1.2 Prefab Piping for Distilate
1.3 Pump & Motor for Brine Samoling
1.4 Prefab Piping for Brine Sampling
1.5 Boss for Probe Sampling
1.6 il Tank{100 liter)
1.1 Pump & Motor for 0il Feed
1.8 0ily water Sepatrator
1.9 Piping Materials for 011 Feed and 0ily Water Separator
1.10 Pump Suporter
1.11 Resistance Bulb
1.12 Hybrid Recorder
1.13 Control Panel’
1.14 Cable (CVV-5), Cable(CVBOOV)
1,135 Glove Valve ete.
2. Yapor/Liquid Equxllbrlum Main Equu1pment and Mounting
Suport Franme
3. Mini-module Test Equ1pment(i)
4. ‘Mini-module Test Equipment(2) _
5. Full Automatic Water Chitling Unit
6. Equipment for Preparative RO Experiment({1l)
6.1 Disperger
§.2 Coagulation Tank
6.3 Stirrer
6.4 Ultra High Purity Water Systenm
6.9 Gas Chromatograph Column
6.6 Laboratory Stand
6.7 Column Holder
£.8 Boiling Stone
6.9 Attachments for TOC
6.10 Sand Filter Column
. Equipment for Preparative RO Experiment (1)
7.1 Ultrasonic Homogenizer
7.2 Quartz Cell for 0il Measuring Equipment
7.3 Roller Pump
8. Parts for EPMA
9. Parts for Infrared Spectrophotometer
10, Accessories for 2Zpen Recorder
11. Parts for X-ray Diffractometer D/MAX
12, PR Gas (Proportional Gas) :

u
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“Table3  Parts and Equipment Supplied by JICA

No, . Description
13. Additional Parts for R0 test Plant
13.1 - Pumps for RO Test Plant: L
13.2 Belt Cover of High Pressure Punp
13.3 Terminal Box
18,4 UV Sterilizer
13.5 Victaulic Joint
13.6 Junction Box Case
13.1 Conduit Pipe
13.8 Ragging Materials Lo SR
138.% - 'Tlghtenlng Bolts for M10- 01"
13. 10 Tightening Bolts for HE-201
13 11 Pressure Gauge :
13,12 Pneumatic Operated Butterfly Valve
13.13 © Manual Valve
13.14 Piping Materials = - : : -
13. 15 " Spare Parts for Pumps, ElectricﬁEqUipment-
13.16. Analytical Bquipment R
14 Pretreatment Equipment of 0il Contanlnated Seawater
14.1 ' 0il Addition Adjusting Equipment
14.72 Adsored 0il Removing Equipment

14.3 Adsorbed 0il Recovery Equipment

2
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