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PREFACE

- In response to the request from the Government of the Kingdom of Saudi Arabia, the

- _Gowmment of Japan decided to lmplement the technical cooperation project. for the

- seawater desalination technology, and entrusted the project to the Japan Internationa)
Cooperation Agency (JICA) '

JICA sent 3 te:n_n, consisting of reéearchel‘s 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 activity 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 mtematlonal conferences.

I hope that this report will contribute to the advancement of seawater desalination
technnlogy in the ngdom of Saudl Arabla and to enhancement of friendly relations
; between our two countnes. '

I wish to exp:"ess 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

Mol

Kimio Fujita
President :
Japan International Cooperation Agency
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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 CORPORATION in the Kingdom of Saudi Arabia (hereinafter referred to as

"SWCC" ) and the research cooperation team nominated by JAPAN INTERNATIONAL

: COOPERATION AGENCY (hcrclnafter rcferred to as "JICA") for the executl_on of the re-
search _cooperation, schemed in the INCEPTION REPORT of the "RESEARCH

_ COOPERATION FOR THE SEAWATER DESALINATION TECHENOLOGY 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
TECHNOLOGY BETWEEN SWCC AND JICA" (hereinafter referred to as “Thlrd Exten-
sion - R/D") and "the MINUTES OF MEETING ON RESEARCH COOPERATION FOR
THE PROJECT OF THE SEAWATER DESALINATION TECHNOLOGY BETWEEN
SWCC AND JICA". (heremafter referred to as "the M/M"), signed between SWCC and
JICA on 13 October, 1992,
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- 2. 'Historical Background
':'2.1 Outline

In -its second five  years plan in- 1976, guidelines  were established for large scale
- industrialization and the prepara_tion.'ef ‘urban  infrastructure in the Kingdom of Saudi
Arabia and national construction has been promoted steadily ever since. Consequently, the
secilring of large quantities of water for industrial use as well as water for domestic purpose
beeame a major problem The gengraphical conditions . dlctate that the major part of the
‘necessary water supplled ‘must be- denved from seawater so that the role of scawater
‘ desallnation plants has becnme increasingly important in recent years.

In the light of this background, 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
-desalmatlon technology. - g ' '

In January 1982, '-JICA and  SWCC signed ‘a Record of Discussion. conceming the
,lmplementatmn of this pro_]eet (heremafter 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
cooperatlon project conducted durmg the permd of final extension, from March 1992 to
. February 1995. '
~2.2. Chronicle

The o't_ltline of the circumstances ef the research cooperation project are as follows:

(1) January 1982 : SWCC and JICA signed R[D'

(2) October 1987 The period of cooperatlon has been extended for three years to
R February 1989 g ' ST

()] Dece'ﬁ_]ber 1990 : The re-exténsion fo'r; another thl_*ee yeem'_has been discussed with the
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Scheme during the period and mutua!filndel'standin'gs= has ‘been
obtained. ' :

(4) April 1991 : The re-extension up to February 1992 has been signed by _both _
- tw. oo o parties which was delayed by the Gulf War.: : Four research themes @
-.on MSF-and seven research themes on. RO has been conducted during
this penod.

(5) October 1992 - : The M[Mf for=_the.third> extension has been-signed 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. '

23 Cuntents.nl‘ Reseerch_ Aetivities" L

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 inctude ' the study. on i
countermeasures against oil contamination of desalination plant in the cooperative research, '

and such subjects were covered in the research themes.

The research- themes conducted durmg the:second extension penod up to February 1992
were as follows: . - : T : o : S

<MSF> : :
(1) M-I 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 dlsperSed in raw seawater at the heat rejection section of -
MSF plants o

<RO>
(5) R-~1 Sterilization -
(6) R-2 Pretreatment of seawater S
(7) R-3 Pollution effect of membrane cleanmg diseharge
(8) R-4 Selection of membrane ISR -
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(9 R-5 Chemical cleaning of the fouled membrane
(10)R-6 Selection of membrane for hybnd type RO
(11) R-7 Standardization of the main analytlcal methods

The research themes conducted during the third extension perlud up to February 1995, were

" those extended from the previous M-1, M~4 R-2 and R-6. Those themes are as follows:

@ Study on scale contml for MSF process
(2) Study on countermeasures agamst oil contamination of product water in MSF
process '
3 ' Study on seiectiun of RO membrane for hybrid system
(4) Study on countermeasures against oil contamination for RO process
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3. Objectives of the Research Cooperhtion

The objecﬁves of this research coopération 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. - o







o 4. __Bas"i_c Policy for Implementation

of Research Cooperation
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4. Basic Policy for Implementation of Research Cooperation

Thls research cooperatlon consists of two parts, firstly collaborative research activities and
secondly supplementary arrangement of equipment and materials, details of which are given
“in the following chapters. :

5 i
l‘:-‘;%»—!’ s
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4.1 Collaborative Research Activitie's- o

The. following four themes related to Multl-Stage Flash Distlltatlon (MSF) and Reverse
Osmosis (RO) have been lmplemented for collaborative research activities,

Study on Scale Control of MSF Process (MSF-1) .

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

Study on Selection of RO Membrane for Hybrid System (RO 1)

Study on Countermeasure against Oil Contamination for RO Process (RO-2)

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 actmty, respectively.

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

1)

@
1)

2)

3)

Purpose

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

Scope of Work

Investigation and Preparative Experiment

The effects of some scale inhibitors were compared by conducting scallng tests in a
laboratory, in order 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 experlment, 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 comprehensnve data, the scale mhlbxtor to be tested w1th 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
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. Scale deposition test equipment (above 100°C)

@

* Plant. -
~The effects of the scale inhibitor with and without mmultaneous use of acid were
compared.

Evaluatlon and Report: - _ : : S -

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

-Data relative to the increase i in the fonhng factor of heat transfer tubes. -

-Data relative to the eﬂ'lclency of ball cleanmg for scale removal and its adequate

frequency. Lt

_ Essentlal Equ:pme'nt and Materials

Equipment

~b. Scale deposition test equipment (under 100°C)
- “three neck flask with a cooler - -
¢. Heat transfer test equipment

-mod:ﬁcatlon of the equipment owned by SWCC

2) -Mat'erialsq :

~a, Scaleinhibitors
b. Brine

¢, Sulphuric acid
d. Anti—foaming agent

T Acid eleahin'g agents
f.

Sponge balls
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B. Study on Countermeasures agamst Oil Contamination of Products Water in MSF
- Process (MSF-2) ‘ g2y : ;

'(1) Purpose .
In MSF desalination of oil contaminated seawater, contamination of the product water :
s ex_p_ected. This study al_ms_ at proposing how to prevent such contamination. .

(2) Contents of Study SRR

1) Investlgatlon and Preparative Expenment Gl et i
Information on the seawater quality in case when contammated by oil and the vapor-
liquid equilibria of hydrocarbon and bromuform, were lnvestlgated through literature
surveys. The preparative experiment on volatility.:of-'!-)'_rmnufonn_ and _hjd,rocérbon
contained in oil were also carried out. ' :

2) Measurement of Vapor—llquld Equlllbna . - L e
The vapor-liquid equilibria of hydrocarbon and brornform under the desalmatlon
conditions has been measured '

3) Simulation and Prediction of Contamlnatlon
The behaviors of hydrocarbon and bromoform in the MSF Test Plant will be
simulated and predicted by the combination of the data obtamed in-1):and 2) wnth the
characteristics of the MSF Test Plant.

4) Tests with the MSF Test Plant

The results of the computer simulation were confirmed by the expenment done at the
MSF Test Plant. '

5) Evaluation and Repurt'
The countermeasures against contamination of product water were prt)posed by
analysis and evaluation of the results ubtamed ind). - _ : 4‘

(3) Essential Equipment and Materials
1) Equipment '

®

Preparative experiment equipment _
b. Vapor-liguid equilibrium measurement equipment with a cooler
c¢. Personal computer owned by SWCC
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" d. MSF Test Plant

.2)  Materials
a. Hydrocarbon, bromoform
'_-"-":'Bri'lie'-.ﬁ S I
¢. Scale inhibitors

Anti-foaming agent

e. Acid cleaning agents
f. Sponge balls
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C. Study on Selection of RO Membrane for Hybrld System (RO-1)

@®

@)

1)

2)

3)

4)

3)
)
d.
b.

C.

Purpose

This study aims at the selection fur a hybrid desalination systems of the most practlcal _

membrane module with a high permeate flux rate among commerclaily available RO

modules to desalinate the high salinity Arablan Gulf seawater yielding product water'

of 1 000-1 500mgl’l TDS.

Scope of Study

Investigation and Preparative Experiment :

Experiments on the performance and the effect of chemlcal cleaning of fouled
membranes

Comparison of performance 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 pressures (the first screening).

Tolerance tests of chlorine and turbidity were ea_rr_led 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 tc a MSFmRO Hybrld desalination system were cont‘ rmed
by conductmg tests on RO modules using RO Test Plant. '

Evaluation and Report

The most suitable RO module for a MSF-RO Hybrlcl Pprocess 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
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d. RO Mmi—module tester (1)
e, RO Test Plant

2) -Mate'mfnls
Sa. Flat membranes

The fouled membranes used in the SWRO plants were obtained with their operation
_ histories through arrangement made by SWCC.
b. RO Mini-modules
c. RO Modules for practical use _ :
'd.  Chemicals such as ferric chloride and SBS - -
e. Anthracite and sand for laboratory scale sand filter test
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D. Study on Countermeasures against Oil Contamination for RO- Process (RO-2)
(1) Objective g o
This study is aimed at proposing the best countemeasures agamst oil contammation :
of seawater RO feed, containing several tens of mg/l of oil.. The main obJectlve is to

remove oil from an oil cotamlnated seawater RO feed prior to. its: entry to SWRO
-membranes. . ' S e - .

(2) Contents of Study

1) Investlgatlon and Preparative Experiment o S ,

a. Literature survey of analytlcal data, solublllty, analytical method and removal ‘method
of soluble and insoluble oil into seawater were carried out. - e o

b. Literature survey of analytical data, solubility, analytlcal‘ method and removal method
of halogen compounds such as trihalomethane were carried out. '

¢. - Literature survey of oil tolerance of RO module were carried odt as well as literature
_survey and experiment on removal of halogen compounds such as trihalomethane.

2) ' Experimenta.l Oil Removal by Pretreatment _
a. 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.
b. Oil dosing experiment
The preparation of oil contaminated seawater model and the analysis oil content were
studied. '
e.  Oil removal experiment :
The removal of soluble and insoluble oil were studied by coagulation-sand-filtration,
adsorption by polymer, active carbon method, etc. '
d. Regeneration of oil remo_val'equipment _
The regeneration conditions of media and equipment used in the coagulation-sand-

filtration, adsorption by polymer and active carbon were studied.

3) Oil Tolerance Test using a Flat Membrane Tester o .
Using a flat membrane test unit, experiment on the effect of oil (especially soluble oil) on
membrane performance were carried out, using pretreated seéwater as the feed water.
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'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
: miniémodule will be tested to design the procé'ss against oil contamination.

S) Test with the RO Test Plant
Confirmation of the process efficiency and oil tolerance of RO module was examined
“using the RO Test Plant with practical commerclal modules.

6) Evaluation and Report
. A combination of seawater pretreatment and use of oil-tolerant modules are at
' presently_thc b_est countermeasures against oil-contamination.

&) E’ssential"ﬁEquipment'ahd Materials.
‘1) Equipment ' '
a. Two flat membrane cells
b. Oil dosing preparation equipment

' c.  Qil adsorptlon equipment :
d. Oil adsorption tower back-washing equlpment
e. RO Mini-module testers (2)
f. RO Test Plant |

2) Materials _

a. Flat membranes -

b._ Dosing oil for preparation of contaminated seawater
¢. RO Mini-modules | . '

d. 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 summarizédﬁ in
Fig. 3-Fig. 6. | | o S
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“Piseal Year - _' 1992
Nonth j 1zl 213

Remarks -

1. Explanation and discussion of - =
the inception report :

2. Technological discuss;on with : -
the counterpart

3. Transfer of the ISF % BO Test : =

Plants and installation plan -

4. implementation of collaborative
research
l)lnvestlgatlon and preparative
eiperiment
. . @THe status of product1v;ty
i deterioration of MSF plants
@Setection of scale in ibi-
LOTS
GDMod:ficatlon of the scale
‘deposition test equipment
?)Tests with the heat transfer
test equipment -
(DModification of the heat
transfer test equipment
QbSelect1on of scale inhibi-.

3)Tests with the MSF Test
lant -

| Support for installation

1 Trial runs -

Operation tests

Water analysis .

Evaluation of fouling

factor

- w =

4)Evaluation and report . . . 1 &7/R

1)lpvestigation and prepara~
tive experiment
Investigation of the:
Arabian Gulf seawater
Preparative experiment
Water analysis
2)Measurement of vapor- tiquid
equilibria :
3)Simulation and | red1ct10n
4)Tests with the MSF Test Plan
Modification of the plant
Operation tests
Water analysis =
Evaluation of transferred

to—m .

substance to product vater i )
5)Evaluation and report Sy ' $P/R

l)lnvestxgatlon and prepara~
tive experiment
Survey on RO modules for
hybrid system
Performance evalistion of
fouled membrane :
2)Cowparison tests of flat
mnembranes
R [ 3)Tolerance tests with flat
lenbrane in chrollne and
turbidit
Q 4)Experllent with the RO wipi-
odule tester {1)
| Selection of module
1 Tolerance tests with flat
membrane in chroline and
turbidity
5)E?pe§lleni ¥ith the RO Test
an
Support for lnstal!at:on
Experinent

§)Evaluation and report’ ' ' | ®P/R

l)lnvestlgatlon and prepara-
tivee experiment

D0§) removal experiment’ by
pretreatment |1th bench
scale equipment -

‘3)0i] tolerance tests with a

© flat membrane tester
4)Experllent vith the RO wini-

_ wmodule (2} . . :
: 5)Test |1th the RO Test Plant R P R )

B)Evaluat:on and Report _ ] | ®P/R

- ~0 W

Notes — Eaplelentatxon by JICA '"FF-"iﬁf Ilpleqen;afjon by SWCC o= Ilplglentatlon.hy<JICA/SWCC

_Fig,'s_  The First Research Activities in Saudi Arabia
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Fiscal Year o 1993 . _ )
Month . 4 5 6 T 8|9 {1011 |12 |1 2 |3

4. Implementation of collaberative
research =~
- 1) Investigation and prepara-
tive experiment L.
—— OThe status of productivity
deterioration of MSF plants
@Selection of scale inhibi--
tors :
@Modification of the scale
deposition test equipment
2)Test with the heat transfer
test equipment '
(DModification of the heat
transfer test equipment
@sSelection of scale inhibi-

tors = B R O ‘
3)T?sts with the MSF Test - - : _ . 400 . N s -

an
| Support for Installation
1 Trial runs
Operation tests
¥ater analysis
Evaluation of fouling ) S =
factor ‘ : : - _
4)Evaluation and report _ .| ®P/R

quarks

m o =

1} investigation and prepara-
tive experiment
Olnvestigation of the
Arabian Gulf seawater
Preparative experiment
Water analysis .
2)Measurenent of vapor-liquid
equitibria L
3;81lulatgon and prediction .
-4)Tests with the MSF Test
Plant '
%Hodihcation of the plant

o —m w X

Operation tests
Water analysis : )
Evaluation of transferred : o h = :
-substance to product water _ .

§)Evaluation and report .1 ®P/R

l)lqvestigation and prepara~
tive experiment :
Survey on RO wodule for
hybrid system :
Performance evaluation of :
fouled membranes 5

2)Comparison tests of flat :
meabranes

R | 3)}Tolerance tests with flat

membrane in chlorine and

turbidity .

O | 4)Experiment with the RO aini-

godule tester (1)

Selection of module
Tolerance tests with flat
menbrane in chlorine and
turbidity |

S)ETper1uent with the RO Test
ant
Support for installation
Experiment ' =

6}Evaluation and report : - ®P/R

1) Investigation and prepara-
tive experiment
R [20il removal experiment by
pretreatment with bench
? scale equipment .
3}0il tolerance tests with a
flat membrane tester
2 | 4}Experiment with the RO mini-
module (2) :
slTeSt with the RO Test Plant '
§)Evaivation and report &P R

Fig74—l The Second Refsearch' Activities in Saﬁdi Arabia o _.

Month ta s el 718 lelw]uwlir]r] 213 | remarks
1. R0-1 : Analysis of fouled : ' S — T
. .e.branes - . - . N - . . - . . X .:' L
2. Preparation of the interim rep. | A TR R R N Co G e ITR
" ilmplementation by JICA/SNCC
Fig.4-2 The Second Résearch Activities in Japan
o ) 14 S

Notes: :implementation by JICA Elupleueﬁtatibn by SWCC
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Fiscal Year . ' 1994
‘Month ¢ s {6 t7 |89 1ozl 1j2|3

Rematks

4. implementation of collaborative
research
1) Investigation and prepara-
tive experiment
" The ststus of productivity
deterioration of MSF plants
@Selectmn of scale inhibi="

GDModtflcatlon of the scale
deposition test equipment

"2)Tests with the heat trans-

ager test equipment -
Modification of the heat
transfer equipment
Selection of scale inhibi-

B)TTst§ with the MSF Test .

an

Support for instailation
Trial runs

Qperation Tests

Water analysis
Evaluation ot fouling
factor

— W=

4)Bvaluation and report | ®PR

1)Investlgatlon and prepara-
tive experiment
Investigation of the
Artabian Gulf seawater
Preparative experiment
Water analysis

2)Measurement of vapor- l1qu1d
equilibria

‘ 3}Sinulat:on and prediction

4 ;?sts with the MSF Test

t ) . . ] .
%Modlhcatmn of the piant : o ——

o - WwE

Operation test
Rater analysis
Evaluation of transferred ) =
substance to product water.
5)Evaleation and report : _ $bP/R

1) Investigation and prepara-
tive experimen
@Survey on RO |odules for
hybrid systea
Performance evaluation of
fouled mesbrane
2)Comparison tests of flat
nenbrane :
R | $)Tolerance-tests with flat
lenhrane in chlorine and
turbidit
0 I)Experllent with the RO mini-
odule tester (1)
| Selection of module
1 Tolerance tests with flat ~
membrane in chiorine and
turbidity
S)Bxperllent with the RO Test

lant

éSupport for installation
Experiment : :

6)Evaluation and report. $P/R

I)Investlgatlon and prepara-
tive experiment

R [ 2)0il removal experiment by

pretreataent with bench

o] scale equipment .

[ |3)0i1 tolerance tests with a
flat membrane tester .

2 | 4)Experiment with the RO mini-
module (2)

SgTest with the RO Test Plant
§)Evaluation and report ' PR

Fig5-1 'The Third Research Activities in Saudi Arabia

Fiscal year 1994 4 ]s el 7{s|lelw|lulufi|z]s!|@m=

4. Preparatioa of the draft fmal
report :

. :Implementation by SWCC e
Fi8-5—2 The Thil'd Research Activities in Japan
15

Ilplelentat|0n by JICA

Notes: : laplementation by JICA/SNCC
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Fiscal Year 1594 Rt L
© Month 4 {5 e 7|89 ol l1z{1]2]s3

~| Remarks

5. Explanation of the draft final ' , : |+ ' : AEREN IR R 3 7.7 S I
report ' : : : Y I ‘
. o . L i | .

Fig.6-1 The Fourth Research Activities in Saudi Arabia

Fiscal Year : s e - 1994 : PR
Nonth ' 4 {5 |6 [ 708 |9 |w |11 |2]|3s

Remarks

5. Preparation of the final rep. . : _ 1 e Rt B
6.  Sending the final rep. to SWCC | ‘ ; ] . .

:]ihlelentation by JiCA = {mplementation by SWCC

Notes:

=: iwplesentation by JICA/SNCC

_F;‘ig66-2' The Fourth Research Activities in Japan

16
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= The First Reseorch Activities in _Sa_ud_i Arabia (January--March', 1993)

Explanation and dlscussmn of the Inception Report
In January, 1993 JICA team explained the Inception Report at SWCC head office in
Riyadh and confirmed the division of respons:blllty for the work between JICA and

swee.

Technical meetmg between SWCC and ] ICA :
Based on the Inception 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, approprlate modlﬁcatlon could be
“made within the M/M llmltatlon '

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

- 1993 they were moved to Al Jubail. -

@

®

422

a).

Implementation of collaborative research : - -
Collaborative research activities - were: undertaken in the R&D Research Center
according to the scheme mentioned in 4.1. '

.Prepa.ration: 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 second Research Activities in Saudi Arabia (April 1993 - March 1994)
Supplementary chemical analysis equipment arranged in this period were as follows:

- At X-ray diﬁractometer,=
B:Ion chromatography, '

Concerning A, the equipment, including a supply of parts, has been assembled, mspected and -

. operated and technical guidance has been given on its operatlon and maintenance as well as
guidance on application technology.. : . - :
X Concerning B, asscmbly and; installatlon were completed in the previous period. In this

17
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period, training has been given on- analytical operations to promote 'proﬁci'enc'y in: the
operation of the equipment and, ‘at the same time, guidance has been given in care and
maintenance technology and appllcatlon technology so- that those mvolved will -be fully
informed : ‘ o D ‘ : : .

@)

@)

Implementation of collaborative research _ . |
Collaborative research activities were undertaken in the R&D Research Center

-according to the scheme mentioned ind4.1.

=Preparat|on of progress report SO

~-- The progress report on the research work during thls penod have been

4.2.3
()

@)

@3)

4.24

1)

425

@®

published on October, 1993.

-The Second Research Activities in Japan .

Publication of Interim Report. : Lot _

The interim report on the results of the research work during the first and the second
research activities perlods have been published on February, 1994

Explanation and discussion of the Interim Report

- In March, 1994, JICA team discussed the Intenm Report at SWCC._ .

Analysis of fouled membrane SRR : Lo

The analysis of the collected fouled ‘membranes have been conducted both at Saudi
Arabia and Japan as part of the RO-1 pro_]ect ' :

The Third Research Activities in Saundi Arabia _(Apt'il 1994 - Feb. 1995) :

Implementation of collaboratlve research -

Collaboratlve research actmtles were undertaken in the R&D Research Center o

according to the scheme mentloned in 4.1,
The Third Research Activities in Japan (April 1994~ Feb. 1995) -

Preparation of dratt final report

- The collaborative research was: completed at the end of December 1994 after which
the JICA team returned to Japam, taking with them the data. required for ‘the -
preparation of the draft for the final report to be conipleted_ in Japan.:  This report
-summarizes the results of the collaborative research which has -beéh_r’nade up to"that '

R U
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time, at all times in:collaboratio_n with SWCC.

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

426 Preparation of Finai Report

Thé 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)

@

1)
2)
3
4
@
@
1)

2)

3)
4)

5)

6)

7

8)
9)

Undert.aking of JICA and SWCC has been establlshed for the followmg ltems. R
Laboratory equipment g T L o
Materials : '

Test Plant

Personnel required

Others

JICA has provided the following experimental eqﬁipn’ients and SWCC has provided
the utilities for them and also provided necessary nianpowgr for the installation and
commissioning: | ‘ B

Mini-Module Tester (1)

‘Mini-Module Tester (2)

Cooling Water Cycling Equipment for SWCC's Flat Membrane Tester
Cooling Water Cycling Equipment for Mini-Module Tester (1)

JICA and SWCC have made an agreement as relate to the ljesponsibiiity undertakings
for the main equipment used for this research activities. '

SWCC provided the following:

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

A fully furnished accommodatlon 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 internal business trip in the Kingdom of Saudi

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 transportation 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 important mfnrmatlon wnth permission of the _

coordinator of SWCC Research Center ' |

Chemical and physical analysis
Pretreated seawater feed

20




44 Organization

.

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

swee ———  Joint " JICA
Meeting S CE——
| Administrative
0 Staff
Technical . S _ Technical [ Technical
Group _ ‘- : Group Advising
‘ o | Commit tee
Joint Technical Team
. Leader of the Team
SWCC:A. AL-AZZAZ ~ , JICA: T. GOTO
RO Group _ 1 - MSF Group
Cswee |t || seee CJIc
Coordinator: | Coordinator:S.HASEBA || Coordinator:AL SOFI | Coordinator:T. HAMADA
|ABDUL RAEMAN ABANMY |
ATAHASSAN W KITaGaA - | [w iy Y. TANAKA
MOHAMED FAROOQUE | H. IWAHOR! ESSAM E SAYED K. WATANABE
ABU TAHER JAMALDDIN . I TANIGUCHI A DALV 5. NAGASAWA
RADWAN A. RASHEED = (M. HIRAI . | |S. AL SULAMI M. SUGA
ALLAL-RUWAILL |T. OKABE W IMAM Y. KoGa
FAYYAZ MUBEEN = [K. MARUYAMA G. MUSTARA S. MAKISHIMA
AHAMAD AL-AMOUDI | K. MARUI © | |'S. THANKACHAN Y. MIYAMOTO
THOMAS MAN! - 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 . Goto A A Al-Azzaz

. activity '

Management - Negotiation with counterpart.

MSF-1, MSF-2 Implementation of experimenntal research in- Hamada A K. Al-Sofi
{Research and Saudi Arabia and evaluation of the results M. Kutty
Coordination) - Scale inhibitor selection Essam

B o * 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 » Implementation of chemical analysis for . Tanaka S.Sulami-

(Analysis) seawater, brine and scale . Suga Imam
- Bvaluation of chemlcal analys:s data Thankachan
- Assistance for implementation of experi-
mental research '

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

analysis of oil contaminants behavior

MSE-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 PC98 & [BM-PS/2 ' : Essam

Analysis) Soft Ware: BASIC.FORTRAN & C or ¢t
' + Amendment of computer simulation programs -
based on experimental results

MSF Test Plant » Supervision for the test plant assembly. . |5. Makishima | Al-Sofi,
(1) and installation . : | M.Kutty,
' R | Essam

MSF Test Plant - Supervision for trial rums, operation and |Y. Miyamoto | Al-Sofi,
(2) maintenance of the test Dy © | MoKatty,

Essam
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Table 1-2  Division of Responsibilities

. ' Name

Responsibilities Contents of Work .

. . : JICA SWCC

RO-1,R0~2 -~ Implementation of experimental research in S. Haseba A. Abanmy
(Research :and: ;.Saudi Arabia and- evaluation of the results S | A. Hassan

Coordination) | « Prior investigation for R0-1
: I * Evaluation-of preparative experiment
results for RO-2
« Evaluation of: mlnihmodule test results for
.. R0-1 & RO-2 - :
“Evaluation of the test plant results
kO-1,R0-2 * Water quality analysis needed for flat M. Kitagawva | M. Faroogue
(Analysis-1) membrane, tests. mini-module tests and the | Y. Taniguchi | A Jammaldin

test plant tests - A.R.Ali

* Mini-module tests for membrane selection M.Fayyaz
in hybrid system . . o

* Tolerance tests with mini-modules in
chlorine and turbidity .

+ Support for 1nformat10n retr1eva1 from

_ Japan N :

RO-1, RO-2 } » Investigation of fouling for used RO . Iwahori | Nomani
(Analysis-2) membrane and study of cleaning method | XK. Marui Ata Hassan
o * Implementation of RO system performance ' 1A Jammaldin
analysis and hybr1d system. 51muiat10n o : . | A.R.ALi
~ caleutation ' M. Fayyaz

» Evaluation and selection of membrane for : : '
hybrid system :

RO-1, RO-2 . Comparlson tests w1th flat membrane tester |M. Hirai . | Nomani
{Membrarne to select membranes for hybrid system .: : Ata Hassan
Evaluation~1} | - Tolerance tests with flat membrane tester M. Farooque

' in chlorine : : AR.AYQ
- Operation of the test plant for R0-1 and . |- _ - [ M.Fayyaz
evaluation of the results
+ Assistance . for xmplementatlon of experi-
o mental research

RO-1, RO-2 . Comparlson tests w1th m1n1~module tester T. Okabe Ata Hassan
{Membrane " to select membraneés for hybrid System - ' "o |'M Farooque
Evaluation-2) * Tolerance tests with flat membrane tester _ - |-A. Jammaldin

: in turbidity ' : 1 A.R.ALI
- Operation of the test plant for R0O-2 and : M. Fayyaz
evaluation of the results

R0O-2 " - Removal tests of oil from seawater by K. Maruyama | Ata Hassan
(Prefreatment) coagulation-& filtration and adsorption 7| -~ = | M. Fayyaz

' ! + Studies and tests on preparation artifi- .- | M Farooque
cially oil contaminated ‘seawater ' A. Jamalddin
« Literature survey on analytical methods _ . 1 AROAL
oils and organlc halogen compounds such as | '
trihalomethane in seawater
* Literature survey on tolerance tests W1th
RO modules in oils and separation capacity
of membrane for organic halogen compounds
~ BExperiments: for 011 Temoval by pretreat- Bk
S - ment L Coo o _ _
R O Test Plant | ,-Superv131on for . the test plant assembly, [ H..Takada | A Hassan
: ' 1nstallat10n. trial runs. operat:on and T. Yago A. Abanmy
maintenance o oo

.23



4.5 Suppl_ementary Arrangement of Equipment

The work of setting up common matenals (research instruments the MSF Test Plant, and
the RO Test Plant) in the assigned Iocations and makmg adJustlnents was carried out and the"
plan for the preparation of common materials, was nmplemented “Within this penod
supplementary parts for the installation/ modification of MSF and RO test plants and
supplementary laboratory equlpment for the preparatlve expernnents were supplied.

4.5, 1 Supplementary Arrangement of Chemlcal Analysus Equlpment

Wlthm this proJect penod, d:spatchmg engineers to take charge of the followmg items (Table
2), the supplement to the common matenals plan was mplemented and gundance on
operatlon and malntenance technologles were made. :

693 Chemical Analysns Device A : : .
- Implementatlon of assembly, installatlon and inspection | _
'~ Guidance on operation and mamtenance technology for electron probe m:cro—
analyzer.
- Implementation from October 1994 to November 1994

) Chemical Analysis Device B~ _
-~ Implementation of assembly, lnstallatlon and mspectlon
~ Guidance on operation and maintenance technology for ICP emission spectrometer,
~ infra-red spectrometer and spectrophotometer, - _ '
~ Implementation:from October 1994 to November 1994 ' _,

(3) Chemical Analysis Device C .
"~ Implementation of assembly, mstallatlon and mspectlon . e
— Guidance on operation and malntenance technology for X-ray diffractometer.
- Implementation:in January, 1992 ' '

{4) Chemical Analysis Dev:ce D S :
- Guidance on operatien and mamtenance technology for the lonchromatograph
- Implementation:in April, 1992 and September, 1993 .
English version of operatlon manual for ion chromatograph IC~500PS was prepared and
submitted. - |

%
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452 Sil]iplementary Supplied Parts.and'uboi'att)ry Eqguipment

Supplementary suppliéd parts for the installation of the Test Plants and equipin'ent for the
preparative experiment are listed in Table 3, :

Details of the i_'ns.ta'llation;s ivork are described in the fo'llbwing sections.

a. Installation of the MSF Test Plant s34

b. - Modification work of the MSF Test Plant L 64l
c. . Installation of the RO TestPlant -~ 731
d. Instaflation of Pretreatment of Oil Removal Experiment :8.2.1
e

Installation of the Mini~module Tester -~~~ 721

25 .
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Table 2 Division of Responsibilities for Chemical Analysis Equipment -
Responsibili " Contents of Work fome
.asponmilty. . -Contents o =0r. s JICA T SWCC
Chemical + Implementation of assembly, Y. Tanehata | Nausha Asrar
Analysis -installation and inspection : T Prakash .
Equipment A * Guidance on operation and - John 0" hara

maintenance technology for Ismail Andijani
Electron Probe Microanalyzer - | | Mohd Ismail
S | Noor ‘Armed
Chemical * Implementation of assembly, . |M “Inoue . |8 Sulami -
Analysis installation and inspection o ‘1 A G. Dalvi
Equipment B « Guidance on operation and M A Javeed
S maintenance technology for. - - +,| Radwan - Rasheed :
ICP Emission Spectrometer, : o
Infrared Spectrometer and
Spectrophotometer
Chemical * Implementation of assembly, S. . Sakano Andijani
Analysis installation and inspection o Al-Fozan
| Equipment C - Guidance on operation and Shahreer
maintenance technology for '
X-ray diffractometer
Chemical + Implementation of assembly, N. Kawashima | S Sulemi
Analysis installation and inspection # Ohtsuka A G Dalvi’
Equipment D * Guidance on operation and : Azhar A, Nomani
maintenance technology for Hadwan Sulaiman
Ionchromatograph
+ Preparation of English Version
of Operation Manual
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‘Table3 - . Parts and Eq_uipment Supplicd by JICA

N o Description
1. Additional Parts for MSF test Plant
i.1 Pumps & Motor for Distilate Samplxng
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
1.6 011 Tank(100 liter)
1.1 Pump & Motor for 0il Feed
1.8 0ily water Sepatrator S
1.9 Piping Materials for 0il Feed and 011y Water Separator
1,10 Pump Suporter - : :
1.11 Resistance Bulb
1.12 Hybrid Recorder .
1.13 Control Panel
1.14 Cable (CVV-5), Cable(CVGOOV)
1.15% Glove Valve ete. .
2. ~. | Vapor/Liquid Equilibrium, Maln Equulpment and Mountlng
suport Frame :
3. Mini-module Test Equ1pment(1)
4, Mini- nodule Test Bquipment{2)
5. Full Automatic Water Chilling Unit
6. Equipment for Preparative RO Experlment(l)
6.1 Disperger
5.2 Coagulation Tank
6.3 Stirrer
6.4 Ultra High Purity Water Systenm
6.5 Gas Chromatograph Column
6.6 Laboratory Stand
6.1 Column Holder
6.8 Boiling Stone
6.9 Attachments for TOC
6.10 Sand Filter Column
kR Equipment for Preparative RO Experiment (1)
7.1 Ultrasonic Homogenizer
B Quartz Cell for 0il Measuring Equipment
7.3 "Roller Pump
8. Parts for EPMA
g. Parts for Infrared Spectrophotometer
10. Accessories for 2pen Recorder
11, Parts for X-ray Diffractometer D/MAX
12 PR Gas (Proportional Gas)

2
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Table3 . - - Parts and Equipment Supplied by JICA

Description
13. Additional Parts for RO :test Plant .
18.1 Pumps for RO Test Plant - _ S
182 Belt Cover of High Pressure Puup
13.3 Terminal Box .. - : :
13. 4 U¥ Sterilizer . -
13.5 Vietaulie Joint
15.6 Junction Box Case
13.1 Conduit Pipe
13. 8 Ragging Materials e
13.9 . ~Tightening Bolts for M10~-01
13. 10 Tightening Bolts for HE-201
13 11 " Pressure Gauge C |
13.12 Pneumatic Operated Butterfly Valve
13.13 Manual Valve
13,14 Piping Materials : T .
13.15% Spare Parts for Pumps; Electric Equipment:
13.16 Analytical Equipment - _
14 Pretreatment Equipment of 01l Contanlnated Seawater
14.1 0il Addition Adjusting Equipment
Ad.2 Adsored 0i1 Removing Equipment .
"14. 3

Adsorbed 011 Recovery Equipment -

8
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5. Study on Scale Control for MSF Process (MSF-1):

Prevention of scaling in heat exchanger tubes is a continuing problem for MSF plant
opei‘ations. The performance of MSF plant will be significantly deteriorated when the
fouling factor of the tubes increases by scaling and results in increase of the water production
cost. Consequently, many kinds of scale prevention method have been tested. Recently,
however, the chemlcal dosmg is the mam method for the scale prevention. -

The mechanism of scaling is highly complicated and it is not able to clarify the mechanism
even by the present advanced science, Thus,‘ in case of the selection for fhe scale inhibitor,
empirical 'approac'h' is adopted instead of theoretical apprahch 'However, it is not practical
to use a commercial plant for the test of the scale inhibitors, since they should be tested
under various condltmns fora lung time. permd. '

Thls research was aimed for the _systematic investigation on the scale prevention by chemical
dosing method, starting from the fundamental experiments in laboratory and proceeding to
the tests using the MSF Test Plant. Those results obtained from this research are in good
agreement with the understandings and knowledge which had been attained from actual
plant operations. We believe that this research made consulerable contribution to the
knowledge on scale prevention of the MSF plant:
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5.1 Investigation and Preparative Experiments
5.1.1.A. - MSF Plant Survey,'
1. Introduétion =

This survey was planned 0 confirm the accuracy of the computer estlmation of the quallty of
the product water from the MSF test plant when seawater feed is contaminated with oil.

.However, thé' purpaose of this sul'vey_ was.changed to that of tli'e water and_fsea_w_ater quality
analysis of the MSF actual plants, in order to confirm the information - about the

characteristics of _scale inhibitors which were obtained during this. pmjeét‘and'tp make-a.

plan for the experiinent on the hybrid scale inhibitor- method, this is; the combination

method of the acid dosing method and the scale inhibitor dosmg method which is expected-

to be carried out during the fiscal year 1994..

The sites of the survey were along both coasts of the Kingdorn, Arabian Gulf on east coast
and Red Sea on west coast. o

The analysis of the seawater, the brine and the scale that deposited on the inside of the flash

chambers was carried out at SWCC.
This paper makes observation of site survey and reports the results of analysis.

2. The Location and the Schedule of the Plant Survey

The site of the survey were at two points on Arabian Gulf side and at two points on Red Sea

side; one plant of SCECO and three plants of SWCC.,

SCECO PLANT : Qurayyah PLANT (Feb. 2, 1994)
SWCC PLANT : Shoaibah PLANT (Feb. 6, 1994)
Shuqaiq PLANT (Feb. 7, 1994)
Khafji PLANT (Feb. 9, 1994)
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5.1.1.B. The Status of MSF Plants

‘1. . Introduction -
SWCC has been operating many Multl-Stage Flash (MSF) desalination plants (MSF plants)
for over 25 years, startlng from the operation of the MSF plant phase I at Duba in Kingdom
of Saudi Arabia in'1968. Many researchers and dlscussmn were done in order to estabhsh

the opnmum operation and maintenance since then.

This resear'ch was carried out in order to survey literature published by SWCC and to apply
them experimental conditions and evaluation of the resnlts under the series of MSF—1 tests.

2. Al-Khobar MSF Plant phase II (AK-II) -
2.1 Abstract of the Plant

Al-Khobar Phase 1l is a dual purpose plant comprising five extraction and condensing
Boiler Turbine Generator (BTG) power sets and ten Muiti-Stage Flash evaporators.

2.2 Discussion about Operating .Conditions
The operating conditions by the paper* are as follows.
(1) The evaporator operating parameters are shown in Table 1.
(2) Through optimization trials it was found that antiscalant's market could not provide a
grade suitable for safe and prolonged operation at TBT of more than 108 degrees
“centigrade, Consequently high temperature operations were restricted to the bare
minimum with a TBT limit of 105 degrees centigrade.

"3, .Remarks

Thruugh this llterature survey, useful data were obtained for the series of MSF-1 tests.
They are as follows. ‘

* Moha’rmned Abdul-Kareem Al-Sofi et al; A full decade of operating experience on Al-
- Kobbar-11 Multi-Stage Flash (MSF) Evaporators (1982-1992)
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3. Summary

Valuable information were obtained by the ihvcs‘tigation about the values of M-alkalinity of
the recycling brine in case of the hybrid method at Qurayyah plant. o

The scaling was found in flashing stages of Shoibah plant’s unit. The amount of scale was
more in stages of lower temperature. It_éan be assumed that the effective retention time of
scale inhibitors should have an inﬂuence on the.scaling._ i (1 'i_r'u_:li_cateS.that the characteristics
of scale inhibitor, which were confirmed through the selection test of scale inhibitors under
‘bench scale, were confirmed at the actual plants. : | ' |
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TBT is from 90 to 112 degrees centigrade, considering the future operation
Antiscalant dosing rate is fess than 2 ppm '
Brine concentration is 1.4 times the sea water in the Arabian Gulf whlch conforms to

the case of Al-Jubail Phase 1l plants.

Table 1 | Evaporator Operating Parameters of Al-Khobar-11

LTO

HTO
Variables ‘ _ SR B —
Design . | Actual Design Actual Design Aetual
S o 120% 134% 1208 1348
Seawater Temp.(SWT) Deg.C | 35 35 35 - 35 35 35
T.B.T. _Deg. C - 90 80 106 115 103 112
Flash Range Dez. ¢ .8 @ 53 73 61 T
Recycle Flow wih | 12,257 12,000 11,100 11, 100 11, 000 11,000
Make-up Flow a*/h 5,000 | 4,500 to | 5,000 5,000 4,500 to | 4,500 to
5,500 5,000 | 6,000
Regycle_srine..ws_ pra | 63,000 83,000 to |63.000 - |83, 000 64,000 64,000
: ' §5, 000 '
Condensate Flov. = m'/h 144 1195 to 145 | 167 192 160 190
Product ¥ater Flov = n®/h- 895 920 1,075 1,210 1, 100 1,220 "
Performance Ratio ke/2326kj 6.5 588 6.9 5.9 1.0
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512 Experiment for Selection of Scale Inhibitor
1. Introduction -

There are many types of scale inhibitors on the market. It is difficult to discriminate among
them, and it is not easy to make a selection for use in,an.-'actual plant by checking the
prdperties of each scale inhibitor, Also, it is not easy to check the properties of evéry-scéle
inhibitor with demonstration tests and equlpment. Therefore, standards for the selection of
scale inhibitors through laboratory experiments should be established. It is establlshed in
~.two steps: the first is to confirm the effectiveness of scalei inhibitor in preventing the
initiatioh of scale formation, that is, the threshold effect, and the second is to confirm the

effectiveness of the scale inhibitor to reduce the adhering properties, that is, thé crystal .-

distortion effect. It is sald that the crystal distortion effect is to change the crystal structure
of deposits into the different crystal structure Ilke ball, and to suppress the adhenng
pmpertles because of its structure.

2. 'Purpose '

This study was conducted in order to confirm the threshold effect of each antisc_a'lan't_by

knowing the changes of M-alkalinity ‘versus retention time. Retention time versus scale '

inhibitor dose rate in 500 ml of artificial brine of 1.4 times the ‘normal sea water in the
Arabian Gulf in accordance with the results of Al-fJuba'i! Phase IL plants were studied, by
dosing 10 ml of 1 normal sodium carbonate solution at 95°C and 110°C. Considering the
amount of deposition of calcium carbonate and magnesium hydroxide as the decrease of
threshold effect in accordance with retention time, its confirmation was carried ‘out by
measuring the soluble M-alkalinity of each brine.

The assumption that scale inhibitors with a high value of residual M-alkalinity while

retaining their values for a long time have a superior threshold effect, was adopted as the
standard of selection of antiscalant to be used for the test with the heat transfer test
equipment which is expected to confirm the crystal distortion effect.
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3. 'E_xperiraenta_l Method
3.1 Materials

Scale Inhibitors
The name, physical properties and composition of scale inhibitors which are examined
in this study, are shown in Table 2.

3.2 Experimental Equipment

0} Expenmental Equipment at Low Temperature (95°C)
In order to keep the brine concentration constant, a three-neck flask attached to the
~ cooler has been used and the condensed water has been totally returned to this flask,
as shown in Fig. 1. SR |

2) Expenmental Equipment at high Temperature (110°C)
In order to keep the brine concentration constant and also the brine temperature
more than 100°C, the scale deposition test equipment which is composed of autoclave
has been used, as shown in Fig. 2. ' o

Table 2 Properties of Scale Inhibitors for Sereenfng Test

Name | Specific | Density 1 Appearance Major
gravity (kg/1) ) : ~ Constituent
PCE o122 1,22 1.2~2.0 | imber Liquid | Polymeric
' ' S carboxylic acid
PCS | - 1.22 1.22 1.2~2.0 Amber Liqaid Polywmeric
(pca) . o ) carboxylic acid
PMA : .‘ _ e - - : - _?olymerie maleic
acid
PP - ' - ' - - Polybhosphonete
PPN (M) | 1.4 L= 11,0 ‘Pale Yellow | Polyphosphonate
= - - | Liguid.
PPN (&) | 1.4 - 10 Pale Yellow | Polyphosphonate
o ' Liquid
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'——-—— To vacuum pump

( X_. — To te;ﬁp_. .;;ontrolruhit_,_(SQ:C)_ Condenser
——~ Liebig type cooler

5°C 95°C

| . Cooling water

YU

From temp. control. unit

i
Thermometer

 Put NazCOs solution
. of 1.0N. from this point

=1 — Three neck flask (2 lite) -

_““"*F Oil bath

Fig. 1 Test E_t_;uibment for Low Tempe;jature (95°C_) _
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4, - Discussion

4.1 Selection of scale inhibitor at low teinperature (95C)

As the result of the experiment at low temperature (957C), it has been demonstrated that M-
alkalinity of the blank (No scale inhibitor was dosed) decreased radically and the brine in -

which scale inhibitor was dosed held the lmtlal value of M—alkalimty for 15 ~ 20 minutes.

Scale inhibitor PPN(M) and PPN(A) had the high ‘valuéé of M-aika’iinity and had a 20
minute holding time, though, they decreased to the same. value as other scale inhibitors at 40
mmutes o

As the result of the relationship between dosing rate and M—iﬂkalihity on PPN(M); PPN(M)
had the lowest value of M-alkalinity and the shortest holding time at dosmg rate of 0. 5 ppm,
though had no typical relationshlp between dosing rate above 0.7 ppm

As mentioned above, it is pointed out in the 95°C that PPN(M) and PPN(A) have the highest

threshold effect compared with other scale lnhibitors and their suitable dusmg rate are above

0.7 ppm. -

4.2 Selectio'n of scale inhibitor at high temperature _(110°Cj

As the result of the experiment at high remperatiire '(1_10°C),' it has been demonstrated that
M-alkalinity of the blank already decreased at § minutes, and M—alkaliriity of the brine in

which scale inhibitor was dosed decreased gradually and attained the constant value at 15
minutes.

Ppm.

According to the above-mentioned results, PCE was in the third. position in its threshold
effect. Though, PCE is adequate for the MSF plant eperat_'ion, at high temperature

compared with the phosphi)nates, since its major constituent is poly-cerboxylic aéid On

the point of the difference of scale crystal structure view, PCE should be selected as a
candidate t‘or the next test with the heat transfer test equipment

10

It is pointed out that PPN(M) and PMA have the highest thresho!d effect at dosing rate of 20 :
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_ 5. Conclusion

AS the result of the experiment on the threshold effect of scale inhibitors, the following

results were obtained in connectmn with the scale inhibitors to be used in the test which will

- be conducted at the next stage with the use of the heat transfer test equipment. _

(1').';

@

G

@

®

©

- As'the scale inhibltor to be used in the test with the heat transfer test eqmpment, three

kinds; PPN(M), PPN(A), and PCE, were selected. - S -
PPN(M) and PPN(A) have the hlghest threshuld effect at the 95°C and their sultabie |
dosing rate is.above 0.7 ppm, i R

PPN(M) and PMA have the hlghest threshold effect at the conditions of 2.0 pPpm

- dosing: rate and 110°C. In addl_tlon, from the vnewpomt.of confirming the differenices

between the scales_produced, the third scale inhibitor, PCE, is also planned to be used
in the next experiment which will use the heat-transfer test equipment.
All scale .inhibitors lose the threshold eﬁ'ect wnthm 20 minutes at 90C, and calcmm

“ions deposit as calcium carbonate. *

All scale inhibitors lose the threshold effect within much shorter time (10 mins.) at
110°C. '

The adopted evaluation method w1th scale inhibitor is extremely effectlve for detection

~ of calclum carbonate scalmg.

‘The most sultable scale inhibitor will be selected through the test with the heat transfer test

equlpment.
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5.2 Test with the Heat Transfer Test Equipment
1. . Inl:'roductii)n L

It is well known that scale inhibitors have an:effect which. prevents adhesion. between the
individual precipitated particles or between the particles and solid (metal) surfaces with .
‘which they are in contact.. This occurs because. the scale inhibitor: completely dlstorts the
solt scale composed of normal regular crystals. _ T S

It is_ generally pointed Ollt that the scale dist_orted by a scale inhibitor is easier to. disperse,
and that the normal flow of water in the distillation plant is sufficient to keep the small
particles on the move until they are removed from the plant during normal blow-down as an
effluent brine. For this reason scaling does not easily occur. - '

Crystal distortion effect of a scale inhibitor- can: be confirmed at an actual plant by means of
measuring the decrease in heat transfer el'ﬁcnency, that is, the increase of the fouling factor of
the heat transfer tubes in thls study. R '

2. - Purpose

This study, which is meant to be the second step of the selection test_ using the heat transfer
test equipment, has been carried out in order to confirm the: crystal distortion effect of
PPN(M) by determining the fouling factors at 90°C and 102°C, '
The heat transfer test equipment, which is constructed as a recircuiation system so as to
operate continuously, has a capacity of heat load of 4-8kW/m’at a velocity of brine in'the
heat transfer tube of 1.8-2m/s. The brine to be used has almost the same water quality as
the actual plant. '

Through the above process, experimental and evaluation method will be established.

3. Experimental method

3.1 Materials

Scale inhibitor

12
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Name, physical properties, composition and results of the experiment on threshold efTect,
which were to be used for this test, are shown in Table 3. |

3.2 Experimental Equipment -
A flow sheet for the heat transfer test equipment is shown in Fig. 3.

Table3 _Properties of Scale Inhibitors for Heat Transfer Test

Name Specific pr Major | Results ofz'l‘c'st on
R Gravity Constituent Threshold Effect

Best Quality at

PPN (N 1.87 | 11.0 | Polyphosphonat s
| " on | ToRhoseonate 95°C & 110" C

3.3 . Experimental Conditions

(1) Brine temperature = .
a. Experiment at normal temperature
Since the outlet temperature of the brine heater during normal operation is 90. 56C

in AI-Jubail Phase—II Plant, it was declded that the experiment should be conducted
at 90°C. -

b. Expenment at high temperature '
- The temperature conditlon, whlch was above 90°C, was set at 102°C

' (2) Dose ral:e of scale mhlbltor _ :
It was confirmed i in the previous study of threshold effect that the optlmum dose rate

_of scale inhibitors is 2ppm, and also that the retentlon time at which threshold effect
was lost is about 20 minutes.

13



&

" dWNd NOLLYINOKIOZH NIVW

yuatadynbg 352, JajSurl], JEIH Y3 0] J93Y4S molz ¢ i

&

% —

| A
”.‘._ - " HILY3H dN-INYN
CSAH __ . .
0, o
dWNd LA dWnd
- MNYL wz_mm mD-M!Sa. Z # MNVL
_ CoTe . [WIN3HD
L #MNVYL
IWOIWIHO.

NOLLYINOHIO Hd1lvMm 10OH

O & e

@|

<

5 INTYA 43134 IWNSSIH

WIONVHOXS LV3H 38NL % TIaHS

1INN HIONYHOXT 1VaH

1 EA

14



4. Results and Discussion

Figure 4 show that values of fouling factor-are at about zero at the beginning of both runs, at
90°C and 102°C. Fouling factor then increases with time at slow linear rates where its
values reach about 0.07 and 0.08m2K/kW at 90°C and 102’0 respectively. '

- Comparisons of heat transfer behavmrs in blank tests to those of additive tests show that
effectiveness of the scale inhibitor is quite significant. Also a comparison between the heat
transfer behavior in the additive tests show that the rate of fouling-at 102°C is slightly higher _

_than that at 90°C, Thls is expected smce the process of scale formatmn and deposition is
temperature dependent.

The clean value of heat transfer coefﬁelent taken as the reference for calculating fouling
[factors as fixed for all runs at 1. 58kW/m2K One may notice that values of heat transfer
~ coefficient at the start of blank tests are sllghtly lower than those of additive tests which have
resulted in sllghtly higher values for foulmg factors at the start of blank tests as compared to
additive tests. ‘This can be explamed by the fact that the heat exchanger tube was replaced
when leakage was observed atter eompletlon of blank tests and a new fube was mstalled for
the additive tests. -

5. Conclusion:

1. Experiments" 'Were carried out using a laboratory scale heat exchange test equipment
which facilitates heat transfer measurements under conditions that resemble those in
the brine heater of MSF plants

‘2. Results obtamed from the _experiments, though they are very limited, show that this

_ teehmque where heat transfer measurements are used in determining the effectiveness
ofa given scale inhibitor can be successfully used. :

3. Further tests where scale lnhlbltors can be tested for Innger durations (1000-2000

* hours) are requested Such tests will make available a body of data and results which
can be rellably used in vahdating the present techmque and in determmmg its
effectlveness. '

15
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53 Testswith the MSF_Te_st Plant

 53.1 Installation of the MSF Test Plant .

1 In;r:sd_uctionf |
The mstallation work for the MSF Test Plant has progressed as scheduled. The boiler fuel
oil for trial run and performanee tests was prepared by mlxmg heavy oil (Bunker C) and
light diesel oil at a predetermmed ratio. -
P&l Diagram of 20t/d _MSF' Test Plant is Mlustrated in Fig.5.

2. Installatjon and Commiss_inn_ing- -

The mstallatmn and cummlssmnmg of the MSF Test Plant began on July 31, 1993 and
_ f'mshed on November 1,1993.

o
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" "5;3.2 Results of Trial Run and_ ferfomance_ Tes_t_. |
1. Introduction

| After all lnstallatlon works ol‘ the MSF test planl: have been completed, the plant was ready
to undergo a series off tests to conf' irm lts performance ‘

 In this section, the resullﬁs .of_the perfor'ln.ance_,t.eet's ;mu; ehe trial run are reported.
2. Results of _p'erforrnance Test of MSF Test Plant

Table 4 shows the results of the heat balance eheek whieh was conducted durmg the
performance test. - -

The amount of water produced ata top brine temperature of 112°C was 0.80t/h, which was
“about 1.07 times as the design _value of 0 ‘TSt/h - Thus, it was proved that the design value
was satisfied sufficiently, - ‘

- Followmg thls, the overall coefﬁcnent of heat transfer in brine heater and heat recovery and

reJectlon stages were measured as a part of the performance test. The result of this
_measurement is shown in Table 5. According to these results, variations i m the values of the
. overall heat transfer coefficients (U—value) are recogmzed at each evaporatlon stage,

It is considered however, that this problem can be solved by the adjustment of the venting

. system. These overall heat transfer coefficient are a reference on which the calculation of

" - the foulmg l‘aetor is based._ Thus, it is the most important value in the test of MSF-1.
Therefore, it was declded that a re-a_d,]ustment would be made when this test is resumed.
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Table 4 Heat Balance of MSF Test Plant Obtaixﬁe'd_in the Performance Test
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5.3.3 Test with Single Scale Inhibitor

1. Introduction

Based on the results explained in the pfevious sections, PPN (M) has been selected as the ' t
scale inhibitor to be further tested by the MSF Test Plant under the condition of single

inhibitor dosing, '

This section reports the results of tests with the MS:F;Test' Plant.

2. Test Plan

2.1 Basic concept of the test

The heat transfer fouling factor, which d'ireétly relates to the incréasé of heat transfer
resistance by scaling, had been measured to evaluate: the effect of a single inhibitor dosing.

The time dependency of the foulmg factor of the heat transfer tube has been traced with 7
PPN{M) dosmg. : . S L i‘
2.2 Method of calculation of fouling factor. -

The fouling factor is defined by the follpWing equations';

AT =T,-T, _ _ ._ DT o 2.1

AT, =T-T, ey
AT, =T-T, S [ T X

Using the equations 2.1, 2.2 and 2.3,

ATm=(AT,~AT)/I(AT/AT) - R - Q2H
On the other hand, _ o L
- Q=wWCp AT e

Using the equations 2.4 and 25 o roo T -
U=Q/(S ATm) IR T 2.6)
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The fouling factor F is definedas - .. .. .. .-
F‘.,=(1-/U"1/U’f)-'.- o R R | 2an

T, : Temperature of seawater/brine at the inlet of the

heat-transfer tube €
T, : Temperature of seawater/brine at the outlet of the

heat-transfer tube C
T : Steam/vapor temperature outside the heat-transfer tube - C
AT, : Mghriihmic mean temperature difference (LMTD) K
w ¢ Flow rate of seawatérfbrine kg/h
S : Area of heat-transfer surface m?
Cp  : Specific heat of seawater/brine _ ' - kl/(kg K)
Q 't Quantity of heat transfer across the tubes : : - kJ/ho
U : Overall heat transfer coefficient _ KW/(m* K)
Ue : Overall heat transfer coefficient at the initial condition kKW/(m® K)
Fo : Fouling factor | ' (m* K)/kW

2.3 - Test conditions

The operation conditions planned in May, 1994 and conducted are shown in Table 6. The
details of the test plant operation progress are shown in Fig. 6.

3. Expérimental Méthod
The flow diagral;l of t_hé MSF teét planf, capacity of 20t0n/day, is shown in Fig. 5.
4.- Results

rx . '4..1 | Results of U-value meaSuremelit

Time dependency of the foulmg factor durmg RUN 3, 4 and 8 are shown in Figs. 8, 9 and 10.
The fouling factors are kept between 0. 2-0.3m"K/kW during 300 hours test period when the
. concentration factor was Iess than 1.2.

‘In cése'w_hen the concentration factor is raised to 1.4, .U_-value tends to decrease due to
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scaling, and the increase of vapor consumption, thus decrease in performance ratio, has -.been'
observed as the outlet temperature of brine at brine heater was kept at 112°C. Also, the
effect of ball cleaning was clearly observed in the condition. '
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4.2 Determination of Heat Transfer Coefficient (U) at the Start of the Operation

In order to calculate the fouling Factor based on the formula (2.7), a reference value for the
heat transfer coefficient at the initial stage known as the clean’ value (Uc) should be
determined. '

‘Experimental data of Runs 1-5 and 8 were reviewed to examine the consistency of the
theoretical and experimental values as clean values for the overall heat 'transfer coefficient.
It was concluded from this review that the followmg values obtained expenmentally during
commlssmmng tests are to be used as clean overall heat transfer eoefficlent Uc.

" Brine Heater :3.70 kW/m’K
Stage #1 : 6.29kW/m’K
_ Stage#2,3& 4 : 4.88kW/m’K

5. 'Discussions
5.1 The effect of b_all cleaning on the fouling factor

The effect of the ball cleaning operated under the concentration factor of 1. 12 1. 15 has been
examined by comparing the data of RUN-3 and RUN-4, the former applying the ball
cleaning every eight hours and the latter without ball cleaning. The fouling factor of RUN 3
was stable around 0.1-0.15m’K/kW, while that of RUN—4 raised to 0.3m2K/kW since ball
eleaning was not applled

On the other hand, when the eon_ceﬁt’ration factor was raised to 1.4, RUN 8, the linear
increase of fouling factor was’ _observed.' Ball cleaning was conducted when the U-value
became 3.70kW/m°’K. The effecté are shown in Fig. 9, which shows that the recovery of U-
value is incomplete and remaining fouling is 0.05m’K/kKW by fouling factor.  This
characteristics are different from the results of hybrld method, which will be shown in 5.3.4.
In hybrid system, complete recovery was observed.

5.2 The effect of concentration factor on the fouling factor

In case of the concentration factor of 1.15 (M-—alkalinity = 140mg/L. as CaCQ,), RUN 4, no-
increase in fouling factor was observed. However, when the conc_ehtration factor has been




&)

raised to 1.4 -(M-alkalin.ity. = 180mg/Ijlas'.CaC03); RUN 8, the fouling factor showed
apparent inérea_se.' , R

Desplte the decrease in the M-alkalmlty to 45—60mg/L the fouling faetnr increases as the
concentratlon faetor increases, as shown in RUN-5.

53 Time dependency of the _fouling factor
Time dependency of the fouling factor can be formulated as follows according to the data

obtained from RUN 8, whleh concentratlon factor was 1.4 and M—a!kahnlty was 180mg/L as
- CaCO,.

RUN No. M-alkalinity Initial Stage After 1st B.C. Recovery by B.C..

8 ~ 180mg/Las CaCO,  Fo=131*10%  Fo=1.80*10"¢ 85.7%

Whet‘e, BC : Ball cleaning
Fo : Fouling factor after t hours (m* K/kW)
t :Time (>30h) - (h)

After initial transient region of 30 hours, fouling factor increases linearly, but the increasing
rate after ball cleaning is higher than at the start of operation. The recovery ratio of
fouling factor by ball cleaning is 85.7% of the initial value.

Consequently, ball cleanmg should be applied before mgmﬂcant fouling has occurred. Ball
cleaning applying every elght hours like this test would be approprlate

6. Conelusions _

For the put‘bo_se of the evaluation of the scale inhibitor, PPN(M), in case of top brine
temperature of 112°C, the MSF test plant has been operated for total 2350 hrs and following
results-has been obtained. : '

(1) =~ The scaling is low when the concentration factor is about 1.2, but sealmg becomes
apparent when concentratlon factor is increased to 1.4,
(2) The merease in fouhng factor of the brine heater in case of concentration factor of 1.4

31
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is 1.311(10‘3 zKJkW/hr. ‘However, the foulmg factor decreases to 0. 05m2KJkW when
ball cleaning is conducted. : R
Ball cleaning does not remove scale completely, and the increase uf fouling factor after
ball cleaning is obsexrved as the operation time increases. - '
Ball cleaning should be applied before obvmus.mcrea_se_rof fouling factor iS;bbselfved;

This conclusion is in good agreement with the experience of the actual plant op"ei*ation.
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5._3.4 Test with the Simultaneous Use of Single Scale Inhibitor and Acid -
1. Introduction

Following the single dosing test, the effect of combined dosing of scale inhibitor and acid, so
called hybrid method, on fouling factor has been investigated from October 15 to 30, 1994,

This section reports the results of the hybrid method test,
2. Preparative survey on the Hybrid Method

The operation record of the MSF plant of Qurayyah Power Plant, 4,000x3ton/day,_ Saudi
Consolidated Electric Company (SCECO), which has the experience in actual hybrid
operation, has been surveyed for the information on the M-alkalinity.

In this plant, the brine quality during the hybrid operation is controlled as follows.
_ *pH of brine i 7.8-83(25C)
*M-Alkalinity as CaCo3 : 24 - 43ppm
* «Concentration factor(as C1") : 1.2-13

3. Results

The operation of the MSF Test Plant for the hybrid method had been conducted with CF =
1.2.2 and 1.4, '

The M-alkalinity of the circlilating brine for both tests had been reduced to 1/3 of the singlé
inhibitor dosing tests. The pH of the circulating brine had been controlled above 8. The
ball cleaning had been appliéd only when the fouling factor of the heat transfer tube
exceeded 0.34-0.36m’> K/kW. The deference between RUN §-1 and the RUN 5-2 is the
concentration factor, which was controlled by the amount of the make up feed seawater.

The time dependency of the U~value of each RUN are shown in Figs.10 and 11.

1) Chemical Engineering Hand Book : p 422 (Fifth Edition)
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As is shown in the RUN 5- 1, the fouling factor of bnne heater was ﬂ.2m2K/kW under
concentration factor of 1.22 up to 143hrs.

In the case where the concentration factor has been raised to 1.4, RUN 5-2, the U~-value
showed decrease due to the scaling. Consequently,’ the increase of steam consumption, and |
thus reduction in performance ratio occurred in order to hold the outlet temperature of
brine at the brine heater outlet at 112°C '
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- 4. Discussions
4.1 Effect of Concentration Factor on Fouling Fac’tor

There is Ilttle change in fouling factor when the concentration factor is 1 22 (M-alkallmty =
140mg/L as CaC03), ‘as shown in'the case of RUN 5-1. ' ' '

On the other hand, the fo’t‘nlir’ig factor showed apparent increase when the éoncentration is
raised to 1.4 (M—alkalmlty = 60mg/L as CaCO,) in RUN 5-2.° However the amount of
increase of the foulmg factor is less than that oi‘ RUN 8. ‘ o -

4.2' The inﬂuence of 'M-alkalinity on Fouling Faétd"r B

To explain the effect of M—alkahmty, the tlme dependency of fouling factor of RUN 5-2 and
RUN 8 has been studied.

The fouling factor increases abruptly up to 30 hours. After the initial increase, the fouling
factor increases linearly with less increasing rate. The linear portion of the fouling factor at
brine heater will be expressed by the following formula shown in the table.

- RUNNo. M-alkalinity Initial Stage After 1st B.C, Recovery by B.C.
5-2 60mg/L as CaCO, Fo=1.80*10"t  Fo=2.77%10"% 100%

§  180mg/LasCaCO, Fo=131*10"t  Fo=180*107t 85.7%

where : B_C : Ball Cieaning
' Fo : Fouling Factor after t hours  (m*K/kW)
t : Time(>30h) : (h)y

The tangent slope of the RUN 5-2 is larger than that of RUN 8, and the superiority of hybrid
method was not recog.nized However, the recovery ratio by ball cleaning showed some
difference. The heat transfer coefficient of hybnd method recovered 100% by ball cieaning
: while that of smgle dosing method recovered only 85.7%.

This st__udy revealed the merit and the d_emerit of the hybrid process.
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5, Conclusion

The perfonnance of the hybrid method for the scale prevention has been tested and the
_results obtained are as follows;

(1) The M—alkalinit'y has been lowered to 1/3 by dosing acid and the amount of dosing
scale inhibitor, PPN(M), has been halved to 1ppm. The beneﬁc:al eﬂ'ect of hybrid
. dosing method on fouling rate was not apparent up to 300 hours. . . :
@ Longer testing period is necessary to confirm the effect of hybrid method .
(3) In order to adopt the hybrid method in Saudi Arabia, stable and low cust supply of -
acid, sulfuric acid for example, is necessary since the amount of acld required is 30
times more than that of scale inhibitor. :

RETE
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5.4 Transfer of Technology

()

ObJectlve _ : .
The technology transfer is aimed especlally fnr the young researchers in SWCC to

- deepen their. knowledge and understanding on the scaling of the heat exchanger tubes,
- which is one .of the main causes for the MSF plant performance, through the

| cooperative research between SWCC and JICA.

@)

@)
Y

2

Procedure of technology transfer B i : L
Conduct the cooperative research on the establlshment of the evaluation method of

- seale inhibitor by laboratory test, and then proceed the experiment by MSF test plant

for the confirmation of the laboratory test results.-
Those results would be prepared to a full paper- together with the analys:s of the MSF
plant operatinn conditions and the calculation method of the foulmg factor.

Subjects for the cooperatlve researeh work

1) Evaluation and analyms of the performance of the MSF- plant

2y _Evaluatlon method for the scale inhibitor -

. 3) . Evaluation technology of fouling factor

{Short term _t'est by MSF test plant)
4) Evaluation technology of fouling factor
- (Long term test by MSF test plant)
5) Evaluation methed of fouling factor:
(Test with the simultaneous use of scale inhibitor and acid)

Results
Evaluation and analysis of the deterioration of the MSF plant

Visited several actual plants and the conditions has been studied.

The cause of the plant deterioration has been analyzed.

Evaluation method for the scale inhibitor

The laboratory test has been conducted and sophisticated method had been
established for the evaluation of the effect of scale inhibitor.

The results had been presented at the Second Gulf Water Conference, Bahrain Nov.
1994,

The test by heat transfer equipment has been conducted and the evaluation method of
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3)

4)

3)

&

the scale inhibitor under heat flux has been established.

Evaluation technology of fouling factoi' R

" (Short term test by MSF test plant) : : il e
. The data obtained from the expenments by MSF test' plant had been analyzed. The
~ cause of scaling and countermeasures for the ‘plant detenorat:on have been studied

with evaluation technology of fouling factor. o

Evaluation technology of fouling factor

e ..([nngtemtestbyMSFtestplant) e . N SR
. Long term_test by MSF test plant had been conducted and. relatlonshlp between heat

exchanger tube and fouling factor was studied. Mastering_ the operation of the MSF

- -test plant was accomplished as well

Evaluation method of fouling factor R :

(Test with the simultaneous use of scale inhibitor and acid: "Hybrid Method") i
Combined dosing tests by MSF test plant have been conducted and the obtained data
have been analyzed. The eﬁ'ect of hybrld method on scaling has been evaluated.
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