





(8.5)

Contents

1. Objective WssaRssivide I RRRSI SR SsasrssBNrs TSNS IRERANEY .n-.;;nnln-u---- ------ .._.'."'.""'.._.-._ o l

O

2. Experimental Method o---’---. ---------- 3 --i--ln';-.nn--ou-ilooionll-aoor----- ------------ vsasssansnas ) l
3. Results and Discussion ouln‘ooooo.nnona----ou-----------u-------. ------------------------- LY EET Y T R 1
(l) Results t-----i----n-----’.ni--------n’---n-'l-qi-flca'nloi-oloci------- ------ esRersIcAGTERSAERRERARRRSS . . 1

(2) Discussion -o-------u----;----' ------------------ '----.u'niu-ulcncnoanonia.nu.nisn-c.c--“no--i‘ --------- 1

4.' Concl‘lsion BacnsEsNERINIRIRIINSIRRIRERES .--cvu-----’-‘--‘----n’-ii-----n---nn-n-i ---------- tsnbvsrrabrarena 2



:(8.5)

List of Figures

Flgure - -~ - . Description - . ... S . - Page

Fig. 1 Permeate Flow & Recovery for One Element Nitto D_enkb_ FEEIE
Membrane \L] Operation Tithe ssseseas ---.....f.........;.-..-...'.--.-;..".: ........... 3
Fig.2  Feed and Permeate cohductivity for Nitto Denko _
. Membl‘ane ¥s Operation Time --------------- PEAbirevaRERanIse lllIl_l.‘ltbV"t.-tb_-'Ic.ll.c.l‘!ll . 4

Fig.3  Variation of SDI & Delta P for DMF Filters Y |
vs Operation Time (Hours), Feed Oil:0.35ppm ««esssisevsseesranenrans. v



@8.5)

1.~ Objective -

The present study aims at evaluating the effect of soluble oil present in the pretreated oil-
contaminated seawater on commercial 8 "SWRO membrane module. I this experiment
performance (flux and salt rejection) of this membrane was monitored for a period of about
117 hour using the pretreated seawater obtained from oil removal unit after blending it with
raw seawater. -

2.  Experimental Method - -

Equlpment e
The RO Test unit used in this experiment was same a described in chapter 7.3 along with its
pretreatment unit,

Materials

The 8"SWRO membrane module used in this expenment was Nitto NTR 70- SWC. . spiral
wound element.

Experimental Procedure

The performance (flux and salt rejection) of the 8"commercial SWRO membrane module
was determined using pretreate_d_ oil-contaminated seawater feed after blending it with raw
seawater at 1:2.5 ratio and then passing through the pretreatment unit of the RO Test Plant.
The feed flow rate was maintained at 3.5 m*hr and pressure at 56 Kg/cm®>. The SDI was
less than 3 and pH was maintained at 6.5. The oil content in the feed, brine and permeate
' was also determined using spect.roﬂuorophotometer.

3. Results and Discussion

L Results

The results of performance (Salt rejectibn and permeate flow) evaluation of the 8"
commercial RO module for a period of about 117 hours are given in Fig. 1 and 2. Fig. 3
shows pretreatment data of the test unit.

() Discussion

_ From the F:g 1 and 2 it is quite clear that the presence of slight amount of oil in the feed did
~not affect the membrane performance for a period of 140 hours. Longer period of
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operation is required to ascertain whether the presence of oil in the feed affects the

membrane in long time operation. From these results obtained so- far it can be assuined :

that the present pretreatment process is: adequate for the ml—contaminated scawater to. be
usedasfeedforSWROunlts : : . el e R

4. Cohc]usio’n

Performance evaluation of 8" commercial SWRO membrane using pretreated oil-
contaminated seawater havmg SDI less than 3, reveals that performance of the membrane' :
was unaffected. This suggests that the pretreatment proeess used in this experiment was

quite effectlve
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1. Objectives

“Concerning research relating to measurements dealing with oil pollution in the reverse
osmosis process, JICA has transferred the knowledge to the young SWCC engineers in
particular Saudi engineers in the course of implementing this collaborative research.

2. Method of Implémenting Techliology Transfer

The main technology related to this research was ‘broken down into the following
technological elements and became the ohject of the technology transfer. . The method of
techimlbgy transfer was carried out mainly by the implementation of the collaborative
research by both JICA and SWCC.  This became firmly fixed through the processes of on—
job‘-training_and'- the preparat_ion' of written experiment reports and manuals. . These
- techniques were prepared an_d supplied as substantial items for future use.

Main technological elements for the transfer of technology .
1) Information concerning soluble and insoluble oil i in sea water
- . -2) - Information concerning halogen compounds such as the tri~ halomethanes
3 Téchnology of desalination pre-treatment by RO membrane
4) Pre-treatment of low concentrations of oil in sea water
5) Analysis of low concentrations of oil in sea water
. 6) Experimental_ equipment for pre-treatment -
- T) - Effect of oil contaminated feed on membrane performance
.- 8) Analytical equipment
9) General research activities

3. Methods and Results of Technology Transfer

(1) Information concerning soluble and insoluble oil in seawater
~In addition. to the training related to the various types of information which have been
- - gathered and on=job—training in technigues for the operation and care of additionally
: iprmﬁded analytical equipment (methods of oil analysis by fluorospectrophotometer)
*which were selected as a result of data survcys, analyt:cal reports were written and
analytical manuals were prepared.

- (2) Int‘orm_atidn concerning halogen compounds such as the trihalomethanes
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In addition to implementing analyses through on the joh trainlng‘ba’se’d on analytical
methods selected from the results of data searches, the teehnology was established by
writing reports and the preparation of manuals. - R » :

Teehnology of pretreatment process for RO membrane

In addltlon to on—joh—trammg in the collaborative operation of the test plant, the-_
technology was established by wrlting operating reports and the. preparation of a

plant operation manual

Pre-ntreatment of low concentrations of ml in sea water - R
~ In addition to on-_]ob—training through the _]olnt conduct of mtroductory laboratory '
scale experiments followed by experiments using a bench scale test equipment, the-

technology was. established -through  the wntlng of reports of experiments -and the
preparation. of plant operating manuals.’ : : g8

Analysis of low concentratlons of vil in sea water

In addition to on—job-trammg -concerning the operation and care of the
ﬂuorophotometer used for analyzing the oil content of sea water and the wntmg of

reports of analyses, an analytlcal manual was prepared.

Experimental equipment for pre-treatment e . : :
In addition to on-job-training through the joint operatlon of the RO test plant usmg
artificially oil-contaminated and pre-treated sea - water, the technology was

established through the wrltmg of reports of experlments and.the preparatlon of plant. '

operating manuals,

Effect of oil contaminated feed on membrane performance - RS

The following three types of equipment for RO membrane performance testmg at
different scales were provided to enable membrane per_l'ormance testing at each stage
from a _small bench scale to a full scale RO plant membranes.  In addition to on-job—

training through joint research activities using - this experimental equipment to

investigate the effect of contaminated sea-water on RO membranes, technology

transfer was aee'omplish_ed through report writing and the preparation of manuals; ete.

(a) Small scale, flat membrane test equipment B _
(b) Medium scale, mini-module type test equipment - -~ - ... ...
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(¢) RO test plant for testing actual plant size RO module performance.

~ The technologj has been estab_llshed through the results of joint research on the use of

" this complete set of test equipment for measuring oil contamination from a laboratory

@

- scale to a full plant scale and it is now possible for them to unplement research on
‘measures to counter oll contarninatlon.

Analytleal equipment
The following analytical equipment has been provided and the technology for its
-operatlou and maintenance has been established through teaching and the prows:on of

F manuals

O

| - Electron probe micro-analyzer,
- ICP emission spectrometry system,
- Infrared spectrophotometer,

- X—ray analyzer,

= Jon chromatograph and
- Fluo_rophotometer.

'These'iustrum_ents can be used for analyzing the oil content of sea-water, water
“quality o_nalysis, membrane contaminant analysis, fouled membrane analysis, as well
. asin othe_i' general analysis conducted in a R&D desalination laboratory.

Research activities

On-job-training on the experience of research activities was achieved by actually
conducting experimental research methods through the joint implementation by JICA
and SWCC of research actlvities such as data collectlon and analysis, research
plannlug, conductlng experlments, -supervision. of research processes, analysis of

o eXperime_n_tal results, preparation of data sheets, and report writing.

4. Results

The objectives, procedures and results of evaluatlon of technology transfer are set out in
detall in Table L -
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Transfer of .Technoibgy for RO-2

SUBJECT

OBJECTIVES

EVALUATION

OVERALL EVALUATION TECHNO-
LOGY FOR O1L CONTAKINATION

To inprove the overall
evaluation technology for
oil contamination

l)To ounduct e:perl-ent Jomtly
. with ibe trainees: - -
{ON-THE JOB TRAINING}

2}To prepare the report or manuals
* jointly

1)61]‘ t'ra.xm as perforned operating

Doil. tolemwe test of flat wembr-

ane,
@combining pretreataent equipment
and mini-modile,

'-@coisimu pretneatleﬁt and the ID :

:.Test: Plant ;
" (r. Parooque and Mr. Janlddm)
Z)Tlle_ result of seminar and experi-
went operation was reported:
8. 2.2 (Dr. Farooque)
3.2.3 (Dr.Famoque)
(Dr. Parooque, Mr: Jamalddin)
. (Dr, Farooque, Nr, Jamarddin)

8.2
8.4___
8.5 - (Dr Farooque, Mr.Fayaz)

ANALYTICAL BOQUIPMENT
ON RO TEST BLANT

To improve the operation

technique of following

analytical equipment:

1) EPMA

2)1ce

3) INFRARED SPECI'ROPHOIUE—
TER

4) X-RAY ANALYZER

§) [ON-CHROMATOGRAPH

8)etc,

1)To conduct experiment jointly
vith the trainees
(ON-TEE JOB TRAINING)

2)To prepare the report or manuals:
mtntl: ) .

| 1)0JT training of operation and sain

Aenance -technology was conducted in
Novesber 1994, then operation mapr-
‘als and maintenance manaals were
prepared as fol lovs:

|+ for Electron Probe Micro Analyzer

to ir. Nausha Asrar,Mr.T.Prak

Mr. Jon 0" hara, Mr. Ismail, -

.M. andijani, Mr. Mohd, Mr. Noor Abmed
- for ICP, Infrared spectrometer and
-+ spectrophotometer

to Mr. 5. Sulami,Mr. A G. Javeed

Mr. Radwan Sulaiman’ -
« for ¥-ray Diffractometer

to Mr.Andi Jani,Mr. AFozan,
. Mr,Shreer
*+ for Ton Chrosatograph’ ;

- o Mr, 5. Sulami, Or. Nowani

CENERAL RESEARCH ACTIVITY

To study hov to perform -
research activity o

1)To conduct research ictivit} and
- acquire exparience by 0JT method

Trainees stuhd the follunng
procedure how to conduct research
.activity:

@Coilect: informition{s. 1. 1)

@Study information obtained(s.1.1)

@iade research plan including

equipment, budget, manpower, schedule
experisental sethod(Ordinary Tech-
ical meeting held every Monday)

@Prepared materials and _oquipment -

. ©Preparative experivent: {(8,1.2),

(8.2), (8.3)}
®Perfors experiment {(8.2), (8. 3,
{8.4), (8.5)} :
(Danalyse the obtained results, data
@Prepare reports and manuals :
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Chapter 9. SUMMARY .

"The present project started in May, 1992 after the end of the former project. Both SWCC
and JICA experts studied jointly the research themes which are required in the field of
seawater desalination particularly suited for the Kingdom of Saudi Arabia, with close
cooperation between both sides. JICA not only provided additional equipment and

.materials necessary. for the present project, but also arranged and supervised installations of
the MSF-and RO Test Plants as well as equipment which were already provided earlier.
SWCC provided the-JICA experts with office rooms, accommodations, transportation of
equipment and personnel, import tax exemption in order to implement their research
activities smoothly. In addition to these, SWCC supplied operators most by sandis for the
_con-tinuous'o'pe'ration of plants and utilities. A total of 4 research themes were studied
under the cooperation of SWCC and JICA; 2 dealt with the MSF process and 2 dealt with
the RO process: . s i : :

1. Study on Scale Control for MSF Process (MSF-1)
2. Study on Counfermeasuresagainst Oil Contamination of Product Water in MSF
¢« Process (M‘}F—Z) : -
EEE. B2 Study on Selection of RO Membrane for: Hybrld System (RO-1).
. 4. Study on Countermeasures against Oil Contamination for RO Process (RO-2)

Below is a summaries of the results obtained from the four research themes. -
MSF-1_Study on Scale Control for MSF Process

The first step in this study was the laboratory scale experiments on how to estimate the
scaling prevention capacity of scale inhibitors available in the market. Six scale inhibitors
were tested in this step at various concentrations in artificially prepared brines similar to
that in.the Al-Jubail Phase Il MSF plants. Tests were carried out at 95°C and 110°C,
where .'c.h'ang.es in- residual M-alkalinity was measured along with elapsed time. It was
-assumed that the higher the residual M-alkalinity is, the greater is the scaling prevention
: c'a'paci'ty, - The resuits. were in good agreement with the past experience in the commercial
plants, which means that the method: adopted in the present study was effective and suitable
~ for prelimin_ary evaluation of perfdrinance of the scale inhibitors. '

The next 'step,_i__n_; this study-was experiments on scale inhibiting capability under conditions
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closer to the actual case, that is, scaling tests with heat flux on the inner tube surface of a
shell and tube heat exchanger with reeireulatlng brme. -Based on the results of the above

fundamental experiments, - the . best among- the - seale inhibitors' was tested in’ the “heat
exchanger. It was estimated that a scale. mhlhltor with the Ieast decrease in overall heat
transfer coefﬁeient was the most el’feetlve one,” . AR i e

The scale mhnbitor selected by the heat transt‘er test: equipment was further tested with the :
'MSF. Test' Plant (20 m’/day). The. experiments were ‘conducted with both - smgle scale'

lninbltor and scale inhlbltor with acnd (hybrld) The seale inhibltor used was’ PPN(M)

'I_'he _eﬂ‘eetivene_ss of .the scal_e inhibitor was jud‘ge_d' by the rate of el_i_an_g'e_.-: in ':-oyerallé'heat
transfer coefficient or fouling: factor in the tubes.  When a detectable decrease in overall

heat transfer coeflicient was observed; i.e. fouling factor was reaehed to a predetermined

value, a ball cleaning was earrled out, and effectiveness of ball eleamng was also studied.
Summary of the results are as follows.

In case of 112°C top -brine -tetnperature and 1.2 concentration. factor, a - little decease |n. :
overall heat transfer coefficient was observed up to 300 hour operation. : However, in ease of

1 4 concentration factor, a rapld increase in: fouling factor due to scaling was observed 1t

was found that ball. cleaning ‘was: effective for recovery of heat transfer quality; ie. -

performance ratio. One had better conduct ball cleaning before a significant decrease of

overall heat transfer coefficient. This fact agrees with the experience of the commercial

plants.

The next is the hybrid case. In the kingdom, SCECO'S MSF plants (4,000 m*/day x 3) at

Qurayyah were operated in the past by the. hybrid method. Therefore, the SWcCC an(l_ o

JICA experts visited the plant for the:r reference.-

In case of hybrid method, pH of brine was kept at 8 O'instead of 8.5 for the single seale‘

inhibitor, and the concentration of added scale inhibitor was 1 mg/L against 2 mg/L for the
single scale inhibitor case.- In the continuous operation with 1.2 concentration factor, the

decrease in overall heat transl’er coefficient was almost the. same as that of the single scale*z_
inhibitor. . However, in the case of 1.4, a rapid decrease was observed and the deereasing -

rate was larger than that when using the single scale inhibitor.

As mentioned above, the joint: team‘=oi' SWCC and :JICA-were able to eStabl_iSh a‘systematic
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" method to evaluate the performance of scale inhibitors from laboratory scale experiments to
tests conducted with the MSF Test Plant.

3 MSF-2.. Study on Countermeasures against Oil Contamination of Product Water in MSF
.- Process .. . ..

The study consists of measurements of the distribution of organics between brine and vapor
_phase using a vapor-liquid equilibrium equipment, computer simulation on the behavior of
pollutants in MSF. plants, and pollutant addition experiments with the MSF Test Plant..

Measurements of vapor-liguid equilibrium data are classified into two; one is a
homogenéous system of soluble pollutants in brine and the other is a hetérogeneous system of
insolubles in brine.  Bromoform represents the former, and fuel oil "A" represents the
latter. .- The evaporation mechanism of pollutants was studied with simple distillation

~ experiments in laboratory. - Asa result, it was found that the heterogeneous system could be
explained by-a steam distillation process. Follt_)wing this, the vapor pressures of pollutants
was measured and their reliability was confirmed by the values in the literatures. On the
" other hand, it was found that the homogeneous system followed Henry's law, and therefore
Henry s constants of soluble pollutants were measured '

The va’por—liquicl equil_ibrium measurement apparatus is an equipment to measure. Henry's
“constant directly. - With this equipment, the constants of bromoform, a representative of the
: homogeheous system, were obtained, and the values were compared with the ones measured

by the simple distillation experiments.  The good agreement showed the reliability of. the
-simple distillation experiments.. '

Based on the aboVe‘e.vaporation- mechanistn and physical and chemical constants of water
and pollutants, a computer program = which simulates the behaviors of water and pollutants
~_in MSF p_lants.'is being. developed. :

An ﬂddltlﬂl’lal dosing line for pollutants and sampling lines necessary for product water and
brine were installed in the MSF Tést Plant. Then, bromoform, a representative pollutant of
homogeneous systems, was added to the feed seawater at concentrations of 0.5 mg/L or 2.75
mg/L It was found that the behavior -of water was in agreement with the computer
Si_mulatton results. . . Most of bromoform went out of the system via ejectors. It showed that
. the.condensation . rate of brumoform was slow, and it could be considered as a non-
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condensable gas even if water condensed well. .. - . o

When lignt_diesel oi'l. No.2, a representative of heterogeneous 'systerns, wa’s'a'd_ded to the MSF

Test Plant at 2.5 mg/L-or 10 mg/L concentration, similar trend waS’observed“"‘""I‘he' results
show that the behavior of water can be explained by vapor—liquid eqmllbrium oniy, but
those of bromoform and hydrocarbons reqmre both equlllbnum and k:netic consnderatlons

It is- assumed that the eﬂ‘ective prevention measures’  for product water pollut:on are to

increase: capacity of the vent systems including the: deaerator and to lmprove the chamber
geometry. '

RO-1 _Study on _Selec_tion of RO Mémbrane for Hybrid System ' "

Alarge quantities of technical information on SWRO which.is available worldwide were
collected. - Based on this information.'a'coruputer Sim'ulation program on RO ‘performanice
ina Hybrid Systcm (MSF~RO) was conducted from which it was calculated that maximum
blend ratio of RO:MSF of i: 1 5 product water would be: possnble usmg the Arablan Gulf

A SWCC/JICA team visited four RO plants (Jeddah, Umm' Lujj, Duba an Haql) to make an

on-site survey. Test samples of membrane elements were collected by the team and .
membrane autopsy and foulants analysis were conducted at. SWCC—RDC and in Japanon
both a Hollow Fine Fiber membrane and a' Spiral Wound membrane, - Oxalic acid was
found to be an effective chemical cleaning method and effectively removed lron compouuds.;

It was also able to improve membrane performance to a considerable extent. -

As a result of this study, it is possible to conclude that with th'e equipments' available at

SWCC facility, we were able to find out the cause of the membrane deterioration, and with .

the present fi fine technique it should be also possnble to- study membrane deterioratlon at
SWCC SWRO plant in future. '

The second study dealt with membrane chlorine and turbidlty tolerance. In these studies a
flat membrane followed -by ‘mini—-module test were conducted prlmarlly ‘to’ evaluaté
membrane durability. “As a result of those preliminary - tests it ‘was found that . slow

membrane degradation is noticed in case of 0.3 ppm of residual chiorine. i_n_th_e feed seawater. |
However, it 'is necessary to confirm ‘the membrane :durdbilit‘y'_‘tbrough:i longer continuous -
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operati_o_n _at _lo_wer chlorine concentration in the feed.

It was conﬁrmed that stable service w1th RO membrane would be possnble by feedmg

seawater pretreated using dual media filtration and dosing a coagulant

Finally, pert‘ormance test _of RO p_l_a_nts with ‘three comn_ie_rcial size SWRO membrane
modules were conducted. - Those membrane modules were tested utilizing two independent
skid mounted RO units. that received filtered water from dual media filter with a capaclty of
168m’/d. S S - _

It was found that dosage of 1.0 - 1.3 ppm of Fe*’, produced a feed water with SDI less than
4.0 which meets the specifications requirement of the two hollow fine and spiral wound

membranes. : .-

Pernieate conductivity. for'three conimercial size Japanese-made SWRO membrane modules

_ (NI’I‘I‘O DENKO TOYOBO, TORAY) were 250 - 750 £ S/em. It was confirmed that this

high quallty of permeate can be: obtained and mamtamed constant at applied pressure of
56kg/cm .

It is._important to'c_onl‘irm the stability of the system in order to be adopted in the actual
plant Further tests to confirm the stability of the membrane and the quality of the product
water in long term- period utilizing the testing method established by this cooperative
research are recommended

| _RO.-_-Z _ Study on Countermeasures against_Oll—contamination for RO Process

This.,research aim_s_ _at'_establishing a method of operation RO seawater desalination plants
safely even if the fecd seawater is contaminated with oil.

The :first step Was to review analytical methods of oil and trihalomethane measurement in

- seawater in order to establish a sensitive analytical procedure for the measurements of those

contaminants at low concentrations. _After trial of several analytlcal methods, success was

' jachleved by using. spectroﬂuorometrlc and GC—MS method.

Earlier experlments were conducted -using flat sheet membrane to evaluate their tolerance to

- oil. -present i in. the oll—contaminated seawater.. Then, the research was proceeded to mini-
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module tests. At the stage, it became apparent, as expected, that the long termy membrane =

test with combination of pretreatment system of onl-contamlnated seawater is important.

A specnally desngned pilot: plant was used for: prepanng the oil-contammated seawater and_

for its removal from the feed by coagulatlon and ﬁltratlon The onl-eontaminated seawater
was artificially prepared by dlspersmg oll with high reproducxbnllty ' R

By using this '-a'rtiﬁeially'oil—'eontaminated seawater, it was? 'c'onfirm'ed’ that_ the ‘oil ‘can be
removed by the Fe* coagulation followed by sand filtration, Polymer and anthracite also -

showed good oil re_moval perfo_rmanee.

Nearly all the oil are: removed by the coagulatlon—ﬁltratlon process, w:th only traees ‘of less
-than 0.5 ppm remaining in the feed. ‘The filtrate was fed to an 8" commercial’ membrane
modules. Plant performance were steady and unaffected by the presence: of oil residue in
the feed.. Furthermore, no oil can be detected in the permeate. From these lmportant
_results it can be concluded that the present coagulatlon-ﬁltration pretreatment process is

-adequate for oil removal at the above ievel and is not affecting the membrane performance. o

The testing procedure of the pretreatment of the oil eo'ntaminat'ed._ seawater _and 8"
membrane module has been established by this cooperative research work. Fur'ther'testing
is recommended-to eonﬁrm the above finding and to determine if the stablhty of the system
will be mamtalned after long term operation by usmg the testlng method Lo

As described above, we have almost achieved our purpose of the four re_search themes,

However, it was impossible to confirm the stability or the deterioration’ of the system in

course of time which requires long run operations since the ime was limited. = As the testmg B
equipments and technologies have been established in SWCC, we are expectmg the future :

progress in those field.

All the research themes in the project are the most up'-'-to'—'d'ate,' and the researches havefbeen

conducted from fundamentals to applications, systematically and in a- Well-éorganiied .
manner with close cooperation between SWCC  and JICA. Consequently, the' obtamed"

results are to attract much attention in the world of desalmatlon technology In addition, it

should be emphasized that this project was carried out from user's vnewpoint, that is to_'
optimlze the use of the existing plants, to estimate manufacturer's proposals and to solve
environmental problems while most of the past resea_rehes were done from' man_ufacturerf_ -



®

viewpoint. We are proud of our achievement as the first milestone, and confident of future
success.
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