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7.3 Experiment with RO Test Plant
7.3.1 Installation of RO Test Plant
1. Objectives

_ To transfer the RO Test Plant from SWCC Yanbu site to the SWCC R&D center to conduct
lnstallatlonwork. ' DU e ey et e e ' Lot

2. Results

'_ 4 Prellminary Installation Work TP
A list of additional parts was repaired based on the results of the: :nspectlon conducted
- at the SWCC Yanbu site in September-1991. The prelimmary installation work of
| the RO test plant - was carried out during the: penod from January 30 to February 22,
1994, - After an experimental water flow test, the remammg work and necessary parts
requlred to complete the work were established., :

(2) Secondary Installation Work R i
After nbtammg the necessary parts based on the results of the prellmmary mstallatlon
work, the secondary installation work of the RO Test Plant was conducted during the
‘period from July 18 through Angust 20, 1994, '

. (3). RO Test Plant Specification
“PRETREATMENT - -

Treated Seawater Capacity -
168 m’/day

Stenllzatmn
S Chlormatmn WIth NaClO Dosmg or ultra vmlet ray
F !: ﬁ!iaﬁon ,: 5‘;;;;;::-_ Cos \.:.*:'I‘ TR e
G Line coagulatlon withe F‘eCi3 Dosmg

-'.;é..Fllm: a5 Cer i e : _
Dual medla pmssured ﬂushing automatlc dev;ce pollshmg filter .
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SPIRAL WOUND TYE RO

Product capacity 5 20m*/day

Product Salinity  ° ; less than 500ppm

RO Mgg ule - : Toray SP-120x2 eiements
SU-820 |
Nitto Denko' NTR 7oswc-'ss =

Desalination pass Single pass applled pressure: 56«70kglcm
Recovery ratio  :25-40%
Dechlorination & Deoxidation : Dosing SBS (NaHSO:,)

HOLLOW FIBER TYP_E RO .
- Mgmm L c20md/day o
* -Product Salinity - - - : less than 560ppm . .

R RQ.ModuIe' et -Toyobo Hollosep HR 8255, 8355 each on: HM8355 ST
- Desalination pass Smgle pass applied pressure 56—65kg/cm
Recovery ratio . :25-40%

Feed pH control  : Dosing H,SO,
7.3.2 - Performarice Test of RO Plant
1. Objectives

Objectives of the study are the suitability of the RO membranes for the MSF-RO Hybrid
System by performing tests with an 8 inch commercial size membra'nes,'the establishment of
the RO membrane performance evaluation procedures and. the methods to -achieve this
ob_]ectlve '

2. Results

(1) The work describes the performanee of three commercial size Japanese made SWRO -
Membranes: TOYOBO cellulose triacetate . hollow - fine. ﬁber (HFF") TORAY
polyamide thin film composite ('I‘FC) spiral wound (SW) and NITTO DENK()

| polyamide (TFC) spiral wound. Membranes were tested utilizing two independent
skid—mounted reverse osmosis (RO) units that receive eoagulated ﬁltered water from o
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two pressure dual media ﬁlters:connected in scries. Plants were commissioned and

| ﬁltra__te SDI was maintained at less than 4‘.0':_ .

The plant which consist of a pretreatment unit and two independent SWRO plants
was eommlssioned after lengthy time spent in fi ixing thls 10 years old plant which was
move_d to SWCC/RDC from Yanbu., Dosage of 3 _t_o._4 mg/L (Fe*=1 to 1.3)_of ferric
chioride produced"a feed water with SDI less than 4,0 which meets the specifications of
the membrane manufacturers TOYOBO, TORAY and NITTO DENKO. For a
period of . four hours, old TORAY splral ‘wound membranes (SP—120/PEC ~ 1000)
which were loaded in the module at the time of commissioning, were tested.
Permeate ﬂow and conduetmty for this membrane were: 0.6 m*/h and 2,810 ¢ S/cm,
respeetlvely Permeate conductivity was rlsmg as- expected Old TOYOBO hollow -
fine fiber mernbranes (Hollosep HM 8255) were tested when loaded in the module in
February 1994, Pei'lneate flow and ednductivity for this membrane were: 1.07 m’/h
and 1 540#S/cm, respectmely. Permeate eonduetivity, however, Was_ rising with

o ~ time.

@

..The performanee of the membrane (permeate flow and eonductmty) with the recently

.-supplied modules were as follows Toyabo ' cellulose- trlaeetate hellow fine fiber;

Hollosep HM 8355 membrane 0. 8 m’/h and 250 to 350 i S/cin, respectively, Noyobo

' ,Denko splral wound fully aromatle polyamlde membranes NTR-70SWC-S 8.: 0.8

m’/h and: 550 to. 650#S/cm, respeetively, while Toray splral wound, fully aromatic

Epolyamlde composnte membrane SU 820 0.8 m’/h and 500 - 750 ¢ S/em, respectively.
_ The spiral wound modules were operated with only two elements instead of 6 elements,

:due to feed llmltation to the lugh pressure feed pump which dld not have sufficient

‘ - 'l‘eed ﬂow for 6. element operatlon
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Fig. 11 Photograph of RO Test Plant
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7.4 Transfer of Technology

(1)

Objectlvcs
- Te lmplement transfer of technology to SWCC (especially to young Saudi- researcher)

EREE through the _]omt research work with JICA and SWCC.

(_2)

Method of Implementlng Technology Transt‘er . :
The main technology related to this research was broken down into the followmg
technical elements-and became. the: object of the technology transfer. : The method of

: technology transfer.was mainly: affected by the lmplementatlon of Jﬂlllt research by

both JICA and SWCC.  This became: ﬁrmly fixed through the processes of on-Job—

',:trammg and _the-p_reparatlon of wrltten :e_xpenmentreports and manuals:and these
-~ techniques were prepared and supplied as substantial items for future use, -

Main technical elements for the transfer of technology ' -
1) RO membrane performance evaluation -
2)  Operation and maintenance of the RO test plant
3) Analyses needed for membrane fouling: - - :
- 5)_ Operation and ma‘i_nt_ehah‘ce of test equipment for RO membrane performance
~ evaluation

© -6) Operation and maintenance of analytical e_q‘ui_pment: '

-3)

~1)
A)

LBy
.. were delivered as part of the transfer of technology

0

2)

“7) Analytical technology needed for the analysis of SWRO feed

Methods and Resuits of Technology Transfer - . - -

Method and result of RO membrane evaluation :

On-job—trammg on the operation and performance evaluation of SWRO tests was
implemented using RO flat membranes and mml-membrane modules. In all cases,
performance test reports and manuals were prepared

Lectures relating to-RO. membrane appraisal technology and membrane evaluation

On—job—trammg was implemented through the operatlon of turbidity and chlorine
tolerance tests, performance test reports were written and manual were prepared.
Operation and maintenance of the RO test plant - : et
The RO test plant was equipped with the same RO membrane modules as an actual
plant and on_—-Job—tralmng in plant operation - and . membrane évaluation was

conducted as p_a_r_t_of_‘ transfer of technology. In addition to writing performance test

12
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reports, manuals ware also prepared. .

Analyses needed for membrane fouling

- Concermng the fouling of hollow. fiber and spiral wound RO membrane modules, on-

Jjob-training was lmplemented in respect of the techniques of dismantlmg the modules -
and analyzing the membrane surface contaminants. . In add_ltion to writing reports,

" ranuals were prepared.

Operation and maintenance of test equipment for RO membrane evaliation

. With supply by JICA of: the following three types of equipment for. testing RO

::-membrane performance. at dilferent-scales_ from small bench scale to full scale plant-

. “membranes; the- technology: for using. a_ll_'.of- these:-,equipr_n_ent for"comparing the . '

-performance of deteriorated. menibranes and new membranes has been transferred.

The technology transfer was aceompllshed through on the J(]b trammg, report writing

_and the preparation of manuals, ete, .

(a) Small scale, flat membrane test equipment:
(b) Medium scale, mini module type test equipment

.. () RO test plant for testing actual: plant size RO module performance :

5)

Fully equipped with test equipment. for measuring the perfonnance-of membranes
from laboratory scale to full plent Scole', the technology for using these units have been
established through the results of Jmnt research on the use of these facilities.

Furthermore, they are now able to implement the teclmlcal lnvestlgatlon of the causes
of membrane fouling, the selection:of new - membranes and research into pre—

_treatment methods, ele,

Operation and mamtenance ot' analytlcal equipment

The following analytical equipment has béen provided by JICA to: SWCC and the
technology for its operation and maintenance has been established through teachmg
and the provision of manuals: - - : RN N SRR '

- Electron probe_micro-'analyzer,r S
- ICP emlssion spectrometer system,; T
~ Infrared spectrophotometer, S

S - X-ray analyzer :nd

8
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~ Ion chromatography.

These instruments can be used for water quality analysis, membrane contaminant
analysis, fouled membrane analysis as well as for other general analysns conducte in 2
desalmation analytlcal lab.

Analytical technology needed for analysis of SWRO feed

Analytical equipment which has been selected and supplied as a result of investigating -
methods of analyzing the content of oil, trihalomethane, etc. in seawater, has been
used for analyses of these compound in seawater.  The results have been reported in a
report and manuals have been provided. '
Using the equipment and analytical technology, it has been possible to analyze traces
of oit and tn—halomethanes in sea water.

oM
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8. Study on Countermeasures against Oil Contaminat'ion'for RO Process (RO-2). .

: Pollutlon of seawater in the Arablan Gulf has advanced steadily in recent years, in partleular

oil pollution of the sea by . petroleum outflows: during: the Gulf War has become a serious
problem. QOil has a general tendency to adhere to solid surfaces and in the case of water

~such as seawater, which contains salt, this tendency is particularly strong with "small

quantities of oil forming a thin layer covering over a wide solid surface. Also, the reverse
osmosis separation function uses extremely thin film surfaces so that a small quantity of oil
covering the membrane surface could cause a remarkable deterioration in the separation

function, - - With;' normal 'RO. desalina_tio_n -equipment, .the .seawater is -pretreated by

_eoa'gulatlon_:and .sand . filtration - but the .current_practice -is ‘that the operation .must - be
suspended if oil is mixed with the intake water, so that with the recent increase in.oil
pollution, a method is being sought for. safe operation even when the seawater is mixed with

oil, : Oil in seawater is. either dispersed as an emulsion in the water or dissolved in the water
‘but .the. majority of. the oil is in. the - former condltlon, the -amount: in solution being
' ,comp_aratwe,lysmal_l.: . Conse,quently,;_l_t is considered that most of the oil in the seawater may
‘be removed by using coagulation and sand filiration to remove the oil emulsion: which

constitutes the major part of the oil content_ in the seawater. The present study involves,
conducting a literature survey-on-oil and THM in seawater, establishing an al&ady available
analytical method for the. analysns of ol and THM, obtaining best method for removal of oil
from .oil. contammated seawater. and evaluatmg the effect of pretreated oil contaminated
seawater on SWRO membranes. -

8.1 Investigations and Preparative Experiments
8.1.1 Literature_slirvey on oil and THM in seawater
8.L.1.A.  Oil and Trihalomethanes in Seawater

1._. Objectives ...

'_I‘o E__(:ollet_:_t;li.t_;_erg_rture -and. infonnation.__eoneerning oil and.trihalomethanes in the ocean and
their separation methods. These materials may. cause a problems in the operation of RO

seawater desallnatlon plants Trthalomethanes (’I‘HM) are carcinogenic agents and are

known to cause cancer.
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2. Method of‘Inivcstigation o

Information retrieval survey cbnceming:‘nil,_' trihalomethane and organicmatter dissolved in
the ocean seawater was conducted using Japanese information retriéval system JOIS. -

3. .Resuit's_ e
3.1.5-1:-0ll-content'of seawater ..

There are extrémely'few articles concerning the oil cbntent of seawater. Tail:')le' 1 introdiices
an example of a- -report of an. investlgation of the distribution of oil concentratlons near a'
marineollfield _ O e T P T S, .

After" 50 hour__s-.from' stopping the ofl extraction, the maximum ofl: conicentrations of 0.13 to
0.24 ppm were detected at a point § 'nantical'l"lllles (9 km) distlint'fmtti the point of Extrxicﬁon.
Also, 20 nautical miles (37 km)- away, the concentratlon had fallen to the backgmnnd lcvel
(007mg/L) T TN T D O P

Ac'cbrding to another paper, neérly all meis'ui‘étﬁéht of the oil t:onte'nt in the sea near Japan
are below 10 ¢ g/L and there is no noticeable diﬂ'erence in marine llfe between the marine
areas. . The results of oil measurements in- the ‘major bays:of Japan show that all the.
maximum, minimum and mean values for all bay "seawater” in the mantlme areas of Japan :
and its environs have snmilar levels.

3.2 Trihalomethane in Seawater

According to a paper reporting trihalomethane in seawater, in the case of normal and
natural seawater, the formation of THM in desalination plant rates within international
standard but, in the case of the polluted seawater caused by the outﬂow of crude oil, etc., it s
necessary {o suppress the formation of THM by reducing the level of chiorination and to |
increase the frequency of measunng THM content in the product water '
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Table1 - Concentration of Oil in the Ekofisk Oil Field™ . - .

Distance and direction ' Depth Concentration.
from rig @) (ppm)

3 n.eNothin sheen ~ . . 1 . 0118 ..
3w N, thin sheen . . B A 0.135
8 n.w. N, thin sheen P T S 2

.5 n,n.ﬂithih sheen T D WA luza_0\245.'
5 n.w. N, thin sheen 2. 0,133
5 n.a.N,thin sheen - 4 0.133

10 n.m K thin sheen 1 ©0.089
10 n.m.N,thin sheen 2 -
10 n.m. N, thin sheen . .- 4 o 0.040

15 n.m. N, sheen windrows © = 1 U 0.055
15 n.a. N, sheen windrows 2 0.05%§
15 n.m. N, sheen vindrows . ' 4 0,044

15 n.m N3 nom W fiecks | 1 0.083
of w/0 emulsion _ B 9,081
' ' ' 0.043

15 ne N3 na W fiecks 1 0.01%
of %/0 emulsion 2 0.019
: 4 0.038

20 a1 0.005
. No visible sheen o _ 2 ) 0.011
CoUNo visible sheer T 4 0,028

*Reference: DCormack 'Response 10 il and chemical :inaﬁné:_pb_lliltion,: Applied Science
Pulishers Lid. ' ‘ | o

*1 Reference : - nautical miles
*2 n.m. + " nautical miles
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8.1:.1.B. Anal_ytical Method for the Determination of.Trihalomethane* |
1. Objectives

Main objective is to study -Seawater soluble organic mat‘erials and their reaction with chlorine.

Concerning the mechanisms for the formation of THM, it is well known that tnhalomethane :
are formed by the reaction of halogens such as chlorine and bromlde with organic materlals
(precursors) which dissolve in seawater but the reaction- mechanlsms of the intermedlate
products are extremely compllcated. The literature was searched on these pomts as an aid
to considering ways of mhlbltlng their formation. '

2. Survey method :

Information retrleval was performed by the data base JOIS using following key words and
the literature, closely related to the subject was selected and summanzed.

Key Words for the information ret_rieval:" |

(1) Seawater X solution X prganic X analysis 7

(2) Seawater X solution X organic X absorbent _ .

(3) Seawater X halogenated organic compounds X (SD]llblllty + analysns + removal +
formation mechanlsm)

3. Results
Outlines of the literatures ;o'b'_tained were iutroduced according to lhe follol&iug:suojects: :
(1) Formation mechanism of organic halogen compounds like THM and others

(1. 1) Clrcumstances of THM control
(1.2) THM formation and various factors

(2) Analytical methods of trihalomethane -~ . - -
(2.1) Selection of analytical equipment :
-(2.2) Summary and selection of pretreatment methods

(3) Studies of various conditions in meosurement methods of THM
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@1 GC meashrcmcht conditions
(3.2) Effect of ion intensity

(4) Calibration curves and precision
(5) Storage and transportat'i_on of test materials
(5.1) Effects of residual chlorinc during storage

(5.2) Chloroform and pH during storage

4, Conclusion

~(1) =_W-.e ‘were able to gain a knowiedge of analyt:cal methods formation . mechasisms,

i ‘_condmons for. formatlon, precision of- analysns etc., in respect of halogenated- orgamc

compounds especlally trlhalomethane._ SRR

) Ii wos clearcd tha_t Gas chromatography (GC) equipped with Electron Capture
- Detector (ECD) is a highly sensible measurement method for THM analysis.

(3) ' Factors affecting formation of THM are shown in Table 2, -

. Table2 - _Fa_ctors Affecting THM Foﬁnation g

' Factor N Formati_on Amount
The amount of chlorine added _* alot ~ considerable
... The contact time with chlorine | . long alot .
The temperature of water . high - alet
pH L . high maximum when pH=10
a}o_t

. . Water quality (COD,TOC) | - bad -

 8.LLC. Removal of Trihalomethane =

1. Objectives

To conduct é’:i’te‘ra'ture'sﬁrvey in respect of tolerance to oil ~bearing s‘éawat‘er,“wh‘ich ¢ould be

harmful to RO mentbranes used in seawater desalination and a literature siirvey concerning

the removal of halogenated orgamc compounds such as trihalomethane to serve as a gulde to
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the safety of future desalination technology.

2. Method of Investigation

The literature sur'vey were centered on major technical reports.

3. Resulis

3.1 Separation and Removal of THM

Recently, there is a growing tendency to try to obtain potable water from seawater or
brackish water .in various - countries of the world.:  In the desalination of seawater and
brackish water near large cities; the effect of the pollution on ‘the raw ‘water on desalmat:on
has become far from negligible. Allowable limits of THM and bromoform have beeni added
recently to the items of the water quality standards for drmkmg water, and great lmportanee
is now placed on the removal ot'THM S e RN TERIEEE i
3.2 Trihalomethane Separating perfm'manee

Separation performance of many kinds of trthalomethane with Aromatic Polyamide
membrane (UTC-80) and Cellulose Acetate Membranes (CA) are listed in Table 3,

3.3 Affinity of Trthalomethane to Membranes

(1) Aromatic polyamlde membrane (UTC 80) has low: afﬁmty for trihalomethane and
therefore has hlgh THM rejection. S AT SR

(2) Cellulose acetate membranes has- hlgh affimty to trlhalomethane, therefore
trihalomethane is easily adhered on the surface or pores of the membrane and
perrneates through the membrane. The membrane has low THM reJeetlon Lo

3.4 Trihalomethane Removal Performance of a commercial SWRO_ Plant

Trihalomethane separation performance tests performed on a commerelal RO seawater_
desalmation plant using aromatic polyamlde (UTC—SO) was as shown in Flg. 1. e e
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4. Conclusion

| Depending on the type of RO membrane, and its afﬁmty to THM, removal ratlo as high as

90.6% were observed. It will be necessary to verify the period of operatmn over which such
hlgh removal ratio can be maintained without. damagmg or degradmg the membrane THM

' re) jection.

Table 3 Tnhalomethane Separatmg Performance of the UTC- 80 Membrane
and the Cellulose Acetate Membrane*

UTC-80 Cellulose Acetate

- Trihalomethan : .
Feed - Permeated - Removal -~  Permeated Removal
liquid liquid rate (%) liquid rate (%)

, (ppb)  (ppb) ' (ppb) -
Chioroform . 190 ~ - 95 . 950 190 0
Chlorodibromomethane 195 14 99.3 150 23
Bromodichloromethane 175 31 960 150 14
‘Bromoform . 145 <1 >99.3 120 17
Dichloroacetate . 130 <10 >92.0 - . -
Trichloroacetage 190 3 980 - . - : -
Chloroacetonitrile =~ 170 .68 590 . - -
Chloralhydrate - 190 .~ 64 - 970 - -
‘Trichloroethylene 150 <l >99.3 88 41
Trichloroethane © 130 <1l >992 95 27
Tetrachloroethylene 135' s >99.6 60 . 56

Membrane perfoi‘mance : 99 67 %-0 55m3/m day 97/1%—0 49m3/m ﬂay

Measuring conditions: 3.5% NaCl 25C, pH6.5, 5. SMpa
Measurement was camed out after addlng trihalomethane substances in the feed Ilquld

. ;_l'_r.r’-'f_ll_et"erenee D. Cormack:. Response to oil and chemn:al marine pollution, Applled Science

_ Pulishers Ltd. -
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Scmmar, Sponsored by WRPC, Japan Nov 29"*30 1993
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8.12 Preparative Experiment with Laboratory Equipment
8.1.2.A. Analytical Method for Low Oil Concentration

1. Objectives -

Conventiohal standard anaiytical methods of eil in water are n-Hexane (mass) methnd,
Carbon Tetrachloride—lnfrared method, and T()C methods are proposed for the analysis of
low concentrated oil i in seawater. However, detection limits of those method are relatively
high (order of parts- per mllllon), takes long time to analyze and morganic carbon interferes
with the TOC analysis method : :

Object of this survey'is-tq"select the most'-‘suitabie_ analytical method for oil determination in
seawater, es'pecially'with regard to low oil concentration, short time analysis, and a small
determination sample quantity. '

2. Results

Following several anaiyticgl me_t_hold‘siwere in{restigated and advantagﬁesﬁ and disadvantages of
those methods are compared :in Table 4. Analytical methods ii;fé_st_igated:

(1) n-Hexane-Mass method = .. :
~ (2) Carbon Tetrachlorlde—Extractmn—-Infrared method
(3) Simplified Carbon Tetrachlorlde—Extmctlon—lnfrared method using " Oil Meter .
@ TOC method _ ' '
(5) Gas Chromatngraphy (GC) method

| {6)  Finorophotometry method ..

3. Conclusieri 3

Fluoroph_o_tometry' method is a suitable method for this study, because of its qt‘ﬁck’ response,
high sensitivity and good reproducibility. The method, however, is very sensitive to
aromatic structures but insentive to aliphatic structures in oil and, therefore, at low oil

‘concentration the_ GC-MS which detects both aromatic and aliphatic structures is much
‘more superior and is a more reliable method than the Fluoro photo metric method.
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Table 4 = Comparison of Various Oil Content Measurement Methods
S - Generz] apprazisal -
Yethod Mventages Disadvantzges - of -impleseniation - -
' ' &l SWCC *
o ‘tpiversal - -+ {+Lov sensitivity, : ) RS
‘prhexene -Established technolosy ~{-Long measuring time (se\eral
. (¥ass method) . “.{ tems of minuies per: sample) S
: o Loy boiling pomls 0|is )
e‘anorate
Carbon tetrachloride |-Universal +Large samples needed i
extraction - *Established technoiogy {1 liter for | ppm)
(IR method) -lack of good carbon’ tetraf
S -chloride at. SKec gave ! Righ! - s
background 1 .
+Long measuring time (several |-
tens of minutes per sample)
Simple oi] content " |+Quick (5 ainutes per -Data reliability questionable]
: sample), simple +Lack of good carbon tetra- X
chioride at SKCC gave bixh
background
{+Small samples-(severai. - |<High background :in‘ sez vater R
tens of microliters) 'l sampies gives lover deiectlon C
T0C aethod -Quick’ (10 winutes per linit of several ppa Fay
sample), siaple -Poor reproducibility ia SWCC -
- equippent (due 1o aanugl _
injection 1)
-Nothing special -Lo¥ semsitivity (lover :
GC wethod ! IR " detection limit 5 ppm):: '
-l.ong measuring time (severz]
tens of minutes per sanple) )
*Kigh sensitivity (lover Conplex operatlen ) 0.
detection limit 10 ppb} |-Needs large samples: (30 al) - PR
Fluorophotometry -High reliability ‘ -
+Good reproducibility C Amex -
*Quick (10 minutes per (Beaker. scaie)
sample)
3+ X no good |

A applicable in some case

O good

10
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8.1.2.B = Oil Removal Experiment.

‘1. Objectives -

In:the previous laboratory scale research by ferric chloride coagulation and fiiter paper
filtration prelumnary experiment, it was cleared that coagulation and flltration process is
' promlsmg for the. pretreatment of RO process removing oil in seawater.

Objéét of -this, experiment_ is : to'. ‘c'nnﬁnn th_e effectiveness of the coagulation and filtration
method for the removal of oil in scawater using bench scale continuous equipment.

2. Experimental

.. Ferric: chlonde is added in the feed lme before the feed pump

PR

Coagulation

: Filtration column ;- 20mm dia. - X 1,000 mm -

: ' Helght of filter medla' 500 mm
Filter medi_:i © 3 sand - '

Coagulant ~ Ferric chloride lﬂnpm'(as FeCl;)

Feed water. - = . 80.L/h, (LV=19m/h, SY=20m/h)

Carbon distribution : of -,_artiﬁciu'lly oil. contaminated seawater feed and filtrate of the
coagulation/filtration outlet were analyzed using GC~-MS,

4, . Results

(1) - As a result of this experiment, it was conﬁrlne'd that the direct coagulation-filtration
 method using ferric chloride as a coagulant is generally the most effective procedure
- for pretreatment of SWRO feed.. -~ -~ ‘

. {2) Flocs forrnetl by the addition of Ferric Chloride flocculant are physically very fragile,

~ and residence time before filtrntion' was not enough to make the flocs large. The
<= = more. effective - filtration effuent could. be obtained if an empty column was placed
before the filtration column to form larger floc. ;

n
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8.1.2.C. Analysis of Trihalomethane and Formation of Trihalomethane = =
1. Objectives

Chlorine ‘is injected to prevent. the blocking of seawater desalination plants with the
adherence of shellfish in:the vicinity of the mtake. However, the chlorine may cause a
chemical reaction of certain types of organic matter in the seawater, forming trihalomethane,
a carcmogenlc substance. Usmg such seawater in the untreated state in a seawater
desalination plant may cause a problem. Formatlon and. ehmmatlon of tnhalomethane ‘were
studied. : : '

2. Experirnental

1.6ppm :and. 9ppm of NaClO was added to “artificially -oil contamlnated seawater and.

concentration of the formed trihalomethane was analyzed aﬂ;er 96- hours

3 Results .

Fig. 2 and Fig. 3 show THM formed-at the low (1.6 ppm) and high (9.0 ppm) NaCIO
concentration. At the concentration of CHB,, the final formed substance in the serles of

THM formatlon reactions, was the h:ghest among the various trlhalomethancs

4. Conclusion

() The amount of trihalomethane formed in oil- dlspersed in seawater mcreased the

- duration with the increase in its reaction time with chlorine.-
(2) In all test samples, the concentration of CHBrS, ‘which is'the‘ﬁnal substance formed in
the series of THM formation reactions was the highest among the varlous

trihalomethane species. -

(3): It was observed that there is a tendency for an: increase in THM s formation as both
the oil content in seawater and its reaction time- are. mcreased el

12
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8.2 Oli Removai Expenment wuth Bench Scale Equipment

' 8.2 1 Installation of Pretreatment Equlpment

For the oil'ren'loval :experiment, and oil l'eed- control unit with 4 m’/h of seawater, an oil-
removal unit and an’ oil filter tower regeneratlon unit were installed at R & D Center, Al-
Jubail SWCC August 1994

A schematlc ﬂow dlagram and the photograph of the pretreatment equlpment are shown in
Fig. 4 Fig 5 and Fig. 6

The e(juipment _consists nf _the following three parts:

(1) Oll addltion AdJustlng Eqmpment
' _Oll is dispersed in seawater usmg ultra sohic homogemzer to make artnﬁcnally oil
contammated seawater. :

@) - ()ll Adsorptlon and Oil Recovery Equipment'
-Coagulation/ﬁitratlon equlpment to remove vil in seawater and a fi Iter unit.

(3) ' Adsorbed Oil Removmg Equlpment' :

- 0il removal experlment was performed usmg activated earbon, high polymer resins
: _and sand.

15
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Fig.5  Oil Addition Adjusting Equipment

- Fig. 6 Oil Adsorbed Tower Recovery Equipment
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8.22 Oil Dosing Experiment

l; Objectives

,Use of the pretreatment expenmental plant to- establlsh stable oil dlspersmn method for the
_ preparatlon of 4m3/h of an’ oil contaminated seawater feed. : : '

2. Results

21 _Speeifieation of Oil Content in Artificial Oil-Contaminated Seawater

From the results of the literature survey, it was establlshed that the concentration uf oil in
the feed shall be aruund 10 ppm

22 _:Select_ion of typefof Oil_ _to be‘ used in the ~Artifieially Oil'_Contaminated'eeawnter-Fe"e'd .

Carbon distrlbutlon of- Fuel Oil type A (Japanese Standard) and Diesel Oil No. 2 (ASTM)
were analyzed..

2.3 - Studies with the Ultrasonic Wave Method

_Oil‘dispersion'expeﬁment-was performed using ultrasonic method and distribution of oil in

- seawater and stability of oil in seawater was measured. -

N Conclu_siﬂn

(1) Both fuel oit type A and'diesel oil type II have carbon distribution similar to that of
~fuel oil dlscharged mto the ‘ocean and’ therefore they are suitable oils to be used
experlmentally.

@) 'Both mixer and 'the'ultrasnnic mehtods ‘were tried in artificially - preparing oil

it dispersion but the ultrasonic method has the advantages of requiring less preparatwn
' time and more stable oil dlspersmn ' ' ‘

(3) Use of the ultrasonic method in preparing oil dispersion wassatisfactory in handling
 the volumes needed for large scale exanli_nation_s (4m*/h) at oil conicentration (10 ppm).

8
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823 Ol Adsorption Experiment -
1.1 Objectives

This investigation aims to:ascertain the performance of three. types of filter media; sand,
anthracite and polymer, regarding the removal of oil from 'oil-'dispérsed seawater by means
of direct ﬂltratmn, using the coagulatlon conditions established so far. The _bhckwash
regeneratlon performance of the three media was also compared. In addition, the
characteristics and composition of oil components that cannot be r_emoVed_via the direct
filtration method was also be investigated. - .

2. Experimental.'_ o

i Oil—dispersed seawater with a concéntrati_on of about 5~-10 ppm was prepared by th_e' use of
an ultrasonic homogenization treatment, and was passed.through' a filter column filled Wit_h __
an anthracite or polymer or sand after adding a flocculant. Qil concentration and pressure
difference were measured vs time. - A GC-'-MS:;'ana!y_sis ‘was also carried -out on: some
samples. ' B | .

3. Results

(1) While almost all the oil content was removed .by the coagulation/filtration  method,
some components, mainly low-molechlar-'wéig'ht-Iarol'natic'-‘-possib'ly water .soluble
compounds, could not be removed with anthracite or sand, whlch are typical ordinary '
filter media, '

(2) ' The breakthrough time was about 22 hours with anthracite filter media as compared
to 10 hours with the polymer, and more than 90 hours with sand medium

(3) The rise in differential pressure (Ap) was greater with anthréci'te than with polymer. |

' Unlike the anthracite, it.also flattened out at a ceftain point when usiné the“polymer

medium. = As far as oil removal is concerned, sand and anthracite performed
identically. ' '

19 .
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4, Conclusion :

Thc filter medlﬂ combmatlon for the pretreatment system will be determmed talung the
following steps into account. ‘ -

(1) A guard column is needed to protect the RO membrane frum bemg blocked by flock
i the event ol‘ the brcakthrough of the filter medium. - TR

(2) Direct coagulﬁtion/_filtration is capable of removing at least the dispersed oil
' components irrespective of the filter medium used. If this is sufficient for the RO
membrane, no further high level treatment is necessary.

-3 .In.case where zsol_ubl_e ,oil.components':'adversely. affect the RO 'me'mbrane, a post -

. treatment of the feed by the use of polymer or activated carbon may be considered.

8.2.4 Regeneration Ex'periment for OQil Adsorption Tower .

1. Objectives -

The present study aims at evaluatmg the eﬁ'icnency of oil adsorptlon tower consistmg of two

- sand media filter in removmg the oil by coagulation ~ fi ltration method from the artificial oil
'ccntaminate_d,seawate_r. The study also. includes establishment of the operating conditions
. for the removal of oil from oil-contaminated seawater using the coagulation-filtration

method and also to achieve suitable regeneration method for the filter media.

2. Experimental

Artificial oi_l—contamina_ted seawater preparation unit as described in section 8.2.3. in this
experiment, instead of the t_hree small experimental column,'four' large adsorption tower

~ were used in series. Each of the towers was of 400mm diameter and 1500mm height. The

first tower was kept empty and second one was filled with coarse sand (particle size 0.7 -

_ 1.3 mm) and fine sand (particle size 0.6 — 0.8mm) at height of 1000mm (at 1:1 ratio) The

third tower was ﬁlled up to 1000mm usmg fine sand (particle size 0.6 - 0.8mm) and last one

‘was kept empty

20
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Experimental Procedure -

Altlﬂcially oil contaminated seawater (about 10 mg/L of oil) was passed through the four
adsorptlon tower in series after dosing coagulant FeCL (10 mglL) ata flow rate of 1 25 m’/hr.
Samples were collected from feed and the filtrate from the two sand filters for oil content
analysis using spectrofluorophotometer. Initially these analysis were conducted every 8
hours and -prior to backwash- later on. -Backwash was’ conducted usmg raw seawater at a
flow rate of 6m’/hr for 5 minutes followed by air scourmg for 19 mmutes and finally by raw
seawater wash for another 10 minutes. '

‘3, Results

The results of oil content analysns using spectrofluorophotometer in the feed and filtrate
from two sand filters for a period of about 390 hours are summanzed in Fig. 7. - Backwash
of the fi lters was conducted when the differential pressure reaches 0 9kgf/cm Backwash of
the first sand filter was conducted at an average of every 26 hours |

4. Conclusion
The present study reveals that oil adsorption tower consisting of sand media filters are
capable of removing most of the oil from oil-contaminated seawater alter its coagulation.

Also the back washing procedure - followed . in' this .-experiment is -sufficient -for"'fth‘e _
regeneration of sand'filt_er media with backwash flow of 6 m*/h (LV=48m/h) for 5 minutes; -

91 .'
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83 Oll Tolerance Test with a Flat Membrane Tester

8.3.1 First Step Flat Membrane Test Lk

83.1.A Oil Tolerance Test with Membrane after Immersmg in Artiflclally Oll
Contaminated Seawater

1. Objective's'_ol_‘ the Study '

1t is postulated that the performance of seawater RO (SWRO) membrane may dete_ridrate
when feed seawater to plant is contaminated with oiyTHM-. The presence of such

eontammants may lead to plant shutdown The effect of those contaminants on plant' .

performance-, however, is not fully understood, and tends to be dependent on type of
" membrane and its tolerance to oil contamination, type of oil and its eoncentratlon, it's feed
and the degree of pretreatment followed in removal of oil/THM from the feed. _ The main
objective of this work is to establish the experimental procedure for determining the effect of
oil/THM and t__heir concentration on various commercial SWRO membranes.

2. Expenitnenta'l Methods -

21 _Expeﬁme:ntal Equipments

Mini Module Tester (2) .
‘The performance of various membranes was evaluated using Mini-Module Tester RUW-S.
The four test cells used in this test were: Nitto RO/UF Test Cell, C 70-F.

22 Experimentul methods

Performance of the flat sheet membrane samples were determined after imtnersing them into.
the artificially oil contaminated seawater.

3. Results

Effects of oil contammatmn on permeate ﬂow and salt rejectlon of ['our dlfferent types of
membrane, however, were not sngmﬁcantly diﬂ‘erent.

3
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4. Conclusion |

The present study -involves. the- perfurmance evaluatlon (ﬂux and salt: rejection) of four
,dlfferent types of membranes and the effect of their exposure to oil contaminated seawater

on their performance. The results did not give any conclusive evidence of the effect of oil as
the values obtained were not significantly different. To detect the effect of oil on
_.membranes, oil contaminated Seaivater need to be fed to the membrane continuously.

83.1.B  Oil Tolerance Test of Flat Membrane by Continuous Recirculation System: -
1. Objectives.

In the previous research activ'ily, oil tolerance test was performed by measuring performance
of flat sheet membrane before and after immersing them into the oil contaminated seawater.
. Fuel oil type A of Japanese standard was used to prepare an artificial oil contaminated
seawater.. Both TOC meter and Turbldlty meter -were used to analyze oil in- the
_ ‘contaminated seawater. -However, the results show that the data obtained was not sufficient.
It was recommended that another experimental method with continuous water flow is
needed to know the effect of oil in seawater membrane performance- Analytical methods
used: in this experiments : such- as TOC and turbidity meter did not give accurate oil
concentratlon. A higher sensitivity analytical method is: requlred to-obtain more accurate
~oil concentration data, especially for the analysis of low oil concentration in seawater.

The objectives of this experiment are as follows:

1) To énalyze—th‘e effect of oil. contaminaled.seawater on the performance of various
membranes and to perform preparative: experimental of oil tolerance test,
recirculating pretreated seawater to flat membrane of Mini-Module tester(2). -

) To detemi_rié the. type of (’)‘il tb-p_repare af’tiﬁcial oil contaminated seawater.
.:-‘-(3) To analyze oil - contnminated seawater . using newly . installed Iow concentration - oil

measurmg mstrument, ie.: Fluomphotometrlc meter and. conﬁrm that it is useful to
perform practlcal anlysns m expenmental work. . '

u



2. Results

A S -'Oil eeneentratlon of the continuous. reclreulating feed water changes as tlme passes by,
' and it was cleared that it ls dlt'fl'cult to keep the feed oil concentration at constant '

22 Carbon distribution of Diesel Oil No. 2D (ASTM) . was ‘determined by GC-MS
measurements to select a sultable oil used fnr preparing artiﬂcial ol eontammated :
seawater. I A At ' IRy

23 Oil concentration change of continuous recirculating oil contaminated seawater was
analyzed using newly installed fluorophotometric meter.

4. -Conclusion .- -
(1) -~ Continuous feed reeireulatien to fiat sheet' membranes 'cen be utilized as a 'preperatmn L

© step for the more aeeurate cnntinuuus uperation of - RO—mini modules fed oil
.fcontammated feed. - : S e

' (2)- Dlesel oil No.2-—D is a suitable 0|I for the: preparatlon of artlﬁelally oil eontamlnated
. seawater as feed to RO-2 membranes. | ; R i R

(3) Oil tolerance test can he perfurmed by reelreulatmg oil cuntamlnated seawater to
Mini-Module tester o ' : :
8.3.2 Experiment with Combined Pretreatment Equipment and RO Memb_ranes
1 Objectives
The present study airns at evaluating the effect of s__qluble oil present in the pre'treat‘ed oil-
contaminated seawater on various flat sheet RO membranes. In this experiment '
performance (flux and sait rejection) of three diﬁ‘erent flat sheet: membranes obtained from

different manufacturers were monitored. f“" a Pel'lod of time. with the Pretreated seawater
feed supplied from the oil removal unit..- S R :

25
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2, Expeﬁmental_'

Equlpment : IR : :
Mini module tester (2) Model RUW-S was used to evaluate the performance (flux and salt
- rejection) of three different types of ﬂat sheet membranes. The’ test cells used in the tester

. were RO/UF test cell,

3._ 'Results :

The results of performance evaluatlon (permeate ﬂow and conduetivnty) of three different
membranes for a per:od of 220 hours are. shown ln Fig 9 Permeate flow for Toray- 80M
and 808 with temperature correetlons are shown in Flg 8 '

4. 'Conelusion.
The present study reveals that all. the three types of ﬂat sheet membranes viz, Toray 80M |
 Toray 808 and Nitto NTR 708WC are unaffeeted by the presence of trace amount of oil in

the onl contammated seawater feed whieh is supplled to the membranes from the oll removal
_ pretreatment unit. v ' ' '
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84 Experiment with RO Mini-Module (2)
L Objective

The present study aims at evaluatmg the effect of the oii in the pretreated oii—contammated '
seawater on 2.5" x 40" SWRO membrane module. In tlus expenment performance (ﬂux '
and salt rejection) was momtored for a period of tlme, during whlch feed to the membrane' -
. was supplled to the membrane from the pretreated seawater oll removal ulut. - B '

2'. : Experimental

Mml-module fester (2) was used to evaluate the performance of the 2 5 x40" : SWRO
membrane module, using pretreated oil-contaminated seawater feed The feed flow rate
was mamtamed at7 L/min. ~ Oil in permeate was determmed usmg spectrofluorophotometer.
_GC-—MS was also used to analyze 0l| eontent in the feed brine and permeate in the start and
at the end of the experirnents L :

ol concentratlon m the feed and brme were found to be almost the same, whereas in
permeate it was almost zero in the: begmning but there was slight mcreasc in concentratlon _
later on, The measurements usmg spectroﬂuorometer are ‘shown: m Flg. 19. However,
GC MS analysls contradlcted the spectroﬂuorometnc anaIySIs results for the permeate.
Here, GC-MS spectra for the feed, brme and permeate were quite ldentlcal in the begirmmg
and also at the end of the experiment (see Fig 11). Since GC-MSi is more. rellable, it can be
said that the soluble oil present in the feed were compietely reJected by the membrane o

4. Conclusion_

The performance . evaluation of a 2.5"mml—module using pretreated oil contaminated
seawater reveals that membrane performance was affected by the feed. Since pretreated
seawater nsed.in this experlment had high SDI value, it is difficult to conciude from this
study that which factor (high SDI. value or presenee of oil) is responslble for the performanee :
deterioration. Further investlgatlon with low SDI pretreated feed is necessary to establlsh |
the actual cause. From the GS—MS analysis, it can be concluded that the membrane rejects
almost all the dissolved oil in the feed ' o |
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8.5 ‘Test with the RO Test Plant
1. Objective

The present study aims at evaluating the effect of jsoluble oil present in the pretreated oil-
contaminated seawater on commercial size 8" SWRO membrane module. In this
experlment performance (flux and salt re_]ectlon) of the membrane was monitored for a
period of about 117 hour using the pretreated seawater obtained from oil removal unit after

' _blendmg it with raw seawater and the coaguiatlon-ﬁltratlon of the blend using the large

filter of the RO Test P!ant.

'2. Experimental

The performance (flux and salt rejection) of the 8" commerclal SWRO membrane module

was determined using pretreated oil-contaminated seawater feed after blending it with raw
seawater at 1:2.5 ratio and then passmg through the pretreatment unlt of the RO Test Plant.
The feed ﬂow rate ‘was mamtamed . Oil contents in the feed, brine and permeate were
determined using spectroﬂuorophntometer and in the perlneate using  GC-Mass

'measureme_nts

3. Results

‘The results:()f ‘membrane performance evaluation (salt rejection and permeate flow) of the

8" commercial RO module for a period of about 117 hours are given in Fig. 12 and 13. Fig.
14 shows pretreatment data of the test unit. :

4. Conclusion -

_ Performance evaluation of 8" commercial SWRO membrane using pretreated oil

contaminated seawat'er' having SDI<3, reveals that performance of the' membrane was
unaﬂ'ected . This suggests that the pretreatment process used in thls experiment was quite

B eﬂ‘ectlve in oil removal from the oil contammated SWRO feed.

._..32._.
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8.6 Transfer of Technology
1 Oi)jecfti'\res-—--' e

Concerning research relating to measurements dealing with oil poilntion in the reverse

- osmosis process, JICA has tranSferred‘ the_f knowledge to’ the ‘young SWCC engineer_s in

'p_a’rtienlar Sandl engineers in the course of implementing this collaborative research.
2. Meth_od of Implementing Techno'logy Transfer

The main technology related to this research was broken down into- the 'following

- techniological elements and.- became the object of the technology: transfer. 'The method of

technology transfer was carried’ out malnly by the lmplementatlon of the collaborative
résearch by both’ JICA and SWCC. - This becaime firmly fixed through the processes of on—
Jjob~training and the preparation of written experiment reports and “manuals.” These
techmques were prepared and supphec_l as substan_tlal items for future use.

Main technologlcal elements for the transfer of technology

‘1) Information concerning soluble and insoluble oil in sea water
2) " Information concerning halogen compounds such as the tri. halomethanes
~3) Technology of desalination pre-treatment by RO membrane
4) - Pre—treatment of low concentratlons of oil in sea. water o
c8) '?'Analysm of low concentratlons of oil in sea water S0
L 6): -'Experlmental equipment for pre-treatment -
Ty T_echnol__ogy‘-for the ‘general'apprais'al'of oil contamination
8) Analytical equipment '
9) General research activities

3. Methods and- ReSult‘s'of-Tee_hnology' Transfer R

(1) Informatton conceming solnble and insoluble oj} in seawater

Ty addttion to the training related to the various types of information which have been
: _gathered and on—Job-tralning in techmques for the operation and caré of additionally
';!provided analytlcal eqmpment (methods of oil analysis by ﬂuorospeetrophotometer)
‘which were selected as a result of data surveys, analytlcal reports were written and
analytleal manuals were prepared. N ' '
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Information concerning halogen compounds such as the trlhalomethanes Ao
In addition to implementing analyses through on the job trainlng based on analytical o
methods selected from the results of data searches, the technology was established by
writing reports and the preparatlon of manuals. _

_.Technology of pretreatment process for RO membrane

In addition to on~job~training in the. collaborative operation ot‘ the test plant, the
technology was established by writing operatmg reports and the preparation of a
plant operation manual )

- Pre-treatment oflow concentratlons ofonl inseawater ... oo e o
.- :In addition to on—Job-tramlng through. the Joint conduet of introductory laborai:orjr -

N scale experiments followed . by experiments using-a bench scale test equipment, the '
. technology was established through the wrltmg of reports of experlments and the

~ : preparation of plant operatmg manuals. o

)

(6

o)

Analysis of low concentrations of ml in sea water

In addition to on—_]ob—trainmg concermng the operatlon .and_ care of the
fluorophotometer used for analyzing the oil content of sea water and the wnting of
reports of analyses, an analytical manual was prepared. _

Experlmental equlpment for pre-treatment NUTISTREIENT T I
In addition to on—job—training through the Jomt operation of the RO test plant usmg
artificially oil-contaminated and. pre—treated sea Water, the . technology . was

established through the writing of reports of experlments and the: preparatlon of p!ant 3
operating manuals.

Eftect of oil contaminated feed on membrane performance .
The following three types of equipment for RO _membrane performance testlng at
different scales were provided to enable membrane performance testlng at each stage
from a small bench scale to a full scale RO plant membranes.& Jn additlon to on-Job-

 training - through - Joint . research actmtles usmg thls expenmental eqmpment to

'__,mvestigate the effect of contaminated sea water on. RO membranes, technology

transfer was accompllshed through report wntmg and the preparatlon of manuals, etc."

(a) Small scale, ﬂat mem_brane test equi'p_m_ent_g;" SR
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(b). Medium scale, mini-niodule‘type test equipment
(© RO test plant for testing actual plant size RO module performance.

- The technology has been established through the results of joint research on the use of

®

-9

" 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 implement research on
measures to counter oil contamination. ' '

Analytlcal equipment

'The following analytlcal equipment has been provnded and the technology for its

operatlon and mamtenanee has been established through teaching and the provision of

_manuals:

~ Electron probe micro-analyzer,
~ ICP emission spectrometry system,
~ Infrared spectruphntometer,
- X-ray analyzer,
- — Ion chromatograph, and

- Fluorophotometer.

These instruments can be used for analyzing the oil content of sea water, water
quality analysis, membrane contaminant analysis, fouled membrane analysis, as well
as in other general analysis conducted in a R&D desalination laboratory.

Researeh actwutles

On-Job-tralnlng on the experience of research activities was achieved by actually
conducting expenmental research methods through the joint implementation by JICA
and .SW_CC of research activities suc_h as data collection and analysis, research
planning,_,condueting experiments, supervision of research processes, analysis of
experimerital results, preparation of data sheets, and report writing.
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- -C_hapte_r 9 SUMMARY .

The present proJect started in May, 1992 aﬁer 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 pamcularly sulted for the ngdom of ‘Saudi Arabia, with close
cooperatlon between both sides. JICA not only provnded additional equipment and
matenals necessary. t'or the present project; but also arranged and supervised installations of
the MSF and RO Test Plants as well as equlpment which were already prowded earlier.
SWCC: provided - the JICA. experts wnth office rooms, accommodations, transportatlon of
equipment and personnel lmport tax exemption in order to implement their research
' activ:ties smoothly, In addition to these, SWCC supplied: operators most by sandis for- the
contlnuous operatlon of plants and utilities. - A total .of 4 research themes. were studied
under the cooperation of SWCC and JICA' 2 dealt wnth the MSF process and 2’ dealt with
the R()process St SRR

‘1. Study on Scale Control for MSF Process (MSF—I)

S22 Study on Countermeasures agamst Oil Contammatlon of Product Water in MSF
Pmcess(MSF—-2) O O R ' LA . S

3. Study on Selection of RO Membrane for Hybnd System (RO 1)

4. Study on Countermeasures against Oll Contamlnatlon for RO Process (RO—Z)

Belowis a-summarie_s of _the_re_sults ohtained from'the four research themes.
MSF-1 Study on Scale Control for MSF Process

"The t‘irSt step.in this study was. the laboratory. scale experiments on how fo estimate. the
scalmg preventlon capacity of scale inhlbntors available in the market.  Six scale mhlbltors
were tested in this step at various concentrations in artificially prepared brines similar to
that in. the. Al—Juball Phase IL MSF plants. - Tests were carried. out at 95C and 110°C,
.where changes in: res:dual M-allcahmty was measured along ‘with elapsed time. It ‘was
assumed. that the higher the residual M-alkalmlty is, the greater lS the scaling prevention
capaelty - The results were in good agreement with the past experlence in the commercial
' plants which means that the method adopted in the present study was effective and suitable _
- for prehmlnary evaluat:on of performance of the scale inhlbltors

'Th_tﬁr,nez&t{,;s;t.ep in this st_u'dy ."'was';experi_men:ts .on seale inhi_biting ea'pabili_ty'unde_r.:eonditions
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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 recirculating brine. Based on the results of the above
fundamental experiments, ‘the best - ‘among the scale mlubitors ‘was tested: in - the  heat
exchanger. 1t was ‘estimated that a scale mhibltor with the least decrease in overall heat
transfer coeﬂ'iclent was. the most effectlve one, F oAl BN '

The scale lnhlbitor selected by the heat transfer test equlpment wis further tested: Wlth the '
MSF Test:Plant (20. m*/day); The: cxperiments were. conducted with both single scale
lnhlbitor and scale mhlbitor with. acid (hybnd) The scale inhrbitor used ‘was PPN(M)

The- eﬂ‘ectlveness of the scale inhibitor was judged by the rate’ of change in overall heat_'

transfer coefficient. or. fou!mg factor in the tubes.'’ When a detectable decrease in overall '

heat transfer coefficient was observed i.e.: fouling - factor was reached to a predetennmed §
value, a ball cleaning was carried out, and effectiveness of ball cleanlng was also studled '
Summary of the results are as follows.

In case of 112°C top brme temperature and 1. 2 concentratlon factor, a llttle decease in
overall heat transfer coefficient was observed up to 300 hour operation. . However, in case of .
14 concentrat:on factor, a. rapld :ncrease in foulmg factor due to scaling was observed It
was found that ball cleaning was effective for recovery - of- heat . transfer quallty, ie.
performance ratio. One bad better conduct ball cleanmg before a signific icant decrease of

overall heat transfer coefficient. This fact: agrees with the expenence of the' commercial
plants '

The next is the hybrid case. In the kmgdom, SCECO'S MSF plants (4 000 m’/day X 3) at
Qul‘ayyah were operated in - the past by: the hybnd method Therefore, the SWCC and
JICA experts visited the Plant for their reference prnE I s Ve

In case of hybrid 'me'thod, pH‘ of brine w_as kept a‘ts 8.0 instead of 8.5 for the sin'gle seale
inhibitor, and the concentration of added'sc’ale' inhibitor was 1 mg/L against 2 mg/L :for the
single scale inhibitor case, - In the contlnuous operatlon with: 1.2 concentration factor, the
decrease in_overall heat. transfer coefﬁcient was almost the same as. that of the: smgle scale B
inhibitor. - However, in the case of 14, a rapld decrease was observed and the decreasmg o
rate was larger than that when usmg the: single scale inhlbltor L I

As mentioned above, the joint team of sv’vc’c-: andr._]l_(:?A ;_vtere%abl_‘e.'_toestabliSh-_‘a systematie




@
method to evaluate the performance of scale inhibitors from Jlaboratory. scale experiments to
tésr.s cdnduc't'ed with the MSF Test Pl_ant.
MSF—2 Study on. Countermeasures agamst Oil Contamlnatlon of Produet Water in MSF
Proeess :

- The study conslsts of measurements of the dlstnbutlon of organics between brine and vapor

phase usmg a vapor—llquld equlhhrmm equipment, computer simulation on the behavior of

' pollutants in MSF. plants and pollutant add:tlon experiments with the MSF Test Plant.

Measurements of va_por-llquld equilibrium data are elassified into two; one ‘is a

' homogeneous system of soluble pollutants in brine and the other is a heterogeneous system of

lnsolubl_es_in_brine.- Bromoform represents the former, and fuel oil "A" represents the

. latter. 'The eVaporation mechanism -of - pollutants. was studied - with simple distillation

experlments in laboratory Asa result, it was found that the heterogeneous system could be

'explamed by:a steam: distillation process. .-Following | this, the vapor pressures of. pollutants

was measured and their reliabiiity was: confirmed by the values in the Jiteratures.. 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 vapor-liquld equllibrlum measurement apparatus is an. equipment to measure. Henry S
constant dlreetly : With this: equlpment, the constants of bromoform, a representatlve of the
homogeneous system, were obtained, and the values were compared with the ones measured

by the sumple distillation experunents The good agreement showed the reilablhty of the
' s:mple dlstlllatlon experlments. : TRENE o -

* Based on the aboVe evaporation mechanism and physical and chemical constants of water

and pollutants, a computer program whlch simulates the. behavnors of water and pollutants

in MSF plants is being developed

An additlonal doslng-line for pollutants and sampling‘ lines necessary for product water and
brine were installed in the MSF Test 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 lll agreement’ with :the computer
' sunulation results. Most of bromofonn went out of the system via eJeetors. -1t showed that

the eondensatlon rate of bromoform ‘was. slow, and it could be eonsldered as.a non-
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condensable gas even if water condensed well. -~ . - e

When light diesel oil No.2, a representative of heterogencous systems, was added to the MSF

Test _Plant at 2.5 mg/L or 10 mg/Lconcentration, similar trend was observed. - The results
show that the behavior of water can be explained by vapor-liquid equilibrium only, but -
those of b_romofo'rm and hydrocarbon_s require both equilibrium and kinetic considerations.

It is assumed that the effective prevention measures “for product water pollution are to. '
mcrease capacity of the vent systems including the deaerator and to: improve the chamber'
geometry. ' ' o '

RO-1 Study on:-selee_tion df RO Me'mbrane' for Hybri& System,:; R A :

A large quantlties of technical mformation on SWRO which is available worldwide were -
collected. - Based on this information a computer simulation program on- RO performauce
in a Hybrid: System (MSF-—RO) was conducted from which it: was calculated that maxnmum
blend ratio of RO: MSF ot‘ 1: 1.5 product water would be posssble using the Arabian Gulf
seawater. - : C : NIRCARELS B : : : s

A SWCC/JICA team visited four RO plants (Jeddah, Umm Lujj, Duba an Haq]l) to make a_n'
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" Japan on
both a: Holiow Fine Fiber membrane- and.a ‘Spiral Wound membrane. Oxalic acid was
found to be-an effective chemical cleaning method and eﬂ‘ectively removed iron compounds. '
It was also able to improve membrane performance to a consnderable extent. |

As a resuit of this study, it is -po'ssib_le tof_co'nclude'tha:tj with the equipments available at
SWCC facility, we were able to find out the cause of the membrane deterioration; and with
the present fine technique it should be also possible to study membrane deterioration at
SWCC SWRO plant in future.

The second'study dealt with membrane chlorine and t'urbidity’ folerance.  In these studies 4
flat membrane followed by mmi—module test were - conducted primanly to -evaluate. |
membrane : durability. ‘As a result of those preliminary tests it was found ‘that siow
membrane degradation is noticed in case_of 0.3 ppm of resndual chlorine in the: feed seawater._ -
However, it is neces_saly to confirm ‘the meriibrane durability ‘through iol_.l'ger-;"ctintinuous
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_ operatlon at lower c_hlo’rine_ concentration in the feed.

It was conl' rmed that stable service wnth RO membrane would be possible by feeding_
| seawater pretreated usmg dual media filtration and dosing a coagulant.

'Finally, Iperformance test ‘of 'RO plants :'with 'three-‘ commercial size. SWRO miembrane

modules were conducted. Those membrane modules were tested utilizing two independent
skid mounted RO umts that received filtered water from dual medla filter: wnth a capaclty of

168m¥d.

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 requlrement of the two hollow fine and spn‘al wound _
membranes. o

Permeate conidu_'ct_i_vity: for three co_mmer'cial.si_z'e J apanese-made SWRO membrane_'mo'dules

. (NITTO DENKO, TOYOBO, TORAY): were 250 - 750 4 S/cm. It was confirmed that this

high. quality of permeate can be obtained and mamtalned constant at applied pressure of
Sﬁkg/cm . ' ' ' '

It is; lmportant to conﬁrm the stablllty 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 utllmng the testing method established by this cooperative
research are recommended '

ROrZ _'_S"_tudy on Cou_x__lter_measures against ()_il-‘contam_ination for RO Process

‘This rresear:e;h;_aims_' at, e_stablishinga method of op_eration RO seawater desalination plants

safe_ly' even if the feed seawater is contaminated with oil.

_The first step was . to Teview analytlcal methods of oil and trihalomethane measurement in
:seawater in order to. establish a sensmve analytical procedure for the measurements of those
' contammants at low eoncentrations. ~After trial of several analytlcal methods, success was
' achleved by usmg spectroﬂuorometnc and GC—MS method.

| l*;arl_ier ejgperi_ments were 'conduc__ted u_sin_gl ﬂat sheet- m_embran_e- to evaluate their tolerance to
ool presentm the;:qilf-co:ntaminated 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 term membrane
test with comblnatlon of pretreatment system of ml-—contamlnated seawater is lmportant.

A specially desngned pilot: plant was used for preparlng the oil-contammated seawater and
l‘or its removal from the feed by coagulation and filtration, The ml—contamlnated seawater
was artiﬁcnaliy prepared by dlspersmg oul w1th high reproduclblllty R

By. usin_g this -artifici'ally oil—contaminated-Seawater, it was 'cbnﬁ'med that the oil can be
removed by the Fe* coagulation followed by sand ﬁltratlon. Po'lymer_ and anthracite" also
showed good oil removal performance. '
Nea‘rly aim_ the ofl are removed by the coagulation-filtration process; with only traces of léss
than 0.5._ ppm remaining in the feed. The filtrate was fed_to an 8" commer’cial'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 coagulation—filtration pretreatment process is
adequate for oit removal at the above level and is not affectmg the membrane performanee :

The testmg procedure of the pretreatment ol‘ the oil contaminated seawater and 8"
membrane module has been established by this cooperative research work. ~Further testing
is recommended to confirm the above finding and to determine if the stability of the system
will be maintained after long term operation by using the testing method

As described above, we have almost achieved our purpose of the four research themes. _
However, it was impossible to confirm the stablhty or the deterioration’ of the system in
course of time which requires long run operations since the time was llmlted As the testmg _
equipments and technologies have been establlshed in SWCC we are expectmg the future '
progress in those field. R '

All the research themes in the project are the ‘most. up-to—date, and the researches have been
conducted from fundamentals to applications, systematically and in“a well-orgamzed '
manner with close cooperation:- between SWCC - and JICA, - Consequently, the obtained
results are to attract much attention in the world of desahnatlon technology In addltion, it
should be emphasized that this project was carried out from users vnewpoint, ‘that i is to

optimize the use of the existing plants, to estimate' manufacturer s pmposals and to solve =

environmental problems while most of the past researches were done from manufacturer s



©)

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

- success.
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