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

‘The:poliution of the Arabian Gulf by oil is getting worse every year. On the other hand, it
became well known that trihalomethanes will be formed by the reaction of the organic
substances and chlorine 'Therefdre, there.can be possibility of trihalomethanes and/or oil

contaminatlon in. product water of MSF plant when the feed seawater was polluted by
accidental oil spillage or by the on-going pollution, TR :

This research is to clarify the volatility mechanisms of those contaminants in MSF plant by
preliminary study and then construct the computer program for the simulation and
prediction of the behavior of the contaminants,

On the other hand, those contaminants were intentionally added to the MSF Test Plant feed
seawater and the behavior of those substances was studied. The test results were compared
with the computer predictions for the better understanding of the behavior of those
contaminants. The purpose of this. reseal'_éh is to propose the countermeasures for the
prevéhtioh of the product water from pollution with those contaminants. '
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6.1 Investigation and Preparative Ex'perimelnt

6.1.1  Introduction -

A survey for quality of seawater in the Arabian Gulf was initially planned to identify levels
of oil contents, hence contamination of feed to MSF desalination plants. . Since the levels of
oil contaminants were neglegible, it was not feasible to correlate oil carry over into product
‘water in actual operating plants at such low levels. - Therefore confirmation of the aécu'ra'cy_
of the computer simulation program was limited to the MSF test plant. data where oil was
injected into the brine stream. S | |
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6.1.2 Preparative Experiment (Vaporization Mechanism of Organic Contaminants)
1. Intrﬁ_duction

The Oil Carryover Test is the first step of this research and we, therefore, consider the result
of this test will establlsh the basis of this project.

There aré‘som:-repurté that are concerned with quantitative vaporization mechanisms of
some pollutants which contaminate water. - After due consideration we feel that it would be -
better to refer to the results of these studies in order to increase the effectiveness of our work.

.One useful'study-was carried out by Hakuta et. al. In that study, he conducted evaporation
“experiments on hydrocarbon-water mixed conditions, by using a laboratory scale evaporator

wherein they defined the relationship between the amount: of vaporized hydrocarbons and
that of vapoi'iz_ed"water. In this study, some volatile hydrocarbons such as n-octane,
benzene and cyclohexane were used and it was found that the equation for steam distillation

was-applicable to those cases where hydrocarbons did not dissolve in water. -

2 Eipeﬁiﬁental :

2.1 Equipment

Fig. 1 shows the experimgntal evaporator used in this study. This was composed of a rotary
evaporator including a condenser, a water bath, an impinger, a vacuum pump, a manometer,
a controlled water circulator and tubing_ (Shibata'Sci_entiﬁc Instruments, Japan).

2.2 Experimental Method -
In the expériments done to obtain the vaporization rates, only the remaining contaminants

were quantified. The amount of vaporized contaminants was obtained by subtracting the
weight of the remaining from the weight of the initial contaminants. - '

The general evapdraﬁon conditions applied in this study were as follows: The preheating

time ‘was 10 minutes. The evaporation conditions were 90 Cand 420mmHg. The
evaporation times were from 0 to 60 min...



©

3. Results -

31 Mate'rial Balance Experiment

In order to comprehend any experimental errnrs in the evaporatlon procedures, a material

balance experiment was first carried out.

"Total recoveries were between 90 to'112 % of the initial and therefore it was ascertained that
there were no considerable losses of vaporized matenals durmg the evaporatmn process. 0

3.2 n-Octadecane Carryover Test :

This was conducted in order to clarify. the equation to be applied to heavy oil c’omponents.

barely dissolved in water. n-Octadecane is one of the major-'components-in Fuel Oil Type
I'IA“_. . . . . . B

It was ascertained that water vaporizes at a constant rate. Fig. 2 shows the relationship .

between the amount of vaporized water (Ww) and that of vaporized n-octadecane (Wo). In
this case, a proportional relationship between them has been obtained and therefore the
equation for steam distillation is considered applicable. '

From this date, R (Wo/Ww) and the vapor pressure of n-octadecane were obtamed as
1.1x107 and 4. 2x10'2(rang), respectively T

3.3 Bromoform Carryover Test -

In order to apply the equation for steam distillation to soluble contaminants, we developed a
modified method. The demonstrations of this method were attempted in 2 "Bromoform
Carryover Test” and a follow—up "Toluene Carryover Test“

Bromoform is a kind of trihalomethane and is known to be often detectable'in seawater.and
especlally in chrolinated seawater of desalmatlon plants at hlgh concentrations This is a
hlghly soluble orgamc : R

The evaporation expenments on the bromoform contammated brine at about. 0 4ppm ‘were
carried out by varying the vacuum time.
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The relationship between the vacuum. times and the amounts of vapomed bromoform(Wo) is
presented in Fig 3. L : '

R'is obtained as 0.11 (L/min.) from the slope of the graph in Fig. 4 which 'repreoents the

relationship between the time and In(Co) By using these va!ues, Henrys constant for

bromoform at 90°C  is calculated as 3 J7x107* (mol./L*mmHg). -

3.4 Toluene Carryover Test

Toluene is contained in crude oil as a major component and is soluble in water at a
concentration of less than 500ppm. - Therefore, in the case of oil splllage, it dissolves in
seawater and may be sucked in by intakes of desalination plants.

In our experiments  toluene - concentration in: the brine: was: approximately 2ppm where

toluene was completely in solution in-the brine, -The data obtained were analyzed by the
same method as that appl_ied in 'Bromoform Carryover Test' and the results are shown in
Fig. 5. -

R' for totuene is: obtained as 0.62. ‘Thus, following the data analysis ‘method, Henry's

constant for toluene is calculated as 2.1x10*(mol./L*mmHg), that is a value 15 times lower
than that of bromoform. This means that toluene is more volatile than bromoform.

3.5 Fuel Oil Type "A" Carryover Test

The.  experiments :described above - are concerned with various ‘single contaminants.
However, in 'considering«an' actual o_il.spillage', we recognize that the vaporization mechanism

ofa complex contaminant must be understood. - In such a case, it is only natural to conclude
that some modifications: of ‘methods: are necesSary in order to apply the.rule established in
the p’re'vi_ous' sec'ti_on‘s' to the vaporization of a complex contaminant.- Here, Fuel Oil Type
"A" was used for this purpose. S

Thc Fuel 01l Type "A" carryover test. was carried out in the same manner as in the n-

' octadecanc carryover test to measure the vaporlzed n—octadecane in Fuel Oil Typc "A",

It was ascerwlned that the equatlon for steam dlstlllatmn is applicable in this case, even if n~

octadecane is one component of the complex contammants
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The  proportional constant in the equation for steam distillation, R (Wo/Ww), for n-

octadecane as a component of Fuel Qil Type "'A" ean be seen in Fig. 6. In this case, R is '

obtained as 2,7x107%, although R for octadecane is 1.1x10% in the case where octadecane is
the single contaminant. . : o o R

3.6 Bromoform-Fuel Oil Type "A" Mixture Carryover Test -

When seawater is polluted by oily components it is known that many trihalomethane are

generated. Therefore, we must consider cases of complex. poliution of seawater with only
eumponents -and ' trihalomethane. ' The purpose of 'Bromofortn-Fuel -Qil A Mixture
Carryover Test'. is to clanfy ‘the effect of contaminated . Fuel -Oil Type "A" -on the
vaporizatlon of bromoform in solution. BES

Fuel oil A was added at concentrations “of approximately 20ppm - and 200ppm and: the
vaponzatlon of bromoform was carried out. under the same condltlons as the 'Bromoform
Carryover Test' ' ' ‘ - '

It was found that the remaining bromoform was almost equal to that of the single
contaminant, even in -the case where 200ppm of. Fuel Oil Type A" was ‘added. ‘These
results demonstrate that Fuel Oil Type "A" did not eonsiderably affect the- vaporlzatmn nf
bromoform. S Lo e o PR L . T

4. Discussion

In this study, we carried out the evaporation experiments with the experimental batch

evaporator on the brine in which some organic substances had been dissolved. As a result,
it was shown that the vaporization of the insoluble contaminant, i.e. n-octadecane followed
the equation for steam distillation. By using this equation, the amount of the vaporizeﬂ
contaminant can be obtained if the temperature and the amount of vaponzed water are
known. The temperature is necessary in order to obtain the vapor- pressures Cons

In general, the vapor pressure is calcnlated by nsing Antoine's-eql’lation. ' HoW"ever, this
equation can usually be applied only to a certam range of. temperature, for example the
range of the temperature for the vapor pressure of n-octadecane is from 173°C to. 316°C.
This time, in order to obtain the vapor pressure of n—paraffin, we applled the data obtained

from Antoine's equation to Clapeyron-Clausius's equation. - Clapeyrnn-Claus_ius 5 equatgon _
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Jis described below; -
InP=--- 4const. - (Clapeyron-Clausius's equation) .

where P is the vapor pressure, T is the temperature R is the gas constant and H is the
enthalpy R :

From this _metho"d, fhe vapor pressure of n—octadecane at 90°C was calculated as 6x10™ 2
(mmHg) which coincides well with the above value.

It was found that the vaporization rates of insoluble contaminants are constant -
and independent of the amount in the brine. It is considered that insoluble contaminants
vaporize at constant rates till all of them disappear. -~ In this : case, the 'amount
-of the vaporized contaminant (Wo) is in pl'Ole‘llOll to time m the same way as the amount
of vaporized water (Ww).

However, soluble contaminants .'vaporize in a different man_ner. With respect to the
vaporization of solute, Henry's law is well known.: We established the data analysis method
based on this equation, R ' '

The vaporization of s_olute_follo_ws the exponential function. Therefore, the vaporization
rate depends on the eonee_ntration in the brine and they never disappear compietely from the
brine. - " This result shows that the data analysis method is the proper method
for solubilized contaminants. By using this method, if we obtain the concentration of the
' cdnl;a_minatit, the 'temperat'u_re of the evaporatoer and the vaporization rate of water (Vw), the
Va'porization rate of conl:aminaot" (Vo) can be calculated. . However, Henry's constants for

many organic substances - have ot been obtained, - especially for - trihalomethanes,
' Therefore, it is necessary to measure I-lenry s constants for some trihalometanes.

In this ‘case, we applied the. following equatlon instead of the equatmn for steam dlStl“atl{)n,
because ‘Wa could not be’ obtamed by multlplymg Vo: by time. .

“V& o Mo’Co/Ho

Vw Mw*Pw
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The vaporization of a complex contaminant was also studied in order to compare ‘the
vaporization rate of a component of a complex contaminant and the rate where the
component existed singly. In the case of n-octadecane in Fuel oil Type "A", the
vaporization rate was considerably affected and reduced by 40times, compared with the
result of pure n-octadecane carryover test. |

It is considered that n-octadecane is one component of the solution, i.e.. Fuel Oil Type
"A"and a modified Raoult's law that is described below, is applicable to define the
vaporization: - : g CIRERO Lo .

pi = xi*Poi° 7 i

where - RS R :
plo: the partial pressure of 'i' component,

xi- .z the mole fraction of i’ component

Poi : the vapor pressure of the pure 'i’ component
7i : the activity coefficient of 'i' component

From this equation and the mod:ﬁed equatlon for steam distlllation, the following equatlon is
obtained that defines the vaporlzatlon of a complex contaminant.

Voi Moi*Poi*xi*® 7i

Yw. . Mw‘Pw--'

The mole fraction of n-octadecane is calculated as approximately 0.02 from the data of gas
chromatography. Therefore, when the activity coefficient is supposed to be 1, R ('_Wo/W;w)
for n-octadecane in Fuel Oil Type "A" is obtained s 2.1x10™%. This coincides well with
the value obtained from the experiment that is 2.7x10"° and if we take a more accurate
value of the activity coefficient into consideration, the agreement will be better. .= .. ... -

On the other hand, a considerable effect of Fuel Oil Type "A" on'-the_ vaporization of
bromoform was not observed. Therefore, in the case of an actual oil spillage, it is also

thought that the vaporization of solublllzed contaminants IS not affected greatly by - -

the spilled oil.

As described above, we carried out 'Oil Carryover Test' and defined the basic ‘rules of the
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vaporizétion mechanism of some contaminants in the brine. However, taking the actual
MSF plants into consideration, we realized - the necessity of further studies on the
condensation. mechanism of vaporized materials in order to anticipate the quality of the

product water,

5. Conclusion

1. ‘We demonstrated that the equation for steam distillation (1) was applicable to the

3.

evéporation of high molecular weight hydrocarbons such as n-octadecane which is
barely soluble in the brine. |

-Wo Mo*Po

Ww Mw'Pw

Following this equation, if we know Ww, which is the amount of vaporized water, the
amount of vaparized contaminant (Wo) can be obtained.

We studied the vaporization of bromoform and toluene, and developed a modified

- equation- that could apply to the vaporization of not only insoluble contaminants
(heterogeneous system) but also soluble contaminants (homogeneous system);

Yo Mo*Co/Ho _
= srasenens {2)

Yw Mw*Pw

where V is the vaporization rate.

We studied the vaporization of complex contaminants by using Fuel Qil Type "A".
In this study, the vaporization rate of n-octadecane was reduced by approximately 40

~ times, compared with that of the single system, and then it was considered that

Raoult’s law could be 'applied to this case and the following equation (3) was
proposed: ' ' ' '

VYoi - Moi*Poi*xi* 7i .
. : seesranis (3)

- Vw. | Mw*Pw

In this study, it was concluded that this equation can be used as the basis to carry out
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computer simulation studies. -

4.  We examined influences of contaminated Fuel Oil Type"A" on the vaporization rate
of bromoform. In our experiments, the influence was negligible.. RSO T

“10.
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6.2 Measurement of Vapor-Liquid Equilibria
1. Introduction

To have an understanding of the carry over process a computer program for the ‘quantitative
estlmatlon of the vaporized contaminants in brine was developed, based on the data obtained
from- the vaporization mechanlsm ‘of organic’ contaminants using a typlcal fuel and
bromoform as pollutants in the prellmmary expenments.

During the reported period a study was conducted to determine Henry's Constant using a
vapor-liquid equnlibrium ‘apparatus.  Results of the experiment with this apparatus was
expected to improve the rellablllty of the above mentloned computer program

The results of the experiment with bromoform selectéd as a typical organic contaminant to-
provide a homogeneous system' and using the vapor-liquid equilibrium app'arat_us, are
described here. The data is expected to be used, in general, for other organic contaminants.

2. Experiments

- To determine 'Henry's constant by calculation from experimental data on equilibrium
concentration, a vapor—liguid equilibrium apparatus (model R-W) was used and is shown in
Fig. 7. The vapor liquid equilibrium apparatus essentially consists of three parts (A)
Vapor/Liquid Equilibrium system (B) Operation éoritrol panel (C) Vacuum/Exhaust systém.

2,1 Calculation of Henry's Constant using the Obtained Data

Under a set of selected equilibrium conditions, this _appératus can provide concentrations of
bromoform in two phases: i.e,, 8} gas phase (condensate)(2) liquid phase. The calculation
“of Henry's constant is as follows: '

(a) Definition of Henry's Constant
Cp =H"Py o

- where _
*€g '+ Bromoform concentration in the liquid phase (mol/L) -
Py ‘l:lﬁrt‘ial ‘pressure of liromoforﬁi in the gas phase (I_’ﬁ) :

15
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Henry's constant is defined as H (moY/L*Pa) in't_he above equatiqn.; R

(b)

iv.

2.2 Experimental Conditions

Calculation of Henry's Constant .
Let the concentration in the liquid phase be Cg..

. Calculate the mole fraction of bromoform in the gas phase, Yp - with the bromoform 3

'concentratmn of the condensed phase. . .

~ The partial pressure of bromoform in the gas phase, Pg is glven by the l‘ollowmg

equation.
Yg = PB/ﬂ

__Where m is. the total pressure (- saturation pressure of water at the .given
temperature, the mole. fractlon of water is approximately 1) . - -
" Henry's constant is obtamed by the following equatlon

 H=Cy/Py

For water, Y, =,P.;/fr;,_ .yw= 1, _the!_l Pw_‘—? ;r_= Po

When Pb is the vapnr pressure of pure water.

Following experimental conditions were us_ed to.obtain Henry's:eonstant.

Seawater, (concentration Factor, C.F =1.0)

(a)

(b) Brine, (Concentration Factor, C.F, =1.4)

(t) Temperature —— 40C, 65°C, 90T -

(d) Bromoform concentration —- 10 and 100 ppm-
3 Results

Temperature and pressure at which experiments were carrled out are given in Table |
Calculated Henry's constants are also given in Table 1.

4. Discussion

One can see from Table 1 that Henry's constaut (H) is temperature and p'res'sure dependent. . :
Plot of log H as function of temperature (°C) was found to be Imear (Fig 2) Relation B

16
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betﬁeen Henry's constant and tempemtﬁre (TC) can be 'mathemafically expressed as
- log H=1.0511 ~0.0245(%) | -
Wilere intercept = 1.0511 and slope =¥lj_.0245.
5. 'C.onclusions E o B |
Foll:ogfing-are the concluéiops of thé 4ex:pé_i'.imen'tal resilts obtaihefl with brbinoform:
W Henfy's cbnst{::m_t-(l..l) '_'i.s:t?m'pera?l.lre (T) dependenf.

(ii) Z:Hénry‘s‘ cOns;taljt is in}lependént of brbmofo_rm‘ concentrations in the tested range
" of éoncentration." S o o

o (ii_i) Mathematical relafionship of H_-and--T can be expressed as
~log H=1.0511 - 0.0245 (T) '

_ (iv) Seawater dissolf'éd saits conten_ts'_do not have any effects on Henry's constant values
~ between CF=1.0 and 1.4.

: 1_7._;_ :
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Table1 - Calculated Henry's Constant of various conditions

Concentration Bromofora Henry's
Temperature |Pressure : : ) i
S fo Run . Factor Concentration Constant
" Vo : - - : .
1 % nnHg ~ | . Pea wol/L-mmHg
1| 9 {35 | 308 43 1 1.92 1.85
2| 1t |40 313 55 1 102 1.06
3 5 |44 317 10 1 182 0.86
4] 8 |45 318 70 1 ' 9. 62 0.92
s | 10 |46 | 319 | T2 1 103 0,96
§ § |52 | 325 97 o 10. 46 1. 10
11 1 0sa8] 3218 es 1 | 9. 65 0. 56
s |13 ez | oass | 11 ] S 105. 2 0.19
9 | 12 {80 | 353 355 1 108 0.16
10| 14 st | s34 | 149 1.4 7.432 0. 43
11 | 15 | &6 33¢ 187 1.4 1. 437 0.24

19
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6.3 Simulation and Prediction of Contamination
6.3.1 Relational Expression
1. Introduction

The purpose of the MSF-2 is to estimate the guality of the product water in case when the. .
oil contaminated seawater has been fed into the MSF Plant. It has been done through the
analysis of the evaporation phenomena of the volatile organic contaminants in the feed
seawater. . a . T

The foi‘mula used for the computer simulation of the evaporation of the organic
contammants in brine are described in this section, based on the evaporatmn mechanisms
shown in 6.1 and 6.2. The items of the flow charts are glven here

'2. Preconditinn for the cnmputer pr_ogrém

‘The precondition for the computer program should be that the program can be run by the
computer owned by SWCC. To satisfy thiS precnndition, _the‘ followings are taken into
accoﬁht. ' | o o :
* HARD WARE : PC type IBM Cumpatlble, 386/486 based machines operatmg under

B DOS/Wmdows
. S(_)FT WARE : FORTRAN Language

* HD Space : less than 200MB

21
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-3. Structure of the Program

STEAM TABLE _ '
~4 - ENTHALPY T t

- VAPOR PRESS. o
e HETEROGENEOUS
[~] ONCE THROUGH o

HOMOGENEOUS

VP of N-PARAFFIN

— " | [ 'HEAT/MASS "~ o} |r— =" ~HETEROGENEOUS:
MAIN : BALANCE OF EACH DEAERATOR w{: o
— STAGE & DEA. HOMOGENEOUS =~

1} SPECIFIC HEAT | | ————=— [HETEROGENEOUS
e Y~ RECIRCULATION - —{:,--- e
- - LomoGENEOUS

DENSITY

| BOILING P.RISING.

L ELECTRIC GOND. - o 1

AAviAam LY AnnADRARMI AN

A b ‘ noynYyndr nnannnomInn
*-‘i HENKY » CUNDIANI I o cPHESIVAL PRUFBKIIEDS
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4. How to Set Up Symbols for the Formulas -

4.1 Fundamental rule for setting up the above mentioned symbols. . .

I |0 ([ (IvV.
- L. . F: Flow rate of brine, water & contaminants . - (kg/h) -
~ C:Concentration of the constituents ' kgM)
. TTemperature--ﬂ- LR e (©
. P:Pressure . . SRR o (P
-'S:Ele'ctric-conductivity' L (S/cm)

X:Mole fraction
- II - B:Seawater, brine
W:Water
O:Aliphatic hydrocarbonic & homogenious contaminants
II  E:Vapor 'generated by evaporation & distillat_iun
L:Liquid (Water, seawater, brine)
M:Liquid (Contaminants to be dosed)

% : B S:Solid that phase change do not accures by heating, etc.
' IV 'M_ :Make-up : D:Inlet of deaerator
T:Outlet of Last stage G:Outlet of deaerator
C:Recirculation brine 1:#1 stage | 4:#4 stage
B:Blow brine o - 2:#2 stage 5:#5 stage
O:Outlet of brine heater  3:#3 stage 6:#6 stage

4.2 PhySical properties, etc, (The symbols are not treated the same as a fundamental rule).

D : Dénsity _ ' (kg/D

" H : Henry's constant {mol/(1*Pa)}
ENT : Enthalpy (kJ/kg)

CP : Specific heat . {kJ/(kg*C)}

MW, MO : Molecular weight of water & contaminants

EC : Electric conductivity of the brine at 25°C | (S/cm)
ONTD : Overall NETD | - ©
NTD : NETD based on the eqmpment structure | . (©)
BPR : Boiling point rising ' ©

N ' Number uf carbons of paraff' in (Aliphatlc hydrocarbon)
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43 Symbols which are Added on the Top or the End of Four Figi;lres_ e

'A" added on the top

'B'.added on the top
'NE' added on the top

'BB' added on the top

'"1-++9, a**'2' added on theend :

The assumed value & the value obtained by the
convergence calculation :

: The final results obtained by assuming the A
: The value of #6 stage obtained by calculation
" based on the once through type .

The final results obtained by the 'NE'
Number of carbons in paraffin, where,
‘a***2' indicate the number of carbons 10-+:35
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4.4 Flow of MSF Test Plant and Symbols of 11, 1L, IV Groups

o

ONCE THROWGK TYPE | . . . . . . BLD—~—
_ SR . BLM=BLG —f]
: T 1 T .- i ]

— - |- HEAT TRANSFER TUBE edoea
- | B u e
HEATER WL1 | WLz | WL3 | WL4 | WLS | WLG - WLT

- | WEL' | WEZ |WEs | wed |wEs |wes |

- pLi | BL? | BL3 |BL4 |BLS |BLG [—— BLT = BLB
BLO e |
t
OMO
RECIRCULATION TYPE -
' o ] -

- - ——-| HEAT TRANSFER TUBE  j— | H/T TUBE f———e
BRINE -

HEATER. WLl | WLz | WL3 | WL4 . || o WLS | WLE | W¥LT . .

-+ | | WEL.|WEZ | WE3 |WE4 WES | WES

- BL1 | BL2 | BL3 |BL4 [} -]BLS |BLSE
BLO — — et
ot - o BLCY . LBLT :
OM0 - BLD— | DEA. - e ——————— " BLB

BLG CBLM

HEAT RECOVERY SECTION  HEAT REJECTION SECTION

(FUNDAMENTAL MASS BALANCE OF MSF PROCESSES)

: FBLM = FBLB + FWLT + @&
(FBLM) (CBLH) = (FBLB) (CBLB)}
FBLB = FBLM(CBLM/CBLB) = FBLM - FWLT

Where, @ indicates the amount of non-condensible gasses
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5. Flow Chart

The flow chart of the program is constructed by two major substructures.

(l)Mass and Heat Balance and (Z)Carry-over of Contarnmants._
Each substructire consists of suburdlnate structures as follows.

* Heat & Mass Balance 1) Once—through/remrculatmn type
_ ~ 2) Deaerator
| . Carryover Estlmatlon of Contaminants
1) Once-through Type
~ 2) Recirculation Type
3) Deaerator . '

6. The Form'ulas _adnpted for Calculation/Es_timatidn

They are

The formulas adopted for "HeatJMass Balance Calculatlon " and " Carryover Estlmatlon "

are as follows.

1) Hetemgeneous,'Once Through Type
2) Homogeneous, Once Through ’I‘ype |
3) Heterogeneous, Recirculation Type '
4) Homogeneous, Recirculation Type
5) Deaerator ~ A. Heterogeneoﬁs
B. Homogeneous - s
C. Heat/Mass Balgnl:e._ o
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.6.3.2 Simulation for Behavior of 0il Cuhtaminants i
. 1. Introduction

The basic structure and the formulas used in each block has been reported in the previous
section. ' o

This section reports inain and subroutine program structure, variables, physical properties
and chemical constants, |

2. Structure of the program -

The program is made up primarily of 5 parts as shown below:
* Input processing
* Deaerator calculation
* Heat and mass balance calculation

* Carryover calculation
* Output processing

Each part is made up of a number of subordinate subroutines.
3. Variables
Variables are made up primarily of 6 groups:

* Heat and mass balance calculation
* Designate calculation options
- * Carryover calculation
* Store log data
* Iteration in heat and mass balance calculation
. Deaerator calculation
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4. Physical Properties and Chemical Constants .- - .77 oo e oo e
Physical properties and chemical constants used in the program:

* Function of temperature =~~~ - = - 1. Henry's constant

Saturated steam pressure,
Latent heat of vaporization

* Function of TDC concentration - 3. Electric conductivity
' Boiling point elevation of brine
* Function of TDC conc. and temp. ¢ Specific heat of brine

Brine density- -
* Function of temp. and carbon—number-dependent 3 constants
: - Saturated n-paraffin pressure
» Function of molecular weight - ¢ Carryover constant
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6.4 Test with the MSF Test Plant
64.1 Modification of the MSF Test Plant.

1. .inti'oduction .

The purpose of the test with the MSF test plant is to evaluate the carryover of contaminants
in product watér and compare the results to those obtained from the computer program.
Consequently, the modification of the MSF test plant was introduced to add samphng
facilities to the MSF test plant, x - ' DI

2.. Installation
The installétiun works were as follows.
(1 Installatmn of the pumps for the samplmg of bnne

To sample brine at each stage from No. one to five, five pumps were installed at the
loop seal pipe. The piping work was carried out accordingly. . '

(2) Installation of pumps for the samplmg of product water
 Te sample product water at each stage from No. one to six, five pumps were installed
at the loop seal pipe, and one pump was installed at the drain pipe of product water
and then the piping work was _cérried out accordingly.

(3} Installation of the pump for vil injection , ‘ B
. To inject oil into the brine, the punip for oil injection was installed at the pipe after
- the brine heater and then piping work was carried out.

(4) InstaMation of the oil sepai'ator and the pump for oilcontaminated seawater transfer
A FRP tank was installed because it-was decided that the separated oil -from the oil-
.~ contaminated seawater should be stored in the oil tank.

(5) Electrical and inétmmental installations.

To measure temperat:;ure‘of, vapor: at_'each stage from No. ohe to six and of brine at
each inlet of stage from No. one to five, RTDs were installed at each optimum point.
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And each sensor was connected with recorder in the center control panel. -

The start and stop control of the sampling pumps for the brine and the product water
are manipulated at the center control panel. The start and stop. control of the
transfer pump for the oil contaminated seawater manipulated at the satellite control
panel. | '

3.. Confirmation of Actuation

Confirmation of each actuation were as follows.

4y

@

&)

- After cont' rmation of the dlrecmm of mtation, the pump was cali brated

“)

1)

2)

3

0

Brine sampling pumps _
After flushing the pipe, the direction of rotation of the pumps were checked.

Product water sampling pump :
After flushing the pipes, the direction of rotation of the pumps were checked.

oil anectlon pump

Qil separator ‘ : . o _

The dlrectmn of rotation of the transfer pump for the oil contammated seawater was
checked. -
The interlock between the oil contammated seawater transfer pump and the level
meter was checked. ' o : f S

The interlock between the valve for oil discharge at the oﬂ separator and the level
meter was checked. : : ; = S o

‘Fixation of numbers between the recorder and sensors

The range of temperature at the recorder- was fixed from 0 to 150°C. The recurd
numbers of each sensor which is consists of aresistance- thermometer bulb are as
follows.

vapor temperature - : ~ CH-1, CH-2, CH-3, CH-4, CH-5, CH-6 .'
“brine temperature ~ : - CH-11, CH-12, CH-13, CH-14, CH-1§"
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(6) Air test . . . L
The air test was carried out and the air tightness was conﬁrmed at a pressure of 0 75

kg/em?*G

4. .Others -

Matters to be att_énded,u_nder. o]ieratio_n are as follows,

(1) Brine sampling pumps _
Because these pumps are not for normal continuous operation, one person should wait
at.that place to open the outlet valve as soon as the pump starts.

(2) Oil separator o _
When the blow down water is fed into the oil separator during the carryover testmg,
the manual valve should be closed slowly
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6.4.2 Mixture of Bromoform and Product Water
1. Introduction

Based on the vaporization mechanisms of the organic contaminants obtained by 6.1 and 6.2,
the flow chart and the formula used in the computer program for the prediction of the
volatile contammants from brine have been introduced and the structuré of the pmgrarn has
been reported in 6.3. :

In order to pred:ct the ‘behavior of bromoform in MSF plant, bromoform has been
intentionally dosed in the MSF test plant and its behavior has been investigated. The
experimental results obtained from the MSF test plant has been compared w:th the

computer calculation. '

2. Test Plan
The bromoform carryover test by the MSF Test Plant has been conducted as RUN 6, and the
test conditions are shown in Table 6 in 5.3.3.

There was vajmrization of bromoform at the deaerator. To certify the phenomena, RUN 6
was divided to two parts, RUN 6-1 and 6-2. The bromoform has been injected at the outlet :
of the brine heater for RUN 6-1 and at the inlet of the deaerator for RUN 6-2.. The
operation conditions of RUN 6-1 of the MSF Test Plant was identical to that of RUN 5-2
since the both runs were carried out simultaneously.

The test conditions are shown in Table 2 together with the oil carryover _tést conditions.
The amount of oil injected in RUN 6-1 was 0. Smg/I,, however, that of RUN 6-2 has been
~ increased to 2,75 mg/L, which is five times more than RUN 6- 1, taking the vaporlzatlon of _
bromoform in the deaerator into account.
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Table2 Test Conditions of MSF--2

RUN ¥O. - | 6-1 | 6-2 | 71 9
IQOperatidn_Mode _ Recir. | Recir. | Once Once
2.5cale Control Method = : Hybrid | Chemi. | Chemi. } Chemi.
3. Top Brine Temperature c 112 112 - 112 112

4.Flow Rate

-Make up Seawater O mt/a | .45 Z.Sﬂ:"s.iG: ':6.40
-Recirculation Brine w®/h| 6.50 | 6.50 [5.40 |6.40 '
-Product ¥ater ' n?/h | 0.81 | 0.86 J0.90 [0.90 . -

5.Chémical Constituents of Brine.

par2se | aoe 8.5 |8.24 824

-M-alkalinity as CaCo0s mg/L' séécd 130" 128 '128
. =Chloride fon ... . mg/L| 32,730 | 33,320 | 23,360 | 23, 360

~Concentration Factor mg/L | 1.39 | 1.40 .ot | 1.01

" 6.Dosing Rate of Chemicals

Scale Inhibitor(PPNGK)  me/L| 1 | 2 N
“Acid(38% H2$04)  mg/L} 12 |Nome | None | None
.—Trihalometnnne(CHBrg) mg/L | _0.5 2.15 None None "
4011(Lighx'biesei.011 £2) wg/L | None | None’ 10 2.6

7. Injection Point of Contaminants | After | Before | After | After

B.H Dea. | B.H B, H

I gy
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3. Discussions
3.1 Mass balat'lce'of bromoform

‘The mass balance of the bromoform has been calculated form the test results of RUN 6-1
and carryover test. _

The flow rate of the seawater, product water and blow brine are hs;fo_ll'l_')ws'.
> Make up seawater . : 2,450 kg/h |
* Product water .+ 780 kg/h
. B_low do_wn bt'ine o 2, 450 780 1,670 kg/h

The amount of bmmoform dosed in RUN 6-1 and 6-—2 are 0Smg/L and 27Smg/L,
respectively. - S

The average concentrations of bromoform measured during the experiments and used for
the calculation of the discharge rate are shown below. '

- RUN No. Initial Conc.  Product Water Conc.  Blow Down Brine Cdnc_.
6-1 0.5 mgL  0.0137mg/L  <0.0001 mg/L
6-2 2,75 mg/L ' 0.1538 mg/L. <0.0001 mg/L
RUN 6-1:

* Feed rate of bromoform

* Discharge rate from blow down brine : 1 670kg/h x 0. 0001mg/L x 0. 971,Ikg =0, 162mg/h
. Discharge rate from product water  : 780kg/h x 0. 0137mg/L x 0. 97Lfkg .-10.36mg/h

* Ejection rate out of the system T3 1,188 - (0.162 + 1036 ) =1,178mg/

* Pércent Ejection out of the system : (1,178/1,188) x 100 o =99.2%
RUN 6--2 _ _ . _

* Feed rate of bromoform : 2 450kg/h X 2. 75mg/kg o =6,535mg/h

* Discharge rate from blow down brine : 1 670kg/h x0 0001mg/L x 0.97L/kg =0.162mg/h
* Discharge rate from product water  : 780kg/h x 0.153mg/L x 0.97L/kg  =116.4mg/h
* Ejection rate out of the system : 6,535-(0.162+1164) - =6,419mgh

2,450kg/h x 0.5mg/L x 0.97L/kg  =1,188mg/h

T
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* Percent gj_egtion out of the system : (6,_419/6_,53_5) x 100 | =98.2%

it ha_'s.- been 'révéaled that most of _.thchbkromoform will be .ejected out of the_.system from the
cjector, ' T

3.2 Mass ba_lance of wat_er and bromoform _bésed on computer calculation

The results of the computer calculation based on the test cnnditions.‘of- 3.1 are:shown in
Table 3. | ' - e

The calculated value for the mass balance of bromoform of RUN 6-1 will be as follows.

.+ Feed rate of bromoform . - - - : 2,d50kg/h x 0.5mg/L x 0.97L/kg . =1,188mg/L

-+ Discharge rate from blow brine : . 1,670kg/h x 0.0895mg/L. x 0.97'L/kgr ~=145.0mg/h:
* Discharge rate from product water :  780kg/h x 1.321mg/L x 0.97L/kg =999.5 mg/h
+ Convergence calculation error - -.: 1,183 - (145.0+ 999.5) - - - =43.8mg/h -

The comparison of the measured and calculated values.are shown below,

Items ' Bromoform concentration | Amount of

Product Water Blow Down Brine = Product Water
Test Results RUN 6-1)  0.0137 mg/L 0.0001 mg/L 810 kg/h

Calculated Value - 1321 mg/LL 0.0895 mg/L. 779 kg/h

The calculated value of the product water is in good agreement with the measured value,
within. 96% accuracy, thus it can be said that the computer program can predict the
behavior of the product water in MSF test plant.

- However, the bromform concentration in the blow down brine became 0,0895mg/L. by the
~ calculation while that of measured value was below 0.0001mg/L.

In order to adjust thei_bromoform concentration of the blow down brine, the Henry's
constant has to be lowered to 1/3.4 of the measured value, as shown below.
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Item " Bromoform concentration " Arount of
Product Wa_ter : Blow Down Brine B Product Water.

Caiculation Value | | o
(Using Henry's 1.526 mg/L 0.74E-4 mg/L 779.5 kg/h
constant: 1/3.4) . . o ' :

On the other hand, the concentration of the preduct water remain far higher than the actual
value despite the change in Henry's constant. This is because the computer program
assumed that all the evaporated bromeform will condensate back into the product water.

Consequently, it can be assumed that the condensation rate of the bromoform is far less than
that of water. However, the difference in condensation rate -of water and bromoform
remain unknown. ‘ ' et : o

If the factors affecting the condensation rate of bromoform become clear; it will become easy

to predict the condensation rate, and will be helpful to reduce or prevent the bromoform in
product water by improving, for example, the vent system '
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Table3 Summary of computer output

CRUN 61 . COMM = 0.5 wg/L, Henry's Constant:log H = 0.24-0.024T

Stage . .| Dea. t 2 3 ¢ 5|8
C.-Produet Woo | .o | 2.2742 [ 1.9082 | 1.7311 ) 5. 5867 | 14481 | 1. 3213
Brine 0.1724.| 0.1488 [ 0. 1327 | 1. 1649 | 0.0977 | 0.0089

RUN 8-1- ‘COMM = 0.5 amg/L! REnrY'SZCOnstéht:'H' = H/3.4

Stage Dea. 1 2 1 4 § ]
Product - | 6.0418 | 36617 | 2.8005 | 2.2265 | 1.7685 | 1.5264
Brine | o.o0z1 |-0.0009 | 0.0005]0.0002]0.0001 | 0.00007

RUN 6-2 COMM = 2,75 mg/L, Henry's Constant:Log H = 0.24-0.024T

Stage Dea. 1 .2 3 4 5 6

Product ¥, 14,565 [ 12.081 [ 10.137 | 9.1960 | 8.4328}7.6928 |7.0202

Brine 2.6682 L 0. 91613 0. 7909 F 0.7050 | 0.5188]0C.5191 [ 0.4778

RUN §-2  COMM = 2.75 mg/L. Heary's Constant: H' = B/%.4

Stage | Deas | & 2 3 4 5 6

_ Frodugt W. | 49,522 |29.707 | 13.004 | 13,770 | 10.948 | 8.5956 | 7.5052

Brine ~ | 2.471¢ | 0.0103 | 0.0048 | 0.0027 | 0.0014 | 0.0005 | 0. 0008
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4. Conclusions

The computer calculation and the experiments by MSF Test Plant have been conducted to
clarify the behavior of bromoform, representmg the trihalomethane, in the MSF plant The -
results are as follows.

(1) The comiputer program can predict the amount of product water with sufficient
accuracy. '

(2) In order to predict the behavior of bromoform in MSF"plant, not only the equilibrium
analysis but also dynamics of the condensation -of bromoform has to be taken into
account. ' '

(3) The prevention of bromoform in  product water wotlld be accomplished by the

optlmizatlon of the design and power of the vent system including deaerator, which
could eject out the bromoform w:thout contammating the product water
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643 . Mlxture_.bf Crude Oi) Comb_dnent_s into Product Water
1. Introduction
Following the anelysis of bromoform in the previous section, oil was added to the MSF Test
Plant and the behavior of oil in the plant was analyzed in this section. The computer
prediction was compared with the experimental results. SRR B
2. TestPlan
The oil carry-over tests with the MSF Test Plant were conducted as RUN 7 and RUN ¢ at
two concentrations as shown in Table 6 of 5.3.3, In order to prevent oil contamination in
the deaerator and heat transfer tubes, the operation mode was turned from reclrculatlon to
once—through and oil was fed to the outlet of the brine heater.
3. Test Conditions
The oil dosing rate in the feed séawater was 10mg/L, for RUN 7 and 2.5mg/L for RUN 9.
4. Discussion
4.1 Material Balance from Experimental Data -

* The material balance was calculated from the experimental date of oil carry-over in RUN 7
and RUN 9. The flow rates of feed seawater and brine were as follows.

* Feed seawater ﬂ_ow' rate 6,400l(g/h

-* Product water f'lnw rate : 900kg/h

- . *Blowdownbrinerate . : 6400900 =5500kg/h

_ .The oil dosing réte 'Wé\s- 10 mg/L for RUN 7, and 2.5 mg/L for RUN 9. The values of the
second and latter experiments in’ each run were. adopted as reliable data. to estimate the
e_]ectron rate of oil out of the plant. -Thie mean values of oil concentration are as follows.
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RUN No. Feed Seawater ~  Product Water ~  ° Blow Down Brine ' -
7  10mg/L 184mgl. 0.93mg/L
9 . 2.5 mg/L 0.43 mg/L . Not Detected
~ + OilFeed Rate ¢ 6,400kg/h x 10mg/Lix 0.97L/kg .- = 62,080mg/h

~ * Discharge Rate by Blow Down Brine : 5,500kg/h x 0.93mg/L x 0.97L/kg = 4,961mg/h |
* Discharge Rate by Product Water  : 900kh/h x 18.4mg/L x 0.97L/kg = 16,063mg/h .

* Ejection Rate out of Plant : 62,080 - (4,961 + 16,063) = 41,056rng/h
. Percentijgction. S I () 8 056/62 080) x100 .. = 66.13 % . -
RUN9 - . AP : . A L
* Oil Feed Fate ' -1 6 400kg/h X 2.5mg/L X 0 97leg = 15,520mg/h :

* Discharge Rate by Blow Down Brine : Not Detected

* Discharge Rate by Product Water  : 900kg/h x 0.043mg/L x 0. 97L/kg -.23 92mg/h

* Ejection Rate out of Plant : 15,520 - (23.9+0) = 1,549.1mg/h
* Percent Ejection. - .. . 1 (1,546/15,520)x 100 - - . . =997 % .

As shown above, about 66% of the added ofl was ejected out of the MSF Plant via the ejector
in RUN 7 whose oil concentration was 10 mg/L. However, more than 99% of the oil was
ejected out in RUN 9 whose oil concentration was 2.5 mg/L, . -

4.2 Mataerial Balance from __Computer Calculation

The results of computer calculation based on the conditions glven in 4 1 are shown In :
Table 1 along with the experimental values for comparison : :

In the case of 10 mg/L oil dosing rate, the ofl concentration in brine was «expected to be
0.8042 mg/L by calculation, but 3.13 mg/L from the experiments, which means that the
calculated value was considerably lower or showed more volatile than the experimental one.
If the vapor pressures of hydrocarbons in oil are assumed to be 1/3 of the values'c'alcu'l_ated
by Antoine's equation, or one third of volatility is assumed, the'.calculalied_ value -of «il
concentration in product water is of the same magnitude as the e!k'perimental one (_see'the _
Table 4). The oil concentration in the blow down brine has the slrnllar trend. ' '
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Tabled - Compaﬁson between E_xperimental and Calculated Values
| (Ol Dosing Rate: 10 mg/L)

.__Experiment_al:-Values - . : BT - : oo g /L)

Stage Deaerator 1 2 3 4 5 6

" TProduct . o= 30.0 247 203 204 434 184
Water L o o . e el
Brine = 313 302 021 115 08 0.3

Calculated Values ~ ~ = . o (o

Stage  Deaerator 1 oz 3 4 5 8.

“Product e T 302.54 187.80 144.27 123.37 . 87.24 75.64
Water : .
“Brine . - 0.8042 0.0572 0.0 - 0.0 0.6 0.0
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5, Conclusion .

Compu_ter'calculation of oil concentration in the MSF Test Plant was conducted in order to
predict the behavior of oil, one of the pollutants in the Arabian Gulf when the feed seawater
is contaminated with oil. The following are the results. '

(1) The behavior of water can be predicted by the present computer program. . However,
the condensation rates of oil -Seg_r_ns consid_grably small than that of ‘water. This
: _'d'it_‘l‘e_l"encé of rate must be co_nsidei'_éd_ in computer calculation. B

(2) . The vapor pressures of hydl_'ocarbons used, must be reviewed again..
(3) Accuracy of expe_riments must be impl_'_m_re_d,- especially for 'lq.\'ir' c_oncentrﬁtidn_s of oil,

:(4) . The counterme’_as_htes against oil_c_o_ntéminatipn will be established aﬁéi’, the above
problems are solved. The countermeasures will be dependent on total concentrations
of oil and distribution of carbon number of hydrocarbons. We could define
"volatility index of oil" after computer predictions are conducted for various total and
distribution concentrations of hydrocarbons, and the similar principle will be
extended to other pollutants. | ' |
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6.5 Transfer of technology

Objectlve R
The technology transfer is aimed especlally for the. young researchers in SWCC for

-their improved understandings. on the carryover behavior of oil contammants in

R seawater fed into MSF plant by conducung cooperatlve research work between JICA
_ and SWCC. S : : '

)

Procedure of technulogy transfer

The oil contamination of seawater is becoming crucial problem for the Gulf countries.

The quantitative analysis of carryover behavior of oil contaminants to product water
when contaminated seawater had been fed into MSF plant was conducted. The basic
experiments of laboratory scale and bench scale test by MSF test plant had been.

~ conducted as cooperative research work. The results would be prepared to a full

.paper by applying the chemical engineering technology approach for the potential up

3
B

2)

of the research capability of young researchers.

Subjects for the cooperative research work.
1) Evaluation'technology of MSF plant oil contamination
(Preparative work)
2) Eva_luati'on_techno'lugy by Vapor/Liguid equilibrium apparatus
' (Simulation)
3) Evaluation technology by simulation and prediction
(Computer simulation)
4) Evaluation technology of contaminants carfyuwr by MSF test plant
' (Confirmation)

Results

Evaluation technology of MSF plant oil contamination (Preparative work)
The sophisticated data analysis procedure and water analysis method had been
established for the evaluation of the oil contaminants in MSF plant.

- The results was prepared to a full paper for publication.

Evaluation technology by Vapor/Liquid equilibrium apparatus
The vapor/liguid equilibrium apparatus had been instrumented and basic research
was conducted. The beiter understanding of mass balance of the phenomena was

- achieved and the operation m_anuh_l_of the apparatus has been accomplished.
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Evaluation technology by simulation and prediction -
The computer program for the simulation and prediction- of the behavior of oil -
contaminants in MSF plant had been established by applying those related formula. -
Evaluation technology of contaminants carryover by MSF test plant :

- The test with oil contaminants had been conducted by MSF test plant. - The obtained

test data had been analyzed and compared with: computer calculatlon. The effect of
various parameters had been studied. The. understanding of the seawater
contammatlon has been deepened through the eva!uatlon
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Study on Selection of RO Membr’ane for Hybﬁd System (RO-1) .
| 71 , "l.nv_est_igation a_nd Prep'arati_ve. Exper_iment 3

_In case of seawater desalmation by reverse oSmosis: (RO) process, membrane modules of high
salt- rejectlon are used and the. potable water which is produced by seawater RO usually has
a total dissolved solids. (TDS). content of 500 mg/L or Jess. In. general, since membrane
modules of high salt rejection tend to have low permeablllty, attempts to produce potable
water with low TDS levels result in low production and attempts to raise production result in
a product with a relatively high TDS level which is unsuitable for drinking.

On 'the other. hand, fres‘h water obtained by the evaporation'proc‘ess (MSF) of seawater is
r=extremely pure, with- a:salt content - which :is so low that it cannot be used for drinking
.w1thout adding hardness components Consequently, if fresh water from MSF is blended
with fresh water from low reJectlon RO, drinking water with a suitable salt content can be
obtained ‘economically. - This sort of - biendmg of MSF and RO waters' for maklng fresh
water from seawater is proposed as a Hybrld System (MSF-RO) '

The aims. of thls studj»r are to select RO membrane modules suitable for the Hybnd System
(MSF—RO), usmg the most. practical of the commercnally available membranes with suitable

salt_rejection and high permeablllty, and to_confirm its - feasibility for use in the hybrid
system, C '

..7_'.1._._1::_ ._Inve:s,t_,ig_ation. Dl_l,.Coml.nc:rcia] _RO,Modules for HybridSystem . -

A Coilecting Information andFvaluatlon o
1 ,Obje_ctivés. N
To build a-. Hybmd System(MSF/RO) thet can fuiiy tltllite the c.om‘bln.ed- edvantages of the
two- methods, it is necessary to select an RO membrane which is suitable for this purpose.

Such a membrane must have respectlvely good salt rejection, but high flux chamcterlstlcs
and is available as a standard pmduct in the market.



Q)

2. Investigatiun Methods -

Information on various off-the-shelf niembfane pi‘bduéts’ from J_a'pailes"e as well as overseas .

markets was examined through a survey of the related literature and a membrane
‘performance comparison based on publications obtained- from manufacturres of seawater
-desalination reverse osmosm ‘membranes’ such as NI’ITO-DENKO TOYOBO TORAY
DUPONT, FILMTEC 'FLUID SYSTEM anl:l HYDRANAUTICS

3. Results EE

4y

@

&)

@

From a literature survey on performance of seawater desalination reverse osmosis

. membranes (SWRO) from seven: manufacturers, Toyobo, Toray, Nitto Denko, Fluid -
. Systems, DuPont, Hydranautics and FitmTec, it was ‘found that most of the standard
‘RO membranes on-the: market are made to give high salt rejection,: . Obtammg, and

- testing low rejectlon, high flux membranes suitable for an__MSF/RO hybrid systems is

not available in the market. (Ready-made products would be required) =~ =

All of the SWRO membrane e'xaminéd had their specified féed salinitj levels in the
“range of 30,000 - 35,000 ‘PPM, and their performance ‘with seawater with' salmity

levels of 43,000- 46, 000 ppm, as in: the case of seawater off the Saudi Arabia cnast, is
not given.. Therefore, it is necessary to establlsh the physical, chemlcai and blological-
durability for the latter case thmugh actual tests.

By conducting performances tests on membrane products which areactually available, |
useful information can bhe obtained regardmg the manufactunng of SWRO
membranes suitable for a Hybrid System(MSF/RO) ' PR

Through this investigation, it was possible to collect large amou"nf of “useful
information and data regarding ways of utilizing SWRO membranes, and the future

diretion of the study
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7.1.1.B. . RO Module Plan Design Simulation for Hybrid System
1. Objectives -

To study comjiuter projection of a 10,000m*d SWRO plant to be uséd as part of hjbrid
_MSF‘—-RO plant which is part of joint SWRO desalination research under the Japan-Saudi
- Arabia desalination technical cooperation. Thls report dlscusses the result of a computer
simulation of the performance of a SWRO plant under different operatmg conditions and
also the. performance of as apphcable to splral wound RO membrane element.

2, . Results_i. . .. . .

(1) The report shows the result of a computer simulation of the performance for the RO
- plant operating under various operating parameters as well as the performance of
ayailable seawater desalination spiral RO elements.

2) From the RO plant simulation using seawater from the Arabian Gulf, Saudi Arabia,
under conditions of 35°C temperature, 40% recovery rate, 60kgf/em® operating
pressure and deéign fux rates from 0.28 to 0.23m’/md, the resuiting RO water TDS
obtained varies from 860 to 1100mg/L. Based on these dat a and setting an upper
limit of 1250mg/L for RO water quality, we see that a blend ratio of RO:MSF=1:1.5,
or MSF water blend ratio of 60% would be a generous upper limit. It will be
necessary to set actual ranges to.b_e applied in the future, based on specific restrictions
on blending operatibns and engineering considerations,

7.1.2 Performance Evaluation of Fouled Membrane
7.1.2.A. YVisit and Survey of SWCC Plants
1. Objective

For the purpose of analysis of contaminated RO membranes, SWCC/JICA team visited four
RO plants (Jeddah, UMM Luj, Duba and Hagl) to make an on-site survey, to see whether
or not some fouled membranes can be obtained from a SWCC SWRO plant and also to see
'whether or not a RO tests could be estabhshed at the SWRO plant, in order to be used for
o research at SWCC's R&D Center.



™

2. Results

@

(2)

@

On the whole, the operating records were faultleés, the availability was high and the

SDI of the pretreated seawater was a good_ alid _ranges betwéen’ 1to3. (S_ee' Table' 1)

AN of ‘the plants -indicated that they could provndc contammated and worn up

'membrancs and that on—snte testmg would be possible s

The team had friendly: techmcal dlscussions everywhere they went and ‘there were
keen interchanges of questions and answers. There were also questions and answers
at the lecture given by the JICA Team at the SWCC R&D center (Juball), which’ was
well—attended
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7.12.B. Fouled Membrane Analysis of Umm Lujj s_wk_o_' Plant .

1. Objectives

To analyze the ﬂat sheet membrane sample taken from Umm Lujj seawater desalmatlon
plant usmg SEM, EDX and Fi‘—IR analytlcal :methods before and aﬁer chemical eleamng_

test.

2. Results

(1) The original fouled membrane showed very !ow re_]ectlon and very hlgh ﬂux which

@)

3

@

indicate substantial membrane fouling and detenoratlon.

Through the surface analysis of the fouled membrane, various orgamc and inorganic
foulants were mdicated Among them, marine mleroorganism and lron ‘compounds
were domlnant. Quantlty of the foulants was very sngnlﬁcant

In the chemlcal cleamng test, oxallc acid is able to lmprove membrane performance to
an extent. From the SEM, EDX and FT-IR analysis of the cleaned membrane, it is
confirmed that ' oxalic aeld eﬂ‘eetlveiy removed iron compounds However, Si
compounds and some biological foulants were not cleaned well, since they were still
detected on the surface of the oxalic acid cleaned«-membrane Aithough performance
of the original virgin membrane was unknown it scems to be in:tpossible to fully
recover the original performance due to the deterioratlon of the membrane as
indicated by the very high flux of the cleaned membrane. Therefore, in order to
derive further effect from the chemical cleaning, it is r_eeommend_ed to combine oxalic
acid with NaOH which is able to remove Si compounds end also biological foulants,

More importantiy, since the fouling of the membrane was very Signiﬁeant,' it will not
be enough to consider the technique of chemical cleaning. To avoid foulmg itself .
rather than eonduetmg frequent ehemleal cleanmg, it is suggested to review the
pretreatment system. Iron fouling is often assoclated with the problems in
coagulation and/or media filtration process in the pretreatment system, while
biological fouling is usually eaused by inei‘l‘ectiveness of the disinfection system.
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7.1.2.C. Fouled Membrane Analysis of Duba and Jeddah SWRO Plant
L. Objectives = . -

~ The present study aims at identifying the foulants on. the fouled membrane surfaces and also
the causes of membranes deterioration. Various techriiques such as scanning electron
microscope (SEM) and ion chromatography were used to analyze membranes with ‘poor
_ performance and the foulants on the membranes. Also the effectiveness of various chemical
Lcleanmg agents whlch can be used for the performance restoration of the fouled membranes
was evaluated.. The report describes - the autopsy and analysis of a hollow fine fiber
membrane obtained: from Jeddah SWRO: plant and a bracklsh water splral wound
membrane obtained from Duba second stage SWRO plant . S

2. _Expe_rim_ent_al Methojd .
2.1 Equipment . -

Scanoing electron microecope (SEM) and energy dispersive X—_ray s'pelctroscope (EDX) were
used: for;'foul_ant_s' analysis; - Quantitative analysis of the inorganic foulants was done using
atomic absorption spectroscope (AAS) and ion chromatograph.

22 M'ate'rlalf..

Autopsy was performed on the hollow fine fiber Toyobo HM 10155 membrane element from
" module No. 91 of Train E of Jeddah SWCC, SWRO plant which was in operation for about 5
years and a spiral wound element which ‘was obtained from Duba plant. The latter
membrane was removed long time ago and was not preserved for proper autopsy and
analysis. '

Sodiumhexa’metaphosphate (SHMP).(l % wt), oxalic acid (0.2% wt, pH = ' 4), hydrochloric
acid (pH = 4), citric acid (2% wt, pH = 4) and ethylenediam|netetra—acetic acid disodium
salt (EDTA) (1 5%) were used in the membrane cleamng.

2.3 Expenmental Procedure
The spiral wound element was analyzed for the foulants using SEM and EDX. The hollow
ﬂne ﬁber element was cut open and physically exammed Samples of fibers of length 50cm



were cut from the innier (closer to the feed tube), the middle and the outer purtion and it was
preserved in 0.5% formalin in a plastic bag. A portion of heavily fouled membrane was
cleaned by immersing it for 24 hours in one of the above mentioned cleaning agents prior to
SEM and EDX ' analysis along with the uncleaned membranes AAS and ion
chmmatograph analysns were conducted on samples dissolved ln water, or oxallc acid or HCI

EDX .-r_evea_ls that it contains mainly Fe, Cr, and O which are produced as a result of -
‘corrosion. of stainles steel part and also’ due to the: depos_ition";nl" carbonates on

@)

The aalysis of foulants on Duba secpndi-stage'spirél wound njernbré'ne using SEM and

membrane. The cleaning solution ised in this study were tiot efective in iniproving
the perfoﬁnance of the fouled membranes. This could be due to the fact that the
membrane was deteriorated as it was not properly preserved. A new sample from a
preserved membrane was obtained from the second stage Duba plant on .18/10/94.'
The above analysis was repeated at SWCC R&D Center -Aparallel‘.'analySis'\iras
conducted in Japan by JICA team. ' ' B '

the analysis of holow. fine fiber membranes reveals’ that it has'large deposits of femc
from the coagulant. Also it has silt, anthracite and asbestos like material on. the
membrane surface, The study also reveals that oxalic acid could be as a cleaning
agent as it removesmost of the foulants, : |
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7.1.2.D. - Fouled Membrane Cleaning of Duba SWRO Plant
1. Objectives

This study aims at evaluating the etfectiveness of various chemical cleanmg agents which can
be used for the performance restoration of the fouled membranes

2, Experimental

2.1 Equipment

Mini-—Module Tester (2) type RUW-5-made by NITTO DENKO Corporatlon, Japan The
test cells for flat sheet membrane used in the tester were NITTO RO/UF test cell model C70F.

2.2 . Cleaning solutions .

Sodlumhexametaphosphate (SHMP) (l% ‘Wt), oxallc acid (0.2% wiy pH-4), hydrochlorlc
acid (pH-3) and citric acid 2% wt, pH 4) SRR : .

2.3 _Proéedure

The performance (flux and salt rejection) of the fouled membranes were determined using
feed water héving conductivity of 2000 #S/cm. The membranes were then cleaned with
various cleaning ag_énts (by immei'sing for 24 hours) and performance were determined at
similar condition. | |

3. Results

It can be established from the results that all the chemicals used for cleaning did not improve
the salt_=i'ej¢ction and flux of the fouled membranes except sodiumhexametaphosphate
(SHMP) which improved the flux by about 15%. Hydrochloric acid (HCi) damaged the
‘i_nembr'ane. This .could be due to the low pH (pH=3) which aids in the hydrolysis of the
membl_‘a_he.’ K - ' | '
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7.1.2.E. Foulant Analysus and Flat Membrane Performance of Duba SWRO Plant (2nd
" sample)

Results _ . _
(1) ' The following work was complted: Obtaining - a- Second sample of - deteriorated
membrane element from Duba Desalination Water. Plant, analysis of foulants :and -

their observation on membrane surface and conducting RO performance tests on the
flat sheet membrane samples. ' S

(2) From the comparison of the location of flat sheet melnbrane samples in the leaf of the
autopsied element to its performance, it was obvious that the upper stream portions.
has lower reJectlons and higher fluxes than'the down portmns. 'On the uther hand,

- there were. no changes between outer and inner side within the leaf.

.(3) It was concluded from the wave strips on the membrane surface of SEM "phntos that
these originate from the RO operation. The ultrasonic sound generated from high
.. pressure feed pump most likely created the mechanical damage leading to membrané
deterioration. It is well documented that the strength of ultrasomc sound aﬂ'ects
more the upper stream side more than the down stream side,
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713 Comparison Test of. - Flat Membr'anew SR
1. Objectives -

Objectivee of the tests ure to study the performance Comparison of testing methods using the
flat membrane tester and to evaluate the performance of the flat membranes for use in
MSF~RO Hybrid system. : '

Comparison of flat miembrane performance were conducted utilizing four sheet sheet SWRO
- membranes: Toray 80M & UTL'SQ)S Nitto Denko NTR 70SWC and Fluid System TFCL
S7721, respectively. As first screemng test the comparison was conducted in closed
condition by circulating both the brine and permeate to the feed tank. The temperature
was maintained at 20°C, pressure at 56 kg/cm® and brine flow at 7 L/min. Flux was
calculated on effective surface area of the membrane. Contrary to the known concept of an
increase membrane flux increased wnth an increase in applied pressure, no incresase in flux
was noticed when the applied pressure T

2 Expeimental . =

The'main"tes'tiiig e(-].uipment used in this experiment is the Mini-module Tester(2) model
RUW-5, which consusts of four testing cells, model C-70F havmg membrane diameter 75
mm, with an eﬂ'ectlve area of 32 cm’.

The four cells are connected in serles ‘and the product from each cell is collected, measured
and analyzed scparately. Conductivity, temperature and pH of the feed and product were
momtored and measured every 30 mmutes usmg standard equlpment

‘Membrane Samples 75mm in di_amet_er were cut evenly taking care not to contéminnte or
destroy the_ active surface, an_d are loaded int_o" the cells. ' -
3. R'esults' '

" As shown in Table~2 at pressure of 56.6 kg/cm’, both Toray membranes, UTC 80S and 30M

have salt rejection in excess of 99.4% as compared to 98.62% for Nitto Denko 70 SWC and
98.8% for Fluid System- membranes, respectlvely. At the same pressure, the highest flux,
o however was obtained from F]uid System membrane foilowed by Toray 80S, while Nitto

n



Denko membrane has the least flux. Noticeable increase in flux resulted upon increasing
the applied pressure only with Fluid System and Toray 80M membrane. From the test
results it is observed that in general membranes with high rejection tend to have low flux.

_ : o . TabIeZ ST ;
Performance Test Results of Different Commercial RO Fiat Sheet Membranes SO

Equipment. Mimi-Module Tester(2), Model RUW--S

Test Cell - ; Model C70F, diameter 70mm K

: Effectlve area 32cm '

Operating. condltions- N
- Concentrate flow - : ,7-L/min-' DR
Temperature . : 25C% 3°C
pH . o n T T e
Seawater EC : 59750 .aS/cm'.' chey

Membrane Test Pressure | Flux % Réj_ection Flux on Effective
kg/cm? M3/M2D ' area M3/M2D |

CToray | s66 | 072849 | 9943 | vosss
UTC80S | 603 | 06298 | 9951 ',‘-"Z_.o_."720_fﬁ_.__ |
Toray 56.6 0.4856630 | 9962 | 0570
80M 603 | 051548 | 99.66¢ | 0600
Nito | s66 | oeoes | o8& | oms |
NTR 70 SWC 60.3 0.58157 98.50 . 0.675
Fluid System | 566 | 092020 | 98, 89"-"5‘_ 09825“-':' :
TFCL §7721 60.3 | 108209 | 9904 | - 1245

* Temperature of the tests controlled at 25°C _ SR SRR
* Tests done at two dlﬁ‘erent pressuresi e. =-56. 6kg/cm & 60.3kg/cm E : R

12
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7.1.4° Tolerance Test of Chlorine and Turbidity with Flat Membrane Tester
714.A L.C‘l_llorine Toleranee.,'l_‘est_ -
1. Objectives

The main objective of this work is to establish the experimental 'proeedure to select a chlorine
tolerance membrane for use in Hybrid System. For this purpose only some preliminary
- experiments were carried out. | ' -

2. EXperimental

Th_e"fS'WCC flat membrane tester Fig. 1 was operated to :r'n'easure salt rejection and flux using
feed water containing around 1 mg/L and 10 mg/L of chlorine. Three types of membrane
samples were tested (Toray 80M and 80? Nitto Denko N'I‘R 70SWC and Fluid System TFCL
S7721) : - - ' :

3. __Results

(1) The rate of degradation of mexﬁbrane by chlorine in the feed is dependent on the
chlorine concentration. The higher the concentration of chlorine in the feed the higher is
the rate of degradation. ~ At hlgh concentratlon of 10 mg/L residual chlorine in the feed a
drastic membrane degradation takes place, while in case of 0.3 mg/L of residual chlorine in

- the feed membrane degradatmn is noticed at avery low rate.

(2)_ .Both Toray 80M and Nlttn membranes has identical tolerance to chlorine, while

Toray 808 has lesser tolerance to chlurme and is more effected by the presence of residual
'ehlorme in the feed. '

13
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7.1.4.B. Turbidity Tolerance Test ..
1. (_)bjectivés

‘The main objective of this experiment is to establish a.procedure to select a membrane,
having com'parativély more '_tole_ra.nce to turbid materials in feed water, for use in hybrid
desalination system. .. Turbid metarials increase “membrane . resistance to. passage . of
- permeate and cause the permeate flow to,dec_li_ne_' sharply. - With this aim in mind, relation
between feed flow rate and accumulation of turbid materials upon the surface of raw non-
pretréated seawater having SDI~6.4. Three types of flat membranes were evaluated:
Toray UTC 808, Toray UTC 80M and Nitto NTR 70WC and Hydransutics-NYR-708N.

- 2. Experimental

Fig. 2 shows a schematic flow diagram and Fig. 3 shows the photograph of Mini-Module
Tester (2) type RUW-5, the main test unit used in this experiment which can be arranged to
allow for the connection and testlng of one 2.5"x40" membranes instead of the four flat
membrane test cells. . With the help of a computerized control panel, the RPM of the high
pressure pump can be controlled to the desired level to adjust the feed pressure. Feed
temperature of the experiment was controlled to a fixed valite, 25°C w:th the help of an
automatic temperature control computerized device.

The four cells having model No. C-70F, membrane diameter 75 mm, with an effective area
of 32 cm’, arranged in series, were utilized in the experiment. Temperature of the feed was
maintained at 25°C by cooling the recycled reject by the cooler connected to chiller #2,

Common foulants originated from turbidity materials are scale made of calcium carbonate,
calcium sulfate, and metal oxides as well as silica, organic and biological matter, etc.

Fouling results in decline of permeate flow. To investigatc this action, raw seawater SDI =

6.4, pH = 8.3, conductmty 60000 & S/cm, TDS ~ 43000 ppm was used as foulant source in

~ this expenment Seawater i mcommg pipeline was connected to the feed tank for continuous

supply of the feed water,

Operétion conditions _were- main_tainéd'at pressure 56 kg/em’, temperature 25 * 0.2°C.

Brine__ flow was varied from 1, 3, 7 and raised up to 15 L/m, while test duration time was 24,
- 204 and 20 h_uu.rs,,respectively;' After 68 hours of operation the unit was run with 2.7 L/m

15
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of brine flow for another 180 hours under the same conditions,

3 Results.

“Unlike membrane salt reJectlon which is not highly changed by a change in brine flow, the -
permeate flow is deperident on brine flow and tends to decrease as brine flow is decreased.
'Among the three membranes tested Toray 80S, Toray 80M and Nitto Denko NTR 7OSWC

' Toray UTC 80S membrane seemed to be the highest affected with high tundlty feed followed'
by Toray '80M and Nitto Denko. R : : :




Y

miBD..Ml—uuoE Aﬂuu&muh. anpoN-Iur Jo wreiSer oLl dNewaps 7 3

135534 IHNSSIUD HONI OF X §'T =
T30 1531 133HE [vid =
IIVINUID »

[4
}

d -

dNNd FHNSSHIE HOIH = ddH

SH#YITIIHO

Y

SIOEWAS
ALYHANIDNOD 437002
B
— )
S3LY3IWHId
d d d - d
! .r ) ﬁ. T ﬁ s NN
11 11 ] 1 |
JLVYIWHIL <

WNVL
a334

$’9=108 '"H3LVYM VIS MVH Q31v3HLINN

17






)

B

Tester (2) Model-RUW-5§

Fig.3 Photograph of Mini-Module
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7.5 Tolerarnice Tests of Turbidity with Mini-Modules

The durability. o_f:;_R_Om,embrane is'affected by the suspended matters co.ntain_ed in the raw
seawater feed. - To investigate the components of the suspended matters in raw seawater, -
collected from the Gulf were measured, and the stability of the components were confirmed
by passing seawater pretreated by the traditional pretreatment equipment, through the RO

- modules,. In addlt.lon, the . feed seawater, permeate. water and concentrate water were

analyzed. - -

7.L5.A. Analysis of Seawater Turbid Materials Accumulated on MF Filter

1. Objectites 3

The main ;p:n_rp_o'se-of analyzing turbid materials accumulated on Millipore filter is*_t_o -identify
~ the composition of suspended solids causing turbidity in raw seawater. : -In the preparative

experiment, seawater turbid materials accumulated on the 0.45 micron Mlillpore filter was

- analyzed, using SEM; EDX and FT—IR . However, it was clear-from the analytical results
that different soluble fons such as Na*, Ca**, Mg**, Cl, Al ete.. were the dominant species

present, along with the deposits, which influenced the analysis of the minute particles.
Objectives of _tlns ,p_re_sen_t_ experiment is to d_etect-mmute suspended silt-particles present in

seawater, more accurately in absence of the effect of soluble materials which adhere to

deposit on the filter papers.

2. . Experimental Methods .. ..

2.1 . _Preparation . of. seawater turbid. _matei*ials ,ssimples-deposited on the SDI measuring

filter paper

-Sp1 measurmg eylmder(l(lL) was filled with seawater and 0.45 micron filter paper. was

mserted in the measuring cell with the effective surface upward. A fixed pressure of 30 PSI
was maintained in the cylinder and SDI was measured on 15 minutes bases - for pretreated -
seawater and 10 minutes basis for raw seawater. = After completion of SDI measuring, the
cylinder was filled with permeate 'water'a_n_d pressu_n_ze_d to 30 PSI, - Seluble ions remained
with residue were washed away with one liter of permeate flow: through the millipore

filter paper. . After washing the soluble ions the filter paper was collected for analysis.

19
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2.2 Analj_sis of sample
Samples analysis by.Sl;M andj EDX was made at both RStD' Centeir and ;lapan; e
3‘_:,1;‘::5““;{. e T s R :
(l) The analysrs results for both pretreated and raw seawater turbid materials collected
on the surface of the 0.45 micron Mlllpore filter paper shows, almost in all cases that

the peak of Ca is the most intense followed by that of Sl, Al and Mg and the Fe peak is
the!eastintense - T SRt 2N o S

(2) Although the operation tlme was short and the seawater has a higher turbidlty ‘than

~ the seawater in the Red Sea, it shows that steady operatlon with SWRO membranes
: {Toray. and Nitto Denko) is- poss:ble by feeding pretreated seawater usmg the same
~method ofpretreatment as bel‘ore. LR T T

: (3) It is necessary to eontmue the: operation of the test plant to verify the suitability of the 3

: pretreatment and behavior of membrane at |ong run operatlon.
7.1.5.B. Analysis of Raw seawater, RO feed W'a'ter; permeate and c‘oneentra'te' E
1. Objectives

Long run tolerance test operation for turbidity with Mini-module :tester(l) was performed to
measure the effects of turbidity on the performance of RO modules. Constituents of raw

seawater, permeate, brine, and ¢oncentrate were' analyzed during the long run: tolerance test-

operation,

2. Experimental
:Analytieal equipment oL
‘1- Atomic absorption model varian AA=-972

- 2~ Jon Chromatography model shimazu - HIC ~6A =+ .
3~ Autotitrator model - model FISHER 465 - .«

0




Analytical Methods: .

Anion: CI'
so- -
M-alkalinity

Cation: Na’",K'
Ca*Mg"

 T.D.S.
Salinity

3. Resulis

- . : analyzed by titration with (0.0137N) AgNO’

: analyzed by Ion Chrom_ato_g_r'aphy after dilution
'+ analyzed by titration with 0.1N HCL

- anélyZed.by Atomic'absn:l?ptibn after dilution -
:analyzed by titration with (0.01N) EDTA |

: ana:lyzed: l;y ._Eva'l‘mration_ ineih_t_;d
: analyzéd-by_applying faéti)r_ (1.805) x CI' (concentration)

Constituents of the raw seawater 'an':‘d"liénhé'até;. briﬁe,’ concentrate in Mini-modules tester(1)
are shown in Table3 - 7. . e _

: ?..:_2_1 =
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Table3 Analysis of Feed Water

Cation '

mg/l

‘mg/! as CaCO4

Na+

12688

e

484

27583

~s5 |

1283

N LA

1545

6358 -

| Totai Cation |

Anion

M-alk

© 35838 |
129

or

32440

80

50

504“ .

3030 |

3156

| Total Anion |~

35775

T.D.S
Salinity .

nu

26843 mg/l

SB32 e e -

 41.54 gm/kg

Tabled Analysls of Toray Mini-module
No.3 Permeate ' '

Cation

- mg/t

mg/l as CaCO,

- Na+

173

380.4

K+

5.7

7.3

Ca++

0.4

1.0

Mg+ +

0.729

30

Total Cation

181.829

391.7

Anion

M-alk

20.5.

Cl

262

368.5

S04~

1

1.0

Total Anion

263

391.1

Table 5 Analysis of Nitto Denko Mini-module
'No.3 Permeate '

Cation

mg/l | mg/las CaCO,

Na+®

77

- 167.33

K+

2.6

3.3

Ca++ |

0.2

05

. Mg—:"r

0.243 .

Total Cation

80.043

172.2

Anion

M-alk

18.9

Cl-

1481

SO, -

1.0 -

Total Anion |

1680
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Table 6 Analysis of Toray Mini-module .
No.3 Brine

'Cation,_..: : ‘

m_g/.l__ i

mg/l as CaCO;,

Na=

16900

367331

K

567

725.1

Cart

,600.

~1500.0

- 1973.16

. 8120.0

Total Cation

20040.16

470842

~Anion

M-alk

132.0

I3

30200

1 42585.2

S04~

- 3674

3827.1

| Total Anion

' 33874

465543 1 |

Table 7 Analysis of Nitto Denko Mini-module
No.3 Brine

Cation

mg/|

|'mg/l as CaCO,

31304.3

K+

14400 |

500

639.4

Ca++ .

528

13200

Mg++

1744.74

" 7180.0

Total Cation

40443.7

.. "Anion

M-alk

17172.74

112.0

e

25497

+ 35961.9

S04

3317

 43455.2

395291

fT,ota'l Anion,

28814

B I
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7.2 Experiment with RO Mini-Module(1) =

7.2.1 Installation of Mini-module Tester

1. Objective

After assessmg the performance of membrane matenal with ‘the ﬂat membrane test
equipment, their performance as. assembled in modules was measured using 2.5"x40"
experlmental elements. ' ' .

2. Mini—module Tester (1) |

Mlnl—Module Tester (1) has a set of six RO modules and the number of modules used can be
reduced to suit the experlmental condltlons. It can be operated with permeate and
concentrate circulation. A chiller is connected to the concentrated water outlet and the _

water temperature can be adjusted while it is being circulated.

Six RO modules were employed The brine blow plpe was installed at down~flow point nf
the brine flow meter. Sl v .

3. Mini-module Tester (2) Model RUW;S

Mini-module Tester (2) Model RUW-5 can be operated for slngle RO module performance
test, Flat sheet test and UF modules test

722 RO Module Selection Test

1. Objectives

Objectives of the tests are to perform a comparatlve study on the performance of various
SWRO membrane elements (2. 5"dia, x 40" in lengtht) based on the performance
information of flat sheet SWRO membranes, already evaluated, to select the one suitable for
Hybrid desalination system,
SWRO membrane elements, diameter 2.5 inch, which were received from various membrane

manufacturers were investl_gated using Mini-module Tester (1) and (2). This was done

o
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after completion of flat membrane comparison test utilizing SWCC flat sheet tester and
‘Mini-Module Tester (2). Pretreated seawater from SWCC pretreatment unit was used as
feed . in. Mini-‘Mdd_ule Tester (1), and 3.5% NaCl solution was used as feed in all tests
conducted’ by ithe Mini-Module Tester (2). "Membranes were ‘investigated at different
pressures, temperatures and brine flow rates. -After completion of evaluation tests which
was done for a short period for all the. available membranes, only two membranes: Toray
SU-806 and Nitto Denko NTR 70- SWC were selected to evaluate on continuous operation.
The test is cnn_tinuing utilizing Mini-moduie Tester (1), arranging the membrane in two
parallel lines, First line contains three elements of Toray arranged in series, while the
second line has three elements of Nitto Denko, also arranged in series.

2. Experimental

' _'Fig. 4 shows: a ‘schematic flow diagram of the Mini-Module tester and Fig._S'shows the
ﬁhotograp'h'of the. sﬁme Mini-Modnuleé. Tester (1) which consists of a feed tank, a permeate
tank, two ‘booster- pumps, ‘two- cartridge ﬁlters and two high pressure ‘pumps.’ "PVC and
§8316 piping are used in the low and hlgh pressure sections, respectively. Thé'_i’high
pressure pump supplles feed to the SWRO unit which consists of two parallel lines and each
of them' can' contain up to three 2.5'x 40inch SWRO membrane modules arranged in series.
The tester is equlpped with a cleanmg system and a control panel '

' .-’I_‘h'e pretrea'ted seawater- feed‘iS‘Sprlied to the feed tank from SWCC pretreatment unit.
 The feed SDI and pH were maintained_ at 2.5 £ 0.5 and 6.9, respectively. 'The unit is
equipped with automatic devices to shut off the unit automatically at an emeigency.- All
- short duration tests were conducted by circulating both the permeate and the reject to the
feed tank. - Feed temperature was maintained to 25 = 3°C by the water cooler. During
‘long term continuous operation, both the permeate and the reject were sent to drain.

Mini-Module Tester (2) allows for the testing of 2.5"x40" membrane holding pressure vessel

.or 4 flat sheet membrane test cells. Feed was prepared by dissolving 3.5 kg of NaCl in 96.5
liters of potable water. This feed was used with all tests done by using the Mini-module
© Tester (2). | | - |

3. Results

Table 8 summarizés the evaluation results for all membranes at pressufe of 56 kg/cm?, brine

s
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flow 7 L/m, and temperature (253)C. Seawater was used as:feed. . Modules were
arranged in series during the tests with. t\gvouelemehts per: line. 'Tabie 9 summariies,th'e
evaluation results of four types of membranes tested using 3.5% NaCl solutin as feed.. . From
Table 9 it appears that Fluid. System niethbra‘ne ‘has the higheStfpemeateiﬂo'w: fe_llu"eeds by
Filmtec SW 30HR, Toray, Hydranautics and Nitto Denko. . ‘The lbwest'permeate ﬂow' from
Nitto Denko membrane is probably due to: low surface area of this membrane ‘elements.
However, _the permeate conductivity. shows hlgher 'value for Fluid- system followed - by
Hydranautics, Filmtec SW. 30 2540, Toray SU 306 (type—l), Nitto Denko NTR 70 SWC,
Toray 806 (type-Z) and Filmtec SW 30 HR 2540 '

In case of results obtained from tests of single membrane element, highst permeate flow was
observed from Fluid system TFCL S7721 followed by Filmtec SW 30 HR 2540, Toray'SU' 806
| (type—l), Filmtec SW 30 2540, Toray SU 806 (type-2), Hydranautlcs HSA 2540 SWC1 and
Nitto Denko NTR 70 SWC. . However, the. permeate conductivuty shows ‘higher- value for
Hydranautics HSA 2540 SWCL followed by Filmtec SW.30 2540 Nitto Denkn NTR 70 SWC,
‘Filmtec SW 30 HR 2540 anay SuU. 806(type-2), Fluid system TFCL $7721 and Toray SU

806(type—1) e . g ; LB - S

Due to the dlﬂ'erent nommal ‘membrane area 2.6m* versus 1.7m the pmduct flow obtained
from Toray SU806 membrane is - hlgher than .that of. Nitto Denko NTR 70S SWC-S2
membrane at same operating conditions and same feed flow and feed quality. However,
Nitto Denko 70S SWC-S2 membrane has hlgher salt. reJectmn cumpared to Toray SU806 |
under the same condltlons ' T SERSES
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(1))

Table9 _ Summary of Performance Evaluatlon of ’I'est SWRO Elements(2 S inch dia.)
Using 3.5% NaCl Solution

Me_mbr_ane ' : : Permeate conductiv'.ity' '_ps_/cm: pjé'rmeét_e flow I/m
Toray SU - 806 (Type - 1) %07 o078
FimeoSW302s#0 | 0%
Fimtec SW30HR 2540 | 411 | 108

Fluid system TECL $7721 - |~ = 32 . |[112

Dur:a_tionoftest = lhr
Pressure B =56 kg/em?
Temperamre = 25°C

Brine flow o= TlUm
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723 'Tolerance'.T_est- in Chlorine and Turbidity with Mini-module -
1. Objectives =

Chlorine tolerance tests for mini-modules were scheduled in the initial plan. Results of the
tolerance tests for chlorine with flat sheet membranes showed that performance of
membranes were deteriorated drastlcally in - presence. ‘of chlorine in seawater- feed at
concentration-of 0.3 to ll)mg/L of chlorine. It was concluded that it is useless to perform the
chlorme tulerance test using. the limited. number of RO -mini-module samples. - It was
decided that chlorine tolerance run test with mini-modules is to be canceled and only
turhidity tolerance test with fn"in_ii—fnodule ‘to be performed. - Since we have no exact
informations ct)ncerning RO module tolerané_efor turbidity. o

Long run tolerance test operation for turbidity with mini-modules’ was performed and =

effects of turbidity on the performance of RO modules were measured. 'Turbid materials in
- seawater were collected and analyzed to determine the composition.

2. Experimental Methods

Long rim tolerance test operation for'turbldlty with lﬁlnl-;modules was pérformed ‘and

eﬂ‘ects of turbidity on the performance of RO modules were measured. Turbid materials in
seawater were collected and analyzed to determine the composmon ' o

" _(1)' Expenmental equlpment :
"~ Same Flg 4 and F}g 5 in section 7. 2.2

@) Feed:
| Pretreated seawater, SDI= 25"'05 pH~68 continuously supplied from SWCC
‘pretreatment plant

(3) Test Conditions:
o Pressur#S(Skg/cm’,.Feéd flow to each series= 10L/min.

@) 2.4 Analytical methods
~ same as in section 7.2.2/



)

(5) Result of the turbidity tolerance test, feeding'pre-treated seawater (SDI=2.5£0.5,
pH= 6.8) to' RO Mini-module Tester(l) coninuously, shows' that membrane
performance after more than 5, 000 hours of operation was satlsfactory '

_3; 'Experimentai Results S

(1) Turbldlty tolerance l:est operatlon data: .. - iAo i v e
-~ The result of the long run turbldlty tolerance test operation for 5720 hours wnth Mini-

" module Tester(l) is shown in th. 6, Fig 7, Flg ‘8 and Fig 9.: : &
(2) nalysis of raw seawater, RO feed water, permeate and concentrate aalysis data |
obtained was as shown in sectlon 7.1.5. B '

“(3) E Analysis of seawater turbid materials: accumulated on Milllpore Filter Analysis data
was as shown in sectlon 7.1.5.A . P

4. Results

At same operaﬁng conditions and same feed flow and feed quality,'the product ﬂow"ob.tained
from Toray SU-806 element is higher than that of Nitto Denko NTR 708 SWC-52 element._ .
This is-mainly because of the Toray element has about 1.5 times. larger- nornmal membrane :
area as the latter one. In order to conduct further investigation on all the membranes, it is
necessary to obtain its actual membrane area as well as the feed velocity. HoWever, Nitto '
Denko 708 SWC-52 membrane have higher salt reJectlon compared to Toray SU-806 under
the same conditions. o e .
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