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Studies on Performance of Desalination Plant by Reverse
Osmosis System-1

Performance Test on Small Boat

By

Sumio HikASA, Hiroshi MATUSHITA, and Mikio YASUNARI

A fresh water generating plant equipped with a reverse osmosis module (PERMASEP B-10,
Du Pont) was run tentatively on the training ship “M.S. Tenyo-maru” (518.31ton) for the
purpose of squeezing drinking water from sea water. The experiment was carried out in the
sea areas ranging in water temperature from 25.7°C to 31.1°C for about 1200 hours. The
permeated water was good enough for drinking throughout the experiment. The rising of sea
water temperature accelerated the decrease in both the desalination rate and the permeated water
amount. Although effective elimination of suspended solids in sea water could not be achieved
in spite of the serial use of sand filter and cartridge filter, the amount of them hardly affected
the permeated water amount as far as this experiment. Periodical cleaning of the filter
mediums with a solution of chemicals prevented the bacterial growth on them. The life of the
reverse osmosis module on the boat was shorter than that of land plant. However the cause

could not be found out.
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Desalted water

Concentrated sea water

Fig. 1. Process flow diagram of the reverse
osmosis system.

: Sea water pump,

: Sand filter,

: Cartridge filter,

: High pressure pump,

: Reverse osmosis module,

: Flow meter,

: Pressure gauge,

: Chemical (NaHSOjy) tank,

: Chemical pump,

: Formalin tank.
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Table 1. Running record of reverse osmosis system

Date H T 4P Qa5 TDS, TDS, TDS; DSR
(1981) (C)  [kg/cm?|(m?/day)] (ppm) (ppm) | (ppm) (%)
Méy 12 2 17.5 55.0 5.17 28490 30930 196 99.3
no 14 52 26.0 55.0 4,79 34330 37360 276 99.2

n 16 100 27.0 57.5 4.88 34040 38180 357 99.0

"o 24 150 28.8 56.5 4.86 32330 38480 443 98.8

no 26 200 30.1 56.0 4.38 34330 37960 472 98.7
Jun. 2 251 26.9 56.5 4.51 34550 38550 520 98.8
301 28.9 56.5 4.42 34110 37730 523 98.5
no 7 350 29.2 56.0 4.17 34630 38330 578 98.4
noo9 400 29.0 56.5 4.19 34700 38100 606 98.3
no 16 450 29.3 56.0 4.05 34180 38250 643 98.2
» 18 500 27.7 56.5 3.68 34850 38250 650 98.2
no20 550 26.3 57.0 4.05 34630 37880 655 98.2
no 23 600 25.7 56.5 3.77 34780 37960 656 98.2
no 24 635 25.9 56.5 3.75 34550 37510 680 98.1

1st experiment
e

Jul. 21 1 | 200 | 540 | 398 | 34410 | 37880 | 282 | 99.2
|22 16 | 282 | 560 | 373 | 33670 | 37070 | 344 | 990
g 65 | 27.4 | 560 | 382 | 33070 | 36330 | 427 | 9838

2%l %0 | ms | 277 | 560 | 390 | 34780 | 37960 | 559 | 985
§ |Aug. 2 | 165 | 284 | 560 | 393 | 32030 | 36480 | 509 | 985

v 6 | 205 | 276 | 565 | 391 | 33520 | 36550 | 522 | 985

Oct. 4 3 | 247 | 540 | 569 | 32560 | 37440 | 234 | 99.3

"6 49 | 260 | 545 | 525 | 33670 | 38100 | 244 | 993
o | n 8 98 | 256 | 540 | 519 | 34260 | 38100 | 263 | 993
S |Nov. 6 | 151 | 231 | 540 | 506 | 34550 | 38250 | 291 | 99.2
§ | v 8| 19 | 226 | 545 | 513 | 34700 | 38740 | 301 | 992
§ | » 11| 249 | 231 | 550 | 506 | 34410 | 38180 | 281 | 992
E |n 16 | 300 | 233 | 540 | 503 | 35000 | 38400 | 313 | 99.2

19 350 20.9 55.0 5.11 34700 38030 282 99.2
no 23 401 22.2 54.5 4.93 34920 38400 324 99.1

H : Working hours,

T . Temperature of sea water,

4P  : Pressure of sea water at module,

Qa5 Amount of desalted water at 25°C per day,
TDS,: Total dissolved solid in sea water,

TDS;: Total dissolved solid in cocentrated sea water,
TDSy: Total dissolved solid in desalted water,

DSR : Desalting ratio.
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Table 2. Record of sea water quarlity

Station MF BC
Sand Cartridge
- o b Sea water filter filter
=z = R VR outlet outlet
Date © 4 g2 |E 2 o o o o o
(1981) | g 2B |Egl2 | S| 8| & & & &
E Y @ Al T |1 9 |1 O ¥ |34
OOl RE| T8 B8 BB JE | 8
May 13 | 30°34" | 128°23" | 271 | 265 | 255
no 14 | 2732 112544 | 244 | 228 | 231 8 TNTC 7
w15 12402 | 12410 [ 183189211 | — — ——
w16 | 2135 | 12037 | 241 1219|235 4 TNTC 25
- no 17 {2159 | 11653 | 2251 194 | 207 16 TNTC 50
5 w23 | 1840 | 11601 | 221 | 209 | 194 3 TNTC 65
E | w25 |1259 | 12029 | 159 | 166 | 151 | 8 2 7
;d no 26 10949 | 12212 {130 | 130 | 134 | 100 15 23
$ | Jun. 211036 |12555 | 122|113 118 26 TNTC TNTC
5 " 511222 | 13336 | 1401 136 | 128 0 70 100
no 9 1454 113952 | 134 | 126 | 124 20 50 20
no 15 1331 14433 | — | — | — 8 20 80
no 18 | 2049 | 13940 | 149|138 | 145 8 TNTC 3
no 21 | 2708 | 14010 | 162 | 165 | 165 0 30 4
no 24 13218 113302 | 165 | 158 | 152 23 TNTC 12
Jul. 22 13005 | 12750 | 207 | 220 | 195 10 100 100
- no 2312917 12643 | 245} 241 | 229 7 400 60
. é w24 12749 112550 | 188 | 191 | 203 15 100 20
&F v 30 12809 | 12917 | 2171192179 12 TNTC 70
& » 311281512900 | 231|204 193] 20 TNTC 10
5 Aug. 12922 |12552 (219|170 | 182 7 400 70
w2 13210 | 12937 | 181195170 | 400 TNTC 10
Oct. 43144 |12902 | 195|189 | — 0 1 15 1 5 5
n 513005 | 12607 | 1981721197 | — 14 — 35 — 20
no 62936 12527 | 2031204204 — 3 — 50 — 50
" 7 12859 {12638 | 2131931191 100 20 80 10 50 3
- n 8 (3147 112913 | 185|183 | 177 30 6 50 20 20 30
S | Nov. 6 3301 | 13410 | 192|197 199 5 3 1 2 3 4
g n 8 13053 113459 | — | — | — 10 |TNTC] 30 60 30 50
2 " 9 13305 | 13358 1208|195 | 194 5 5 10 0 5 0
] no 10 13021 13301 {202]203]191 2 1 20 20 20 10
E) no 11 13150 | 13144 {206 202 [ 190} 100 |TNTC| 15 0 10 0
v 15 13138 {13150 | 2131168 | 1761 — —_— — — — -
w16 13217 [ 13228 | 180167 | 172 2 2 10 5 4 10
w17 13231 | 13314 | 167 | 166 | 166 50 e 5 — 5 —
no 19 13324 | 13335 1209201200 2 10 2 2 5 3
no 22 13304 13335 | 240 | 240 | 253 3 4 10 10 40 15
MF . Fouling index by means of membrane filter method,
BC : Bacterial count,

— : Indicates “Not determined”,
TNTC: Indicates “Too Numerous To Count™.
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(1) sea water temperature, T.
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(3) total dissolved solids in desalted
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Fig. 4. Relation between MF value (MF) as
fouling index of sea water after through
cartridge filter and amount of desalted
water (Qpr). The numeral added at
each plot indicates the date of the
measurement.
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Table 3. Inspection of water quality

Sample Desalted water | Desalted water Desalted water
Standard
Date Mar. 25, 1981 Jul. 13, 1981 Nov. 22, 1981
Item of inspection
Smell Normal Odorless Odorless Odorless
Taste Normal Tasteless Tasteless Tasteless
Coloring index <5 <1 <1
Fouling index <2 <1 <1
pH yalue 5.8~8.6 6.43 6.81 6.28
Nitrogen nitrate <10(mg/?) Nil Nil
Nitrogen nitrite <10{mg/{) Nil Nil
Chloride ion < 200(mg/l) 71.61 63.46 178.31
Consumption of KMnO,| <10(mg/!) 1.18 2.65 0.88
Viable count <100(/m1!) 0 0
Coli forms Nil Nil Nil
Iron <0.3(mg/1) 0.03 0.03
Remaining chlorine 0 0.1
Conclusion Good for drinking | Good for drinking Good for drinking
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