
'AD-Rl2i 859 HIGH-TEMPERATURE DESAfLIlNrflr sLT FTU-M
REVERSE OSMOSIS ELEMENT(U) ARMY MOBILITY EQUIPMENT
RESEARCH AND DEVELOPMENT COMMAND FORT. H H GOTO

UNCLASSIFIED JUL 82 MERADCOM-2367 F/G 13/2 M

Eh'hhhhE'hhOm 1



L-511 mU 1,.

I I I I I I~. . I. m• 33 6.. ., . . .

,1L (11.

111111.25 1111. 1.6

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A

4



ADI

O Report 2367

HIGH-TEMPERATURE DESALINATION CAPABILITY OF

4 TFC 1501 REVERSE OSMOSIS ELEMENT

by

Haruhiro H. Goto

July 1982 - . ;

Approved for public release; distribution unlimited.

L L.

U.S. ARMY MOBILITY EQUIPMENT
RESEARCH AND DEVELOPMENT COMMAND

FORT BELVOIR, VIRGINIA

62 1. .04 003



9. V ! .. . . i I I ! _ ! a ! = .

Destroy this report when it is no longer needed.
Do not return it to the originator.

The citation in this report of trade names of
commercially available products does not constitute
official endorsement or approval of the use of such
products.



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (101,.n Data Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM

1. REPORT NUMBER 2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

2367 o0
4. TITLE (and Subtitle) 5. TYPE OF REPORT & PERIOD COVERED

HIGH-TEMPERATURE DESALINATION CAPABILITY OF Final Technical Report
TFC 1501 REVERSE OSMOSIS ELEMENT G. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(e)

Haruhiro H. Goto

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT. TASK

Petroleum & Environmental Technology Division; Energy AREA & WORK UNIT NUMBERS

and Water Resources Laboratory; MERADCOM; Project: I F464717DL39

Fort Belvoir, VA 22060
I1. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

US Army Mobility Equipment Research & Development July 1982
Command; ATTN: DRDME-GS; 13. NUMBER OF PAGES

Fort Belvoir, VA 22060 36
14. MONITORING AGENCY NAME & ADDRESS(If different from Controlling Office) 15. SECURITY CLASS. (of this report)

Unclassified
15. DECL ASSI FI CATION/DOWN GRADING

SCHEDULE

16. DISTRIBUTION STATEMENT (of thle Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered In Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse ide if neceseary and Identify by block number)

Reverse Osmosis
Desalination
Water Treatment
Potable Water

20. ABSTVIACT I'Coutmae a reverse ef* f N eeeary end Identify by block number)
This report covers an investigation conducted to evaluate the desalination capability of

TFC 1501 reverse osmosis elements when operated with feedwater the temperature of
which is substantially above the'maximum operating temperature (I 13'F) specified by the
manufacturer. The results of the investigation indicate: (I) The elements were not degraded
in desalinating capability following exposure for 400 h to feedwater at approximately
130*F; (2) the production rate of the elements dropped less than 5 percent following
exposure for 400 h to water at approximately 130'F and 200 h1 at 130°F and 600 Ib/in._

DO 1JAN73 73 3 TIoWoF .OVSSOSSOLETE UNCLASSIFIED
i SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)



PREFACE

An investigation was conducted to dletermine the dlesalination capab~ility of' spiral-wound.

thin-film composite (TF(:) reverse osmosis %RO? elements op~eratedl oni hi gh-temlperatutre (1300F)
saline water. The elements tested were manufactured Iw U0 )P. In(-.. anid were designated lFC
1.501. These elements are currently b eing used it) [lte standard military 600-gal/h revrse
osmosis water purification tinit (R( WPIJ). Thie investigaionI was conducted under P~roject
I F46471I71)L39, "General Support Etitipmeiit.- durinig 11,rch 1982.

The investigation was conducted by the following jpersonflel of the l~etroleuni aiid E~n-
vironmuental Technologv IDivision. Energy and Water Resouircvs Laboratory: flaruihiro If.
Goto. Chemical Engineer: Peder B. Pedlerson. Engineering Tchnician. andl Janet 0 . flall.

C:hemiist.
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yd yards 0.9 meters m
mi miles 1.6 kilometers km
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in. 2  square inches 6.5 square centimeters cm2

ft2  square feet 0.09 square meters m 2
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acres 0.4 hectares ha

MASS (weight)

oz ounces 28 grams g
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m 3  cubic meters 35 cubic feet ft 3
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°C degrees 9/5 (then degrees OF

Celsius add 32) Fahrenhei.
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HIGH-TEMPERATURE DESALINATION CAPABILITY OF

TFC 1501 REVERSE OSMOSIS ELEMENT

I. INTRODUCTION

1. Objective. The objective of this investigation was to determine the performance
characteristics of reverse osmosis elements (TFC 1501) in all arid region wlhere feedwater
temperature could be substantially above the maximum design temperature. These elenents
are currently being used in the standard military 600-gal/h reverse osmosis water purification
units.

2. Background. The investigation covered by this report was conducted as a part
of the developmental program for the Army reverse osmosis water purification units. The re-
quired operational capability (R)C) for a Family of Water Supply Equipment was approved

by Department of the Army on 4 March 1974. The Family of Water Supply Equipment was in-
tended to produce potable water from fresh. brackish. and sea water sources and from water
which may be contaminated with nuclear. biological. and chemical (NBC) agents. The family
consists of RO units having three different production capacities. The 600-gal/h ROWPU was
type-classified on 1 June 1979. The Petroleum and Environmental Technology Division was
tasked to develop two larger units, i.e., 3000-gal/h and 1500-gal/h. The TFC 1501 element con-
tains a poly (ether/urea) thin-film semipermeable membrane barrier capable of demineralizing
saline water. The production rate of TFC 1501 is highly sensitive to the feedwater temperature.

Since the family of equipment must be capable of safe and reliable use in all areas of the
world in climatic categories 1,2,5 and 6. as prescribed in Army Regulation 70-38. the R()
elements must be capable of handling feedwater having a wide range of temperatures. Figure 1
shows a front view of the 600-gal/h ROWPU anti an operator holding a TFC 1501 element.

The study was performed at Building 325, Fort Belvoir. Virginia. during March 1982.

11. INVESTIGATION

3. Equipment. Overall arrangement of the test equipment is shown in Figure 2.
Figure 3 shows the high-pressure pump. located outside Building 325 to reduce the noise level.
Figure 4 gives the temperature control scheme of the test system. The RO test system, assembled
in accordance with the American Society for Testing Materiels (ASTM) standard test method
(D3736-79). consisted of the following components:
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a. ()he 3 50 -gal polyethylene tank.

1b. One 10-hp chiller to remove excess heat from feedwater.

c. One stainless steel heat exchanger.

d. Two immersion heaters.

e. ()e 6 F.M() Filterite cartridge filter with 5-,tin filter tubes.

f. ()ne 2020 Cat triplex positive displacement high-pressure pump. The pump capacity
is 20 gal/min at 800 lb/in.2 .

g. A 66-FRP-Z 6-in. Seawater FRR pressure tube assembly provides a housing for
,wO TFC 1501 6-in.-dianieter RO elements.

h. ()ne 7076 Leeds and Northrup multi-range conductivity monitor to monitor the-
conductivity of permeate continuously.

i. ( )ie rotoneter and one turbine 'lowmeter to monitor the product flow rate.

j. Two direct-reading differential pressure flowmeters to monitor the feed and
brine flow rates.

k. Two liquid-filled Marsh pressure gauges to monitor the inlet and outlet pressures
of the pressure vessel.

1. Two A\lTEK pressure transducers with a digital readout monitor to monitor "the
suction and outlet pressures of the high-pressure ptump.

nF. rwo VS| Tele-Thernnet rs to monitor the teplPerature of feedwater and
cooling water.

i. Hose assemldies includi, necessary fittings and valies ,to complete the test sslem.

4. Procedure. The test water was prepared hi the addition of evaporated sea salt
(99 percent Na( 1 to Potomac River water which had been clarified by passage through a
pire-sure EiatmnlaceE earth filter. The total dissolved solids ('l'l )S of the clarified Potomac
Ri er water %a.- brotught to approximately 160 ig/I..Analvsis of Potomac River water is given

in Table I. I)istilled water was added during the study to maintain the water level. The quality
of feedwaler was maintained by retirning the brine and permeate to the feedwater tank. ani
the TI)S for the feed laler %a,. maintained at approximately 26.00W mg/I.

6
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Table 1. Chemical Analysis (14 Mav 1982)

Potomac
Characteristic River Feed Permeate Brine

pH 7.8 7.6 5.6 7.8

Turbidity (NTU) 3.3 0.3 0.06 0.23

TDS (mg/1) 160 26,186 2,069 31.735

Chlorides (mg/I) 20 15,500 1230 17.500

Cu (mg/i) < 0.01 0.20 <0.01 0.26

Fe (mg/I) < 0.01 0.10 0.05 0.12

" The Ro elements (serial numbers 78690 and 78761) produced by UOP. Inc..
were operated initially at 700 lb/in.2 g applied pressure and room temperature. As the feed-

water temperature was increased to 1300F. the pressure was lowered to 600 lb/in.2 g so that the
designed production rate of 1.5 gal/min/element would not be exceeded.

The temperature of the feedwater was controlled by a 10-hp Koolant chiller
model AF10000. The unit is capable of removing 110.000 Btu of thermal energy in an hour.
The cooling water was circulated through the shell side of the stainless steel heat exchanger,

while the brine front the pressure vessel was fed into the tube side. Two 3000-W RTC quartz
heaters were installed on the feedwater holding tank to raise the feedwater temperature at the
beginning of the test.

On the average, the elements were operated for 10 to 12 h/d. For the remainder
of the time, the high-temperature feedwater was circulated through the test system by the

booster pump. The continuous recireulation was required to maintain the feedwater
temperature. As a result, the elements were exposed to the high-temperature feedwater for over
400 h.

The following data were collected how ly during a 200-h high-teniperature/high-
pressure test period: Applied pressure. product flow rate. brine flow rate. conductivity of feed-
water, and conductivity of permeate. The conductivity measurements were made by a
Beckman Conductivity Bridge. Model RC 16B (Figure 5). The conductivity readings were
calibrated at two temperatures (770F and 1300F). The calibration curves are presented in
Figure 6, and the curves are found to be linear up to TDS of 20.0()0 mg/l.

7
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Ill. RESULTS

5. Test Data. The results of this investigation are summarized in Tables I and 2.
The 200-h high-temperature/high-pressure test data are given in the Appendix.

IV. DISCUSSION

6. General. The two TFC 1501 R() elements were operated for 200 h. As indicated
* in Figure 7. the elements were operated at an applied pressure of 700 lb/in. 2 for 7 h initially.

As the production rate increased with the increase in feed temperature. the operating pressure
was lowered to 600 Ib/in. 2 so that the design production rate was maintained. Following the 8
h and 20 min of operation. the feedwater temperature exceeded the maximum design
temperature of 113* F. The elements continued to produce at the design production rate (440)
gal/d for two TFC 1501 elements) at elevated temperature (130'F? anfi a reduced pressure (600
lb/in.2 ). The recovery rate for the two elements was 14.5 percent of the feedwater rate.

7. Element Performance. As shown in Figure 7. the feedwater temperature rose steadily.
surpassing the maximum recommended temperature at the 9-h mark, until it was raised to
129'F. Except for minor variations flue to the system limitations, the feedwater temperature
was maintained at 130'F for the remainder of the test. Table 3 shows the performance com-

parison of TFC 1501 elements prior to exceeding the designed feedwater temperature ani
following the completion of the 200-h high-teniperature/high-pressure operation.

As observed in Table 2 and Figure 7. the salt rejection was much higher at higher
pressure and lower temperature. This is probably due to the increase in the feedwater
temperature. which then increased the salt diffusivity of the TFC membrane. Since the water
permeation through the nenbrane is directly proportional to the pressure difference between
the applied pressure anl the osmotic pressure of the feedwater. the production rate decreased
as the feed pressure was reduced at the 7-h mark. Although the element (serial number 78690)
had been slightly telescoped (luring the high-temperature testing. the subsequent examination
of the element at room temperature showed no drop in the desalination capability.

Table 4 shows the results of element performance evaluation conducted following the
high-temperature testing. The percent rejections shown in Table 4 are a percent higher than the
values given in the Appendix. In the Appendix. percent rejections were calculated using the
conductiviy readings directly. Although this method is given in the ASTM standard test pro-
cedure. more accurate values can be found bv avoiding tie non-linear region in the conductivi-
tv vs. concentration correlation curve.

10
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Table :3. IPerfaarmIaiwe' (4'mlari.'aaa

F'eedl Feed Pra4Itmi P'roducit Initial Inlifial
D~ate Tempj. Press. Flow Rate ( : ,mn,t rat ii i Rejectim lol Im d. Rate Reject ioni

(nIa-fd) Hlour p F) I I I,/ i , 2 
1 IPgal/m) jill (61/) 100 1070)p%

3-17 8.0 110 586 3.0 11 1to) 95.6 114MM) I I .41

3-25 10. 3 42 2.9 1170 9)5.5 9).7 99.9

41-3 200.0 128 6M 2.9) 1744W 93.41 96.7 97.7

\l tE: Th.- fi...aaler ,amc,,,ratio mm w Io t m..amIwralima l..tmi.w aa. .-2.2(41 mg

Table 4. Elemtent Performance

Feed Prod tct Applied Product

Serial Temperature Flow Rate Pressure Concentration Rejectin
Number (0 F) (gal/min) (lb/IiIt. 2 ) (mig/I)

78761 80 1.2 80)3 544) 98.0)

78690 83 1.1 8 15 500 98.1

I...t -all ,.,a,iraii %.a- 26.51M) ing/I.

Feedt fI..' rat#- %.a- 24) gallmirt.

13



V. CON(LUSIONS

8. Conclusions. It is concluded that:

a. The desalination capability of TFC 1501 elements operated at normal temperatures
(800F to 830 F) does not decrease following 2(M) h of high-tenierature/huighi-pressure operation
and 400 h of exposure to high-temperature brine (130'F).

1. The high-temperature operation (1300F) affects the production rate of the

TFC 1501 elements more than the desalination capability. However, with a drop in production

rate of less than 5 percent. this drop can be compensated for by operation at a higher pressure

up to 1000 lb/in..

c. Although some telescoping of the elements can he expected during the high-

temperature operations, the performance characteristics of the elements will not he degraded.

d. The percent rejection of the TFC 1501 elements is 3 to 5 percent lower when
operated on a high-temperature feed 1130 0 F).

14
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Heier,-e I )smois 'l'e.- Data

C .umulative Feed Feed Brine Product Feed Product
Iate )4peratiol TemlP eur~sure Flo% Rate FIlw Rate (Conductivity Ctliat.*zivil Rejection

4iio-4 (h) (FH (Iblin. )2 (gal/min) (gal/mitn) (gal/dI) (/1mho) 4mhol (7)

3-17 1.0 80 700 17.8 2.8 4.032 41.0)0 1.200 97.1
3-17 2.0 82 700 17.8 2.8 4.032 41.000 1,200 97.1
3-17 3.0 84 700 17.8 2.8 4.032 41.000 1.200 97.1
3-17 4.0 84 697 17.8 2.8 4.032 41.000 1.190 97.1
3-17 5.0 84 705 17.7 2.9 4.176 41.000 1,140 97.2
3-17 5.8 90 706 17.6 2.9 4.176 4.1.014)* 1.180* 97.1
3-17 6.0 92 702 17.5 3.0 .1.320 -1.0004 1.300* 96.8
3-17 7.0 14)0 693 17.3 3.4 4.896 41.000* 1.600* 96.1
3-17 8.) 11( 586 17.8 2.9 4.176 41.000* 2.150* 9.1.8
3-17 9.3 119 580 17.7 3. 1.464 U1.00* 2.400* 94.1
3-17 10.04 123 575 17.6 3.1 4.464 .- IO00* 2.350* 94.3
3-17 11.0 129 568 17.6 3.0 4.320 41.000" 2.400* 91.1
3-18 11.) 124 703 16.7 4.1 5.904 48.000* 1.820* 96.2
3-18 12.0 124 700 16.7 1.1 5.904 48.000* 1.850* 96.1
3-18 13.0 124 695 16.7 1.O 5.760 48.000* 1.870* 96.1
3-18 13.5 12-1 603 17.6 3.2 4.608 .18.484O* 2.250* 95.3
3-18 15.) 128 598 17.5 3.2 4.608 66.000 3.1I0 95.3
3- 18 16.04 128 598 17.5 3.2 4.608 62.000 2.6(0) 95.8
3-18 17.0 129 602 17.6 3.2 4.608 64,00 2.600 95.9
3-18 18.4) 129 601 17.7 3.2 4.608 58.000 3.000 91.8
3-18 19.0 129 64)5 17.7 3.2 4.608 56.000 3.20) 94.3
3-18 20.) 129 60.1 17.8 3.2 4.608 60.000 3.000 95.0
3-18 21.0 129 605 17.6 3.2 4.608 60.000 3.001) 95.0
3-18 22. t 134) 603 17.6 3. 1 t. W1 60.(X)O 2.750 95. 1
3-18 23.04 1310 595 17.6 3.0 .320 54.000 2.700 95.0
3-1( 23.01 121 596 17.7 2.9 4.176 60.(X) 3.0)fm4 95.0
3-11) 2 L.) 126 593 17.6 3.0 1.320 58.000 3.140) 9.7
3-19 25.0 129 594 17.7 3.2 1.608 60.000 3.100) 91.8
3-19 26.4 1:10 597 17.6 3.2 1.608 60.000 3.11 W 91.8
3-19 27.04 134) 641 17.6 :3.2 1.6)8 59.000 3.00) 9-1.9
3- 1) 28.4 129 606 17.6 3.2 1.608 53.(00 2.870 '91.6
3-19 29. 10 606 17.6 3.2 1.608 54.000) 2.80 91..8
3-19 30.0 130 6045 17.7 3.2 1.608 511.00 2.851) 91.7

S' ii' I i ,,..-r,.,I , r io f,.i ,,'rI1ir,. 1716

16

I- - i l N i i i s i . ... ..



Reverse (O)sniois Te, I )ata ((4init'dI)

11 : 111ti1alhe Feed Fe.I B~rim,. I 'rnit, Fed ,Pro P I ti
)at,' 4 )lieratim TemnIp Pre-.ure Ihm Rate Fii Rate - ;(lsd.'lii % )h ( ..t it% Rejection

" (mu..-,4 b111 (1 ) 0 l11in. 2) (gal/min/ n) taI/iiI (gal/d) (#mh.) (ginhi) (44

3-19 31.0 130 606 17.6 3.2 1.608 5 1.000) 3.00) 91.1
3-19 32.0 13( 607 17.7 3.2 1.608 53.000 3.I()0 10 1.'2
3-19 33.0 130 60. t 7.7 3.1 1. 161 61.00H) 2.900 95.2
3-19 31.O 130 6(48 17.7 3.1 .161 61 .(0(4 3.2(H) 9 L8
3-19 35.4) 130 596 17.6 3. I L- 64 55.000 2.800 91.9
3-20 35.0 125 593 17.8 2.9 1.176 6(0)0 3. i14) 9 1.3
3-204 36.) 126 6(6 17.8 3.1 4. 161 56.000() 3.(040 9 L.6
3-20 37.0 128 602 17.8 3. I .161 56.0(0 3.200 91.3
3-2( 38.0 129 602 17.7 3.2 1.608 58.(4)0 2.800 95.2
3-20 39.0 130 602 17.7 3.1 . 16 t 61.000 3.3(0 91.6
3-20 O.44 129 6(() 17.6 3. 1 1.t164 56.000 3.30(0 9.1
3-20 11.4 129 603 17.6 3.1 1.461 56.()0 3.250 9 1.2
3-20 2.0 130 603 17.6 3.1 4.464 62.000 2.850 95. 1
3-20 13.04 129 595 17.6 3.0 4.320 61.000( 3.100 95.2
3-20 11.0 130 603 17.6 3.1 1.464 63.000) 2.900 95. 1
3-20 15.5 129 604 17.6 3.1 1. 16 63.4440 2.900 95.1
3-20 16.04 129 601 17.6 3.1 1.461 56.)0) 2.880 91.9
3-2( 17.44 129 600 17.6 3.0 1.3204 56.040 2.870 94.9
3-21 17.40 12 t 598 17.7 2.9 . 176 55.000 3. 1(0 9:.8
3-21 18.4) 126 591 17.8 2.9 1.176 62.04) 3.000 95.2
3-21 1.0 127 600 17.7 3.0 1.320 63.000 3. 15(0 9 t.5
3-21 5(0.04 129 6)4 17.6 3.0 1.320 65.4044 3.500 9 1.6
3-21 51. 130 601 17.6 3.0 L.320 6 L00(: 3.60)0 91.1
3-21 52.0 130 591 17.7 3.0 t.320 65.000 3.300 91.9
3-21 53.0 130 600 17.7 3.0 1.32(0 66.000 :.50) 91.7
3-21 51. 12) 600 17.8 3.0 L320 61.000)0 3.0)00 95.1
3-21 55.0 130 601 17.8 3.0 4320 63.004 3. 1(0 91.6
3-21 56. 13 1 604 17.7 3.0 t.320 61.00 3.20 95.0
3-21 57.0 1301 597 17.7 2.9 1.176 67.44444 :.60) 91.6
3-22 57.0 120 598 17.8 2.8 1.032 62.()0 3. 100 91.5
3-22 58.0 120 597 17.8 2.9 1.176 59.0(44 3.000 91.9
3-22 59.4 120 601 17.8 3.0 t.320 51.0)) 2.800 94.8
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Reverse Osmosis Test Data (Cont'd)

Cumulative Feed Feed Brine Product Feed Product
Iate )peration Tenp Pressure Flo% Rate- Flow Rate Conductivity Conductivity Rejection

(mo-4) (h) (0 F) (11/li. 2) (gal/mii) (gal/win) (gal/d) (tnlho) (Imiho) ( )

3-22 60.0 122 615 17.7 3.2 4.608 56.000 3.000 94.6
3-22 61.0 124 605 17.7 3.0 4.320 58.000 2.800 95.2
3-22 62.0 125 600 17.7 3.0 4.320 60.000 3.000 95.0
3-22 63.0 127 595 17.6 3.0 4.320 59.0)00 3,300 94.4
3-22 64.0 128 599 17.6 3.1 4.464 58.0)0 3.64)0 93.8
3-22 65.0 130 593 17.5 3.1 4.464 67.000 3.550 94.7
3-22 66.0 130 594 17.5 3.1 4.464 64.0(M) 4.000 93.8
3-22 67.0 131) 599 17.6 3.1 4.464 66.(X) 4.100 93.8
3-22 68.0 130 602 17.5 3.0 4.320 65.0(X) 3.650 94.4
3-22 69.0 130 606 17.6 3.0 4.320 63.4)00 3.7(X) 94.1
3-23 69.6 123 608 17.8 2.9 4.176 58,000 3.800 93.4
3-23 70.0 124 603 17.8 3.0 4.320 56.000 3.600 93.6
3-23 71.0 127 602 17.7 3.0 4,320 58.000 3.000 94.8
3-23 72.4 128 599 17.7 3.0 4,320 60.0)0 3.5(X) 94.2
3-23 73.0 130 600 17.7 3.1 4.464 60.000 3.0X) 95.0
3-23 74.0 127 6)1 17.8 3.0 4.320 56.()00 3,200 94.3
3-23 75.0 129 60) 17.8 3.0 4.320 58.000 3.64)0 93.8
3-23 76.0 130 599 17.8 3.0 4.320 60).000 3.200 94.7
3-2:3 77.0 130 598 17.8 3.0 4.320 60.000 3.400 94.3
3-23 78.0 131 604) 17.7 3.0 4.320 60.000 3.500 94.2
3-23 79.0 130 64)7 17.7 3.0 4,320 59.000 3.300 94.4
3-23 80.0 129 595 17.8 2.9 4.176 58.000 3.300 94.3
3-2:3 81.0 130 59:3 17.8 2.9 4.176 66.000 3.70 94
3-23 82.0 130 599 17.8 2.9 4.176 57.1)00 3.750 94. i
3-24 82.0 115 599 18.3 2.4 3.456 54.00) 3.(X) 94.4
3-24 83.0 116 618 18.1 2.6 3.744 52.0) 2.5X) 93.4
3-2t 841.0 117 612 18.0 2.6 3.744 56.A)0 3.0(X) 94.A
3-2-1 85.5 119 609) 17.2 2.7 3.888 58.(Xx) 3.5(X) 95.2
3-24 86.5 12:3 64)9 17.2 2.8 4.032 63.XX) 3.4)0 94.6
3-24 87.5 126 607 17.7 2.9 4.176 60.(M) 3.4(M) 94.0
3-2 1 88.5 129 612 17. t 2.9 4.176 62.MM) 34(M) 91.6
3-24 89.5 130 609 17.t 2.9 4.176 64).(XM) 3.60M) 94.3
;321 9().5 131 6)7 17.4t 2.9 .176 64).0M) 4.)o) 93.3
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4

Revt-re (Osmo~sis T|est Data 1(Cont'd)

(
0 111111111li4. FeeI Feed Bri He lrodurt FeeI Prtit,'

I late I)lperatimi T inI o Itre.iure Fov, Rle FIou R .ate Iol1iIll.ti% it.% 4i11u1ii.ti l It Rejecti

(1l1-4ll' ) l 101j. ilI/is,.2i Igal/liln (gill/lillo (oal/,l) (JAmtl() Iul Iu f )

3-21 91.5 131 607 17.1 2.9 1.176 6.UM)O 3.71H) 93.8
3-2 t 92.3 131 6111 17.1 2.9 1.176 58.(K 10 1.104(1 )2.1
3-2 t 93.5 130 610 17.5 2.9 . 176 06.1(1 .6 01001 93.8
3-2. t )1.5 130 610 17.5 2.8 1.012 62.000 1. 100 93.1
3-25 9.1.5 lit) 645 17.7 2.7 3.888 5 LIN 1 3.6111) 93.3
;3-25 95.5 121 609 1 7.7 2.7 :1.888 18.4 K10 1. .O1 1 9)2.9

3-25 96.5 12 t 61() 17.6 2.7 3.888 51.04H4) 3.801 )2.1
:1-25 97.5 126 610 17.6 2.8 1.132 5 1.4 H1 .04 10 92.6

3-25 )8.5 128 605 17.5 2.8 1.0:12 5. I.1411 1.104 92.1
3-25 99.5 128 6WO 17.5 2.8 1.032 56.AWI 3.81m) 9:3.2

3-25 100.5 130 602 17.5 2.9 t.176 W1).O 3.800 93.7
3-25 111.5 132 598 17.1 2.9 1.176 (68.(H1H) L.14 H) 4)1.0
3-25 112.5 132 599 17.5 2.) 1.176 0.NU10 .11 1 93.2
3-25 1013.5 130 612 17.5 2.8 1,032 66.4141 1.241 93.6
3-25 101.5 121) 610 17.5 2.8 -1.032 (P.1K)1 1.414 93.1

1-25 105.5 131 607 17.5 2.9 1.032 62.f N 11 :3.64 W) 1.2
3-25 1416.5 133 60.5 17.5 2.9 1.176 58.(144 3.801 93.1
3-25 1017.5 112 610 17.5 2.9 1.176 62.041 3.(-A 1 1)L.2
3-26 10)7.5 12t 605 17.1 2.9 1.176 62.(14) 3.7(1) 9.)
:-26 108.5 121 608 17.7 2.7 3.888 56.(H 3.24) 91.3
3-26 1019.5 124 610 17.8 2.8 1.032 56.0004 3.1mH) 91.6
3-26 110.5 126 64)9 17.8 2.8 1.032 57,1471) 3.t) 9 1.7
3-26 111.5 128 60.1 17.8 2.7 3.888 58.1NH) "I.(H) 94t.8
3-26 112.5 130 02 17.7 2.7 3.888 58.1iW 3014m41 9 1.8

3-26 1:1.5 131 ()4K 17.8 2.8 1.0:32 M.(! 3. 111 4)1.1

3-26 11.5 1:12 () 17.7 2.8 1.0132 62.114O 3.600 1) L.2
3-26 115.5 131 60140 17.8 2.7 3.888 62.11O 3. 1.114) 1.5
3-26 116.5 131 64140 17.7 2.7 3.888 601.11N H 5.)00 (1.2
3- 26 117.5 132 619 17.6 2.9 I. 176 62.1 H 4) 1.24 H) 93.2
3-26 118.5 1 6011 17.6 2.7 :1.888 65.1000 :1.'414 91.1)

3-26 119.5 130 610 17.8 2.7 3.888 65..(1 :1.mmi ) l.41
3-27 119.5 125 6017 18.0 2.7 :.888 05.1 1. 100 93.7

3-27 120- 126 596 17.8 2.6 3.7 14 t 6:.1 (1 3.($44 113.8
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rei6ere O)smosis Test iaa ( .ll.d

(n Iilative Feed Feed Brine Pr.odm1 Feedt Pr.dut
I )ae 4)l wral3 if T r Prs,-ure FI.. Rate F1'. Rate 4 .nd11 it i h 4 dt ( 11 li it% Reject ili

1n4-4) Jill (°F) jlldin.2 (galtO min) (gan/min) (gal/lI) IiIlh- (Aeh l (141

3-27 121.5 129 595 17.6 2.6 3.711 58.1o1 L. 10)0 92.9
3-27 122.5 134) 591 17.5 2.6 3.7 11 58.11 1.311 92.3
3-27 123.5 130 592 17.5 2.6 3.7 t t 65.0101) 3.850 91.. 1
3-27 12 .5 129 590 17.5 2.6 3.7 t 61.0(1 1.200 93. t
3-27 125.5 129 610 17.7 2.7 3.888 66.0)0 LOO 93.9
3-27 126.5 130 606 17.7 2.7 3.888 66.4H) 1.20) 93.6
:1-27 127.5 130) 606 17.7 2.7 3.888 68.o .2() 913.8
3-27 128.5 1:1) 005 17.8 2.7 3.888 63.0))0 1.2M4 93.3
3-27 129.5 131 60)5 17.8 2.7 :1,888 63.0(0 .1t14) 913.0
3-27 130.5 131 607 17.8 2.7 3.888 60.10 I. O( 92.7
3-28 131.5 122 601 17.8 2.6 3.71l 61.1m)) 3..150 91.3
3-28 1:32.5 125 615 17.8 2.8 1.032 58.000 3.60 93.8
3-28 133.5 127 612 17.7 2.8 1.132 58.000 .1)4)1) 91.1
3-28 131.5 128 609 17.7 2.8 1.032 58.11).) L MO492.9
3-28 135.5 130 -6)7 17.7 2.8 1.032 61.00 . 111 93.3
3-28 1:36.5 131 603 17.7 2.8 1.0432 6.1.004) 1. 100 93.6
3-28 1:37.5 1:14) 604) 17.7 2.7 3.888 ").000 LO.1414 93.3
3-28 128.5 130 602 17.7 2.7 3.888 G. lOOLN 1.) 93.8
3-29 138.5 12t 612 17.8 2.7 3.888 56.0011 3.800 93.2
:1-29 139.5 125 611 17.8 2.7 3.888 55.1001 L.O) 92.7
3-29 111.5 125 602 17.8 2.7 3.888 56.)004) :1.6)) 9:1.6
3-29 I 11.5 126 628 17.7 2.9 1. 176 601.))01 1.001 913.3
3-2) 1t2.5 128 611 17.8 2.9 1.176 60.00 1.100 93.2
3-29 I t3.5 13 601t 17.7 2.8 1.1132 71.000 .INK) 1. t
3-29 1 11.5 131 641. 17.7 2.8 1.032 60.000 1.(()( 93.3
3-29 115.5 1311 6406 17.8 2.8 1.032 601.00) .4X)1) 93.3
3-29 I 1(.5 128 64)8 17.8 2.7 3.888 6(0.0)01 1.004)0) 93.3
3-29 1t7.5 130 603 17.7 2.7 3.888 01.4)0 1.0 93.3
3-29 118.5 131 611 17.7 2.8 t.0:12 61.1411 1.151 913.2
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Reverse Osmosis Test Data (Cont'd)

(tunulative Feed Feed Brime Proltict Feed Product
)ate ()peration Temp Pres.-ure Flo" Rate F4W Rate Conductivity Condu tii% Rejection

(,no-4) 1II) j°F) 4I1/i.") Igai/m ii) (galhmin) (gal/d) (4luiho) (4lniho) I

3-29 119.5 131 592 17.6 2.7 3.888 65.000 ".304) 93.4
3-29 150.0 132 593 17.6 2.7 3,888 58.000 1.8010 91.7
3-:30 150.0 121 598 18.0 2.6 3.7.4 56.(X) 1.800 91.1
3-30 151.0 126 595 18.0 2.6 3.7'11 57.00)) -1.400 92.2
3-30 152.0 126 601 17.9 2.7 3.888 56.0() 41.400 92.1
3-30 153.) 128 611 17.9 2.8 4.032 56.000 4.200 92.5
3-30 154.0 130 601 17.7 2.8 4.032 60.0100 4.50)0 92.5
3-31 155.0 130 602 17.7 2.7 3.888 60.00) L34 92.8
3-30 156.0 128 604 17.7 2.7 3.888 60.000)) 4.1(K) 93.2
3-30) 157.0 130 596 17.7 2.7 3.888 6t.X) 1.21H) 93.0
3-30 158.0 131 609 17.7 2.8 4.032 60.000 1.21) 93.0
3-30 159.0 131 593 17.6 2.7 3.888 60.00) -1.3(H) 92.8
3-30 160.0 130 613 17.8 2.8 .1.032 t.004 1. I ()) 93.2
3-30) 161.0 130 609 17.8 2.7 3.888 6-1.000 1.5H) 93.0
3-30 162.0 130 605 17.8 2.7 3.888 63.()0 . I ) 93.5
3-31 162.0 122 64)5 18.0 2.7 3.888 59.()) 5.0)O 91.5
3-31 163.0 124 6)6 18.0 2.6 3.71- 600. 10O 5.11!4 91.5
3-31 161.0) 126 605 18.) 2.6 3.744 60.0H)O 4.8)0 92.0
3-31 165.0 128 602 18.4) 2.7 3.888 640)1) .1.14)4 92.7
3-31 166.0) 130 601) 18.4) 2.7 3.888 61 .()4L) 4() 92.8
3-3 1 167.0) 129 603 18.0 2.7 3.888 61.0))0 -1.44M) 92.8
3-31 168.) 129 600) 18.0 2.6 3.71-- 62.N)1 15) 92.7
3-31 169).0 128 64)) 18.4) 2.6 3.711 6.41)) .1.60H) 92.3
3-31 171.4) 129 611 17.9 2.7 3.888 6M.)O 1,)H4) 93.3
3-3 1 171.0 130) 613 17.7 2.8 t.032 60.0)00 1.O(W) 93.3
3-31 172.0 134) 644 17.7 2.8 4.0:32 58.t!0 .:300 92.6
3-31 173.0 131) 68 17.7 2.8 1.032 6W.00) 1.5)0 92.5
I1 173.0 12 t 611 17.7 2.8 1.132 51..)X)4 5.101 9M.7
- 1 17 1.) 126 61 1 17.8 2.8 1.0)32 5 1.ON)1 1.200! 92.2
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i ~ ~Rwtrm ()mnlosim Test Data ((:oll'd)

ii IllllI ati e Fv(' I Fe( I I Irifi" ltrt, Po l leet I I'r itI tift

I )at" I )lj iratitio Tru Prc', .ttrv lh, Rat e Floh, Halfrl4' t Ii alIli it 4 . ld 'li t i il. IR'jri it
(fitit-tl 41i) o i,. 4lh.:) 4ga/111111 IgaJ/mital tga/1 lALotdnt) Ip~llll'oI I(

I- I 175.0 128 69 1 7.7 2.8 1.1032 5 1.000 .50 91 .9
- 1 1 76.0 129 605 17.7 2.1 .I B2 56.1 ) 1.31 H ) 92.3

I-I 1 77.0 1: 3? )') 1 7.8 2. 1 .176 56.000 1.610 91.8
1-I 178.0 30 f05 17.7 2.8 [032 62.00 5.000 41.9
t- 1 179.0 1:o 64)8 17.7 2.8 1032 58.000 [.800 1 .7
1-I 180.0 1:0 67 17.8 2.8 1.032 59.0040 .1")4 92.04

t-1 181.4 I:14) 605 17.8 2.8 4.032 60.4 HI) 1.801) 92.0

1-I 182.) 1304 0)OO 17.8 2.8 1.032 6. U044O [6001 92.8
1-I 183.0 121) 598 17.8 2.7 3.888 66.000 1.60(0 93.0
1-1 18.1 129 596 17.7 2.7 3.888 62.000 1.800 92.3
1-2 18 IO 121 66 I7.7 2.7 3.888 60.000) 1.80(0 92.0
t-2 185.0 125 64)2 17.8 2.7 3.888 58.00) t. 1,00 92. I
1-2 186.0) 126 598 17.7 2.7 3.888 60.000444 [.844 12.4

t-2 187.01 128 617 17.7 2.m I.176 60.014O) t.200) )3.()
t-2 188.11 130 615 17.7 2.9 4.176 58.00O 1.61 NO 92.1
-2 189.04 131 599 17.5 2.8 1.032 62.(4) 5.10() 91.8

1-2 I90 4.4 131 597 17.5 2.8 4..032 60.00 5. 14444 91.0
1-2 191.4 1310 601 17.5 2.8 4.)32 60.KO. 1.0 9444 12.7
t-2 192.0 130 600 17.5 2.7 3.888 61.00 1.800 92.1
t-2 I )1.) 129 641, 17.5 2.7 :1.888 61.000 1.641 92.5
-2 19 1.0 129 6441 17.5 2.7 3.888 6WW.0114 5.f444 92.3

1-2 I15.0 128 6442 17.6 2.7 3.888 63.0)00 1.8004 92. 5
1-3 145.04 21 6)o 17.8 2.8 4.032 604.000o 5.8(4) 94).3
1-3 196.0 121 (00 17.8 2.7 3.888 60.(4 5. 1,40 4 1.0
1-3 I 197.0 126 640 17.9 2.7 3.888 62.0004 5. l(1 () [.3
1-3 110.11 121) 642 17.9 2.8 1.0:32 (0.00014 5.A(KOO 91.7
l-:1 I 1(.14 1 :1 6442 17.8 2.8, 1.:12 (2.000441 5. 1O) 91.3

1-: 211.0! 1:31 592 17.0 2.7 3.888 55.11111 5.6141 (104.3
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