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ATNA/NTINARDN

A1 N1. LERINRYRIAIATINGY dedanmenimiy sssszunlnlnflawedu

M Transmembrane pressure { Bar) fnrnrindeh ( favenn 1)
0.2 44.44
0.4 66.56
'0.6 66.67
R 72.22

AT N 2. AMINRTBIAINTINAD Heqoiinyaieaien seni snsszuyluTasRincaeiy

qmi’nm-n;ﬁ‘?ﬁmmi i souyluTnaRmsdu
Arkal Transmembrane pressure (Bar)
02 | 04 [ 06 | o8
1. Moy 7.7 726 ) 736 | 747 | 746
2. sTsRvEEiMan (0./5) 142 138 | 136 | 137 | 138
3. 1uTUMNRY ( WNn./6) 49 <6 | <6 | <6 | <b
4. emsnseAnaiovin (ppm es CaCO3) 225 2112 | 2078 | 20.45 | 20.89
E. n (ppm as Fe ) 0.03 ND [ ND | ND | ND
6. M-Alkalinity {ppm as CaCO3) 42 36.85 | 36.46 | 36.48 | 36.51
7. analidaey (ppm es Cl) 10.72 10,53 | 10.62 { 10.54 | 10.58
8. dnimdoow (ppm as SO4) 242 22.37 | 22.36 | 22.35 | 22.36
fo. 88m (ppm as Si02) 45.7 44.3 | 4376 | 44.20 | 4480
10. flled PPM) <3 ND | ND | ND | ND
11. Wifia (ppm as Ni) <008 ND | ND | ND | ND
12. w2 (ppm as Pb) <0.16 np | ND | ND | D
13. 03UAN (ppm as Cu) <0.026 ND | ND | ND | ND




[ ]
A3 N3. LEAINBYBIMIATNAY deBaTInTINEAdY sssszndiadasenlnds

M e (U )! Sommawamh ( Gevasar 5
8 17.5
1 2284
14 28.28
17 3371

AN 4. LEAINETBLAIAIINAL AB %MTARINEDYS sadrzuviefasealnds

72

fhnmh‘lﬂjm smathlwih ammablwh | % namdeinfeus
spah rian {sanhamsu RO
Us/CM Us/CM
8 135 3 97.78
11 138 2 . 9855
14 145 2 98.62
17 134 2 98.51




AT N 5. UHRIKAIBINIATINAL KenmidnpIsaTen sash seeanufiaafuesnluds
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Tau RECOVERY 60%
qmi’nms:;iﬁtm:ﬁ i seuyiaefasanludn
TN TINTEN anudn (1)
Llosawsin | 8 [ 11 | 14 | 17
1. Moy 7.58 723 | 715 | 704 | 702
J2. mmzmuﬁmum {(sn./8) 120 4 2 2 3
3. YOWBMLIMADY { NN./A) <b <5 | <6 | <6 | <5
4, mmnwﬁnﬁ’mum {ppm as CaCO3) 228 087 | 074 | 0.78 | 082
6. W&n (ppm as Fe ) ND ND [ ND | ND | ND
6. M-Alkalinity (ppm as CaCO3) 38.7 1.2 08 08 08
7. analidoau (ppm as C) 10.88 02 | o2 | 02 | o3
Is. ¥aivinBoen (ppm es SO4) 22.12 068 | 065 | 068 | 058
9. #8m (ppm as Si02) 43.2 15 | 112 ) 1.08 | 118
10. fflad (PPM) <3 ND | ND { ND | nD
11, fifia (ppm as Ni) <0.08 ND | ND | ND | ND
12, 5% (ppm as Ph) <0.16 ND | ND | ND | o
13. "M (ppm as Cu) <0.026 ND | ND | ND | ND
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qmé‘nsmac&*u#ﬁtmz\i yhftrim senifiaefusnalads
TANMINTE % RECOVERY
Lilesfowtn | 40 | 50 | 60 | 7
1. Moy 743 732 | 721 | 745 | 7.8
2. m*:asmuﬁmum {(un./q) 124 2 2 2 3
3. soaudumnann ( 8n./6) <5 <5 | <5 | 5 | <5
4. mmmzﬁ‘fm‘q'mnﬂ {ppm as CaCO3) 235 072 | 072 | 074 | o077
6. wen (ppm as Fe ) ND ND | ND | ND | ND
6. M-Alkalinity {ppm as CaCO3) 38.2 082 | 086 | 09 1
7. Aeel3dBeew (ppm as Cl) 11.41 03 { 03 | 03 | o4
8. dawimSoau (ppm as SO4) 26.4 089 | 086 | 086 | 066
9. 8m (ppm as Si02) 42,7 095 | 123 | 135 | 14
10. {ilad (PPM) <3 ND | ND | ND | N
11. s (ppm as Ni) <0.08 ND | ND | ND | ND
12. a2 (ppm as Ph) <016 ND | No | ND | W
13. n0AUA (ppm as Cu) <0.025 ND | ND | ND | ND




. w U‘ J
a1 7. LEsenanmiisuiiey % mamiasessuy lulaiawedu #

aTtu 0.4 UM fu Tuedasssludefinméu 11.0 113 RECOVERY 60%

% MIANRA LlreRaiwtiu (CMF) Suandansaludn ( R/O)
1. EIRCAIETIIMAA 423 98.23
i 7.64 96.58
3. M-Alkalinity 14.24 9793
4. aanl3dEeou 1.87 9814
b Aandnau 031 97.06
[6. 88m 134 97 41
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AN 8. UdAY % NININA dma'maqnuﬂ AR 11 179 uas

% RECOVERY =60 % wssmsuvivafusealuda

(281 dannirlwdh danmmirividh 1 % namimnfeud
@k} sani sy gesiuhuazy R/O
Us/CM Us/CM
8 156 2 88.71
16 168 2 98.73
24 160 2 98.76
32 167 2 38.80
a0 166 2 98.79
48 164 2 98.78
66 163 2 98.77
64 166 2 98.80
72 168 2 88,81
80 166 2 98.80
88 162 2 9877
96 162 2 98.77
104 160 2 98.76
112 161 2 98.76
120 167 2 98.73
128 164 2 9878
136 167 2 98.80
144 164 2 2879
162 162 2 9977
160 18 2 9873
168 165 2 98.79
176 162 2 98,77
184 169 2 98.74
192 166 2 98.72
200 185 2 98.71
208 162 2 98,68
216 166 2 9872
224 160 2 98.75
232 162 2 98.77
240 158 2 89873
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MEMTEC WATER TREATMENT EQUIPMENT
6 M10 C Microfiltration ( CMF)

PP membrane module

Memoor : Wwmannmmnaes Wablnfaniu (56 Adummaosandade: noe
aymefinass 0.2 wemen saniiidadaunidilunms SaitlMlahin qaunmee sy
Afeymefignivimeenitfu sulilhunounmivwie  Wiohluhdedeld enashdgues
mamasun] Wumaendeand Tnudumosnisslumefindy mansoidneymefime
Goffomeaduly rmdndtlaaWnl fumadegu raduls ussehabiifoms Scub Sobl
wimufumafenrdaniulaeinly

msanusziy Whaunnmsiede g sznoudy {in, CMF Filtration array mdin
vieth Tuumueaehe teneudslisedenmlion mamumpnsulesld pLC Foldnagm
91N Hitachi EM PLC . sarmniuénlé 4 Mitsubishi AIS , Omron 200 H urideaduenldine

gt
N AREIY

4 : w [ ‘ LA »
Buduszry © funeunmhoumugalay PLC nafluih wy Saluli@ dsdamiGanh
J oy o & 3 8 Lt - & > J 1 + .I‘
awdlorsiues dilidaaffold 1eida e wndelei Wotnwmeiinhluds dethsmb
] [ VBI v ¥ |  J d - ud !
A dalugn shiiusemadandeprquresssium Wedsmumnnnios snurmasefaghvh
imdiefRamnsssm thildumanies whesndddnamusssinedugs mmuguiannains
o 4
ToulfAsurusle ssmnswmdemmainaldnetedleindannlng
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L] g or [ ]
mainiingusn anlnivasnsiissuy

zero discharge mﬁﬂuﬂezmmﬁgam@m

Taenmgasmnaases, i il wilaeusinaed (7] fnr A naunda sy
wommrlihedids  shwdeenmudwhiauifentindoWld musnagmfingrny
fmuarieufistuseunegmomoy Eelugreammbrhidumehiindusniiflvalesiby o
Fontselom gogn useidumaseRanoshidufiniet

peullirnemsdsaiidasrhamhiiuss Ehumnhimhdamiigdu
gon 3 01, U A2 Sudtwii el 1990 meminirahiedufaan 1020 % g 29 il 1988
nmenhdehdugauhsnm 2 whopadamfigeiu felunidliuteqiléfnmarimuniien
Fanmmdesmhiuusvanemadisusssnmwdonitu auta Tameviingun, fentud uss
arillod

melulatfmanrmhanidomnumnssadmivmomsdudliel fo muninedreedhas
dsammandadd eet. 1960 TnenminhAldnnmunsioeieeesbasnld wrtudmons
udstnmusmtissieahihdednedmits  nudisnAoeseeerbamiumnniiin
s selonsMnelumndun  wssdurmsesEhudwimidehdeilins
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suineSeoestAasemubiddenmvimb s zero dischargelaf

- WRsnoahndufirncs 85 % venhifudoinh il fuslunidy «

. snouinAusnadds 85 % toniiduiu «

- s ludunmh i

- snonazusihléh

srmmyneimmesbaaduiite s zero discharge athann (9] iasmens
sarmolumarindaammhiongs uh saseme, infin useddm Tnufmedldfnmvasndeds
Ly thin-flm composite  FEnaNIAMAGRBM Wigefis 99.6 % uev salt rejection 19
o0.5% datwiulatgrgoummind saneminhilifusmnmeriniuiu, vie boiler Idifiuathad

'lumﬂmmmﬂnn{aaaaﬁﬁﬂdmumﬂ'umLaumnw'mmwm smiwiahiau

- shan Blowdown Tasveriiiin

- ﬂ'm1nmrﬁm:]ﬂ1=ﬁmmmamum&1dau

- ﬁ1a1nmaﬁuﬁﬂszﬁn‘ﬁmmamnﬂwﬁmﬁnﬁaau

- s nundsnned

§lwadazufanmnmmenmuasnsssiessmendalefnaniidisgruminimsnsdd
Feemumsmnsihiuseymen numsgneudssesmaeenaniiv usrlinmmsade
wonmewdaruseseenyinsan  vimmbReimd i ineiroeshdn  duwiubhilidan
nnunmhmnssfanhiifssmeiniuii ¥e boier dwinhdsddanAuniosan
mmumiimanioilihedollnemsEnmmmmbeenviolrauwaiss Smsdats
smanmhaflneuld

mudonmeiulatdmiuraumy zero-liquid-discharge [10}

Sinelilntvme o wufmnno kst lonifumeiiduagiumeseniy, s
nnqnmmﬁﬁuﬂndwﬁu, soflsvnumenindiy, fiwhl.ﬂum‘suammm’}mﬂa,qﬂnmi Ko
Jnafsparldsiiissmnlinhdmmizum W fhwh@usiamsidabugemn q Mimmn
UrnnAneismestddlavie MlwhEulmudiussudig aflfmnsvefoadbds
feeiiAenmneduienn v iambavimwoosdledsld

mehuloiin q Afdwdedesmbdoulwhidesdnoll (13) clarifier, vapor
compression evaporation, ion exchange w&ﬁanuuu‘lﬂuﬁm‘%uﬁuﬁqmﬂuﬁﬁﬂmﬁmmzﬂu
sl nmnunmeedadivmennummseideneh i nnmifideims
| darifiers  Hwiuideseadalmnn 50-80 % dwiimnunmmnacnausumnnd)
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Unit operations widely used for the Recycle reuse of waste water {10,13]

Unit operation Function

Systems to recover aqueous cleaners Use ceramic ultra or microfiters to regeneiate
aqueous cleaners used in metal finishing and

automative industries

Caustic-etch regeneration system remove dissolved aluminium from caustic
solutions that ate used during etching or

anodizing processes

Ceramic membrane system Recover aqueous cleaners, caustic, oil and
various solvents. They can also be configured
t0 pretreat water ( particularly surface water)
prior to RO, ;émoving suspended solids and
organic matter that would otherwise foul RO

membrane

Chermical reclamation system Recover usable constituents ({eg.,acids,
ammonia,solvents and other chemicals) from
waste water streams. For example, vacuum
distillation can recover hydrochloric acid from
electroplating and metal finishing solutions,
producing clean water and HC] with less than
10 ppm total metal and less than 100 ppm total

organic carbon

Continuous deionization system Use ion exchange resins , ion exchange
membranes and an electrical current to purify
water, without the problems associated with
using acid and caustic regenerants. An electric
current, continuously regenerates the resins,
producing consistent, high-purity water with

no downtime
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Electrodialysis systems

Segregate contarninated plating rinse waters
into two products - a purified filtrate

( essentially water ) and a metal-rich
concentrate stzeam- both of which can be

recycled

Filtration systems ( Bag, cartridge, sand,

carbon, media, and membrane filters)

Clarify water by removing suspended solids
ranging from 0.1-10 micron to less than 1 ppm.
Ceramic and polymeric membranes can aiso be
used as polishing filters

Ion exchange system

Remove scluble ions, total dissolved solids and
other chemicals. They are a key method for

recovering heavy metais

Microfiltration and Ultrafiltration system

Use ceramic or polymeric membrane to remove
suspended solids, high -molecular- weight

species, colloids and bacteria

Physical and chemical treatment system

Remove heavy metals and suspended solids.
Some precipitation systems use sulfide
precipitation and filtration to remove chelated
and non-chelated heavy metals to ppb levels

Reverse osmosis (RO) system

Remove dissolved solids , salt and other

contaminants
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FILMTEC MEMBRANE ELEMENT
1. Rlement Typa Selaction

The FT30 membrane [ 14 | is available in three different grades, as SW30HR { Sea
Water High Rejection ) , SW30 (Sea Water), and BW30 (Brackish Water). These membranes
are used in spiral wound membrane elements, which have the same designation. In the tap
water element TW30, the BW30 membrane is used. Membrane elements are availabie in
varicus diameters and lengths. Standard diameters are 2.5, 4.0 and 8.0 inch {64, 102 and
203 mm). The standard length is 40 inch ( 1,016 mm ) . For example the nomenclature of
an 8 inch diameter, 40 inch long Brackish Water Element is BW30-8040. (Membrane surface
area is sometimes used in place of diameter and length (i.e. BW30-400)
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Table 1 shows the sizes and types of FT30 membrane ¢lements.

Diameter - Length Type
(Inch) (Inch) SW30HR TW30
SW30 | BW302

1.5 12 X
1.8 12 X
2.0 13 Yy
2.0 26 X
25 14 X X
25 21 X X
25 40 X X
4.0 14 P X
4.0 21 X X X X
4.0 40 X P X P
4.6 11 X
4.6 19 X
4.6 41 P
8.0 40 X p X

To select t_he right element for a given purpose, there are several criteria to be

' 1
considered :

® Feed water TDS

< 1,000 mgl = TW30

< 5000  mg/ =  BW3D
5,000-15,000 mg/l ©  SW30
15,000-60,000 mg/ =  SW30HR

L System salt rejection

> 92% = TW30

> 98% = BW30

> 99% D SW3

> 99% =  SW30HR




® - Required feed pressure
< 21 baz( 300 PSI)
< 41 bar( 600 PSI)
> 41 bar( 800 PSI)
L System dimensions restricted
yes
no
® Required permeate flow
< 02m’/h (08 GPM)
<3m'hm
> 3m’h

{ 13 GPM)
(13 GPM)

3

>
=

aa

TW30
BW30
SW30, SW30HR

element length < 40"

elemsnt length = 40"

element diameter < 2.5"
slement diameter = 4

element diameter = 8 o

Some applications, e.g. in the food and beverage indusiry, requite a sanitary

membrane olement design, Many element sizes are available in a "l fit" (FF)
configuration : these elements have a polypropylene net instead of an adhesive tape or a
fiberglass wrapping and do not have a brine seal. Thus, there is no stagnant water between

the element shell and the inner side of the pressure vessel.

Please contact your local Dow Sales Office for further information.

2._Number of Elements and Pressure Vassals

RO systems are usually designed for a specified permeate flow Q.. To achieve this

flow, a number of membrane elements N; is required. This section describes how the

number of elements and pressure vessels required for a specified permeate flow and a

specified feed water source can be estimated. With these figures, é system can he

chosen, The chosen systern must then be anelyzed using the 1'-']]..M'I“1§!C®

Reverse

Osmosis System Analysis (ROSA) computer program). This program calculates the feed
pressure and the permeate quality of the system as well as the operating data of all
individual elements. It is then easy to optimize the system design by changing the

number and type of elements and their arrangement. The average permeate flow
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per membrane element, ﬁ; is: Q, = Q (1)

The maximum allowed permeats flow per individual element, Q, ., depends on the
feed water quality according to the System Design Guidelines. For a softened surface
supply, for exampie.Q,,,,, i8 26 m’/d (6,500 GPD) for an eight inch element. This limit must
not be exceeded by any element of the system. The lead element are usually the critical
ones with the higest permeate flows, because these experience the higest feed pressure

and the lowest osmotic pressure of the feed water.

Brackish water systems are usually designed with the lead element(s) producing the
maximum allowed permeate flow Q. according to the given feed water. quality. The
permeate flow of the other elements decreases in feed flow direc;ion, because the feed
pressure diops due to the flow resistange, and the '&motic pressure increases due to the
concentration of rejected salts. Inmost standard applications, the average permeate flow

per element,-a; is about 76% of the maximum permeate flow, Q

pimax

a, . o7xQ,, (2)

Thus, the number of elements can be estimated from the chosen Q,,,, value with

equations(1) and (2) :

N, = Q, @)
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Example :

Given : Chosen :

® Feed source : Brackish well water, & BW30-8040 element
softened, SDI <3 ® Q.. =28 m/d (7500 GPD)

® Required parmeste flow : {System Design Guidelines)

Q, = 30 m’h = 720 m’/d (132 GPM)

® Six-slement vessels to be used

Estimated ; Chosen :
® N, = 34.3 (from equation 3) ® System with 6 pressure vesseis
® N, =57 (from equation 4) in a 4 : 2 arrtangement

In sea water desalination systems the limiting parameter is usually not the permeate
flow per element, but the feed pressure, which must not exceed 69 bar
(1,000 PSI ). The number of elements required for a specific system permeate flow Q, can
roughly be estimated from :
N; = Q : (5)

P

0.75x Q...

The number of pressure vessels, N, is obtained from :

N,= N {4

Where N,., is the number of elements per pressure vessel. Standard vessels for big
plants contain six elements. N, is rounded to the next highest whole number.

For six-element vessels, the steging ratio is typically chosen as close to 2:1 as the
whole number ratio of the veséel numbers of two successive arrays will allow. For vessels
with Jess than six elements, the staging ratio will be less, for example 4:3:2 in a three-amay

system with four-element-vessalis.



91

Where Q... is the specifide permeate flow per element under Sea Water Test
Conditions, as given in the Technical Bulletin. From the number of elements, one can
determine the number of pressure vessels as already described. One array is usually

sufficient for sea water systems with maximum 40% recovery.
3._System Performance Projection

3.1 System Operating Characteristics
Before a system petformance projection is run. you should be familiar with
the operating characteristics of a system. These will be explained using a typical example.
Figure 1 shows a two-array system with three §-element-pressure vessels using a staging
ratio of 2:1.

Two-array systems with 6-element vesse}s--effeétiVely employ twelve spirel wound
elements in series and are generally oapable of operating at an overall recovery rate of 60 to
76%. For such systems the average individual recovery rate per element will vary from 7 to
12% . To operate a two-array system at an overall recovery much higher than 76% will
cause an individual element to exceed the maximum recovety limits shown in the Design
Quidelines of Chapter 4.1 . When this happens, a third amay will have to be employed
which places eightteen elements in series shifting the average element recovery rate to
lower values.

If two-artay systems are operated at too low a 1ecovery {e.g. < 60%), the feed flow
rates to the first-array vessels can be too high causing excessive feed/concentrate-side
pressure drops and. potentially damaging  the elements. For exampie, FIL.MTEC® 8040
elements have a maximum feed flow rate of 11 to 18 m’/h (50-70 GPM) depending on water
souce (see System Design Guidelines, Section 4.1). As a result. systems with lower than
60% recovery will typically utilize single-array configurations. Maximum flow considerations
can also limit the staging ratio. 1t is uniikely to find systems with staging ratios grater than
31.

- When a single RO element is run, the operating variables are readily measured, and
perfomance can be easily correlated. When a large number of elements are combined in a

system with a compiex series-pataliel-series configuration and only inlet operating variables
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are known, system performance perdiét.ion becomes considerably more complex. Feed
perssures and salt concentrations for each element in series are changing. The rate and
extent of these changes are dependent not only n the inlet conditions and overall recovery,
i.e. staging ratio(s).

Figure 2 illustrates the dynamic nature of predicting system performance based on
the sum of individual element performances within the system. It shows how five different
element performance parameters vary throughout the twelve series positions in a 2:1 array
of 6-element pressure vessels, The system is operating & 75% recovery and 25° C with a
fead osmotic

Pressure of 1.4 bar (20 PSI, which roughly comesponds to a 2,000 mg/1 feed TDS). The
inlet feed pressure has been adjusted so that the lead BW30-8040 element is producing
76500 gpd (28,4 m’/c)(7,500 GPD), the maximum permeate flow for a well water system with
feed SDI < 3 .

The top third of Figure 2 shows individual element permeate flows decrasing
uniformly throughout the series configuration from 28.4 m’/d in the lead element of the first
array to approximately 3300 gpd {125 m’ /d) in the last element of the second array. The
average element permeate 1ate is 22 m’ /d (5,800 GPD) of 77% of the maximum alloweble
limit.

Permeate flow decreases because the net permeation driving force Ap - AT is

uniformiy declining. (AP is the pressure difference between the feed side and the permsate

side of the membrane ; AT is the osmotic pressure difference between both sides). This is
evident by looking at the two curves in the bottom third of the figure. The upper curve
shows how the inlet feed pressure to each element (P) decreases due to the upstream

concentrate-side pressure logses within each element.

The bottom curve shows how the inlet feed osmotic pressure to each element(T, ) is
increasing as salt-free (mostly) permeate is progressively removed by each upstream
element, leaving behind a steadily increasing concentrate concentzation. The difference
between theese two preessure curves is roughly equivalent to the net permeation driving
force.

The middle portion If Figure 2 exhibits two subtle but important effects. The left-

hand scale shows how individual element recovery varies within the twelve element{series)
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sequence, The break occurs between the first and second arrays. In general, the individual
reecovery profile will increase in both arrays but typically more strongly in the first. The
system designer-utilizing a computer program-must verify that the last element in the first
array does not exceed the appropriate recovery limit. As element recovery increase, the
effective osmotic pressure that the membrane” sees” will be higher due to concentration
polarization. This inefficiency reduces permeatg flows and can lead to membrane scaling of
fouling if ailowed to go to excess.

The other curve in the middiee portion of Flgure 2 {right-hand scale} illustrates an

mt.erestmg phenomencn exhibited by the F]IMTEC FT30 membrane, it shows that the
membrane water permeability coefficient, of A-value, is a reversiblee function of salt
concentration, deecreasing at higher salinities andincreas‘mg at lower salinitiees.

The water permesbility declines by almost 15% in this example through the series of
twelve elements, and this must be taken into consideration if an accurate disign for system

permeate flow rate is to be obtained.

3.2 Desing Equations and Parameters
The performance of a specified RO system is defined by its feed pressure (or
permeate flow, it the feed pressure is specified) and its salt passag. In its simplest terms,
the permeate flow Q through an RO membrane is directly proportional to the wetted
surface area S times a net permeation driving forcee (AP - AT) The proportionality
constant is the membrane permesbility coefficient or - A-value. The familiar water
permeation equation has the form : |
Q= AxSx(ApP- AT) )
The salt passage is by diffusion, hence the salt flux N, is proportional to tﬁe salt
concentration difference between both sides of the membrane. The proportionality constant
is the salt diffusion coefticient of B-value.
N,=Bx(C,-C,) (2)
Where C, = feed-concentrate average concen-tration

Cp = permeate concentration
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Theree are basically two ways to calculate the performancee of a specified design :
Elemeent-to-Element

This is the most rigorous celculation method. It is too tedious for hand calculation,
but it is suitable for computer calculations. All the operating conditions of the first element
must be known, incluging the feed pressure.

Then one can calculate the flow. pressure etc. of the concentrate, which is the feed
1o the second eslement. After calculating the results for all the elements, one may discover
that the original feed pressure was too high or low, so the trial and error process starts with
a new pressure.

With the help of the FILMTEC Reverse Osmosis System Anlysis computer program,
accurate resulis can be obtained very quickly, so that this program can be used to modify
and optimize the design of a system. Accordingly, thg‘ entite system calculation method
will not be described here. It is also not intended t)omoutline the process of the element to
element computer calculation. Howevei. the governing equations and parametets are given
in Table 1.

In order to enable the determination of values for the terms A, AP, and AT in
equation(1) the water permeation equation is expanded to equation (3). The permeate
concentration can be derived from equation(2) after conversion into equation{12). The
design equations are listed in Table 1, the symbol definitions the Table 3.

Entire Systeem

This is a fairly easy method. Average values are used to calculate feed pressure and
permeate quality if the feed quality, temperature, permeate flow rate, and number of
elements is known. If instead of number of elements the feed pressure is specified, the
numbeer of elements can be calculated, with a few iterations. This method generally gives
a result within 6% of that from element to elemeent calculation. The design equations are
listed in Table 2, the symbol definitions in Table 3.



Table 1 : Deslgn Equations for Projecting RO System Performance Individual Element

Pzmeate Flow

Averzge Concentrate-Side
Csmotic Pressura

Average Permeate- Sice
Qametic Pressure

Ratio: Arithmetic Average
Concenirate-Side to Feed
Conceniration for Elementi

Ratio: Concenirate to Feed
Caoncentration for Element i

FeedWater Osmotic Pressure

Temperatura Correcion Factor
for FY30Membrane

Concentration Polarization
Faclorior FILMTEC8" elements

System Recavery

Permeaie Concentration

Performance
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The subscript 1 in the equations of Table 1 indicates that they apply to the *
element in a sequence of n elements in a seeries flow configuration. To accurately
deetermi_ne system performance, Equation 3 is successiveely solved for each of the n
elements starting with an inlet set of conditions. The solutions depend on mass balances
around each element for salt (Equation7) and waler (Equation11}, as well as correlations [or
individual element parameters such as concentrate-side flow resistance, AP, (Equation 20c);
temperalure cotrection factor for water permeability, TCF (Equation 9); polarizalion factor,
pf, {Equation 10} and the membrane permeability coefficieent for waleer, A, {TLXEquation
21) which in the case of the FT30 membrane depends on the averagee concenltale
concentration or, alternatively, osmotic pressure. These solulions usually involve a suir.able
aveerage for the feed and permeate side hydraulic involve a suitable average for the feed
and permeate side hydraulic and osmotic pressures. For low recovery values typical of
single element operation, an accuraie sojution can be obtained using a simple arithmelic
average of the inlet and outlet conditions. Even so, since the outlet conditions are not

known, ilerative trial and error solulions are involved

3.3 System Evaluation Computer Program

A FILMTEC® Reverse Osmosis System Analysis (ROSA) computer program is
available to project the performance ol given systems, and to optimize the design of the
system. It can be further used for scaling calculations and to evaluate the performance of

an existing system from its operating data.



Table 2: Deslgn Equations for Projecting RO System Performance System Average

Total Parmeata Fiow
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Table 3: System Definitions

Q

b

™

14

Al

Element| Parmeate Flow (gallonsiday, GPD}
Membrane Permenability @ 25°C lor Elementi -
a function of tha average concentrate-side
osmotcpressure (gallons/RY/day/PS1, GFO/PSI)
Membrane Surface Area per Element ({t!)

Ternperature Correction Faclorfor Membrane
Parmeability

Membrane Fouling Factor

Element | Fagd Prassure (PSl)

Concentrate-3ide Pressure Droalor Elementi{PSi)

ElementiPermeats Pressura (PS1)

ElamentiAvarage Cancantrate-Side Osimatc
Pressure {PSi}

Elementi Feed Osmolic Pressure
Element| Permeate-Side Osmotic Pressure (P Sl)
Concentration Polarization Factor for Element|

Sait Rejection Fraction for Element |
(m [Fead Conc.~Penn Conc.}/(Feed Conc.]}

Avarage Cancentrate-Side Concentraton for
Element | (ppm)

Feed Concentration for Element | (ppm}
Concentrate Cancentration for Elementi (ppm)

Racovary Fracuon for Elementi
Permeats Flow/ Faed Fiow)

Traated Fead Water Osmotic Pressure (P51}
Feed 'Mater Tempearature (*C)
Molal Concantration of Fion species

Summadcn of All lonic Species

System Recovery {Exoressed as afracticn)
Penmeata Flow/ Feed Flow)

Muyllplicadon of n terms in a sanes

Numbar of Elements in Series

System Permealts Flow (GPO)

Number of Elemants in System

Average Elament Permeate Fiow (GPD} = QMNg
Avarage Maembrana Permeability @ 25°C=a
function of the average coneentrale-side asmolic

pressure (GFO/PSI)

Average Cancentrate-Side Concenlration for System
{ppm)

Average Fractianal Salt Rejectionfor System

Average Concentrate-Side Osmatic Pressure for
System{P51)

Average Concentrate-Side Systam Pressure Drop (PSF

Limiting (Maximum) System Racavery
(expressad as airaction)

Avarage Element Racovery (expressed as a lraction)

Avaraga Concenirations Polarization Factor

Asilhmatic Average Concenltrate-Side Flow Rate (GPM'
{=[Feed Flow + Concentirate Fiow]/ 2}

Mumbar of Six-Element Pressure Vessaisin System;
=Ng/8
£

Numberof Prassure Vesselsin First Amay of 2-Array
System; = 2/37 M,

Mumperof Pressure Vessalsin Secand Arrzy ol
2-Array System; =N, /]

Array Rato =M, /N,
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Figure 1: Typical Two-Array Staging Configuration for Spiral Wound RO Elements
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Figure 2: Individual Element Performance in a System 2:1 Array of BW30-8040 Elements

. (Example)



TABLE 4 Characteristics of various commercially-available reverse osmosis {12}

Commercial Name Manufacturer  Sclute Test Conditions Flux x 10" cm™/em’ s (gid) % Rejection
Cross-linked aromatic polyamide
FT30-SW30HR-8040 FimTee NaCl 35,000 ppm, 25°C, 571 (12.1) 99.5
pH 8, 5.5 MPa, 1 = 10% [0.175 1/s (4000 gpd)}
FT30-SW30-8040 NaCl 35,000 ppm, 25°C, 8.58 (18.2) 99.1
oH 88 55MPar=10% (0263 /s (6000 gpd)]
FT30-BW30-8040 NaCl 2000 ppm, 25°C, 10.7 (22.7) 38
pH 8, 1.6 MPa, 1 = 15% [0.329 L/s (7500 gpd)] _
FT30-BW Methanol 2000 ppm, 25°C, 25
pH 7, 1.6 MPa
Ethanol - 70
Urea “ 70
Phenal 51 ppm, pH 7.4, 90
r = 83%, 2.1 MPa
Phenol 85 ppm, pH 114, 99
[ = 39%, 2.1 MPa
FT30-TW30-440 NaCl 2000 ppm, 25°C, 10.6 (22.5) g8
pH 8, 1.6 MPa, 1 = 15% [0.079 L/s (1800 gpd)]

001



TABLE 4 Characteristics of various commercially-available reverse csmosis (continued)

Flux x 10° cm’/em’ s (gfd)

Commercial Name Manufacturer  Solute Test Conditions % Rejection
FT30-SGHR-8040 NaCl 32,300 ppm, 25°C, 9.72 (20.6) 98.4
| pH 8, 5.5 MPa, 1 = 10% [0.298 L/s (6800 gpd))
HR 95 ) NaCl 2000 ppm, 25°C, 20.9 (44.3) 95-97
4 Mpa
Methanol 1000 ppm, 25°C 42
Ethanal 9000-26,000 ppm, . 1075
25°C, 4 Mpa
Utea 1000-20,000 ppm, 70
25°C, 4 Mpa
Phenol 30-1000 ppm 80-30
HR 98 DDS NaCl 2500 ppm, 25°C, 20.9 (44.3) 98.5-99.5
| 4 MPa
Methanal 1000 ppm, 25°C, 7.1 MPa 43
Ethanol 90
411 HR (PA) Osmonics NaCl 2000 ppm, 25°C, [0.079 L/s (1800 gpd)] 98
pH 8, 1.6 MPa, 1 = 10%
815 HR (PA) Osmonics NaCl {0.329 L/s (7500 gpd)] 98
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E avaporation

Q eirculation flow rate

1l &6 Open Recirculation System
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3. matwamsnianmauineev

nnqmtau&ﬂuqaéammaﬂmummmu&u dosrmbfssszmunmedhe  dhabi
1Aqrdbifiermasaeuimoplaiv ﬁaﬁ’uﬁaﬂmsﬁzﬁuﬂ'\m:muui‘mq'luﬁmw’mmﬁu‘%mmmm
unaziafsqemils 4 wrrnemeunetsbissnmarmmhidnud  mbiRmsensindeds
anEuM uanmnﬂuum%ﬁmﬁau"Juﬂnm‘a‘uﬁﬂﬁuﬂﬁﬁuﬂ%‘éﬁﬂﬁﬂnmzﬂwaamﬁm‘iétﬁu
& e uasensBwadAidiuemamesiunideen dou slrEmsdulnme iRt
W uevriolifatigmehan masn 2 iudodmnuhmpimnsniol) Wemuesdigm
GHNEN? mnm1uﬁmqut"mumaﬁmﬁaﬁ'un'h yfionaw (Bleed Off)

 SommruAneen suiuayfy

- amnriinavanimamiion

- Wsnoueseh aminazeng unadus, ensidushslumiueiua uaveaaelaf

- Vanoisasiaacantiush (TDS)

- nwu’:‘ﬂum‘:ﬂpuvimmmw%

Tmaneg) simain m1ﬁd1m1utim'm1moﬂnazmuadwﬁuq&qﬂﬁuaﬂm Wi
yansuanee Wednmmisswimhidmeums wseftasnmammutuiiind Sontasonlk
dnausnTaemufinenanaa whi SwmsmRemundeuifivin g

v 1- k) le 1 Yoa U oa
Hiimuald s dhalmineessrsraisfistaeat IWduAsmMaKM 1 GU.H. WKAB

AxS = PxSxC
A = E+P
E+P = PC
(2~ C = E+P '
P
{3) p = _E__
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1. azndu

1.1 suwgmaiinaeniu

wsn%‘mﬂuuaﬁuﬁmmmmnuﬁnﬂmamlmauﬁazmu'lmiw quuﬁuwnamiw
lu-szuwa'aLﬁuwuul.‘ﬂmﬁﬂﬁﬁmqm’iwﬁdwnuuﬁuﬁwnaemmzmumﬁawiﬁﬁu W
et aaLvEneuffinnssnan o umsasmmh sorfigeesfionankdnneumang
183 Mass Action Srlnavlefiuagmimadiianslenaufifiennmaunndagend
" Solubility Product (HEQMIBIFTIAEME) spaihisnrmiuazanedin

fhethath  Ca” uag CO, aifnientuld caco,

Ca™ +CO; CaCO,

maensinges CaCo, aufotudlanngnieasenadaiu (unesmas Tuniom)
989 Ca" uv CO; Wusnasvaanfidengandy Kea Sedunien Solubility Product
Constant fudo [ Ga™ }1CO,7] snnnh Kea

yhiifiagmees [ Ca™* ] usg [ €O, | g Kea (und Over saturated Wi

-~ -1 "‘ 4 L7 L) J

fefithehdt Lifisfusnm némie dedlusmmemeldusnad shidissinmulion
o X ‘8 a ¥ ¥ a X

aissfetwlndnenedsh ifanHenmereusnaduiull  unswsanadufidionn

esminfl Ca™ use CO; YaRsosnnniiiuesild deesiiaausnadudlingms
1 Ca™ upt CO,;” ponsnmmbdhummisesliimsantfingas CaCo, mannwdnt 2
ntannTingriTiaisnmzangsd yioBadhmed (Samurated) tite
[Ca™11CO, | =Kca

Yuyremaafwdaa nnudnies CaCo, sehifiotu fwagoures [ Ce™ ] uag
[Co, | Meauniem Kea ﬁwﬁaq"luﬂnnsrﬁuﬁ vhegshansnavay CaCO, WanGunh
Under Saturated f1wntes CaCO, gridamdhub] Aasnemeiunasiarsgfemis
i Goaefiemngoines | Ca™ ] uay [ CO; | whifueh Kea

#1984 Kea ﬁaﬁm;}ﬁuﬁmmsmu‘luﬁw (TDS), ot uasqmm;ﬂ-umﬁw
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1.2 sarrfusaniod

Wurmamsauun ks inaansinesnfenenii memsnmdmonlag e
arsaiunonied Tamdnoomeamsiusandei sudodeh foy Awivionmeie
uavefiatfigniadadaufiuyy win PH, duriew e PH femudugrewing

- Fhﬂ'numsﬁmmmﬂua (Calcium Hardness)
- eheuiwsheluarfueiue (M-Alkalinity)
- snadefisemmintoan (TDS)
qquﬂﬂaah
myasnTyriiuanied mmmmmm'lﬁmﬂ
arflusantes (S1) =  PH - PHy

Emmariifien®u 1on  uaeh shfuolilunmshmenfuuebitanioulavy

Fommrililendn sy usavh Wil lilumetandaulave uschisthmentu

thassritfiendu qud  useeh thetflusnmesgadudsnssinafiandaulame

dnviae

1.3 namen PH;
snemaly U a8 s A, B, C uay D =nnn11|aawnaﬁavmumnmum
ovnl, ANANTHNLARIBUN uA aaielumiueme M NI

PHy 9INg#7

PHg 93+A+B)-(C+D)
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A c o

Totel solids Caiciuin hardness M Alkalinity
(mg/L) Al (mg/LotCaCO) | € || (mg/LotCeCo) | D
50-300 0.1
400-1000 0.2
— ' 10- 1 1.0
8 12- 13 1.1
14- 17 1.2
Temperature 18- 22 1.3
°F £C; B - 7 1.4
B- M 15
32-34 ( 0- 11|28 35- 43 16
36- 42 (22- 55) ;28 44- B8 1.7
44— 48 { 6.7- B.9) | 2.4 56- 69 1.8
50- 88 (10.0-13.3) | 2.3 70- 67 19
58- 62 (14.4-18.7) | 2.2 8- 110 20
B4~ 70 (17.8-21.1) | 21 111- 138 29
72- 80 (22.2-28.7) | 2.0 13- 174 122
B2- 83 (27.8-31.1) | 1.8 175- 220 ‘123
90- 88 (27.8-31.1) | 1.8% = 230~ 270 . . 2.4
100-110 (37.6-438) {47} 280- 0. 25
C112-122 (d4-500) 180 uu-ﬁ 28
124-132 (51.1-858) [ 1.6 440~ BN 2.7
134-132 (50.7-63.3) | 1.4 - 580 800 - 26
148-160 (64.4-71.1) { 1.3 700- 870 a8y 29
162-178 (72.2-81.9) | 1.2 800-1000 . | 284 .0 O 30
pH, =83 +A+B)-({C+ D)
S = pH ~ pH,
i index is 0, waier is in chemicat balance, ‘
if index s positive, scale-forming tandencles are indicsted.
I index is nagative, corrosive tendencies are indicated.
90 .6 Data for calculstion of pH of saturation of catbonate
1.4 fsthamifmwn
shvsaBapiievurovily Anmsadia fol
oy = 7.0
g = 116°F
Taaudineaeninivaa (TDS) = 128 ppm as
ssaiiuelundusue (M-Alkalinity) = 94 ppm as CaCO,

anNmIEARMAaIRuN (Calcium Hardness) = 85 ppm as CaCO,



Uycie of Concentration 1 ib Z 3
M - Alkalinity 94 141 188 282
Calcium Hardness 86 28 170 265
Total Dissolve Solids 128 192 266 -38.4
PH (using the average line in @.8) 7.0 7.3 7.7 8.1
PH; (PH of saturation of CaCOj, %.7) 7.5 71 6.9 6.6
0.5 +0.2 +0.8 +14

Langelier Index (PH - PH,)

Aquna
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) ) J -~ A‘ J W W

drmsiuesluadueme T bildRumadasnlatanmasriginsnmnaud
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8 ffdesmniimsarmesasfeffarddumaluwsmmd fretawiaiiaoanled,

mbumiloenied Sudin Sreiiszduimenadushdoh vilienmasemsfiusndlumiunmn

' [] L] 1 : . - 1 ':
amiony athelsfiam st et fnsmmetanhluimonmemes fies Twhainnmw

"»nnjﬂi"; a7 18

AOOy

cm‘k
8§

— fowar walir, ppm o8

Mathyi orange atkatmity of recirculating
=
§

et

pH of tooling-lowar woter

71 &.7 Average pH of Cooling-tower. Normally, pH level
for 80% of towers is withen shaded area
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2. nnafinndaulans

Taw'manl.{lmﬂo]ﬂ'm'lammﬂm“uwamﬂuuumﬂﬂ Lmv'[awmanumﬂﬂ:"nnuﬁqu
winuevsmbenouiun  wesilasminmuanshemastmsnaten (it WnmupenBiaud
armwlwh, asdaduredlonaw, qonnft Dud) yiliednnathusdmwdhunrmzyamy
nsfiemsiansauiuy electro-chemical mansinfiucadlasamaioil

L

fhmlun |

sTmanaTvgRRenYINETsEnaumMAN ilkenTazm muBifinasaueanin

Fe -=-rm--- >Fe" + 2e

[v) - - ‘ ’ (L 1 . -
SomemuSmanfrisivegiy et mouddutesniavany Anion W HCO.,

Cl, 80, unzaanBauluh

ab
Aenlon
Refrssmsfuiidinaton ¢t

2¢ + 1/20, + H0 -——-=->20H

ﬂummnmn‘iammwﬁna"mmmﬂuqm lAemtenawfndungumlons use
X
Wefonguiu nuafiondaussBufummmuusan neenssanehasa s iueETs

svnwaeniaubinh Taswdouflagusvdnsomes unfmmems
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Cooling water

——————

e Resction at anode Reaction at cathode

T be'ts 200 —=Fe(OHE | 101+ 20 —= O I
4Fe(DH), + H,0+ O; —= 4Fe(OH) 0" ¢ H0 ——= 20"

e ——

" B L -. ---------- e e = - ]
i eehamsnasnsmane " _----n-;-..’---- ----"I

" : o A em.ﬂmm of water
L._“S'_.."'.!_...... Ferrite or Fe anode / Cathode | inclusion - axygen
—— ’ impurities

11]# #.8 Mechaniam of Electrochemical Corrosion : Steel-Alr-Water

3. yiundiid

s edewiifiei ierhemnadn ﬁnﬂﬁmmﬁtﬁmmqﬁun’:évim Faniny
duln uasmenevufetheaduulasiaieen m1ﬁ1vqumuuuwﬁlmﬂﬂmmmnaumu
snnfblddaanian mmahsdstunmeegareanmikeIme wennniiduazaniuy) HofiAe
f3amnadnidudwnenningay maﬁuwmvwmmmﬂﬁuﬂmtﬂm'[amﬂ'lﬁﬁwi’:mmman
weridladuheils Tasindhinduumseduifdmivgdudd Sangh PPty
Giutalgfiuathef unerhemaabiv dlasnammunedasemohenadumenesssmiun
e nevfelifusuen e quungfimane At lwreugonsmléin
LR (bacteria), S (algae), Wula (fangi)

-l

3.1 unefian
ool o ) v ﬂr ' R TR .Y
wefidefioseylwssumneridouuudeigvernaoniiu - Nayman
venumiin Fanhdigmeesuumsudnah Wi wedudion (bacteria  slimes),

uunﬁﬁumﬁn (iron bacteria), LufiSe@ama (sulfate-reducine bacteria)
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- ‘ . \ -] a LY
wunf@uslen (bacteria slimes) wunfideiigniunmadinsainnguadn fa
3 - J [—3 1 U -
muiludionaguuiioe nademeAfennuefidusentt fo Sulhwwuiuenn
v L] - | ':
$ou hRnEustomniouduvey uncrnmslereni
LURTERVMEN (ron bacteria) SufidauunfiGuriiof Huwanidentusnidh
- IJ: (YA o 4 = 3 ol ol -] - - 4
Son udidlosniufumin SaduniuduuefiGuman musiydulndinfiupandiau
éa'litﬂ‘éuum&nMa’:’ﬂ'lﬁtﬂumﬁntﬂa%nﬁﬂﬁma MANRNMT
4FeCO, + 0, + 6H,0 ——> 4Fe(OH), + 4CO, + 81,000 Colories
J [.] - 1 ] Lod o v
Fofuveidumansiydulaogbiriaviodmiun Sinmsiudadvdiommnuss
: - 3 b ] o
wilen ﬂtuvnﬁmmuﬁLﬂmﬂmﬁmnuuuaﬁﬁuﬁan Gamnuuefidusietituman
{ X Sk 1
fiymidmsyniauutn; plating Fafisuothepuusaussyind
waflGudamn (sulfate-reducting bacteria) Suupuiobdoantau ums
- - I - o v A 1!’ 1 - [ - 1 - ‘M - 1
Wigdula fnidhSenfuagldngumeneuvianznmi WaalUTIM Snrefeuin
i ' 2 x 4
wioufimainfanlnation unduietianoaamdaviadhielalmaudaiig Y
A.l' .} -~ . -~
Hiufaffalangann Tﬂmzmﬂnmmnumf‘m'tumu'lﬁmﬂLﬂumﬁnia'lﬂﬂ‘ Fawn
. e~ ) "~ X
soléauiiu cathodic ffuman dmaiandeuulumasnms

10H' + SO°, + Fo ——> B8 + F&' + 4H,0
HS + Fe' e > FeS + 2H'
3.2_swiie_(algae)

. % 4 y d z
smivianclehfivu hmemnuemdowinaudulssnmdlddn el
i ¥ » Iz ] 'U 1 o ) | 4 W ] | 4
praRUnanfimmig alndhmenfidudhushvdodlenadeueunlmerimeme
Y - w - LY % - Y ¥ 1»
Erifgmilfapuuseiiosmmomen viogeduriadah - viBgegRINIENLKT vhl

-~ - 5 o 1 -~ - ,
SRRV MM R ERIME TANEANH TBUARH DS Enfatiafunyadesiia et
st mnasmhnfiedydulanmmosnenndson manshldin ey
chmSnaslafed Swarmonomm I Taelimiuaulasantadamnaimer usswion
NUSIUAR
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HlsbilnaalRadindonsmhy  dalwhideimnuamyinmeusn oMY
anotiildun mdwaiiFaviomuu, dedrladulaafbmessnurmaion g
nglasfisioyiubifuemn Koturladadudumatiinlenesthelmomessnuem

Souynion

o ndeied

P208 COMPLEXES HeuuenunisTs orgenic polymer Freidoulaneshaniinges
eniurtiasnen WlRensbimnmifemsansanfaduasniulé fbiiwmanioavss
;ﬂuﬂﬂﬂ mumw"aq'tuﬂmal.nun'm'ﬁuqmﬁumwnm (eaturated) youhafimy mauawnsl

3unh threshold effect wlsimmnssmRnsuamsdsduraantoudmen s sruenfluciong
111arﬂ'nﬁ

suggmasmssauiuantildtussi el
»

eaidusnarivas 600 ppm as CaCO,

amunIvaima 1,200 ppm as CaCO,

/6m 150 ppm as CaCO,

wonwinfi & organic polymer i usnmaznes uazsnsummaouluh W
nq’hﬂmwﬁhaaummu dulneneuussamurmaspwhnazanedh (disperse) \$as e Tl
Limeforiilamsuarmansonienaiflosmmanen

2. maflpafiuniiandss

67 chromium complex M I 93 complex Sumaitreinnmg Tunmvimsiiiinsiu
mafiansawndfsinn (enodic inhibitor) Faumhisifaiwenlseiy (polarisation) oy
s RdAaMWENTEY chomate TANMAANN (anode) rio wihSausinenenineguitfiozes
Temeonan uneRdfiehand manrotisdiunmianiewldfivhn fuRdfifetuauorTnd
ymfmantbiDusfla: (stainless stesl)
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3. numvquuasiissiuyiunid

Timtirenannimsaduifiyfwddaigdulingui Tauawzsmiuvions e
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faeniufsnuwiiudla
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uazmelriblaoame wilifudunnodoRunedondug uarbirpmumiduwnlitriagguna
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1. INSTALLATION AND OPERATING COST OF RECYCLE WASTE WATER FOR COOLING SYSTEM
1. INSTALLATION COST: 3,200,000  BAHT
1.t ARKAL FILTER: CAPACTIY 8-8 MYHR 250,000  BAHT
12 MIGCROFILIRAIION; CAPACITY 48 M¥HR 1,000000  BAHT
1.3 RRVERSE OSMOSIS: CAPACITY 46 MI¥HR 118,000  BANWT
1. DEPRECIATION COST: 30800  BAMT
USEFUL LIFE: 10 YiS, Selvage value: nil
3 BAVING COFT: ‘ 14533  BAHT
31 WATER CONSUMPTION REDUCTION: 66% 1,101,830  BAHT
CITY RO
CYCLES OF CONCENTRATION (N B 10
TOTAL BLOW DOWN: (M¥HR) : 928 412
TOTAL VOLUME (M3T) X224 93.68
Wa will use VO Waber = 100 MD, remaining 20 MIT to edd In wate cost seving = 22124 +20
Therefore, volume of weter pavinge = 242 24 X 330 X 12 BUnk = 960.270 BAHT
Wew‘lllmWOOmwmmhmywmmEMW(Tdh&.ﬂmﬂ-:mex12Wnit-l42.5m
33 CHEMICAL COST BAVING: 33% : 686 BAHT
COROSION ASCALE INHIBITOR KURITA T-6800 KURITA 5-8200
CONSUMPTION (PPM} -\ a
oD 1333 5.5
D 2,80.07 1, 30480
TOTAL COST BT 3,265.77 214.0
TOTAL COST SAVING: (3.266,77-2,174.30) X 33 = 358,885 BAHT
Additional nieaderd efther bor City ar VO watar:
SLIME CONTROL:  NEOTABLET 200 @ 217 . 5.6 XG/2DAY = 607.6 BHTD
POLYCHIN A-511 © 179, 20.6 KQv2 WEEKS » 262.1 BHT/D
34 pH CONTROL FQR BLOW DOWN  (pH 6.6-9) = 2 B/MIX 22224 X 330 M3 14661  BAHT
3.5 ADDITIONAL ESTIMATED SAVINGS ON HEATEXCHANCERS 6000  BAHT
See sttnched Kle (Quality of cooling water) fur justifioation
1.6 GPPORTUNITY COST TO PREVENT PRODUCTION SHUT DOWN
Bacauss We use Mis city wair, the badk vp Lime will be ionge
4 OPERATING COST 4008  BAHT
41 ELRCTRICTTY CONSUMPTION 8.0 KW X.330 X 24 X 1.8 BAUNIT 114,048  BAHT
42 MEMERANE REPLACEMENT COST 91,700 BAHT
« MECRON FILTER 30 & 5 MICRON (4 X250 X 7 pos + 8 X 350 X 7 pas} r 21,70
* OMF MODULE 6 X 56,000 X173 = 170,000
* RO MEMBRANE &X 26,000 X 173 - 50,000
* CLEANING = 50,000
8. NET ANNUAL BAVING (334 1,115,088 Bahtr
4 PAYBACK PERIOD: 30 Years
7. INTERNAL RATE OF RETURN nM%
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