RO Membrane System Design Software

CSMPRO v4.0

A Guide to New Features

This guide outlines the new features of CSMPro v4.0
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Element Osmotic Pressure

CSM

= - [ofx]
- ‘ Print H Close ‘
Result Scan T Diagram ]
System Data
FEED 266.67 m3/hr  5,000,00 mg/l 0.00 Bar
PRODUCT  261.99 m3/hr 25.27 mojl 0.00 Bar 1 Errors / 4 Warnings
CONCENTRATE 4,68 m3/hr 283,745,322 mo/l 162,00 Bar
% RECOWERY 98.25 TEMPERATURE 25.00 C
| Pass 1 || array 1 || array 2 |
Pass1 Data
RAVY WATER  266.67 m3/hr 5,000,000 mgjl 0.00 Bar Flux decline 5.00 %fyr
SIDE STRE&M m3,hr may! Bar Salt Passage increase 2.00 %alyr
BY-PASS(BLENDING) m3/hr g/l Bar MEMBRANE Age 0.00 yr
FEED 266.67 m3/hr 5,000.00 magjfl 284,75 Bar Sverage Flus 449,48 Imh
PERMEATE 261.99 m3/hr 25.27 magy/l 0.00 Bar Dose 0 mayl
PRODUCT 261.99 m3/hr 25.27 mg;/l 0.00 Bar SOFTEMNER Mo
CONCENTRATE 4.68 m3/hr 283,745.32 maoyl 169.00 Bar Array Recycle 1 [a]
% RECOWVERY 93.25 % REJECTION 99,49 TEMPERATURE 2500 C
UNIT Elerment 1 | Element 2 | Element 3 | Element 4 | Element 5 | Element & Total
Feed m3shr 2R6.67 196,05 138,85 89,57 44,99 4.63 ZRE.67
Permeate rnafhr 7062 57.20 49,27 44,59 40.31 0.00 261.99
Conconcetrat | m3/shr 196,05 138,85 §9.57 44,99 4.68 4.68 4.68
Recovery A 2646 29,16 35 .40 49,78 59.61 0.00 98,25
Cone. Pal. - 1.20 1.23 1.25 142 1.57 1.00 1.57
Feed Press. Bar 264,75 278,77 195,99 178,60 171.35 169.96 264.75
Diff. Press. Bar 55.08 32,76 17 .40 7.24 1.39 0.09 114.58
Perm. Flux Irnh 1,900.33 1,539.21 1,325.82  1,199.853 1,084.71 0.00 1,175.00
e - Lz Lz oo | 45 196 L0 1.96
jL Osm. Press. Bar 4.50 553 7.76 11.94 23.47 215.15 )
mo/l Ha K MH4 Ca Mg Fe Ba sr Cl NOS 504 Concentiate Saturation
Feed | 1,965.81 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3,034.19 0.00 0.00 LET -5.290
Perm. 9,93 0.00 0.00 0.00 0.00 0.00 0.00 0.00 15.33 0.00 0.00 5 & Dsl 79.630
Conc, 11,557.97 0.00 0,00 0.00 0.00 0,00 0.00 0,00.72,157.30 0,00 0.00 Cas04 (% st.) 0.000
SIi0Z (% st} 0.000
F HCO3 CO3 coz B BOH3 si0z | Total alk | TDS pH E-Cond CaFz (% st.) 0.000
Feed 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,000 s000.00 £.81 9z20.22 Basod (% st 0.000
Perm. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.89 25.27 4,83 53.51 Sr504 (% st 0.000
Cone, 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.89233745.32 8.40 367548 ,32 lonic Strength 4.850

Element osmotic pressure is now included in the result scan tab.



Changes in Values According Feed Water Source c S M

Feed Water Source Flux decline (%/yr)  SP increase (%l/yr) Membrane Type
Well water SDI<3 7 10 RE8040-BE
Surface water SDI <3 7 10 RE8040-BE
Surface water SDI <5 12 10 RE8040-BE
Tertiary Effluent SDI <3 12 10 RE8040-FEn
Tertiary Effluent SDI <5 15 10 RE8040-FEn
Sea water SDI <3 7 10 RE8040-SHN
Sea water SDI <5 7 10 RE8040-SHN
RO/UF permeate SDI <1 5 5 RE8040-HUE

CSMPro v4.0 calculates various flux decline and salt passage increase
values for each membrane model and feed water source.



Concentrate Recycle from 2" Pass C S M

%= CSMPRO vA.0 - [DESIGN] (=13
File Option Help Update
. Linit
Project Mame Casell | |+
L " E] Flow |mashr =
Projected By campany Wersion|1.0
. | | Pressure |Bar -
E-Mail | Homepage| Date|2010-01-11
Project(Case)Note He Imh j'
[ OPEN H SAVE l Temp|c <)
- l Result II
Feed T Scale Calculation T System ]
Ir=]|
Number of Pass | 2 = Temp. 25.00 ¢
Pass 1 Pass 2 Unit Array Recycle | Unit
Permeate 156,00 117.00|  m3/hr From Array 2 2| Stage I 2nd Pass pH Adjustment
Recovery 52,00 75.00 a, To Array 1 1| Stage Chemical
Feed 300.00) 156000 m3/hr Quantity 0.00] 0.00]m3‘hr Concentration| 0 %
Flux Decline %/yr 5.00 5.00 %, Option ) .
Salt Passage Incr. %/yr 5.00 5.00 o, [~ auto &rray Design [~ Permeate Blending el
Mernbrane Agelyr) 0.00 0.00 yr [ Same Back I_JT'ESSU"E ‘l.__ﬁ.mif__________‘ [~ Post Treatment
Average Permeate Flux 37.91 35.19 Irmh [ Mo HfPump in 2nd Pass |E_C_Dﬂ'fﬂt_ra_te_ﬂe_w_cf_l hemical ’—_|
Permeate Blending 0.00 0.00 m3/hr r o .
Number of Array 1 - 2 v Same Element type Wl.thl.ﬂ Pass Concentration %
Split 0.00 0,00 mashr v Same Vessel length within Pass scliusted pH
v mModel select Array 1 -
Model Mame REA040-SHN -
Mo, of Press, Vessel 20
Elements per PV 6
Boost Pump Press. 0.00
Perm. Back Press. 0.00 RIS P
Hybrid 1 -] = L@ —— o
<] | v Rz "_’L ® )
C N J
Array 1 Array 2 - S
Model Mame RES040-BLR RESO40-BLR -
Mo, of Press, Vessel 10 5
Elements per PV & &
Boost Pumnp Press, 0.00 0.00
Ferm. Back Press, 0.00 0.00
Hybrid 1 ﬂ 1 ﬂ - |
N W[ ]

CSMPro v4.0 can control the concentrate recycle from the 2"d pass.



Split Option CSM

% CSMPRO vA.0 - [DESIGN]
File Option Help Update

Project Name [Test Case[1 -] E] o Flow |mafhr =

Projected By |Kendrick Wilsan Company |Woongjin Chemical Yersion|1.0
) | i : | : Pressure |Bar hd
E-Mail |kWI|@W]CSm.CGm chmenage|www.csmf|lter.com Date|z010-01-11

Fluz | gfd A
[ OPEN H SAVE l Termp [C -

Project(Case)Note Split Option

- [ Result II
Feed T Scale Calculation T System ]
=]
Number of Pass | 2 = Temp. 30.00 ¢
Pass 1 Pass 2 Unit Array Recycle | Unit
Permeate 195,81 zzz.39] mahr From Array 1 2| Stage W 2nd Pass pH Adjustment
Recovery 45,00 55.00 %a To Array 1 1[ Stage Chernical -
Feed sso.48| 19581 m3shr = t_Quem'clt\)r 0.00) 0.00]m3hr Concentration| 0 %
Flux Decline %/yr 7.00 5.00 Yo ption .
. ) Adjusted pH 7
Salt Passage Incr. %edyr 10.00 5.00 % [ Auto Array Design -Ea:meilte Blending
Membrane Age(yr) 1.00 0.00 ¥r [ game Back [EFEESLITE v Split_, ™ Post Treatment
e T 930 7200 ofd [ Mo HfPump in 2nd Pass | Concentrate Recycle Chamical
: : emical
Permeate Blending 0.00 0.00f m3/hr In o i
Number of Array 1 > v Same Element type within Pass Cancentration %
Split 55 05 0.00| rashr v Same Wessel length within Pass scliusted pH
v Model select Array 1 =
Model Mame RE16040-5HF |
Mo, of Press, Vessel 15
Elernents per PW 3 ,»":;\‘
Boost Pump Press, 0,00 '\ ,} )
Perm. Back Press, 0.00 ) ,";:\\ g TSI =P
Hyhrid 1 =] - i 3 |\ P4 _b,
< | [ @ c ® ¢
Array 1 Array 2 —
Model Mame RE16040-BLR RE16040-BLR
Mo, of Press, Vessel ] 2
Elements per P\ & &
Boost Purmnp Press. 0.00 0.00
Perm. Back Press, 0.00 0.00
Hyhbrid 1 ﬂ 1 d =]
| | v

A Split option is available in CSMPro v4.0 where a portion of the lead-end permeate of
the 1st pass can be blended with the permeate from the 2" pass.



Split Option

——————

CSM

C[S) =l
—{12H1al+Product
® ® e @Ml 5
h B399
Feed |
—E—‘—E— 45% (&) Concentrate
Concentrate
1 2 3 4 5 a] 7 g 9 10
Flow m3/hr 510.42 538.37 538.37 185.32 296.10 185.32 186.32 185.32 103.92 740
TDS g,/ 33,060,532 (F1,403.92 31,467 .78 433,98 |p6,804.73 445,50 446,50 445,50 422 1,032.320
Press Bar 0.00 .00 45,91 .00 45.13 .00 0.00 q.29 0.00 741
11 12 13 14 ) 15
Flow m3/hr 49.45 27,95 158.37 214.3;’5 55.95 “=
TDS gyl 14.09( 2,833.90 16.60 5?.55'5‘ 163.04 ,"
Press Bar 0.00 6.25 0.00 o.oof.  o0.00f

_______

The above diagram indicates how split information about flow-rate and concentrate

are displayed.



Designing a Hybrid System CSM

1. Go to the system tab
Input system information (e.g. permeate flow rate, recovery)

Input the number of array and pressure vessels

B~ WD

Input the number of membrane type in each stage

(2 or 3 types of membranes can be selected in each stage)
5. Choose the “Hybrid” in option

6. Choose the membrane type and number of membranes

(“Same Element type within Pass” should be unchecked)



How to Use the Hybrid Function

CSM

Feed T Scale Calculation Number of Pass lTilI Temp. Im C
Number of Pass ITj Temp. 30.00 ¢ -
Pass 1 Pass 2 Unit Array Recyc
PeEsd | PESE E Lt Permeate 186,32 z14.32| m3shr From Array 1
Permeate 136,32 214.32| m3ihr Recovery 45.00 a5 .00 a To Array 1
s o0
Flux Decline Safyr 7.00 s.oo| % Flux Decline %./yr 700 5.00 Ve Option
Salt Passage Incr. %/yr 10.00 .00 o, Salt Passage Incr. %A yvr 10.00 5.00 K [ &uto Array Design
Merbrane Agelyr) 1.00 1.00 ¥r Mermbrane Ageiyr) i1.00 1.00 ¥ [ Same Back pressure
Average Permeate Flux 5.90 21,00 qfd Average Permeate Flux .90 21.00 gfd [~ Mo HfPump in 2nd Pass
Permeate Blending o.00 10.00) m3/hr Permeate Blending 0.00 10.00| rm3she v Hyhrid
Mumber of Array 1 2 Mumber of &rray | _____ R 2 [~ Same Element type wit
Sl 5.95 BRG] m3/he split—"" | cc.ag 0.00]  FTrhe. [ Same Wessel length wil
¥ Model select Array 1 _ = _ —
Model Mamne RE16040-SHF _.~~"Hybrid Array 1 Array 1 AN -
Ma. of Press. Vessel ia .-~ Model Name RE1&6040-SHM RE16040-5HF . -
Elernents per PY f “|Mo. of Press. Wessel 18 18 \\
Boost Purmp-Rress / Elermnents per PY ] 3 hY
’J%en?ﬁ Back Press. b \
Hybrid / 1
4 1 H
r ; / b
S ey ame___ | RET6040 5 < | // v[ ]
Mo, of Press, Vessal 3 z Array 1 Array 1 Array 2 ,/' -
Elernents per PV & & ‘\\ Model Mame RE15040-BE REL1&040-BLR RElED4D-Eq3// i
ionst P”mE Eress. E'Eg E'EE ND.\oﬁ,F'\ress. Yessel 3 3 2
erm. Back Press, . . i -
» = 1 < Elermentsper PV 3 3| - &

Hybrid
I

System information
« 2" pass (1t pass / 1 array, 2" pass / 3-2 array, 6 elements per pressure vessel)

* 15t pass has 3 number of 16040-SHN & 3 number of 16040-SHF in each vessel

« 1st array of 2" pass has 3 number of 16040-BE & 3 number of 16040-BLR in each vessel
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Permeate Blending Before the Array Recycle

_______
R ~.

/// T—|J._'J.J = N l
I/ \‘\‘ ———{a "9 Product
Fe I:'h, d Ii
—{11 ’—Eﬂ— 58.8%
2 3%
hY ﬁ [7 I+ Concentrate

. -
~ -
————————

CSM

In CSMPro v4.0, the feed water is blended with the permeate water before the

concentrate is recycled with the feed water.

1 2 3 4 ] B 7 a =) 10
Flow m3/hr 1z0.00 120.00 1z0.00 76.47 53.53 13.53 30.00 Q0,00 100,00 10.00
TDS mag,| 2,000.00( 2,000.00( 2,456.02 29.41| 5,922.81 13771 7,879.28 45.69 241.12 || 7,879.38
Press Bar 0.oo o.o0 o.01 o.o0 .42 o.o0 7.48 o.o0 0.oo 7.48
11
Flo m3/hr 10.00
TDS g, 2,000.00
Press Bar o.an




Permeate TDS Bug

[ Pass 1 H array 1 ]

[ Pass 2 H array 1 H Aarray 2 ]

Pass1 Data

CSM

Rawvy WATER  538.37 m3/hr  33,060.53 mg/l 0.00 Bar Fluz decline 7.00 %afyr
SIDE STRE&M 41.34 m3fhr  2,372.35 mg/l 7.36 Bar Salt Passage increase 10,00 %y
BY-PASSIELENDING) m3/hr gyl Bar MEMBRAME Age 1.00 wr
FEED 579,71 m3/hr 31,398.94 mg)l 45,29 Bar Average Fluy 2.90 ofd
PERMEATE 242.27 m3/hr 366,76 mg/l 0.00 Bar MalH(100) Dose 31.93 mag/fl
PRODUCT  242.27 m3/hr 266,76 majl 0.00 Bar SOFTEMER Mo
COMCENTRATE 33744 m3fhr 53,678.62 mg/l 44,36 Bar &rray Recycle 1= 1, 5.00 m3/hr
% RECOVERY 45.00 % REIECTIOMN 93.89 TEMPERATLIRE ;oopocoo
Elernent/\Vessel Data Flow Rate (m3/hr) Last Press, (Bar) fug Flug ToD: \\\
Yessel# | Element# | Element Type Feed Concentrat| Permeate |% Rec,| Beta Feed Conc, DP [ofd) Feed Perm. /'Cu:unc. % Rej, N
1 15 108/6 | RE16040-SHF 579,71 337 44 242,27 41,79 1.040 45,29 44,36 0,93 8,89 31,376.94 353.?8,%3,541.85 95,57
f'
1
\
\“‘
Tot| 1% 108/6 | RE16040-SHF 579,71 337 44 242,27 41,79 1.040 45,29 44,36 093 590 31,376.94 366,76 53',‘&11.85 98.83[/
mag;/l Na K NH Ca Mg Fe Ba Sr cl NOS 504 Concentrate Saturation
Feed | 9,23146 40146 0.10  421.27 1,329.44 0.00 0.02 5.41 17,089,54 0.76 2,702.08 Lol 1.040
Perm. 130,15 £.13 0.00 3.97 4,70 0.00 0.00 0.05 190,93 0.02 11.15 S & DSl 0.288
Conc, |15,765.77|  685.30 016 720,88 2,280.54 0,00 0.03 14 42 29,272 .44 1,30 4,634.04 Ca504 (% st 46,898
Si02 (% st.) 2400
F HCOS oS oz B BOHS Sioz | Total alk | TDS pH E-Caond CaF2 (% st.) 0,388
Feed 0,60 178,68 1.00 9,71 4,59 4,83 1,90 164,31 31395.94 7.23 S0695.61 BaS0d (% st.) 136,621
Perm. 0.09 4,19 0,00 9,21 2,28 2,28 0.0% 3,71 366,76 5,50 75245 SrE04 (S st.) 34,605
Canc. 0,97 304,30 1.71 9,21 6,77 6.66 3,24 353,95 S3675.62 749 BZ636.58 lonic Strenath 1.067

CSMPro v3.15 had a bug where the RO permeate yielded different TDS values, and
this has been fixed in CSMPro v4.0



Definition of Recovery in a Single Pass System

Vv

CSM

B R
7 >
4
Case Pass Recovery System Recovery
case 1 No blending, No array recycle =7/2=8/1 -8/1
(no4,no09)
case 2 Blending (9, no 4) =7/2=(8-9)/(1-9) =8/1
case 3 Array recycle (4, no 9) =7/2=8/1 =8/1
case 4 Blending, array recycle (4, 9) =7/2=(8-9)/(1-9) =8/1




Definition of Recovery in a Double Pass System

N

18
15
(1) (2] (3] L7])|ts) (o] (12 J{[ 13 ]| 14
Y rd J = N e J - rd
17
4 11
5
Case 15! Pass Recovery 2" Pass Recovery System Recovery
No recycle, No blending, No split e _ _ _
case 5 (No 4, 11, 15, 17, 18) =712 =7/1 =12/8 =14/8 =14/1
case 6  blending (15, no 4, 11, 17, 18) =712 =71 =12/8=(14-15)/(7-15) =14/1
concentrate recycle A _ _
case 7 (17, n0 4, 11, 15, 18) =7/12=7/(1+17) =12/8 =14/1
blending, concentrate recycle A _ _ _
case 8 (15,17, no 4, 11, 18) =7/12=7/(1+17) =12/8=(14-15)/(7-15) =14/1
blending, concentrate & array recycle e _ _ _
case 9 (4,11, 15, 17, 18) =7/12=7/(1+17) =12/8=(14-15)/(7-15) =14/1
Blending, concentrate & array recycle, _ _ _ LR ) _
case 10 Split (4, 11, 15, 17, 18) =(7+18)/12=(7+18)/(1+17) =12/8=(14-15-18)/(7-15) =14/1




CSM

Thank you!

For further assistance or inquiries, please contact us at
csm@wjchemical.co.kr or visit our website at www.csmfilter.com



mailto:csm@wjchemical.co.kr
http://www.csmfilter.com/

