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Figure 1.1 Schematic diagrams of the principal types of membranes.
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TABLE 13.4 Feedwater Turbidity and SDI Limits Recommended by
Manufacturers for RO, NF, and ED/EDR Systems

RO and NF
E‘;I::riral wound Hollow fiber ED/EDR
M_ax“im;.m-i turbidity, ntu I*“ | L 2to3
Maximum SDI (15 min) J3to s Jtod —
Maximum SDI (5 min) — —_ 15

*Recommended turbidity less than 0.2 ntu.

Sources: Spiral-wound RO data based on product literature from Dow-FilmTec, Koch Fluid
Systems, Hydranautics, and TriSep. Hollow-fiber RO data based on product literature from
the DuPont Company. EDR data based on lonics, Inc., Bulletin No. 121-E, EDR-—Electro-
dialvsis Reversal, March 1984,




SDI test

Measure the amount of time required for 500 mi of feed waler 10 flow
through a 0.45 micrometer Millipore filter (47 mm in diameter) al a
pressure of 30 psig.

Feed supply

Shutoft valve Allow the feed water to continue flowing at 30 psig applied pressure

and measure the time required for 500 mi to flow through the filter

after 5, 10 and 15 minutes.
Pressure regulator

After completion of the test, caiculate the SDI by using the equation
below.
Pressure gauge
O (test run at 30 psig) 100 (1 - T/T})
SDI = 7 :
Millipore filter holder 1
(0.45 pm - 47 mm diameler where SDI = Silt Density Index
Millipore filter) L = Total elapsed test time (either 5, 10 or 15 minutes)
4 T, = Initial time in seconds required to collect the 500 ml

: d cylinder sample _
a ElradIAE CY T Time in seconds required to collect the second 500 ml

with -
[me;s;ri I‘aEttt; : sample after test time T, (normally after 15 minutes).
(n’
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Figure Z-10 Hydraulic staging within a single membrane stack
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EDR # ¥ 53¢

Flux rate m3/m?2-d 0.8-1.0
CD/IN ratio mA/cm? 500-800
Membrane resistance, Q Ohms 4-8
TDS removal % 50-94
Current efficiency %o 85-95
Concentrate stream flow % of feed 10-20
Energy consumption® kWh/m? 1.5-2.6
Approximate energy per kWh/m*+kg 1-1.2

kg of salt removed

—

*Based on treating reclaimed water with a TDS concentration in the range from 1000 to 2500
mg/L. Not recommended for TDS concentration values beyond 10,000 to 12,000 mg/L.
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pH = 7.1

- Mé& & : 7T78.3 mg/l
- THERE: T10 uS/cm
o A R 147 mg/l
« > 4: 0.24 mg/l
- 233+ 60.1 mg/l
SNty 155  mg/l
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mg/l. 40 %
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[tem Discharged stream from  Water of EDR product
treatment plant
pH 8.1~8.3 7.1~7.5
SS mg/L 42 -
Conductivity uS/cm 3,240~4,100 440~640
COD mg/L 56~80 45~75
Ca mg/L 15~38 5~8.5
Mg mg/L 12~19 2.5~4
Fe mg/L 0.52 -
Na" mg/L 1,676~1,830 180~195
CI mg/L 182~220 46~69
NOy mg/L 76~92 15~32
NO5 mg/L 42~105 10~35
PO,> mg/L ND -
SO~ mg/L 16~40 -
Si0, mg/L 6.5 2.5
Hardness mg/L as CaCO; 80~135 20~38

Alkalinity mg/L as CaCO; 520~580 160~195
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x4

AL AN 1A & 79

LR SRS
JE P SEI2FM SE[4pT SE[TEV SE[9FT SEI1ORT R~ 45
PH 7.5 7.5 7.5 7.5 7.5 7.5
T ERE | 1S/cm 3060 3080 3100 3100 2990 3066
S # B |ppm as CaCOs 1733 1780 1733 1743 1657 1729
4T F & |ppm as CaCO3 1093 1153 1150 1127 1083 1121
% ® |ppm as Cl 97 97 99 104 101 100
Fife B ppm as SO, 1649 1713 1679 1691 1515 1649
# 2™ |ppm as Si02 55.5 57.3 57.6 56.0 54.2 56.1
EDR & -k
7P S5E[2F  SE[4FT SEJTEN SEJ9F!| S5EJ10F!| iy
PH 4.0 3.7 4.4 3.5 3.6 3.8
T HAR |«S/cem 947 814 1086 869 1018 947
W B |ppm as CaCOy 246 184 354 214 278 255
4T 7 K& |ppm as CaCOjy 151 111 222 134 167 157
% ® |ppmas Cl 8 7 11 10 10 9
FApa ™ |ppm as SO, 393 313 499 344 425 395
FEe® |ppm as Si02 51.0 47.2 51.3 47.0 49.2 49.1
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Barranco Seco (Spain)

21715 — USRS S YU ,
Y R S A R Fe
/%@EJ‘%E‘}% 2.000 nfld
26,000 mi/d
WWTP
B PRODUCT

20.000 m/d
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L. Broens et al. / Desalination 167 (2004) 13-16 51




4715 Barranco Seco (Spain)
5 ki kR R

wP A

Table 2
Design data — EDR installation

Table 1
Design data — UF installation

Total plant capacity 1,000 m*h
(6.3 mgd) Number of EDR moduies 3
Number of UF units 4 (currently 3 Number of lines m para!lel pf:r‘mndlﬂﬂ 8
in operati Number of stages in serie per line 2
peration) i
Number of housi 12 Number of EDR stacks installed 48
;'r';‘h; of membrane housings Product flow per module, m*/d 6,000
P Total product flow, m’/d 18,000
Number of housings filled 31 Recovery, % 90
with membrane modules —
Number of membrane modules 4
per housing
Number of membrane modules per unit 128
Membrane area per unit, mz_ 4340

L. Broens et al. / Desalination 167 (2004) 13-16 50




Barranco Seco (Spain)

%1515
N ) ﬂ‘/ o5 > Ré g
V] ’J\ }.;)1 >yt ’J\ 2354 ﬁ L ’]{
Typical water qualities
Parameter Feed Permeate ’J\ ﬁfﬁ
Temperature, °C 20 20
Turbidity, NTU ~ 5-30 0.2
BOD, mg/1 10 ]
COD, mg/ 25 20
pH T8 T8
Operational costs
Costs €/m’ of product
Manpower 0.030
Maintenance 0.07
Miscellaneous 0.004
Chemicals in UF 0.013
Chemicals in EDR 0.017
;hgg T8 A Consumables in UF 0.022
Consumables in EDR 0.021
Total 0.114

L. Broens et al. / Desalination 167 (2004) 13-16 57 53




L % RO and EDR# 4+

EDR RO
Conductivity, «S/cm 200~ 8,000 > 1,000
B 5N v 7y uk/UF/MF B4 * [UF
SDIC-k ® e+ % RApHR)| < 15 (Rt pok+ kA | <2 (7 @)
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