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WATER REUSE

RECLAIMED WATER FOR PRODUCING 18-MEGOHM-CM DI WATER FOR
PRINTED CIRCUIT BOARD MANUFACTURING

n February 1997, a conven-

tional reverse osmosis/deion-

ization (RO-DI) system was in-
stalled for treating San Diego City pota-
ble water for an electronics firm with a
large printed circuit board facility. The
RO-DI system has operated for three
years, providing an uninterrupted sup-
ply of 18-megohm-cm quality DI water
as process water for the manufacturer.
During the first quarter of 2000, the elec-
tronics firm finalized its negotiation with
the City of San Diego for the use of the
Title 22 reclaimed water, as part of the
municipality's “Water for Industry” pro-
gram.

The program was initiated to reduce
the use of potable water, by encourag-
ing industrial uses of reclaimed water.
The pretreatment system for the RO-DI
system required considerable modifi-
cations to accommodate quality stan-
dards needed for industry. The RO-DI
system has been operating for the past
15 months, producing both desired
quantity and quality (18 megohm-cm)
DI water for the manufacturing facility.
This article discusses modifications to
the pretreatment system to accommo-
date characteristics of reclaimed water,
operating data pertaining to pretreat-
ment and the RO-DI system, and com-
ments on the future use reclaimed water
as an alternative source in other indus-
trial applications.

Title 22 Water
Title 22 is a code of California regula-

By Mahadevappa B. Yeligar

and Jim Harris
Puretec Industrial Water

ISSN:0747-8291. COPYRIGHT (C) Tall Oaks Pub-
lishing, Inc. Reproduction in whole, or in part,
including by electronic means, without permission
of publisher is prohibited. Those registered with the
Copyright Clearance Center (CCC) may photocopy
this article for a flat fee of $1.50 per copy.

tionsthatincludesthe treatmentrequire-
ments for recycled water that will be
used forirrigation and industrial purpos-
es. In order to comply with the regula-
tions, domestic wastewater must be
treated with the following processes:

® Oxidation to stabilize organic matter
by adding oxygen.

® Coagulation to join particles together
in the water to form lumps called
“floc” making them easier to remove.

@ Filtration, which cleanses the water
further by passing the water through
three different types of filters to re-
move the “floc”.

® Chlorination, which disinfects the
water by killing bacteria.

As a result of the Title 22 require-
ments, recycled water is odorless, col-
orless, and it meets the requirements for
human contact. Regulations, however,
do not permit human consumption (1).

Experience with City Water

In January 1997, the equipment suppli-
era entered into an agreement with the
electronics firm to provide an RO-DI
system producing 120 gallons per
minute (gpm) flow and 2 megohm-cm
quality DI water for the manufacturing
facility. The pretreatment system con-
sisted of automatic softeners with brine

tank, activated carbon units and 5-mi-
cron (um) cartridge filters. The RO sys-
tem uses six pressure vessels, each
with six 8-inch elements in a 4:2 array.
The ion-exchange (D) system included
four mixed-bed portable units, two par-
allel trains, and two in series in each
train.

During three years of operation, the
performance of the RO-DI system was
remotely monitored through the supervi-
sory control and data acquisition (SCA-
DA) system and the normal maintenance
was provided. It included occasional
backwash of carbon units, changing of
5-um cartridge filters and the calibration
of instruments on regular basis. The
pretreatment was very effective in main-
taining the silt density index (SDI) in the
range of 2.5 and 3.5 to the RO system
with the SDI values in the incoming city
water ranging from 4.0 to 5.5. The total
dissolved solids (TDS) measurements
varied between 450 mg/L to 500 mg/L
and the RO permeate TDS ranged be-
tween 7.0 milligrams per liter (mg/L) to
9.0 mg/L. The system produced 120
gpm permeate flow and the DI with the
quality of 18 megohm-cm water without
interruption.

Use of Reclaimed Water

Background on the “Water for indus-
try” program. With ever increasing
demand for potable supply, the City of

T

[ @AirGap Tenk  WRO Feed Water  WIRO Feed Water Failed (>5)

Date
Figure 1. A comparison of SDI,; readings for reclaimed water.
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San Diego initiated a program to pro-
mote replacement of potable water in
industrial applications with reclaimed
water through its “Water for Industry”
program. Local industries were reluc-
tant to use reclaimed water because of
lack of experience inits use. Therefore,
itbecame necessary to demonstrate the
use of reclaimed water as a potential
source forreplacing potable wateronan
industrial site. For Phase | of the pro-
gram, an electronics firm was selected
as a demonstration facility to produce
high-purity water from reclaimed water
for the circuit board manufacturing facil-
ity.

Initial review of the characteristics of
the reclaimed water indicated that in
addition to being high in TDS it was also
high in TOC. Further, the SDI tests to
determine its suitability for the RO appli-
cation, revealed that the SDI values at 5-
and 10-minute intervals were very high
and the 15-minute test (SDI,) could not
be completed due to plugging of the
0.45-um pad. Detailed analysis of the
reclaimed water and the potable water
were conducted by San Diego (2). How-
ever, typical water analysis of reclaimed
water and municipal water is shown in
Table A. In order to render the re-
claimed water qualitatively as good as
the municipal water that entered the
existing water treatment facility, San Di-
ego conducted pilot tests. The tests
included use of microfiltration, Jel Cleer,
and Macrolite, followed by activated car-
bon. The goal was to establish appro-
priate pretreatment conducive to the
existing RO-DI system. Microfiltration
was selected as an effective means of
pretreating the reclaimed water in pro-
ducing required low SDI,, pretreated

water for the existing RO system.

In the fall of 1999, the electronics firm
signed an agreement with the city for
the use of reclaimed water produced
from its nearby North City water treat-
ment facility. The pact required the city
to provide reclaimed water not to ex-
ceed 1,000 mg/L of TDS and 10 mg/L of
total chlorine leaving the treatment facil-
ity.

In the summer of 2000, Pall Corp.’s
Microza microfiltration system was in-
stalled and commissioned. With a nom-
inal pore size of 0.1 um, the microfiltra-
tion membranes remove particulate
material, including protozoa and bacte-
ria. The microfiltration system consists
of 20, 6-inch diameter modules that meet
the flow requirement of 215 gpm of fil-
trate. Details of engineering specifica-
tions are provided in Reference 2.

Please note that using an air gap de-
sign, to avoid cross connections, mu-
nicipal potable supply was incorporat-
ed as an alternate source in case of
reclaimed water system failure. The
microfiltration system produced a fil-
tered water with an average turbidity of
0.03 Nephelometric Turbidity Units
(NTU) during the start up and was con-
tinuously maintained with similar turbid-
ity values.

Reclaimed Water Characteristics:

During the start up and commissioning
of the microfiltration system, reclaimed
water quality was monitored for key pa-
rameters. The TDS ranged 693 mg/L to
828 mgl/L, total chlorine ranged 0.5 mg/
L to 8.0 mg/L and the pH ranged be-
tween 7.1 and 7.5. Samples of re-
claimed and city water were analyzed
for major constituents and the results

are shown in Table A.

Pretreatment System Modifications
Reviewing the initial data, it became
apparent that the existing pretreatment
system (auto soft granulated activated
carbon [GAC] and 4-umfilter) needed to
be modified to accommodate the fluctu-
ating total chlorine content. Simulta-
neously, there was also a need to re-
duce the total volume of wastewater
from the manufacturing facility. With
these objectivesin mind, automatic soft-
eners were replaced with an antiscalant
feed system. Sodium bisulfate feed was
incorporated to neutralize the chlorine
and activated carbon units were left as
they were, to be used as an added
insurance in case of a chlorine surge.
With these modifications in place, initial
operating data was gathered with the
old RO elements that have been operat-
ing approximately 30 months without
cleaning. It should also be pointed out
that the carbon in the GAC units was
changed and rinsed thoroughly prior to
placing it into service. )

For the first two months, the pretreat-
ment data was monitored very closely
by the city and the equipment suppliere.
The results were in close agreement.
The SDI,; data were collected from an
air-gap tank (representing microfiltra-
tion effluent) and the RO feedwater after
the 5-um cartridge filters for several
months. Results are shown in Figure 1.
The findings indicated that the SDI,
values varied from 0.5 to 1.5 from the
micrdfiltration effluent. Whereas, the
SDI,; for the RO feed remained between
4.0and 5.0 and exceeded the value of 5
on several occasions. Total chlorine
data was also collected for the same
period and are shown in Figure 2.

The data indicated that there was a
wide variation in the total chiorine con-
tent ranging from 0.5 mg/L to 8 mg/L.
Variations intotal chlorine residuals were
abrupt and values varied from 1 mg/L to
8 mg/L within a two-day period. In spite
of abrupt changes in the total chlorine
residuals, sodium bisulfite feed was able
to cope with fluctuation and did not allow
any chlorine to pass through the acti-
vate carbon units. However, the RO
elements, being old, started to show
higher pressure drops and the elements
were cleaned in order to reduce pres-
sure drops and gain permeate flow. The
results were not encouraging. Details of
the data are also shown in Reference 2.

Higher SDI,¢ values observed in the
RO feed with the injection of sodium
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