WATER REUSE

THE AWARDWINNINGWATERRECLAIMSYSTEMAT PHILIPS
SEMICONDUCTORS'SANANTONIOWAFER FAB

he semiconductorindus-

try is trying to reduce the

environmental footprint of
ourfactories. Ashasbeendocumented
elsewhere (1, 2), today’'s facto-
ries can consume as much water as a
large town with a population in the tens
of thousands. Asthe economy of scale
drives the size of factories, increasing
water consumptionwillbe ahuge stum-
bling blockto locating afactory in many
communities.

The International Technology Road-
map for Semiconductors (ITRS) (2),
Sematech, and individual corporations
have set targets for water consumption
by factories (fabsinthe industryjargon).
The effort to reduce water consumption
must meet economic and quality met-
ricsthat are quite stringent. In essence,
a water reclaim/recycle system must
save money and improve, or atleast not
hurt, the quality of high-purity water pro-
vided to the fab. Also, water reclaim/
recycle projects are more economically
attractive if they supply a need for new
water purification capacity rather than
replacing an existing system. So, the
project to build the reclaim system will
probably take place atthe same time as
a larger construction project with the
constraints on time and resources that
come with a major construction job.

Asystemto significantly reduce water
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consumptionandincrease high-puritywa-
ter capacity atthe Philips Semiconductors
San Antonio Wafer Fabwas designed, in-
stalled,and commissionedin2000-2001.
Thesystemwonseveralawards, including
the PioneerRecycling Award fromthe San
Antonio Water System,andthe Conserva-
tion/Reuse Award fromthe Texas Section of
the AmericanWaterWorksAssociation. In
additiontothese awards, the San Antonio
Water Systemrebated a part of the capital
costofthe systeminaccordance withthe
“Large Scale Users Industrial Retrofit Pro-
gram”. The potentialrebate couldreach
more than $1 million, based on demonstrat-
ed water savings overthe nextsixyears.

The Opportunity
In early 2000, the Philips San Antonio
Facilities group faced the task of up-
grading our plantto supportthe move to
200-millimeter (mm)wafersandincreas-
ingthe productionlevels. We had rough-
ly 11 months to investigate numerous
issues and execute needed plant im-
provements. The datawe had available
showed adequate high-purity water capac-
ityinthe polishloop, butwelacked capacity
inthe reverse osmosis (RO) make-uptrains.
Weinvestigated waystoincreasethe RO
make-up capacity using technology simi-
lar to existing equipment, thereby increas-
ingwater consumptionand disposal costs
ascomparedtowaterreclaim/recycle. The
Philips Environmental Policy states thatwe
willreduce our environmentalimpactina

manner consistentwith fiscal responsibil-
ity (3).

Options

Upgrading the existing high-purity wa-
ter makeup system for more capacity
would use the same unit operations as
our existing system. It would require
installation of a tank/pump system for
blending city water with reclaim streams,
multi-media filtration, activated carbon
filtration, antiscalant dosing, cartridge
filtration, and then single-pass RO.

Since 1997, Philips (thenVLSI Technolo-
gy Inc.) had been running a pilot water
reclaimsystem. Weaccumulated asignif-
icantdatabase characterizing the rinse
waterreclaim (RWR) streamwhenthefab
was running 150-mmwafers. Usingthis
data, we examined optionsfor reclaim ofthe
waterto the air pollution abatement sys-
temsandrecycling the waterto the high-
purity water system.

Thereclaim/recycle optionwouldrequire
the replacementofthe pilotsystemwitha
full-scale collection and transfer system,
and alsothe addition of atreatment system
priortorecyclingthewatertothe high-purity
water plant.

Decision Making

Our team weighed the three criteria by
which any project is judged: quality,
cost, and schedule. Of these three, the
quality of the water produced was
deemed the most important. Cost and
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Figure 1. Sink collection.
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scheduleneededtostayreasonably con-
trolled, butthe systemabsolutelymustnot
producewaterthatcould hurtthefactory’s
product.

We evaluated the quality of water avail-
ablefromthe collection pilotstudy and the
treatmenttechnologies available. Based
onthis, we believed thata systemwith high
quality product water was feasible, but
o wouldrequiresignificantcarethroughout
LS PR LT LER the project. Thisrequired the commitment
ofsignificantengineering resourcesfrom
all parties involved. Experienced man-
powerwas hard to obtain because ofthe

MINING D extremely aggressive business environ-
FTSRITTS WASTE mentthatexisted during projectexecution.

@ ~ANALYVILCAL LN T L LovEL COMTROL Theteam evaluated the options for up-
@) - ANALYTICALPOMNT 3 OFF-5FEC WATER graded freshwaterversusrecycled water
anddeterminedthattheequipmentcapital

costsfor both options would be aboutthe
Figure 2. RWR collection and transfer. same, butthatongoing costs forpurchase
anddisposalofadditionalfreshwatermade
thatoptionlessattractive. However, wealso
recognized thatthe civil, structural, and
mechanical costswould be higherforthe

TV IS reclaim/recycle system, partially offsettin
CITY (F5A. T T YCIESY; p y g

MAKETT . theinherenteconomicattraction. Weknew
WATER SUFFLY FRETREATMENT POLLSH
*-m (LX)

RECYLE

EXI5 MG UL TRAPLIRE thatbringinginanewtechnologyforwater
H}@ WATER TREATRENT recyclingwould definitely take longerand
be more complex than purchasing fresh

@ water capacityto betreated withequipment
—[w-ic-]— HERD,,, —[w.tr_]@[.-.c F similarto existing systems. However, we

RECVELE TREATRIENT judged that we would st!ll make crltlpal
: schedule milestones with a recycling
ACID BW R :
WASTE[ project.
AMALYTICAL POIMTS SECLIRITY WA WES We decided to recycle water based
(A1) -1 pHICRE @ - PRUITBCL S RELYCLE onthis evaluation and a strong desire to

. | T p— TEEATWENMT FLIFW S¥5TEM . .
(L) -0 pHIRE KESIS I ILY (TEME " recycle if we could. Reclaim/recycle

: - PRAITECTS LI TREATMENT ;
() - R @ PRCTFET4 0§ (0 would meet the commitments of the
M T e, S PRETTRCTS LW k . . .
(i) - T ¢ RBSISTOVITY § TEM: Q) -rw Philips Environmental policy to be re-
@l S LEVEL CURTROL AN W RRSFEC . .
Vi ATER DISPOSAL sponsible stewards of available resourc-
WErALCM LAST LT es
Figure 3. Total organic carbon trend. Once we decided to proceed with a
water recycling system, potential water
wark_ treatment system vendors were evalu-
ECETERETION ated quite closely with respect to cgst
—_ for the proposed system (both capital

—_——
-

and operating), manufacturing capaci-
ty, engineering experience, and the tech-
nical merits of each proposal. In addi-
g tion, Philips operating experience and

manpower availability dictated strict
adherence to component and opera-
tional specifications. For example, ro-
. tating equipment, electrical equipment,
AMALYTICAL FOINT 3 ; controls, wetted surface finishes, and
AMALYTICAL BOINT 4 instrumentation are specified with limit-
SECURITY VALVE 2 ed opportunity for vendor-suggested

EEY
() - PERMEALE KECIRC ULATION FO FLOW CONUACL alternatives.
(T} - L-Dass PO 0N S 1NASS DILRATION The selected equipment must be re-
{@) - OPTIONAL SCOOYD PASS REJGCT RECOVERY viewed from the operations and mainte-

nance (O&M) point of view. This in-
cludes a critical review of the process

Figure 4. System overview.
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Figure 6. Resistivity trend.

thatisfinally selectedforeasyaccesstoall
majorcomponentsfor O&M, availability of
consumableitemsaswellassparepartson
ashortnotice. The systemshouldbeable
to operate in a fairly automatic mode to
minimize operator attention. Finally, criti-
cal data must be archived and readily
available forreviewtofindtrends before
operational problemsrequire expensive
fixes.

Project Implementation and
Contract Style

The following steps were used to de-
sign, build, install, and commission the
reclaim/recycle system:

1. Basicdesign,includingthedecisionto
reclaim/recycle.

2. Preparationoftherequestfortreatment
proposal and design ofthe collection

and distribution systemfor non-treated
RWR.

3. Bidsfromtreatmentvendorsreceived
and evaluated. Construction of civil/
architecturalimprovementsbegun.

4. Vendorselected. Pilottesting oftreat-
mentprocess.

5. Revised bid accepted. Design and
constructionoftreatmentsystemexe-
cuted.

6. Systeminstalled and commissioned.

The projectwas executed using afast-
track design processwhere smallpackag-
eswerereleasedforconstructioninase-
ries, ratherthan making asingle complete
designpackagethatwasreleasedatone
time.

Treatmentvendorsweregivenanoption

during bidding. If confidentthattheir sys-
tem could meetall specifications withouta
pilottest, they could bid the full-scale sys-
tem, guaranteeing the quality of the final
productwater. Ifthey were notthat confi-
dent, they could bid their bestestimate of
thefull-scale systemwithanoptiontorevise
that bid based on pilot testing. Philips
reservedtherighttorejecttherevised bid
ifitwas significantly higherthan the esti-
mate.

The successfulbidincluded the treat-
ment pilot test described below. Once
the piloting results were documented
and the proposal was revised and re-
viewed, the complete full-scale treat-
ment system was awarded. As the
project progressed, there was a great
deal of engineering scrutiny to verify
that the final system would meet all
objectives.

The project’s implementation activi-
ties endured a semiconductor manu-
facturing industry production increase
at its beginning and an industry wide
slumpintheend. Thisslump allowed for
arelaxation ofthe schedule atthe end of
the project. However, it also reduced
the demand for high-purity water and
the supply of spentrinse water available
for the system at commissioning.

History of Existing Pilot Collection
System
InDecember 1997, we started running a
pilotreclaim collection systemto achieve
two goals. First, we wanted to test the
quality ofthe RWR available and project
what the quality and quantity would be
for a full-scale system. Second, we
wanted to verify that this spent rinse
water would be a good source of water
for the air pollution abatement system.
To accomplish these goals, a 100-
gallons per minute (gpm) (378.54 liters
perminute) capacity systemwas builtto
collect, analyze and distribute the RWR.
Based onfeedbacktoa 1997 paper (4),
we decidedtoconnectone ofeachtype of
wet bench (except solvent strip) to this
system. Weonly connectedwetbenches
thatwere 200-mmready, notthe 150-mm
benches that were scheduled to be re-
placed. Ourreclaim philosophy was to
reclaim known good streams. This was
accomplishedbyonlyconnectingtohigh-
purity water baths as shown in Figure 1.
Otherstreamsmay be acceptable, butthey
were notincluded as partofthis project.
This system gathered valuable data
that was used to specify the full-scale
system. Unfortunately, notall of the data
gathered by the pilot collection system
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wasrepresentative ofthe full-scale system.
Duringthistesting, the majority of produc-
tionwastaking place on 150-mmwafers,
notthe newer 200-mmwafers. Unfortunate-
ly,eachbatchoflargerwafers pullsmore
chemicalintotherinse baththanabatch of
smallerwafers. By July 2000, all fab pro-
ductionwastaking placeon200-mmwa-
fers. The average resistivity decreased
fromabout450kilo-ohm per centimeter (/
cm) tolessthan 200. The average total
organic carbon (TOC) measurementin-
creasedfrom50to 70 parts per billion (ppb)
tomorethan 100 ppb.

Scope of the Full-Scale System
Improvements

The pilot collection systemwas replaced
with a full-scale reclaim collection and
distribution system outside the fab. This
includes the following primary compo-
nents:

@® Fab-wide gravity collection piping,

transfer piping, and associated pipe
racks andtunnelstothe proposed col-
lection tank.

@® Reclaim pitfacility designedto house
the new and future reclaim equip-
ment.

® A10,000-gallonopen-baffledtank, dis-
tribution pumps, distribution piping,
analytical, electrical, and controls.

@ Distribution piping to non-treated re-
claimwatercustomers.

Therinse waterreclaim collectionand
transfer program at Philips is required to
serve two purposes: distribution of un-
treated water to reclaim water custom-
ers, and distribution of untreated water
within specification to the recycle treat-
ment system prior to recycling to the
high-purity water system. Asinglerinse
waterreclaimand transfer systemtoserve
bothpurposeswasselected. (Pleaserefer

toFigure2.)

Inordertorealize asuccessfulreclaim
water collection and transfer system, the
team feltthe following goals mustbe met:

1. Segregatethe cleanrinse waterfrom
acid waste.

2. Collectandanalyzethereclaimedrinse
water priortorecycletreatment.

3. Securetherecycletreatmentsystem
and high-purity water system from con-
taminated water.

4. Provide areliablewatersourcetothe
non-treated customers.

Figure 1 showsthetechnique usedfor
segregation of rinse waters at the tools.
The installation of a fab-wide gravity
collection system for a 12-year-old fab,
which was not designed for additional
gravity drains, challenged our piping
designer. Infact, hewashaving dreams
(perhaps nightmares) about this prob-
lem by the time he found a solution.

The design and construction for the
drain system took in to account several
future drainsforchemical waste and water
reclaimsuchthatanew“reclaim”hierar-
chywasformedforthefab. Theschemefor
half of the building opposed the existing
gravity waste hierarchy. The collection
pipingis Schedule 80 PVC (polyvinyl chlo-
ride). Each bay lateral included a clear
section of pipe alongwith asample valve.

The newdrainhierarchy hasarelatively
flat slope and was high compared to exist-
ing piping. Properventingwas considered
veryimportantinorderforthe drainsystem
toavoid anairlockthatcould resultinwater
backingupintofabequipment. Thesystem
wasventedtotheroofusingslopedpiping.
Alllateralsmorethan15feetinlengthare
vented. Allmainsand sub-mainsarevent-
ed at the high ends and a relief vent is
provided inthe middle of the drain system.

Theteamevaluated severalschemesfor
collectionoftherinsewater:

1. The first scheme was a three-tank
systemwith the water handled by batch.
This provides a long response time for
analytical equipment and quick clean
up from excursions, but is expensive
and has several potential failure points.

2. The team agreed to a single open
baffled tank as shown in Figure 3. The
residence time at design flows is 30
minutes. The open baffle scheme al-
lows maximum dilution of excursions,
securestherecycle treatmentsystemin
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theeventofanunacceptableexcursion,and
provides a continuousreliable source of
water to the non-treated customers. In
addition, itwasthe mosteconomical ap-
proachofthosewe evaluated. The negative
forthisapproachisthatacontamination
eventcantake longerto cleanup priorto
putting the recycle treatment systemback
online.

Thereclaim collection tank, distribution
pumps,andanalyticalinstrumentsare care-
fullydesignedtoaccomplishthefollowing:

® Provideanearly checkoftheincoming
andpHaswaterisdrainedintothetank.2

@ Provide abuffervolumetosmoothout
theincoming spikes.

@® Provideaconstantpressure distribu-
tion system for non-treated customers
andtherecycletreatmentsystemfeed.

® Provide afinalcheck of TOC, pH, and
resistivity.

@ Diverttowasteintheeventofanexcur-
sion or contamination.

Figure 4 shows howthe tankfitsinto the
overallreclaim/recycle processflow.

Non-treated reclaim water customers
include the fab air pollution abatement
scrubbers, the fab point-of use hazard-
ous gas burn boxes, and drain flushing
waterforthe chemicalmechanicalpolish
(CMP)drains. Thereclaim systemis crit-
icaltofabwaferproductionandneedstobe
veryreliable. Aloss ofthereclaim system
will stop wafer production.

Recycle Treatment Options

The team evaluated several treatment
options according to various quality,
cost,and scheduleissues. The electro-
deionization (EDI) and high-efficiency
reverse osmosis (HERO) options are
discussed in Table A.

The EDI Option

The EDI process for RWR reclaim was
initially the most favored processes. In
fact, theoriginalbid documentswerebased
on EDItechnology. Itoffered steady state
operation, compatibility withawide range
of pH, and some significantindustry instal-
lations. The essential process components
forthis processincluded the following:

1. TOCdestructionbyUVwiththeaddition
of ozone and/or hydrogen peroxide
(H,0,).

2. Activated carbon (AC).
3. The EDI system. The specified EDI

systemincluded cartridgefilters, EDI
trains,concentratepumps,optionalbrine
injection, PVC piping, instruments, and
controls.

The High Efficiency RO Option
The HERO process® in this application
consisted of the following components:

Activated carbon. The rinse water re-
claim stream contains hydrogen perox-
ide, which if not removed would cause
degradation of downstream media. To
avoid this, AC was included as a first
treatment step.

Weakly acidic cation (WAC) resin is
used before the RO to remove any cal-
cium and magnesium ions present in
the water. Levels above 500 ppb can
causefouling ofthe membranes. TheRO
permeate water passes through a WAC
vessel, whichremovesthe sodiumionsthat
have been pulled through the RO mem-
brane due to the elevated pH. Use of a
polishing WAC vessel provides treated
waterwithverylow conductivity.

HERO. The RO part of HERO in this
case consists of a double pass of sea-
water elementsc operating at elevated
pH. Trials, including the treatment pro-
cess pilot discussed here, indicated a
single pass would just meet the specifi-
cation. Consequently, double-pass RO
was preferred.

Based onthe analysis givenin Table A,
the HERO treatment systemwas chosen.

Recycle Treatment Pilot Study

In order to confirm the performance of
HERO on Philips spentrinse water atrial
system was sent from the UK to the
Philips site. The trial rig consisted of an
aerated collection tank, two WAC resin
columns, one with AC on top and a
single 2.5-inch RO membrane housing.

Initial trials were completed using a
brackish water element; however, the
rejectionfromthese elementswasfeltto
beinsufficientatthe watertemperatures
experienced. As aresult, a second set
oftrials were completed using a seawa-
terelementthatgave the requiredrejec-
tion.

Theresultsfromthe seawater element
trialsindicated that HERO would achieve
on average better than 93% rejection of
incoming TOC on a log (Ln)-mean ba-
sis. Rejections of up to 96.7% were
observed under some conditions.

TheLnmeanrejectioniscalculatedas
follows (Equations 1 through 4) for a

waterwith 200-ppb feed TOC (the antic-
ipated normal maximum level):

Concentration Factor,

CF=1/(1-Y,) Eq.1

where Y, isthe hydraulicrecovery ofthe
system

For example, 95% recovery gives a CF
of 1/1-0.95 = 20

Y, = Product flow/ Blended flow Eq. 2
Y,=0.95

Ln mean concentration factor at mem-

brane surface=In(CF)/ Y, Eq. 3

The Lnmeanfactoristherefore:
In(20)/0.95=3.15

3.15xincoming feed

=3.15*200=631ppb Eqg.4

At93% rejection, thisequals:
631*(1-0.93)=44.15ppb

The second pass operating at any-
thing above 86% rejection would give
20 ppb in the product. At the best
rejection (96.7%) observed during the
trials, a product TOC of 21 ppb would
have been achieved using a single-
pass RO.

Full Scale system design features.
The recycle treatment flow scheme
showninFigure 5was developed by the
water treatment vendor for the full scale
system. This was based on the results
from the various site trials and Philips
requirements for the final plant during
the design stage. The purpose of each
section of plant has already been dis-
cussed.

To cope with a variable feedwater
flowrate, the RO was designed to run
with a continuous flow of 180 gpm
through the RO membranes while ad-
justing the amount of permeate (Line 1)
that is recycled to the RO inlet. This
maintains the required constant feed
flow. By doingthis, the plantis capable of
running with anywhere between 50 gpm
and 180 gpm feed flow. Future expansion
has been allowed for in the design that
would take the system up to a maximum
capacityof225gpm.

All pumps in the system are fitted with
variable frequency drives, allowing the
internal RO skid flowrate to be adjusted
ifrequired. The pumps automatically ad-
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justto maintainthe targetflowrate, sothat
temperature hasaminimal effectonmem-
braneflux. We have foundthatthe system
alsooperateswellatalowerflowrate of 145
gpm, saving power and decreasing the
watertemperature slightly.

The RO systemwas designed with the
ability to run in either single- or double-
pass mode (Line 2). Reject from the
second pass can be sent back as feed
to the first pass (Line 3), giving an over-
allwaterrecovery of 95% on atwin-pass
RO. Dueto Philips concerns over metal-
lic components in the system, the sec-
ond-pass reject can also be sent to
drain to prevent any potential contami-
nationrisk from the high-pressure stain-
less steel pipe work.

Any of the three WAC vessels can be
operated in the pre- or post-RO posi-
tion. During normal operation, the pol-
ishing vessel, when exhausted, is valved
to be in front of the RO. The old lead
vessel resin is then taken away for re-
generation. Once regenerated, theres-
in is returned to the vessel and placed
on line as a polishing vessel.

Report on System Performance

Low flow conditions. The most striking
issue duringcommissioning and steady
state operation was the lower-than-ex-
pected flow available to the RWR sys-
tem. This was due primarily to the
industry wide slowdown that started in
the fourth quarter of 2000 and deep-
ened as the firstand second quarters of
2001 progressed. Sincethe factorywas
producing less, we were using less
water.

Unfortunately for the reclaim system,
most of the resulting reduction in water
consumption took place at the wet
benches, which have low flowrateswhen
not being used. During the time cov-
ered in the trend graphs, the recycle
treatmentsystemwasworking at50%¢to
60% of its capacity.

Incoming quality. Asmentioned above,
the quality of incoming water did not
match the quality levels predicted by
the pilottesting. As productionlevelsin
the factory have increased, the quality
has decreased in terms of incoming
resistivity (Figure 6). The TOC spikes
are larger and more frequent than the
pilotresultsindicated (Figure 3). Anoth-
er significantissue for full-scale system
operation has been that the incoming
water temperature was significantly high-
er than expected (Figure 7). We have
reduced the flow of hot DI water baths

into the reclaim system to reduce the
temperature. In its current configura-
tion, we cannot use the treated reclaim
water if the temperature is above 30 °C.

Product quality. Initial product quality
has been very good with the exception
of TOC. The product resistivity has
beenverygood (Figure6). The TOC has
been high because of high elution of
organic molecules from the polishing
WAC unit (Figure 8). In a matter that
surprised and delighted the project
team, we have found that the system
can produce excellent quality of water
even with very high levels of incoming
IPA. We have spiked in more than 1,000
ppb of isopropyl alcohol (IPA) (as C)
and seen 98% rejection of IPA.

Brine Concentration for Existing RO
Trains

The makeup RO system is a single-
pass, two-stage operating at roughly
75% recovery. A extension of the sys-
tem to recover part of the brine stream
was built. This was comparatively
straightforward, requiring only addition-
al RO tubes, low-pressure/high-rejec-
tion RO membranes, piping, and acces-
sories. A new scale inhibitor was re-
quired to allow the “third stage” RO to
operate in some instances up to ap-
proximately 50% recovery, increasing
the overall recovery to roughly 87%:.
This system does notrequire additional
RO high-pressure pumps, since the RO
reject exiting from the primary RO trains
is available at sufficient pressure.

Lessons Learned
When we looked back atthe successes
and challenges of this project, we saw
that more planning and more engineer-
ing resources would have been extreme-
ly beneficial. However, in the business
climate that prevailed when the system
was designed and built, planning time
and engineering resources were not
easilyavailable. Infuture similar projects,
we hope to put more time and effort in
the process piloting portion ofthe project
since that has great leverage in affect-
ing the system design and cost.
Temperature is very important to wa-
ter recycling system performance. In
addition, the effect of “closing the loop”
in water recycling systems aggravates
high water temperature conditions.
When doing the piloting study, we did
not grasp how much of the water we
collected was from hot DI baths and
assumed that high temperatures seen

on occasion were due to low flow/high
recirculationrates inthe collection sys-
tem. In fact, the water temperature
would actually be more than 32 ‘Cifwe
collected all of the hot deionized (DlI)
rinses during the summer months. This
effect could have been moderated if we
had installed our activated carbon in-
doors and away from the hot Texas sun
and warm average outdoor tempera-
tures. Also, heat exchangers for the
process water would be quite useful in
keeping the system at steady state.

Single-pass RO is apparently good
enough for this application. We found
thatone pass of ROremoves essentially
all ofthe organic contaminants present-
ed to the system. Obviously, single-
pass RO is less expensive to build and
operate.

Unfortunately, money and resources
for a detailed system characterization
and startup were not available at the
time needed. A mass balance con-
structed atseveral operating conditions
would be beneficial as part of the com-
missioning of the system. Our mode of
operations at that point of the project
was to find an acceptable running con-
dition for the conditions we had. During
trouble shooting of the system in the
years to come, there will be nagging
questions about whether the system
has changed or not.

We have found that the WAC resin we
used elutes significantly more TOC than
would be expected from high-purity
water grade strongly acidic cation res-
in. Regeneration of the WAC resin im-
proves its performance in a manner
similar to that of resins more commonly
seen in semiconductor high-purity wa-
ter plants. However, continuing high
elution organics makes the WAC resin
undesirable, unless there is RO down-
stream to clean the water up again.

Also, we have found that the vast
majority of issues reducing the amount
of water reclaimed have their origin in
the maintenance groups who care for
the wet benches. Educationin the form
of training sessions describing the re-
claim system and feedback on the
amount of water lost due to improper
handling ofthe cleaning chemicals has
significantly decreasedthe numberand
severity of excursions.

In addition to clear lateral sections,
clear pipe at each drop from a water
bath is a good way to indicate that a
given bath is or is not connected to the
reclaim system. As money becomes
available, we hope to go back and in-
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TABLEA

RecycleTreatment System Options Comparison

System
Components

Capital
Cost

EDI(RFPBasis of Design) high
UV/ozoneorH,0O,
Activated carbon
Cartridgefiltration

Chemicalinjection
EDI

HERO
Activated carbon
Weak acid cation
Cartridgefiltration

Chemicalinjection
Reverse osmosis
Weaklyacidic cation

stallthese clearsections.

We spent a great deal of time and
effort to give the TOC instruments at the
collection tank adequate time to respond
incasetherecycle streamneededtobe
diverted. We have found that TOC instru-
ments are fast enough now that special
engineering of the tank was not needed.

Finally, we werefortunatetofind awindow
of opportunity toimplementawaterreclaim
retrofit. We were prepared to execute with
pilotdata available and system program-
ming basically completewhenthe project
started. Thatpreparationwaskeyto obtain-
ing approvalandfunding.
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