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EXECUTIVE SUMMARY

AUDIT CONCLUSIONS

PROCESS AND FACILITY DESCRIPTION

Other PP/WM techmques that should be mvestigated for feasIbIlIty studIes and pOSSIble short

ES-I
HARZA FS'{M)c" ES

951026

• OperatIon of the Wastewater Treatment System - The wastewater treatment
system should be fully evaluated to assess mfluent and effluent flows and
treatment effiCIency

The UMIC faCIlIty had already Implemented some PPIWM and water conservatIon practIces,
such as recirculatmg the coolmg water AddItIOnal opportumtIes IdentIfied dunng the audIt are
summanzed below Some actIons that the faCIlIty should ImtIate ImmedIately are

ThIS report presents the findmgs of the FeaslbIhty Study (FS) for Umversal Modern IndustrIes
Company, LTD (UMIC) The objectIve of the FS IS to evaluate the techmcal, finanCIal, and
lOgIstIcal feasIbIlIty of the most promIsmg PPIWM and water conservatIon technIques IdentIfied
for UMIC m the prevIously performed PPIWM audIt

The UMIe faCIlIty refines four OIls refined, bleached, and deodOrIzed (RBD) palm 011, RBD
palmolme, semi-degummed corn 011, and semi-degummed soya 011 The current productIon rate
IS 170 to 180 tons per day (T/day) The UMIC faCIlIty operates both chemIcal and phYSICal
refimng processes Process operatIons conSIst of

• Crude 011 transfer to storage tanks,
• ChemIcal refinmg operatlons degummmg and neutralIzatIon, bleachmg, and

deodOrIzatIon,
• PhySIcal refinmg by steam stnppmg,
• Coolmg and filtenng, and
• Packagmg

Development Alternatives, Inc (DAI) under Contract No 278-0288-oo-C-4026-00 wIth the
UOlted States Agency for InternatIonal Development (USAID) IS performmg an IndustrIal
Wastewater DIscharge Prevenuon Program (IWDPP) 10 Amman, Jordan ThIS Program IS one
of tour components of the Water Quality Improvement and ConservatIon Project (WQICP)
funded by USAID ThIS program IS bemg performed by DAI with full coordmatIon between
the Mlmstry of Water and IrngatIon (MWI) and the Amman Chamber of Industry (Chamber}
Harza Consultmg Engmeers and SCIentIsts (Harza), ChIcago, Umted States (U S ), was retamed
by DAI to lead the IWDPP The Royal SCIentIfic SOCIety (RSS) of Amman, Jordan was selected
as a local consultant to asSIst Harza With the IWDPP ThIS Program mcludes conductmg the
PPIWM audIts, feaSIbIlIty studIes, and desIgmng demonstratIon faCIlItIes at selected mdustrial
faCIlIties
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• Boller Blowdown Reuse

• Steam Leak Prevention and Control

• Domestic Waste Treatment

• Wastewater Reuse - for

I
~

ES-2

BarometrIC Condenser Coolmg Water

Softener Regeneration Wastewater

Neutrahzation washwater

• Good Housekeepmg

• Coolmg Tower Opttmizatton

• Softener RegeneratIon - Instead of usmg sodIUm chlonde, use a regeneration
chemIcal that IS less harmful to the enVIronment, such as acetIC aCId and
ammOnIum hydroXide

• Wastewater Treatment System DeSign ModIfication - InvestIgate deSIgn
modIficatIOns, mcludmg replacmg of eXIstmg eqUIpment, and addltlonal treatment
that WIll enable recycle or reuse of treated wastewater

• CentrIfuge OptImIzatIOn

• Crude 011 QualIty Control - Investigate the cost/benefit of obtammg a hIgher
quahty crude 011 to reduce water consumptIOn durmg refinmg and wastewater
generation

• BarometrIC Condenser and Steam Vacuum OptimiZatIon

As much as 73 to 97 m3/d water savmgs could potentially result from the Implementation
of these technIques Those techmques that the facIhty could Implement ImmedIately are

Water Conservation Opportunities

The followmg techmques reqUire further mvestIgatlon for feasIbIhty studIes and pOSSIble
short and long term ImplementatIon

HARZA Fs-IMlC ES
951026

and long term implementation are hsted below
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lECHNICAL FEASIBILITY EVALUATION

LIve Steam

• LIve Steam Heat ElImmatIon

• Water Coolmg System EhmmatIon

ES-3

FeasIbihty analyses were conducted for each of the followmg options

OptimIZed Ion Exchange In order to promote PPIWM, an alternative IX process IS
recommended the optImized IX process The optImiZed IX process IS the result of
efforts to Improve the tradItional Ion exchange The Eco-Tec brand IX process proVIdes
an example of an optImIzed process WhICh uses a short reSIn bed In conJunctlon With a

The followmg is a descnptiOn of State-of-the-Art treannent systems mcluded In the above
analyses

1 OptimIzed IOn exchange (EcD-Tec) alone,
2 Contmuous deIomzatlOn alone,
3 Reverse osmOSIS followed by OptimIZed Ion exchange (Eco-Tec), and
4 Reverse osmOSiS followed by contmuous deiOnIzation
5 Reverse osmOSIS followed by the eXisnng water softener

• Process EqUipment DesIgn ModIficatIons

• Softener System Upgrade

The recommendation selected for the detaIled feasIbIhty study was to upgrade the water
softemng system The purpose of thIS measure was not to Improve boIler feed water
qualIty but to reduce or ehmmate the use of regeneranon chemIcals, WhICh contrIbute
sIgmficant amounts of TDS mto the enVIronment The selected recommendanon IS also
consIstent WIth that suggested m the Audit Report and WIth the prImary concern of the
WQICP, WhICh IS the protection of the qualIty of Jordan's water resources

It IS noted that some of the optlons conSIdered were expensIve and may not be SUItable
for UMIC at the present time However, the mtent of the study was to be comprehensIve
so that UMIC at a later date or other mdustries may be exposed to promlSlng state-of-the
an water treatment technologies The selecnon of the state-of-the-art water
demmerahzatlon system for ImplementatiOn as a demonstatlon project at UMIC can
provIde a model m pollutIon reduction for mdustrIes across Jordan, smce
demmeralIZatlOn was a Vital component of water treannent m almost all local mdustries
The WIdespread use of these technologies could allow a slgmficant reductIon m the use
of hazardous chemIcals and the dIscharge of salts to the enVironment

HARZA FS-t"\OC ES
951026
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• Ehmmatlon of ChemIcals

COST/BENEFIT ANALYSIS

• Contmuous Production

1

ES-4

• Removes over 90% of organics (TOC)

• Removes over 99% of remaInIng IDS

• HIgh Water Recovery

• Removes over 99 % of remaInIng sIlIca

• Removes 95 % of remammg CO2

• Lower Operatmg Costs

The mam costs asSOCIated with the proposed water treatment system were for purchasmg
the eqUIpment Infrastructure for housmg was not sIgmficant and slgmficant amounts of
addltlOnal pIpmg and unhtles were not reqUIred For rehabIhty, two parallel trams of
each system were proposed, each WIth capaCIty to supply 120 m3/h At a cost of JD
98,600, addmg RO to the eXlstmg softener was clearly the least expensIve opnon The
eqUIpment cost for ROleDI option was esumated at JD 230,900, WhICh was less than
RO/Eco-Tec opnon, at JD 327,500

Annual opereratlons and mamtenance costs for the RO/Exlstmg Softener was the lowest
at JD 15,700, the RO/CDI was the second lowest at JD 20,800, and the RO/Eco-Tec was
the highest at JD 23,600

If used as a pohshmg deIonlZatlon followmg RO (bulk delOmzanon), typIcal removal
rates are as follows

The CDI system has a product flow rate between 80 and 95 percent, wIth the remammg
5 to 20 percent IS dtscharged as reject WIth RO pretreatment the product flow rate
mcreases to closer to 95 percent

patented "recoflo" (recIprocatIng flow) system

Continuous DelonlZatlon The contInUOUS delomzatton (COl) process IS a contInUOUS
water treatment process for producmg hIgh quality water, usmg lon-exchange
membranes, reSInS, and electrIcity COl technology provIdes the followmg benefits wIth
respect to conventIonal IX processes

HAllZA psnuc ES
951026
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RECOMMENDATIONS

CONCLUSIONS

ENVIRONMENTAL EVALUATION

Waste dIsposal costs were not 10cluded 10 the cost/benefit evaluation The waste dIsposal
volume for the RO would be the same m all three cases, and therefore would not affect
the analySIS SImilarly the waste flows for softeners, Eco-Tee, and CDI were SImIlar,
although CDI had the lowest TDS concentration

ES-5

Three alternatives were found to be techmcally feasIble RO/Exlst1Og Softener, RO/Eco
Tec, and RO/CDI The least expenSIve was RO/EXlSltng Softener, followed by RO/CDI
and RO/Eco-Tec The three alternatIves created SImIlar amount of waste flows, although
RO/ExIstmg Softener and RO/Eco-Tec created hIgher IDS than RO/CDI because of the
regeneratIon chemIcals RO/Eco-Tec, however, used approXImately half the amount of
cbemicals of a conventIonal IX system

By usmg the RO/Exlstmg Softener or the RO/CDI water treatment system, the use of
hazardous regeneratIon chemIcals could be aVOIded HIgh IDS reject bnnes would be
created, as WIth all other water demmerahzmg systems, whIch need be properly dIsposed
of The net dIscharge of TDS, however, would be lower than m the current sItuatIon

The Table ES-I proVides an analySIS of yearly total costs based on a 20 year project hfe
and a 6 0 percent mterest rate, mclud10g capital and operatlon and mamtenance costs
The least expenSIve alternatIve was the RO/ExIstmg Softener, at JD 24,300 per year
The cost for RO/CDI was 1D 40,900 per year, and RO/Eco-Tec was JD 52,200 per year

It was recommended that a small umt for ROtCDI be mstalled as a demonstratIon
project ThIS umt could be mstalled m the eXlstmg bOIler room In parallel to the eXlstmg
water treatment system The ImplementatIon of thIS state-of-the-art water
demmeralIzatIon system at UMIC could proVide a model m pollutIon reduction for
industries across Jordan, smce demmeralIzatlOn was a VItal component of water treatment
in almost all local 10dustrIes

GIven that UMIC had recently purchased two softener umts and was achlevmg
satIsfactory water quahty With thIS system, It did not appear necessary to Immediately
lDlplement a new water system such as those discussed 10 thIS report However, It was
recommended that groundwater supply qualIty be mmltored for IDS When levels
mcreased to a pomt where the softener system was no longer adequate, It was
recommended that an RO system be mstalled to reduce dIscharge of IDS If levels reach
1he pomt where the RO/ExIstmg Softener system was no longer adequate, It was
recommended that the softener system be replaced WIth CDI umts to elImmate the use
of regeneratIon chemIcals and reduce further the net dIscharge of IDS

HARZA fS.UI'.IC'.ES
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1 0 INTRODUCnON

1 2 ObjeetNes

1 1 Background

The objective of the FS IS to evaluate the techmcal, finanCIal, and logIStical feasIbIlIty of the
most promISIng PPIWM and water conservatIon technIques IdentIfied m the AudIt Report

1
HAIiZA FS2XlPV
95/726

The PPIWM techmques are defined as any technIques to prevent or reduce waste generatIon by
source reductIon or recyclIng actIvItles These aCUVItles must reduce eIther the volumes or the
concentrnuons of pollutants generated pnor to treatment, storage, or dISPOSal of the waste

Based on a ranlang methodology, the PPIWM CommIttee selected ten mdustrles WIth potentIal
needs for PPIWM audIts, as the first step of the IWDPP The purpose of the audIts was to
asSISt the mdustrles 10 the Amman-Zarqa Basm In assessIng pollutIon problems and developmg
alternatIve SolutIons to achIeve deSIred levels of PPIWM, water conservatIon, and wastewater
treatment appropnate for the selected Industry The next step In the IWDPP IS to further
develop the most promlSlng optIons for PPIWM revealed through the audIt process by
performmg a FS ThIS report proVIdes the FS for the vegetable 011 refmmg Industry and also
outlmes potentIal demonstration projects that may be carned out wlthm the next phase of the
IWDPP

Development AlternatIves, Inc (DAI) under Contract No 278-0288-00-C-4026-00 WIth the
Umted States Agency for InternatIonal Development (USAID) IS performIng an IndustrIal
Wastewater DIscharge PreventIon Program (IWDPP) m Amman, Jordan ThIS Program IS one
of four components of the Water Quahty Improvement and Conservauon Project (WQICP)
funded by USAID ThIS program IS bemg performed by DAI WIth full coordInation between
the Mlrustry of Water and IrngatIon (MWI) and the Amman Chamber of Industry (Chamber)
Harza Consultmg EngIneers and SCIentIsts (Harza), ChIcago, Umted States (U S ), was retamed
by DAI to lead the IWDPP The Royal SCIentIfic SOCIety (RSS) of Amman, Jordan was selected
as a local consultant to asSISt Harza WIth the IWOPP This Program mcludes conducung the
PP/WM audIts, feasIbIlIty studIes, and desIgmng demonstratIon facIlItIes at selected mdustrIal
facI1Itles

ThIS report presents feaSIbIlIty studIes (FS) for pollutIon preventlOn, waste mlmmlZatlon
(PP/WM) and water conservatIon for the Umted Modern IndustrIes Company, Ltd (UMIC)
The feaSIbIlity study IS based on the PP/WM recommendations provIded m the Industrlal AudIt
Report for Vegetable Oil Refimng Industry, Umversal Modern Industnes Co , Ltd (USAID
Report 3114-95-2b-29, Apnl 1995), performed by SCIence ApplIcatIons InternatIonal Corp m
January, 1995 The report IS dIVIded mto findmgs and recommendations from the audIt,
screemng process, feaSIbIlIty analyses, and final conclUSIons and recommendatIons
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1 3 Report Orgamzatlon

ThIS report contams an mtroductIon, sections on Summary of AudIt Fmdmgs (from the prevIous
PPIWM Auda Report) FeasIblhty Study Process Techmcal FeasIbIlity Evaluation, Opportumty
Cost/Benefit AnalySIS and ConclUSIOns and RecommendatIons The recommendatIons provide
suggestIons for subsequent demonstratIon projects
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2 0 SUMMARY OF AUDIT FINDINGS

2.2 1 Water Usage

2 2 Audit Findings

2 1 Process and FacIlity Descnptlon

3
HAPZA FS2IJlPV

951/26

With the addltIon of the phySIcal refinmg operatIon, the quantIty of coohng water has

The UMIC facIhty uses approxImately 147 m3/day of groundwater, most of whIch IS
treated WIth a water softener before bemg used for steam generatIOn, process washwater,
and coolIng purposes In general, water use at the faCIlIty IS not excessIve (1 2 m3/T of
refined 011), however, opportumnes for conservatIon do eXIst

Other water uses that total approxImately 42 m'/day mclude floor and eqUIpment
cleamng, lIve and closed-loop steam heatmg, laboratory tests, chemIcal SolutIons, spIll
clean-up, and sanItary

• Steam for refimng and producmg vacuum, and coolIng water for the
barometnc condensers, 41 m'/day,

• Washmg the 011 In the neutralIzatIon operatIon, 24 m3/day,
• Boller blowdown, 20 m3/day, and
• CoolIng the heat exchangers, 20 m3/day

• Crude 011 transfer to storage tanks,
• ChemIcal refinmg operatlons degummmg and neutralIzatIon, bleachmg, and

deodOrIzatIOn,
• PhySIcal refinmg by steam strlppmg,
• CoolIng and filtenng, and
• Packagmg

The UMIC faCIlIty receIves Its water from the Zarqa Free Zone groundwater wells
Most, approxImately 72 percent, of the water the faCIlIty uses IS first treated usmg an
lOn-exchange umt The four largest consumptlons of water at the faCIlIty are for

The UMIC facIltty refines four OIls refined, bleached, and deodOrIzed (RBD) palm 011, RBD
palmohne, semi-degummed corn 011, and semi-degummed soya 011 The current production rate
IS 170 to 180 tons per day (T/day) The UMIC faCIlIty operates both chemIcal and phYSIcal
refimng processes Process operatIOns conSIst of

The PPIWM audIt was conducted on January 7 and 14, 1995 by SCIence ApphcatlOns
InternatIonal Corporation (SAIC), and the audIt report was submitted by SAIC m Apnl, 1995
The mam findmgs and recommendatlon from thIS report are provIded below
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222 Wastewater DIScharges

2 3 Audit Conclusions

The major wastewaters generated at the facIlity are

4

Operation of the Wastewater Treatment System - The wastewater treatment
system should be fully evaluated to assess mfluent and effluent flows and
treatment effICIency In partIcular, mOnItonng of the hydraulIc and organic
loadmg to each of the UnIts should be conducted to evaluate the performance of
each UnIt Additionally, an assessment of the need for modIfications to the
operation of the treatment system should be conducted ThIS assessment should
also evaluate the need to segregate and separately treat process watewaters

• Tanker truck unloadmg,
• CaustIc soda solutIOn mixmg, and
• FIllIng area from the fillIng machines and leaking contamers

Other wastewaters that total approxImately 14 2 m3/day Include blowdown from the
barometnc condenser and heat exchanger cooling towers, spill clean-up, and sanItary
TypIcal pollutant parameters Include fats, 011, and grease (FOG), bIOchemIcal oxygen
demand (BODs), chemIcal oxygen demand (COD), total suspended solIds (TSS), and total
dIssolved solIds (TDS) Fzgure 1 proVIdes a water and wastewater flow diagram

• NeutralIzatIon \\-ashwater, 24 m3/day,
• BOller blowdown, 20 m~/day,

• Floor and eqUIpment washwater, 10 m~/day,

• Steam condensate from tanker truck heating, 8 4 m3/day, and
• Softener regeneration backwash, 6 m3/day

Increased This IS overloadIng the coohng tower so that the facIlIty IS removing the
cooling water and refillIng the cooling system With fresh water The datly average
blowdown IS esnmated at 4 2 m~/day, but may be much hIgher SInce the facIlity hauls
In fresh water and hauls away the contaminated cooling water The frequency of
haulIng, the number ot tanker trucks, or the quantIty hauled IS unknown

Steam losses to the air occur through leaky flanges, valves, and pipes Steam condensate
and coolIng water leaks from eqUIpment collect on the floors Frequent spIlls occur In
the follOWing areas

•

The UMIC facIlity already practices some PPIWM and water conservation practices such as
reCIrculating the coolmg water Addltlonal opportunInes IdentIfied durIng the audit are
summarIzed below Some actions that the faCIlIty should InItiate ImmedIately are

HA!'.ZA FS2 \YPV
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Water Conservation Opportunities

Those techmques that the facIltty could Implement ImmedIately are

Other PP/WM techmques that should be mvestIgated tor feasibilIty StudIes and possIble short
and long term Implementation are hsted below

• Wastewater Treatment System DeSIgn ModIficatIon - InvestIgate deSIgn
mOdIficatIons, mcludmg replacmg of eXlstmg eqUIpment, and addItIOnal treatment
that WIll enable recycle or reuse of treated wastewater

DomestIc Waste Treatment - Reduce domestIC water use by employee awareness
and mstallatIon of water conservatIon eqUIpment

5

Good Housekeepmg - Develop and Implement floor cleanmg and spIll cleanmg
procedures that focus on water conservatIon

CoolIng Tower OptImIZatiOn -Assess deSign or operatIOnal modificatIons for the
current coolmg tower or explore new coolIng tower deSigns to mlmmIze the
evaporatIve losses and mcrease the concentration cycle

BoIler Blowdown Reuse - Reuse boIler blowdown as floor washmg and spIll
cleanup water

Steam Leak PreventIon and Control - Implement a more ngorous preventatIve
mamtenance program to prevent leaks and a rapId response repair program to fix
leaks as soon a they occur

• Softener RegeneratIon - Instead of usmg sodmm chlonde, use a regeneration
chemical that IS less harmful to the envIronment, such as acetIc aCid and
ammonmm hydroxIde This chemical substItution would reduce the high
concentratIons of sodIUm and chlonde salts m the wastewater

• Crude OIl QualIty Control - InvestIgate the cost/benefit of obtammg a hIgher
qualtty crude 011 to reduce water consumptIon dunng refmmg and wastewater
generatIon Work WIth supplIers, shIppers, and transport companIes to establIsh
standard shIppmg and transport practIces that would reduce the tIme m-shIpment
and storage, the number of transfers that occur, and the OXIdation that occurs
durmg shlppmg and storage

•

•

•

•

The water conservatIon opportumtIes are summarized below Table I proVIdes potentIal
techmques and the estImated savmgs from water conservation As much as 73 to 97
m~/d water savmgs could result from the ImplementatIon of these techmques

•
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• Wastewater Reuse - Investigate reuse of the followmg wastewaters

Softener Regeneration Wastewater - Treat the wastewater usmg reverse
osmosIs and reuse

Water Coohng System ElImmatIon - Investigate the use of a non-water coolIng system
for the heat exchangers

BarometrIC Condenser Coohng Water - Treat the coolIng water to recover
fatty aCId matenal and reuse as coolmg water

6

Process EqUipment DeSIgn ModificatIons - Explore deSign modIfication to the process
umts, the barometrIC condensers, and the steam vacuum system that would decrease the
overall water quantity (coolmg water and steam)

Softener System Upgrade - ContInue WIth plans to mstall a larger capaCIty softener umt
A umt that IS optImally SIZed for the facIhty's operatlons WIll reduce the frequency of
regeneration Use a newer state-of-the-art lon-exchange reSIn system that IS regenerated
With less solution and, therefore, generates a smaller volume, more concentrated
wastewater

Live Steam Heat ElImmatlOn - ElImmate use of hve steam for heatmg Use a closed
loop heatIng coIl m the tanker trucks and aCIdIficatIOn tanks mstead of lIve steam

LIve Steam - Reuse the condensate resultmg from the live steam heatmg
of the tanker trucks as washwater m the neutrahzatIon operatIon

Neutrahzanon washwater - Investigate optIOns for reducmg the generation
of wastewater and reuse of washwater from the second and thIrd
centrifuges In the neutralIzation, as Identified In thIS report

• CentrIfuge OptimiZatlOn - The centtlfuge could be optimized to aVOid bUild up of
soapstock WithIn the centrifuge to elImmate cleamng of the centrifuges every 24
hours

• Baromet!lc Condenser and Steam Vacuum OptimizatIOn - Evaluate the current
process operatlonal procedures to optimize reductions In steam and coolIng water
More process control mstrumentatIon, more accurate mstrumentatIon, of faster
feedback could enable greater process control that would mInimize water losses
or decrease water usage

The followmg techmques reqUIre further mvestIgatlOn for feasibility studies and possible
short and long term Implementation

HAflZA FS2 WPV
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3 0 FEASIBILITY STUDY PROCESS

The detalled evaluanon of the TechnIcal FeasibilIty of the selected optIon IS proVIded m
Section 40 SectIOn 5 0 proVIdes an OpportunIty Cost/Benefit AnalYSIS, and Section 60
proVides ConclUSIOns and RecommendatIons

The recommendatIOns provIded m the Audit Report were screened to IdentIfy the most
promlsmg alternative for PPIWM, for subsequent detailed analyses m feasIblhty studIes
The recommendanons ot the audit report and comments on the feasibilIty of each are
proVIded In Appendlx A

The recommendatIon selected for the detaIled feasIblhty study IS to upgrade the water
softenIng system The purpose of thiS measure IS not to Improve bOIler feed water
qualIty but to reduce or ellmmate the use of regeneranon chemIcals, whIch contrIbute
SignIficant amounts of TDS mto the enVIronment The selected recommendatIon IS also
conSIstent WIth that suggested In the AudIt Report The objectIve of the feasIbIlIty study
IS consistent With the pnmary concern of the WQICP, WhICh IS the protection of the
qualIty of Jordan's water resources

7

It IS noted that some of the options conSidered are expensive and may not be SUitable for
UMIC at the present tIme However, the mtent of the study IS to be as comprehenSIve
as pOSSIble so that UMIC at a later date or other mdustrIes may be exposed to some
promIsmg state-of-the-art water treatment technologies The selectIon of the state-of-the
art water demmeralIzatIon system for ImplementatIOn as a demonstatIon project at UMIC
can proVIde a model m pollUtion reductIon for mdustrIes across Jordan, smce
demmeralIzatIon IS a VItal component of water treatment m almost all local mdustries
The WIdespread use of these technologIes could allow a sIgmficant reduction m the use
of pollutmg chemIcals and the dIscharge of salts to the enVIronment
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4 1 EXisting Water Quality and Water Treatment System

In thiS sectIon feasIbility analyses are conducted for each of the followmg options

The followmg sectlons dISCUSS the eXIstIng water quahty and treatment facI11tles at
UMIC Evaluations of the economIC and envIronmental feasIbIlIty of the selected optIons
lISted above follow
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4 0 TECHNICAL FEASIBILITY EVALUATlON

1 OptImIzed Ion exchange (Eco-Tee) alone,
2 Contmuous delOnIZatlOn alone,
3 Reverse osmOSiS followed by optimIzed Ion exchange (Eco-Tec) , and
4 Reverse osmosIs followed by contmuous delOmzatlon
5 Reverse osmOSIS followed by the eXIstmg water softener

4 1 1 EXisting Water Quality

The UMIC currently uses approXImately 150 m3/day of well water obtaIned from
a well located m the Zarqa Free Zone at the Jordan Petroleum Refinery Company
(JPRC) The water quality from thIS area water IS characterIstIcally hIgh m
sahmty A SIngle sample of UMIC raw well water taken on August 6, 1995
mdicates the followmg

ChlOrIde as NaCI (mg/l) 580
IDS (mgll) 760
Total Hardness (mg/l) 290
pH 74

TestIng prevIously performed by Harza on 11/12/94 on three wells at JPRC
mdicated electroconductlvlty rangIng from 2300 to 3600 vS/cm AddItIOnal
water qUalIty data obtamed from other wells of the same well field at JPRC
mdlcates very high levels of electroconductIvlty, and a tendency to Increase WIth
time Accordmg to a prevIous report for JPRC conducted by COWlconsult m
1994, electroconducttvlty has mcreased from 460 m 1971 to 3,300 vS/cm m
1992 Water qUalIty data for JPRC wells IS proVIded m Table 2

GIven the current hIgh levels of salinIty and the mcreasmg trend, It IS expected
that sahmty WIll be an mcreasmgly CrItIcal water treatment Issue m future years

4 1 2 existing Water Treatment System

ApproXimately 120 m3/day of water usage at UMIC (72%) IS treated at an Ion
exchange (IX) water softenIng UnIt Of thIS amount, approXImately 95 m3/d IS

8



42 Proposed Water Treatment Technologies

The follOWing IS a deSCrIptIOn of technologIes that WIll be dIscussed further m the
techmcal feasIbIlIty sectIon

used as bOIler feed water and the remaInder IS used as neutralization washwater
Two new softemng umts were recently mstalled, WIth the followmg
charactenstIcs

WIth the gIven treatment capaCIty, the frequency of regeneratIon IS approxImately
once per day The regeneration water IS dIscharged to an outsIde collecuon pIt
and hauled by trucks for dIsposal on land near the faCIhty

600,000
560
100

CapaCIty (grams)
Resm volume (1)
Treatment capacIty (m')
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Conventional Ion Exchange The Ion exchange process (IX) removes
unwanted Ions from water by transfemng them to a solId medIa, WhICh In return
gIves back an eqUIvalent amount of deSIrable Ions The medIa, also called Ion
exchanger or exchange skeleton, has a hmlted capaCIty for Ion storage and
eventually becomes saturated When thIS occurs, the exhanger must be
regenerated by washmg WIth a strong regeneratIng solutIon WhICh contaIns the
deSIrable speCIes of Ions ThIS IS performed m a cyclIcal process WhICh mcludes

The eXIstmg water softemng plant IS located m the bOIler house, as shown m
Flgure 2 The dImensIons of the bOIler plant house are 10 meters by 10 meters,
and approXImately 50 percent of the area IS avaIlable for mstallatIon of water
treatment systems

Reverse OsmosIs Reverse osmOSIS (RO) IS a well-known and proven
technology for demIneralIzmg braclash water The pnnclple used mvolves the
separatIon of water from a sahne solutIon usmg a semIpermeable membrane and
hydrostatIC pressure WhIle RO IS effectIve m removmg Ions, RO removal
effiCIency IS not adequate for treatment of water for boIler feed and further
polIshmg IS reqUIred when used for thIS purpose PolIshmg IS typIcally performed
by Ion exchange or other methods

The water qualIty needs for UMIC are dnven by the bOIler feed reqUIrements, WhICh
mclude demmerahzatlon For the other maIn treated water use, neutralIZatiOn
washwater, reqUirements are less strmgent, and mvolve hardness removal only Since
most of the treated water (approXImately 75 percent) IS used for bOIler feed, It WIll be
assumed that a Single treatment plant WIll used to proVIde for both purposes, prodUCing
bOller qualIty water The total reqUired flow IS approXImately 120 m3/d
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backwashmg, regeneratIon, rmsmg, and servIce

DIsadvantages associated wIth the tradItIonal lon-exchange systems are as follows

1 Co-current regeneratIOn exposes water to hIghest concentratIon
of contammants prIor to leavmg vessel

2 Ion exchange bed has more capacIty than that actually used,
leavmg a reSidual of contammating IOns on the resms, and

3 ChemIcal utlllZatIon IS hIgh, due to mefficlent regeneration

OptimIZed Ion Exchange In order to promote PPIWM, an alternatIve IX
process IS recommended the optImized IX process The optImized IX process
IS the result of efforts to Improve the tradItlonal Ion exchange The Eco-Tec
brand IX process prOVIdes an example of an optImIzed process WhICh uses a short
resm bed m conjUnctIon WIth a patented "recoflo" (reclprocatmg flow) system,
provldmg the followmg dIfferences WIth respect to conventional lon-exchange
columns

• Short Bed HeIght The resm columns are WIde and short,
rather than tall and narrow ThIS allows the entIre bed length
to be wlthm the lon-exchange zone at any pomt m tIme,
provldmg effiCIent use of the lon-exchange resms A
consequence of thIS setup, however, IS shorter run tImes
between regeneratIons

• Fme Mesh Resms The Eca-Tec system uses a finer mesh than
IS typIcally used m conventIonal Ion exchange systems ThIs
mcreases the speCific surface of the mesh, reducmg the length
of the exchange zone and allowmg the use of hIgher flow rates
Addltlonally, smaller beads are phySIcally stronger and nnse
more effectively

• Packed Beds Packed resm beds Insure that proper dlstnbutlon
IS proVided and that the Ion exchange profile IS not dIsturbed
Ehmmatmg column freeboard reduces mlxmg and dIlUtion
durmg regeneratIon, decreasmg reqUIred nnsmg

• Counterflow RegeneratIon Counter flow regeneration IS used
m the Eca-Tec system ThIs nnsmg technIque reduces the
amount of chemIcals reqUlred, smce the regenerant flows from
the least spent resm towards the most spent

• Low Exchanger Loadmg TypIcally, a low percentage (around
25 %) of the total exchange capacIty of a resm IS used m a

10
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normal cycle By USIng only the most avaIlable exchange Sites,
those near the surface of the reSIn beads, the regenerant kmetIcs
are Improved and regenerant consumptIon IS mInimIZed

• Shorter Regeneration Time WhIle conventional Ion exchange
systems typically take 3 to 4 hours to regenerate, the Ecc-Tec
system can be regenerated m returned on-hne In approximately
10 mmutes ThiS short regeneratIon tIme allows for smaller
storage faCIlIties

OptImized IX systems such as Ecc-Tec typIcally has a product flow rate
rates of between 90 and 95 percent, WIth the remammg 5 to 10 percent
discharged as reject WIth RO pretreatment the product flow rate IS closer
to 95 percent ChemIcal consumptIon for the Ecc-Tec system IS
approxImately half of that of conventIonal IX systems, and hqUld waste
IS approxunately 40 percent less

Continuous Delomzatlon The contInUOUS deIOnIZaUOn (CD!) process IS a
contInUOUS water treatment process for prodUCIng hIgh qualIty water, usmg Ion
exchange membranes, resms, and electncity

Contmuous electrodeIOnIzatIon technology dIffers from electrodialySIS In
electrodIalysIs, Ion-depletmg streams between membranes have hIgh electncal
reSIstance, and therefore requIre hIgh voltages to be effectIve, partIcularly as the
salt concentration mcreases The COl technology has low electrIcal reSIstance
because the spaces between the membranes are filled WIth Ion exchange resm
WhICh proVIde a more effiCient Ion transfer DIrect current IS used as a dnvmg
force for removmg IOns from the raw water whIle contInuously regeneratIng the
resm pack Elecrodialysis IS typIcally used to bnng water With hIgh salt
concentratIOns of 1,000 to 10,000 ppm down to several hundred ppm, whereas
COl IS used to brmg waters WIth salt concentratIons of 10 to 1,000 ppm down to
1 ppm or less

COl technology proVIdes the followmg benefits WIth respect to conventIOnal IX
processes

• EhmmatIon of ChemIcals

• Contmuous ProductIon

• Lower Operatmg Costs

• HIgh Water Recovery

11



43 Techmcal FeaSibility

FIve options for feaslbllIty analysIs are dIscussed m thIS seCtion OptimIZed IX alone,
CDI alone, RO and OptimIzed IX, RO and CDI, and RO and EXlstmg Softener
developed
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If used as a polIshmg delODlzatton followmg RO (bulk delODlzatlOn), typICal
removal rates are as follows

• Removes over 99 % of remammg IDS

• Removes over 99 %of remammg slhca

• Removes over 90 % of organIcs (TOe)

• Removes 95 %of remammg CO2

The CDI system has a product flow rate between 80 and 95 percent, WIth the
remammg 5 to 20 percent IS dIscharged as reject WIth RO pretreatment the
product flow rate mcreases to closer to 95 percent

4 3 1 OptimIZed Ion Exchange Alone

The IX process IS typically feasIble for demmeralIzmg water WIth low IDS or as
a pohshmg stage for pretreated water The advantages of the optImIzed IX
system over the conventIonal system were dISCUSSed prevIously, but one malO
advantage IS that they reqUIre approXimately half the amount of regeneration
chemIcals that conventional IX systems use A dIsadvantage of these systems
compared to standard softeners IS that they are somewhat complex and reqUIre the
use of hazardous chemIcals (sulfunc aCId and sodIUm hydrOXIde) for regeneration
A brochure for the Eco-Tec system IS provIded 10 Appendzx B

GIven the water characterIstIcs at UMIC It does not appear deSIrable to use IX
alone WIthout any pretreatment In partIcular, the Eco-Tec system IS not oost
effectIve for water streams WIth IDS above 750 mgll Therefore, usmg
optImlzed IX alone WIthout pretreatment IS not techrucally feasIble and WIll not
be further consIdered

4 3 2 Continuous Delonizatlon Alone

The CDI presents a very deSIrable process that contmuously produces hIgh levels
of treatment WIthout the use of any regeneranon chemIcals The CDI system
does produce a reject stream, however, WhICh reqUIres proper dIsposal The umts
are compact and reqUIre low mamtenance, and have a low operatmg cost The

12
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capital cost IS typically less than IX A brochure for CDI IS prOVided m
AppendiX C

The efficiency of these umts with low water qualIty IS questIonable, and In the
case of UMIC It IS expected that adequate boIler qualIty water wIll not be
achieved by CDI alone and a RO umt Will be reqUired as pretreatment
Therefore, CDI alone Without pretreatment IS not technIcally feasible and WIll not
be further conSIdered

4 3 3 Reverse OsmosIs and OptimIZed Ion Exchange

The RO provides pretreatment by bulk delOmzatton, WhICh typically reduces the
IDS concentratIon m the water by 90 percent Therefore, by pretreatIng WIth
RO the use of IX regenerant Will decrease by approxImately 90 percent The
drawback of USIng RO, however, IS that a new wastewater steam IS created the
RO reject, which normally IS In the range of 15 to 25 percent of the treated
water The Ion exchange regeneratIon water wIll also reqUlre adequate dIsposal
A conceptual layout for RO/IX IS proVIded m Figure 3

The proposed RO and IX systems are skId mounted and reqUIre relatIvely lIttle
space for InstallatIon In order to treat 120 m3/d With RO and IX, the RO unit
IS approxImately 4 3 meters long by 1 1 meter deep by 2 2 meters hIgh The
Eco-Tec umt for thIS flow IS approXImately 1 8 meters long by 1 6 meter deep
by 2 0 meters hIgh There IS adequate space aVaIlable In the eXIstIng boIler room
to accommodate thiS eqUipment, and It IS assumed that adequate power and pipIng
IS available GIven the above, thiS water treatment optIon IS conSIdered
techmcally feaSIble

4 3 4 Reverse OsmosIs and Continuous DeionlZatJon

As In the prevIOUS option, RO proVides the bulk deIOmzatIOn and allows the COl
to operate as a polIshIng treatment Both the RO and the CDI Will produce a
reject waste stream that reqUires proper dISPOSal No chemIcals, however, are
reqUired The operatIon Will be contInUOUS and reqUire less storage of treated
water It IS recommended that two CDI umts be Installed for greater relIabilIty
A conceptual layout for ROICDI IS proVIded In FIgure 3

The proposed RO and CDI systems are skId mounted and reqUIre relatively small
space for Installation In order to treat 120 m3/d WIth RO and IX, the RO umt
IS approxImately 4 3 meters long by 1 1 meter deep by 2 2 meters hIgh The
CDI umt for thIS flow IS approxImately 1 0 meters WIde by 1 4 meter deep by 1 1
meters hIgh There IS adequate space avaIlable In the eXIstIng boIler foom to
accommodate the two sets of eqUIpment, and It IS assumed that adequate power
and pIpIng IS avaIlable Given the above, thIS water treatment optIOn IS

13
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consIdered techmcally feasIble

When making a techmcal companson of RO/OptlmlZed IX and RO/CDI, the
follOWing should be kept In mind

• COl has few moving parts, whIle IX has a complex mechanical
operating system for regeneratIon,

• CDI no down time for regeneration, whIle IX does and
therefore reqUires storage,

• CDI requIres no chemIcal usage, whIle IX reqUIres hazardous
chemicals,

• COl IS capable of achIevmg water quahty simllar to IX,
• The operatIon and mamtenance costs for CDI are lower than

IX,
• The capItal costs for CDI are lower than for IX

The above suggests that the COl system holds some techmcal and economIc
advantages over Eco-Tec

4 3 5 Reverse OsmosIs and EXisting Water Softener

As mentIOned preVIously, UMIC currently treats water for bOiler feed and
neutrahzatIon washwater, USIng two recently purchased water softemng umts
WhICh are properly SIzed for the faclhty The umts are regenerated WIth a strong
sodIUm chlonde (NaCl) solutIOn, WhICh IS dIscharged to a collectIon tank and then
trucked off SIte for dIsposal In order to reduce the quantIty of NaCI solutIon
used and ultImately discharged to the enVIronment, an RO umt can be used to
proVIde bulk delOnIzauon ThIS WIll reduce the Ion load on the softener and
thereby reduce regeneratIon frequency It should, however, be noted that RO
reject prOVIdes a new waste stream of low IDS but hIgh volume water
Ulumately, the net amount of TDS produced WIll be less than WIth the softener
alone, although water consumptIon WIll be hIgher

Groundwater quahty m the Zarqa Basm, and m partIcular around the JPRC where
water supply for UMIC IS obtamed, has shown a tendency to Illcrease In IDS
(see COWIconsult IndustrIal PollutIon Control Project report for the nearby JPRC
facIhty , June, 1994, Vol 3, pg 38, whIch states that groundwater IDS at JPRC
has Increased from 460 p.S/cm In 1971 to 3,300 p.S/cm III 1992) Therefore, the
loadIng on the softener umt IS expected to Illcrease over tmle and may eventually
exceed the treatment capabIlItIes of the softener Therefore, the RO pretreatment
unIt may become a neceSSIty over tIme

The proposed RO Units are SImIlar to those dIscussed In the other alternatIves
There IS adequate space aVailable to Install the UnIts, alongSIde the eXIstIng

14
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softemng system, which would contmue to be utlhzed Therefore, thiS alternatIve
is considered techmcally feasible

15



5.2 EnVironmental Evaluation

5 1 Economic Evaluation

5 0 OPPORTUNITY COST/BENEFIT ANALYSIS

By usmg the RO/Exlstmg Softener or the RO/CDI water treannent system, the use of
pollutmg regeneration chemicals can be aVOIded High IDS reject brInes Will be created,
as WIth all other water demIneralIzmg systems, whIch must be properly disposed of The

16

Annual opereratIons and malOtenance costs for the three alternatIves are prOVIded In
Table 4 It IS noted, however, that a reductIon 10 water reqUirements can be obtaIned
by Implementmg the PP/WM and water conservatIon measures mdlcated In the report,
and that thIS WIll also reduce the sIze of the water treannent umts It can be seen that
the RO/Exlstmg Softener alternatIve has the lowest annual operation and maIntenance
cost, at JO 15,700, the RO/CDI IS the second lowest at JD 20,800, and the RO/Eco-Tec
IS the highest at JD 23,600

It IS noted that In the above assessment waste disposal costs have not been mcluded The
waste dIsposal volume for the RO WIll be the same 10 all three cases, and therefore does
not affect the analySIS For Eco-Tec (follOWIng RO) the waste flow IS a flow of
approXImately 60 m3/1000m3

, whIle for CDI (followmg RO) the waste volume IS 50 to
80 m"/l000m3 The waste flow from the eXIstmg new softener IS expected to be SImIlar
Therefore, the cost of waste disposal WIll not have an Impact In the comparison of the
alternatIves

The malO costs assocIated WIth the proposed water treatment system are for purchasmg
the equipment Infrastructure for housIOg IS not consIdered to be sIgmficant, gIven the
available space, and SIgmficant amounts of addItIonal plpIOg and utIhtIes are not expected
to be reqUired The capital costs for the three alternatIves are proVIded In Table 3 For
relIability, two parallel trams of each system are proposed, each WIth capacity to supply
120 m3/h It IS noted, however, that a reductIOn In faCIlIty water requIrements can be
obtaIned by ImplementIng the PP/WM and water conservatIon measures Indicated m the
report, and that thiS WIll also reduce the size of the water treatment umts It can be seen
from thiS table that, at a cost of JD 98,600, addIOg RO to the eXlstmg softener IS clearly
the least expensIve optIon It IS also eVident that m additIon to bemg techmcally
advantageous, the eqUIpment cost for RO/CDI optIon, esnmated at JD 230,900, IS also
less than RO/Eco-Tec, at JD 327,500

Table 5 presents an analySIS of yearly total costs based on a 20 year project hfe and a
60 percent mterest rate, mcludIng capital and operatIon and mamtenance costs The
least expenSIve alternatIve IS the RO/ExIstmg Softener, at JD 24,300 per year The other
alternatIves are RO/CDI at JD 40,900 per year, and RO/Eco-Tec at JD 52,200 per year
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net dIscharge of IDS, however, wIll be lower than the current sItuatIon
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6 1 ConclusIOns

60 CONCLUSIONS AND RECOMMENDATIONS

6 2 Demonstration Project Recommendation

It is recommended that a small umt for RO/CDI be mstalled as a demonstration project
thIS umt can be Installed m the eXistmg boller room In parallel to the eXIstmg water
treatment system

18

Three alternatives were found to be technIcally feasIble RO/ExIstmg Softener, RO/Eco
Tee and ROICDI The least expenSIve IS RO/ExiSltng Softener, followed by RO/CDI
and RO/Eco-Tee The three alternatives create simIlar amount of waste flows, although
RO/Exlstmg Softener and RO/Eco-Tee create hIgher TDS than RO/CDI because of the
regenratlon chemicals RO/Eeo-Tee, however, uses approxImately half the amount of
chemIcals of a conventIonal IX system

GIven that UMIC has recently purchased two softener UnIts and is achIevmg satisfactory
water qualIty With thiS system, It does not appear necessary to ImmedIately Implement
a new water system such as those discussed m thiS report However, it is recommended
that groundwater supply qualIty be ffiinItored for IDS When levels Increase to a pomt
where the softener system is no longer adequate, it is recommended that an RO system
be Installed to reduce discharge of TDS If levels reach the pomt where the RO/Existmg
Softener system is no longer adequate, it is recommended that the softener system be
replaced With COl umts to ehmmate the use of regeneratIon chemIcals and reduce further
the net discharge of IDS
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Table 1· PoteJlhal Water SaVlngs

UMIC

Production Water ConservatIOn Current Projected Projected Percent
Operation Techmque Water Water Water Decrease

Consump- CODSump- Savmgs m Total
hon tion (m'/day) Water

(m'J/day) (m'/day) Consump-
tIon

Clean 1 Oosed·loop au racbator 20 00 20 136
coolillg coohng system

tower

Chemical 2.a. Treat aDd reuse aU 15.35 5 20.35 138
reftning washwater

2.b Treat secopo cent.nfuge 14 6 8 :54
washwater and reuse Ul

tlurd a:nlnfuge

2.c.. Reuse th11'd CClltnfugt: 15.35 2035 5 34
wasbwatet ill secoDd
ceDtnfuge

BoUer 3 Boiler blowdoWD rcUK afta 211 4.2 169 11.5
treatment

Process 4 Modify design or optmuze UO 108 U 80
Equipment operatlODS

Tanker 5 Capture aDd rcU$C hve steam 84 00 84 51
Truck or ehm 1Date hve steam

heatmg of tanker trucks

Floor 6 Reuse the boi1er bJowdown 5 00 50 34

washing Wtlhout treatment

Coolmg 1 Optmuzc to dcacase 471 430 47 32
tower evaporat1\1e losses aDd

maeuc concentrat1on CJde

Softener 8 RCU6C treatc:d ICgcnUitlOD 6 2 4 26
wastewater

CooliDg 9 Treat blc:cd-off and reuse 4.2 0.2 40 2.6

tower

Softeaer 10 Increase: c:apaaty 6 4 2 L3
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Mabaae. 11 Usc <by deaamg methods ud ttl r 8 2 14

lWlCeud msta1l water c:oaset'Y1bo&

samtal)' deYtces

Aacbfi· 12 Ehmmatc bYe sIeaJD beatm& 14 0.0 14 LO
c:abOD

Spill 13 Improve spill control aDd 4 3 1 01
dcaa·up

Centntuge 14 Treat and reuse washwatcr 10 00 LO 07
and filter

Steam 15 Reduce steam leaks 10 005 0.5 035
SysteJll

Centnfuze 16 OptmUZe to reduce cleamng 10 07 0.3 02
freque:ucy

Total . . SO-73 73-97 49·66
SaVJDgS
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TAIlE Z: QUAUTY OF RAW WEll WAlBI

PanmeIer (1IIIiIs) Semple Sowcr·l.

Well No.1 W.No.l' Well No••

pH 714 741 733

Spea&C~ (,ISIQD) )110 2260 J600

s., lid lied SolIdI (maJl) • 10 14

Cbcaucal OsY&- t>emad 26 26 74
<..II)

ToCII 0fpIuc CaboD <..m 334 211 239

L Nwoa- <l1li1\) 1 12 16& 196

APu'ftoua (men) 038 013 050

BeoreaeWJl) <005 <005 <OOS

ElbyJ'bruw (J&tIl) <OOS <0 OS <o.os
T.... f.qll) <oos <005 <005

TndaIoroadayJcac (,qJI) 124 414 022

T~(J&IIl) 036 07S 012

1.3·~CHI1) <010 <010 <010

Cyaaade fIaIl1} <002 <002 <002

Cadllllwa (H1l) <001 <001 001

NJCbl UrIJl) 001 <0.01 <004

Lad (.qJI) <001 <001 <001

. 11/12J94
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Table 3
COMPARISON OF CAPITAL COSTS

Unlv.,..' Modem 'ndu"". Company

ROIEmdIlfil .......... RO I Eco-Tec: RO/CDI

"""" CoetCJD) llilnl C_CJO) 11Im ee.t4JDt

A. ReveQe o.mosiI (2 una 120 m3ld.y) ~.300 A. Reve...Osmoslt (2 uniCll 120 mS/d.y) 4,300 III RaWirae OilTlOM (2 unb 120 m31day) 4830Cl

B Eco-T.c IX DerTineral. (2 ...nlta 120 m31ay) .800 B CDI Dem.ne..lz.r (2 units 120 m3fd-r) 6490Cl

C Wute NIKltralIz:atIOfl SystIIm (2 u"") Ii 100

o Product W1IlJlIr tlbk feed P\Ml1P• 11900

•dd .Itd aMtic IUppIy ""Ial
B Shlppfng or Imported Equipment noo E Shlpptng of ,~rtedEquipment 30000 C Shlpplnlil of IrnporMd Eq""lIt 22_

(20% of A) (20% ofAIB.C) (2O%ofA.8)

C I""''''n (80% of A) 24,200 F IMtIIldon (50% of It. BCD) 11000 o InltlllltiOfl (GO" orA.8) 58150C1

C, Subtobll (A to C) 12200 G SlAIteat (A to F) %72100 E SubtcMI (A to D) 1924DC

, COntingencIeS (20% of 0) 16~ H Contingendel (20% of G) 54600 F ContlngenCIU (20" of E) 31UOC

TcMI ••,toO Toe-I U7.1OO Totaf ue,toCl

w
~

IWWl. TAlVlUiVtJCL8
1&lM/W60'1'M
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TableS
Tobit Coat Analysis

U.Iv...... Modem Indust..... CompMy

RO I EJddng Solenif' RO/Eco-Tec RO/aM

lIMn COIt(JD) ItiIm eo.t(JD) ItIIIII eo.t(JD)

tn,,,.,Ct.1 c:o.t 9Il.6CXI Inlll' Capla' Cost 3271100 "'Ii.. capital Coat 23OiOO
'-"null Ope... on ,nd M,In"".nce Colt 157QC1 Ann\lll c;)plnlloft and M....nenol Cost 23eoo Ann..1O~ aad M,,,*nance CoM 20800

........nt V-.ty COllt ~,300 EqUMI!ent V.-It, Coet 12,200 lqumJtntV."" CMt 4O,IIICI

• a..d on • 3O-~.rPftIftd Ire and 80% ,,,...... rate

BESTAVAILABLE COpy

......~l
'~5atfIM

vJ
\\'
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1 Gale

2 SlOl1Ige WIk for earn 011 cape 2000 m
3

3 Wastewater collection tnul: c~pe 1(j(J 11I
3

4 Wastewater IteiIlment ptanL
5 AdminslJallon and offiou
6 FIna1 product slOl1Ige
7 MalRtcaa/lcc workshop
8 Fllhng
9 PacbguJI tanks
10 Slolllge tanks for refmed ad
11 Storage tanks for feedmg the refinery
12. Chenucal refmrng,
13 Physical refmmg
14 Hot Pltot Clean coohng lOwer
1S Storage tank for excess barometric condensate from coohng

towCl
16 Crude oil unloadlOg pomt and pump room

11 SlOrage tank for palm 011 cape 750 ml

18 Slol1lgetank for soya all cape 750 m
l

19 SlOragcWlk for palm 011 cape 750 m
l

20 Slof"lgclanl: for palm all cape 1400 m
3

21 LaboralolY
22 Coohng lOwer for vacuum system
23 Baller haus and waler softners
24 Collecllon Pit for bOiler blowdown an regenerauon

backwasb

25 SlOrage Wlk. for palm all cape 2000 m
J

26 Fuel storage tank

27 ElectnCllY generators
28 29 3 water wells

30 Freshwllef stooge tank cape 450m
J

31 Store haus {or chemicals
32 33 SlOre hauses {or emly 011 comalOers for fllhng
34 Outside collection pIt for run off and noor and eqUipment

clean11ll watu

IdlhluJ~:l
rnJDRRN SlJRVEYJNC OFFftV

-
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REVERSE OSMOSIS (RO) & ION EXCHANGE (IX)

FEED
'WATER

FEED
'WATER

RO
(SPARE>

RO

REJECT

RO
(SPARE>

RO

REJECT

IX
(SPARD

IX

REGENERATION

CDr
(SPARE>

CDr

REJECT

TREATED-VATER

TREATED...
VlATER

\,lATER
/TREATMENT

/ PLANT

~!

REVERSE OSMOSIS (RO) 8< CONTINUOUS DIONIZATION (CDr>
VEG OIL
FIGURE 3
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2 2 BOller Blowdown Reuse

Each category IS discussed below

Screemng of Recommendations

A-I

Screening of Recommnedatlons for
Umversal Modern Industnes Co (UMIC), Ltd

Reuse bozler blowdown as floor washmg and splll cleanup water

Assess deslgn or operatzonal modificatIOns for the current coolmg tower or explore new
coolmg tower deslgns to mlmmlze the evaporatzve losses and mcrease the concentratzon
cycle

2 I CoolIng Tower OptImizatIOn

1 PPIWM Polley, Momtormg, and Trammg
2 OperatIOnal ModificatIons
3 Process ModifIcatIons
4 Good Housekeepmg
5 Control of Other Waste GeneratIng ACtIVItIes

OptImiZatIOn of the coolIng system IS techmcally feaSible, however, total ehmmatIon of
water based coolIng for air systems IS not feasible to due to the high ambIent
temperatures In Jordan The treatment of the makeup water by reverse osmosIs umt IS
a techmcally feasible method to Increase coolIng water recyclIng and mcrease the
concentratIon cycles However, gIven the high cost of RO systems and the relatIvely low
cost of water (JD 0 11m') , thiS measure IS not economIcally feasible

thiS measure IS essentIally a management Issue and should be pursued by UMIC

2 OperatIonal ModIficatIons

The recommendations provided In the AudIt Report for the Umversal Modem IndustrIes
Co (UMIC), Ltd (USAID Report No 3114-95-2b-29, Apnl, 1995) were screened to
determIne the most promIsmg measure for further mvestIgatlon m a detaIled feasIbilIty
study The recommendatIons of the audit report and the screenmg ratIonale applIed to
each IS proVided below The Auda Report groups recommendatIOns In five categones

1 PPIWM Pohcy, Momtonng, and Trammg

HARZA FSZ ffPV
951126
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2 3 Steam Leak PreventIon and Control

thIS measure IS essentIally a management Issue and should be pursued by UMIC

2 4 Good Housekeepmg

To reuse bOiler blowdown, the followmg elements must be provIded

A-2

Develop and Implement floor cleamng and spIll cleanmg procedures that focus on water
conservatIOn Such procedures should address

Implement a more ngorous preventattve mamtenance program to prevent leaks and a
rapid response repaIr program to fix leaks as soon a they occur

The benefit of thIS measure would be a reductIOn of 3 to 5 m3/day of fresh water
consumptIon

These elements WIll cost JD 3,000 to JD 5,000, based on the flow reqUirements It IS
recommended that the Good Housekeepmg measures dIscussed In Item 2 4 and Item 4 be
Implemented first, and that the blowdown reuse system be deSIgned based on the
resultmg cleanup water reqUirements If the actual floor cleamng reqUirements are
greatly reduced, and if addItionally the areas that reqUIre cleanmg are dIstant from each
other, thIS measure may not be cost effectIve See Recommendation 2 4 for an
alternatIve configuratIOn for bOIler blowdown reuse, whIch prOVIdes hIgh pressure water
supply for floor washmg

• Plpmg to convey the bOIler blowdown to a sump,
• Ground level sump to receIve bOIler blowdown,
• Pumps to convey blowdown water from sump to an elevated storage tank,
• Elevated storage tank to store blowdown water, and
• Parallel pIpmg to convey blowdown water from storage tank: to areas

where floor cleanIng/spill cleanup IS reqUired thIS pIpmg should be
clearly dIfferentiated from the potable water plpmg to aVOId the use of
bOIler blowdown for the wrong purpose

Cleanup water currently is dIscharged to a collectIon pit for off-SIte truck dIsposal
Theretore, reuse of high TDS bOIler blowdown for cleanmg Will not contrIbute TDS to
the wastewater treatment plant or to IrngatIon as long as proper off-SIte dISPOSal
connnues to be provIded

thiS measure IS techmcally feasIble, however, the Audit Repon mdicates that floor
washmg reqUirements 5 m3/day, which could be saved by ImplementIng thIS measure
Ho\\ever Good Housekeepmg measures dIscussed In Recommendations 2 4 and 4 wIll
further reduce floor washmg and spill cleanup requIrements by 1 to 2 m3/day

HARZAFi!El.'vIPI
951126
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2 5 DomestIc Waste Treatment

• Cleanmg first Wlth dry methods,

• Collecting llqUld spills Wlth vacuum devices, and

• Rep/acmg all/ow pressure hoses \1.1th high pressure, low
volume hoses

A-3

An alternatIve measure IS to combme thIS hIgh pressure system WIth the reuse of bOIler
blowdown, as dIscussed m RecommendatIOn 2 2 In thIS case, the elevated storage tank
proposed 10 RecommendatIon 2 2 can be replaced by a hydropneumatlc tank and supply
bOIler blowdown at hIgh pressure ThIS measure would reqUIre the followmg

• Pumps,
• HydropneumatIc tank,
• Parallel hIgh pressure pIpmg system to areas of use, and
• HIgh pressure nozzles

The cost for thIS measure may range from JD 10,000 to JD 15,000, based on actual flow
reqUIrements It IS recommended that PP/WM measures be Implemented first, and based
the actual amount of cleanup water requIred and the spatIal separatIon of areas WhICh stIll
reqUIre clean1Og, thIS measure be reassessed at a later date

• PIp10g to convey the bOIler blowdown to a sump,
• Ground level sump to receIve bOIler blowdown,
• Pumps to convey blowdown water from sump to hydropneumatlc tank,
• Elevated storage tank to store blowdown water,
• Parallel pIp10g to convey blowdown water from storage tank to areas

where floor clean1Og/spill cleanup IS reqUIred, and
• HIgh pressure nozzles

In order to supply high pressure water for the hIgh pressure hoses, It IS necessary to
provIde the followmg

These measures are techmcally feasible and should be pursued m future UMIC plans
Dry methods of clean1Og, such as shovelhng, should be used pnor to clean10g WIth
water

The benefit from thIS measure IS a reductIOn 10 fresh water consumptIon of 3 to 5
m3/day

Reduce domestlc water use by employee awareness and mstallatlon afwater conservatlon
eqUlpment

HARZA FS2.,VlPV
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3 Process Moddicanons

3 1 Centnfuge OptimIZatiOn

26 BarometrIC Condenser and Steam Vacuum OptImIZatIOn

A-4

As mentIOned above, UMIC has recently deCIded to modIfy the centrIfuge operation by
washmg centrIfuges 1 and 2 WIth CItrIC aCId and water mstead of water alone, and
elImmatmg CentrIfuge No 3 Because of these measures, the recommendations need to

• Operate a senes of centnfuges With the first centnfuge deszgned to remove the
larger pamcles and the subsequent cenmfuges lmprovmg the separation
efficlency

• Add graVity separatlon tank pnor to the centnfuges to remove the larger pamcles
that clog the centnfuge lmes, and

The centnfuge could be optimized to aVOld bUlld up ofsoapstock Wlthm the centnfuge to
ellmmate cleanmg of the centnfuges every 24 hours Some optlon are

It IS noted that UMIC currently has plans to Implement several process modIficatIons,
mcludmg the replacement of the BarometrIC Condenser system WIth an mdirect surface
condenser system WIth vacuum boosters thIS measure WIll aVOId contanllnatIOn of
coolmg water WIth 011 and WIll thereby save water AddlUonally, washmg of centrIfuges
1 and 2 WIll be done WIth cItnc aCId and water, alllowmg for the elImmatIon of
CentrIfuge No 3 and the potential savmgs of approXImately 8 m3/day of water

OptImIzmg the condenser and steam vacuum systems are deSIrable measures In general,
OptimIzatIon of processes are typIcally ongomg tasks that mvolve numerous on-SIte trIals
to determme the minImum reqUIred mputs that are compatIble WIth product standards

The benefIt from thIS measure IS a reductIOn 10 fresh water consumptIon of up to
2m3/day

Evaluate the current process operatlonal procedures to optlmize reductlons m steam and
coolmg water More process control mstrumentation, more accurate mstrumentation,
offaster feedback could enable greater process control that would mmimIze water losses
or decrease water usage

thiS measure IS essentIally a management Issue and should be pursued by UMIC The
plant envIronmental team should make one member responsIble for employee awareness
Water conservatIon eqUIpment should be purchased, employees should be tramed for
their proper use, and a mamtenance program estabhshed to ensure conservatIOn
eqUIpment remams functional

HARZA FS2 WPV
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3 2 Wastewater Reuse

Investigate reuse of the followmg wastewaters

:1 3 Softener RegeneratIon

be reevaluated by UMIC staff based upon implementatIon of new washmg procedures

A-5

Treat for recovery ofthe soapstock and reuse the treated
washwater for cleanmg equipment, floors or spills

Process the Oll/causnc soda mixture With water m a
countercurrent centnfugal contaetor Then treat the
water m a decanter followed by a catlon-er:change resm
column and reuse m the centnfugal contactor,

Instead of sodLUm chlonde, use a regeneration chemical that IS less harmful to the
enVIronment, such as acetlc aeld and ammOnium hydrOXIde This chemical substltutlon
would reduce the hIgh concentratlons of sodium and chlonde salts m the wastewater

Treat, If necessary, and reuse the wastewater from the
third centnfuge as washwater for the second centnfuge,

Treat the second centnfuge washwater dlscharge to
recover the soapstock and reuse tlus washwater for the
third centnfuge washwater,

Segregate and treat the wastewater by graVity separation
followed by lOn-euhange columns, then reuse the
treated water as washwater, and

NeutrallzatlOn washwater - Some opnons for reducmg the generanon ofwastewater and
reuse ofwashVvater from the second and third centrifuges In the neutraltzatton operatton
are

GIven the modIficatIons to centrIfuges No s 1 and 2 and the elImmatIon of centrIfuge
No 3, Items 1, 2 above are no longer Viable and item 3 needs to be reevaluated The
ViabIlIty of item 4 needs to be further studIed, smce the wastewater subject to gravity
separatIon may contam some 011 and soapstock and reqUIre ultrafiltratIOn pnor to IOn
exchange The VIabilIty of Item 5 needs to be reevaluated m I1ght of usmg CItriC aCid m
centrifuge 1 to recover soapstock ACidiC water WIll need further treatment prIor to usmg
for eqUIpment cleanmg PIlot testIng IS recommended to determme actual feasibilIty of
measures

HARZ/< FS2 UVPV
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35 LIve Steam Heat EhmInatton

34 Softener System Upgrade

3 6 Wastewater Treatment System OptimIzatIOn

ThIS measure IS addressed In the detaIled feaslbIhty study

\(1

A-6

ThIS measure IS techmcally feasIble It IS recommended that thIS measure be
nnplemented after bUIldmg contamment dikes In loadmg and unloadmg areas to aVOId
mcreased spIllage on the ground whtle removmg the heatmg coIl from one truck and
mtroducmg It mto the next Addmonal pIping and pumps are reqUired to return the
condensed steam to the bOiler ThIS measure WIll reqUIre addItional tIme to heat the 011
m the tanker trucks as well as addmonal workers to msert and extract the heatIng coIls

El,mmate use of live steam for heattng Use a closed loop heanng cOlI m the tanker
trucks and aCIdificatIOn tanks mstead of llve steam

Investigate deSign modificatIOns, mcludmg replacement of eXlSting equipment, and
addmonal treatment that Wlll enable recycle or reuse of treated wastewater

investigate the use ofa non-water coolmg system for the heat exchangers Two potential
ROn-water coolmg methods are

The eXIsting wastewater treatment plant WIll be abandoned smce it apparently was
lll1properly deSIgned and was never functIOnal The UMIC has plans to budd a new
system, WhICh WIll be SImilar to the eXlsItng WIth the addItiOn that soapstock that was
preVIOusly collected In drums WIll be treated together WIth the washwater In the
acIdulation drums Also, a new process scrubber wIll be proVIded for odor control

TIns Item IS chosen as the prImary focus for the detaIled feasibility study ThIS
measure IS consIdered important for PP/WM and water conservatIon, and additIonally
may be apphcable to many mdustrIes m Jordan

3 7 Water Coohng System EhmInatIOn

The benefit from implementing thIS measure IS a savmgs of up to 8 m3
/ day of fresh water

consumptIon

Continue with plans to Install a larger capacity softener unit A umt that is optimally
sized for the facilzty 's operations Wlll reduce the frequency ofregeneration Use a newer
state-of-the-art IOn-er:change resm system that IS regenerated ,",uh less solutton and,
therefore, generates a smaller yolume, more concentrated wastewater
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ThIS measure IS essentIally a management Issue and should be pursued by UMIC

3 8 Crude OIl QualIty Control

3 9 Process EqUipment DeSIgn ModIficatIons

The benefit from thIS measure IS the savmg of up to 10 m3/day of fresh water
consumptIon

A-7

Investigate the cost/benefit of obtammg a hlgher quallty crude Oil to reduce water
consumption and wastewater generated Work Wlth supplzers, sluppers, and transpon
compames to establzsh standard shlppmg and transpon praCtices that would reduce the
time m-shlpment and storage, the number oftransfers that occur, and the oxuiation tlult
occurs dunng shipment and storage

Etplore deSign modlficatlOn to the process umts, the barometnc condensers, and the
steam vacuum system that would decrease the overall water quantlty (coolmg water and
steam)

• Installmg a non-'Water based closed-loop coolmg system
or an aIr cooLmg system, and

• Pumpmg the heated ozl through a heat exchanger
located In the crude ozl storage tanks, thiS Wlll ellmmate
the water cooled heat exchanger needed to cool the
heated ozl and the steam heating COli needed to heat the
crude ozl

An air coohng system alone IS not techmcally feasible, due to the high ambient
temperatures In the Zarqa Basm area m Jordan A combmed air/wet system IS

techmcally feasible, but IS very expensive to Implement for a faCIlIty WIth an eXIstmg wet
system The same consIderation IS valId for non-water based closed loop systems
Currently, 6 crude 011 tanks are mamtamed at approximately 80°C by clrculatmg low
pressure steam through a closed-loop heat exchanger wIthm each tank Three tanks have
a capacIty of 750 m3

, one has a capaCIty of 1,400 m3
, and two have a capaCIty of 2,000

m3 The hot 011 IS at 170 DC The eXIstmg clean coolIng system WIll need to be
mamtamed, SInce the cooled 011 WIll be at 80 DC The water reqUIrements, however, WIll
be reduced It IS recommended that the eXIstmg steam loops be retamed as a backup
Due to lower 011 temperature and greater specIfic heat, the number of heat exchange COlIs
for the crude 011 tanks WIll be sIgmficantly greater than for the eXIstmg steam system
The prehmmary cost estImate for ImplementIng thIS measure IS ill 80,000, IncludIng the
heatIng exchangers, pIpmg modlficanons, pumpIng, and mstallanon

HARZA FS2.WPV
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The mstalled cost IS estimated at JD 5,000

4 Good HOllsekeepmg

The benefit from thIS measure IS reduced contammatIon of soIl m the loadmg area

Use a vacuum pump mstead of shovels

A-8

Seal any holes and drams m the floors to prevent the dIscharge of spills•

The different matenals should be kept segregated from others These
measures Will Isolate spills, prevent soIl contammatIon, and elImmate
storm water runoff ElImmate any drams m contamment structures and
keep these structures repaired and mamtamed

Conduct qualIty control checks on contamers to detect leaks
before usmg contamers, thiS WIll prevent leaks from defective
contamers Purchase from supplIers that wIll provIde better
containers

• Construct covered concrete loadmg and unloadmg areas and storage areas
for raw matenals, products and wastes These areas should also have
contamment dikes

Install a pump m the trays underneath the fillIng machmes to
capture 011 and return to fillIng machmes or packagmg tanks
ThIS ImmedIate capture of the 011 wIll prevent contammatlon of
the 011 so that It Will not need to be refined

Install a 4 m x 10 m sloped concrete pad With a central dramage channel WIth
steel gratmg and collection sump PrOVide 0 30 m concrete SIdes to contain
spillage ProVide Oil-water separator Install a 4 m X10 m corrugated steel roof
at a height of 5 m (to allow room for the eXiStIng hve steam hnes) The effluent
IS discharged to the wastewater treatment plant

• SpIll Control and Clean-up Procedures - Improve spill control and spill clean-up
procedures Some PPfWM measures are

The AudIt Report Identified 011 spills occunng where the crude 011 IS unloaded from
tankers to storage tanks No cover or containment currently eXISts m thiS area, and It
should be proVided The followmg IS proposed

The above measures are techmcally feasIble and are bemg pursued by UMIC, as
discussed previously

HARZA FS2 WPV
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and leaks to clean areas

5 3 Sediment Control

5 1 Bleachmg Clay OptimIzatIOn

52 BleachIng Earth Filter Cake RecyclIng

jv

A-9

As mentIoned previously, process optImizatIon IS an ongomg task that wIll reqUIre
expenenced UMIC staff to determIne process viabilIty without affectmg final product
qUalIty standards These optImization tasks should be pursued by UMIC

• Any open contaIners, such as buckets used to collect process control
samples for the laboratory, should be fitted WIth tIght fittmg lIds and kept
sealed when not used

Investigate posSlble ways to mmlmlze sedlment m the final productpackagmg tanks Less
sediment m these tanks would result m less frequent cleamng, less waste to be removed,
and hlgher quallty product One method to reduce sedlment generatlon would be
l1lstallmg a arculation pump or an ultrafiltration umt before the tanks

This measure IS not strictly a PPIWM measure but IS stIlI deslreable and should be
pursued by UMIC

Investlgate alternative uses for the filter cake These are not PPIWM measures, but
UMIC uncontrolled dlsposal ofthls matenal as a waste could be Improved by cOllSldenng
tJus matenal as a beneficlal resource or raw matenal for another mdustry For example,
the clay content of the cake may make the cake a suztable raw matenal for SOll
condltloner to lmprove sandy Salls The cake could also be used as raw matenal m the
produrnon ofpoultry feed or other domesticated ammal feed

• Use treated wastewater to clean floors and eqUIpment and to clean up
leaks and spills throughout the UMIC facIlIty If the soapstoek is
contrIbuting to the OIly floor and surfaces, substItute detergent

Investigate optlm1vng the addltlon ofbleachmg clay to reduce excess TJus would reduce
amount purchased, reduce losses of Oll m the spent clay, lengthen the filter cycles, and
reduce the quantity of spent clay generated

5 Control of Other Waste Generatmg ActiVIties

The above measures are techmcally feasIble and should be pursued by UMIC m future
plans

HAFlZA FS2 1W'V
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5 4 Domestic Waste Treatment

Construct an engmeered septic tank With a suitable leachfield to treat the domestlc wastes
generated by the faCility

Tlus IS not strictly a PPIWM measure but IS technically feasible and should be pursued
by UMIC m future plans MInimal effort and no engmeenng analyiS IS reqUIred

We do not agree WIth thiS measure If the product contams sediment, It Will need to be
removed by some filtration device If such a device IS used, It Will create a source of
wastewater and addItIOnally WIll reqUire water to be cleaned peru)(hcally The reductlon
ill water use by Implementing filtration, If any, IS not expected to be slgmficant and Will
not Justify the cost

A-lO
HARZA FS2. Willi
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The technology

RECOFLa••t."',•
Eco Tee Wat4tr Oe,omzatlOn Systems
u" RECOFlO Ion ellchang. t~h
"Ology Thl$ advancement In ton
Illchange teeh"o!oVy Incorporales a
numo.r of lMOVatJve 'eatures

8£$'AVAILABLECOpy

2 fuly packed .... beds
Fully I*k8d re5ln bed5 amproye

now dlS1nbutlon 1ft the r'Sln column
whll. mlnlmllint r.lm br.akdown
When tIow dis(nbuIIOtI • mproYtCI the
load.ng and ,e08n.'lt.on process
occurs more ,",clenuy r-ner wat.r
ttCUIIs and leSS eNmlCllls 1ft I'IQUwed

1 Short res'n column,
ShOrt f851n coIvfnns utlllZ. "".

mesh tISIf'lS FIPI rtSlnS pro¥Jde lifO'
.moun" of relCflly ICCeSSlblt IUrface
,xcha~. lites Ion 'Ilchang. tlklS
,tace vlry qUickly .t thn. lit..
Surface SIt.. a,. the .alillt to
/Old and the 88$Id to fegetltflN

3=::-
Counter current regeneratIOn 1$

used to furtl1e, Imp,ove eff'CI,ncy
Though widely recognIzed tor Its
benefits counter current rtgtnefltlOn IS
not used on most convem.onaIl)'SIema

ThtH design featutes combtne 10 Y18ICI
better QUIIity water from smaller more
compact IOn 'llchafIG_ ~ufPlll8nt In
IddtWl RECOFlo- systems coat less
to~ lhafI convennooat sysItmI

'flNJ til ChttniCiJI~ ponf
'rabOn etectroncs and lTIatIy O!het'
_ JnduttneS dtIonI~ wattt can
~lOproduce

JtIOt'IIIy fa1ge eoIumns COfltaJtll"O
~ of lOt' txcnang. rtsm have
uslId an~d8~aon

ffftS 8y UIf"9 large quanti''" of
1 tono tun tltn.s betw••n
neratJons are posIl~ However
1~ ,)'Stems frtqUen1ly
r from a number of cIsadvantIgII

}~ stan-up and test-eut
odS

g. floor sp.c. and "••droom
~

ffiCIenI co-cunwnt regtntrabOn

effICIent AECOFlO process
"'" on oon~tJOnIf IOn~
Jment thrOugh Ihe use of II1nOVIM
}f'~ The equIpment that
III tS sm.lI.r than conventional
]CftInt. But .. CIdfefence 9<* '
.Itd SIZ. RECOFLO equipment
JetS benIr qua/Ity .., at a much
COlt
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Z Lower 0peqtII. COstr
• TM Ec:o-Tlc Wat.r 01'0"

IlaUOn untts use II" .ater Ind
chemicals than con'l""onai untts
dunnv regeneratIOn 1ft man, ClhS
COllIn CUI~ 3O'r.
• Eco-T8C unttI ate aIao dtsfgned to
produce • d'lInnCIIIy neunI wasIlt By
ballltCing the acid and 1M Ilkah
reQUIrements of 1M""" YJt1uII\y no
addUonIJ~ .. rtJQulIW

• Matntenane:e requUImIn1s trilh the
small Eco-T.c resm COlumns art lis,
cody Most columns can be compIe\eIy
C2IAIHmbIed and rtbuIIt In less than
two hours

The benefits

I letter quaIit)' water
• A~ catlon IIflO'l sngle

pass Eeo Te<: untt can produCe
delOnlDd WI1tf W1II'l •~ Of
tess I1iIn one~cm (>one megohm
ern)

• When uIId 10 pohttllht efftuInt front
anotfW &0-TIC SY*n conYtIdlGlsat
dllOtbHf or rtvtrSe osmotaI _ lhe
water from a ItIndard b TIC d WlII1'\1", I conduetlYlly Of ten _ 0 1
~ (>10 mtgOt.m-cm)

• Whln slltCI removal It cnt":11
Ec:o·Tee syStems can~ -.tt,
wIth $/fICa levell of 5 ppb Removal
., enttancld throuOh the lise of
count., curr.nt reoeneratton and
ftn' flHKh ruins

3 S.....,. equipment
• An Ec:o-Tec~ Unit

t$*' 1han light __ In areas ....
hmtttd heldroom. Eco-Tee eQUIpment
oIfn men fIuibtitJ hn~
Sysf8ms

• Wilh I tw** reget..atICllt Itmt 01 five
mlnvte., dupllx equipment Is not
requqd A tmIII _. tank can be
UIId to provtde an UflII'lIImIPIId lOUR»
of dIionIUd water Space~
tor .. Eco-Tee "'*" ... olin much
""INn tor • conven1Ior1It IyIIIm.

The to!al wat" tftllm,nl solution
proVl(led by eco.Tec ft:Iudes aulliary
equlpme"t .uch as multl-mldt. anc:J
carbon fdters tanks pumps Ind
conttoIt These are~ Inlet the
design to~ an~ $VSClIm

AM~ IS thofaughly tested CWIOf
toshlpment

All AECOFLO water natmtnt systems
tneIude featufe& such.

1~PLe CCIWfJIlMIft op/IDffa/
~6$p111yndita~

2 PVC stanf8A ,,",OfFRP rrtlfPP8d
ptpngt1mM)OUf~

3 A~ d/$tIibubon dfIstgtIlft«
~ ewnlfow~NteSm

4 A~""" mounlf1d
nght Qtf "'- f9$Itt WSS6I rram.

5 An~ I'St:IIClIIIIt1 fNIT'fJ 10
ffIdcM» MSJng...

6 MfHaJ surtac:es Ntart $IIICI-bIIISted
andepoxycoat«f1tJr.,sttl"acfIw
yetdurIbIf- fimsh

7 An~I161ghfdBO~

(205cm ) flat""'" I1IfI/latIGn lrt
sreas WIth hmtt«Iltat1mom

8 ~,. assemtliy Mfh nrsmpnor
to.WIg and~

9 A I'lI(R6ddesign "'" hisDNn
proven lit hundrtlds 01plants for
IJt* lW8nty JIUfI

The equipment
A rang_ 01 standard modtIs IS JYaJlable
With val'yltlg caJ*:I!teS (see d1art on !he
bacI\ <;Ovef) to treat wat." or d1fferenl
c:omposttlOn5

A typICal Ec»Tec Wtter OeiontZlttOn
uM conSlstl of a caZlOn 'lchlngtr
anton '.changer rtgtntrllJOr\ system
n an automatIC contn)I panel all"..
assemb4ed and prt-wnd on a Itructural
steel frame

I

, I--

S
I
I

$$$115

281bs

441bs

9mlna

'eslgn

BEST AVAILABLE COpy

Lsumptton

\'.'onl••tlon S,stem.
f
e venus RECOFLOt

I
consumptIOn

I

1-------.1

I
2 w.... quan...... aree~ as

fIIIIoM 01 water consumecJ 1* 1000I QIIIonI 01 dtlonlUd--~
3 0pIf1ling COla bIS8d on SO.2/1) Iar

c:auRc tIadII SO CJ&'I) fQf tIlIfUrlc 8ddI end .003per galIan tor...
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Insta'latlon and
mrt-up
Eco-Ttc offers the dIotct of either
turnkty instillatIon Of ''''l""rlng
ISSIItMOt tot yOUr IrIIIIIM In..",.,
calf. Eco TIC: tngllWtfS SUpeml'
Itatt-up and ptOvlde 1rMtng 10 ""'"
1hIt uc:h IYIfIm "~ tully InIo
,<uopntion

Technical service
Eco-Tee customer IIf¥ICt group 1$ on
CIIt 24 hoWl per dI1 SO handle any
ques1JOnI dunnO 1tIIt. or optrallOft
of your 1,Itim TechnIC.a...'vtel
peflOnnel can normalI, be on·,lIt
wittIIt 24 nours of your CIlI

e.TtIC alto ft'\IIft18IftS • fuIr ItOCktd
spare PII1IIftY8ntorJ Your order
CIA UMBy be shtpptctIII day

a

In-house
manufacturing
From lI'le 'abncatJon of structural steel
t,.m" and corrosIOn '''Istant PIping
systems to the aaMl'llbIY and Wtr1I'\Q of
,ltCltlCal control pan.'., Eco Tee
ensur.. that all tQulpment I'
manutaetured to ttlt ttlghe.t 'tvel of
f'dustnaf quaIty

All Eeo Tee Wattr Oe,onlUtlon
systtms are ttsttd WIlt1 teItft lI'lStaII8d
and lui d1tmQl regenerltJOft.

Three ,ear warranty
Unmatched bt other suppi"". Eco-Tee:
oBer5 • superIOr Wltflnty 01'1 alt
equlpmfnt supplied tor full three )'NfJ"
from date of startuP In addtbOn restn
-.rrantJe&..1Iso ilYalIabIt

Notes
1~ c:ondtttof1Ilfe based on I feedwattr TOS of 250 ppm wiIh.

Htpotnl of S pmhollem

2 Flows are based on nommaI ratings howrtlJ txae:toperalJng c:ocdtJons..
be dldated by IICtuII water analVS'SancI~~

3 DImensIons and 'Mltghts .. approxlna 8nd atIJId to change dlOUI noto

Net s.rvce StWiI'II
CIpacrty Flow Reqd Dimtnstons WIIght

MCdllNo (GPM avo) (GPM) {LxWIH~ (lbI)

W012 10 16 W.WllO" 2300. W01S 18 28 62"asr x eo- 2400
'WD20 28 44 7'lrlC~.eo- 2?00
W024 41 &3 11" x 66" • eo- 3700
WD30 G3 88 IS" It 75" II eo- 5000
W036 i1 141 lor x 81· II eo- 6600
wtW2 12$ 1$2 120" • as- x ecr 13000
W048 162 251 13$' I gr X scr 11UCO
WD54 205 318 150" • 10lr It ecr 2DOOO
WD60 255 392 lW x 10&" • eo- 25000
WDel5 305 475 '''~ x ncr • eo- 30000
W072 365 566 1Ir I 120" x 80" 3SOOO

J

1.--.-=== PlAN VIEW
r--======

RECOFLa::':~lz.tlons,.tem.

....--L£NGTM--....

FAONTVIEW

--

The RECO'LOt
Ion .xchB"le
Procell
All Eco-Tee W..Detontmon syItemt
use the REeOHO' Ion txch,n;.
PfOCIn • m., ad'lanclment In IOt1
exct1anVe technology By 1I"COrPOf~
I~ 01~ deslgn features.
such IS

• fine mesh restnI
• totally pDtd restn vesstfS
• plug flow disttilutlOn
•coun1ercurrtnl regenera!IOt'I

RECOFLO' IS ablt 10 significantly
Improv. Ihe performance of Ion
tXChange rnans AECOFLO ttc/'l
noloo, IS patented In Clnad. the
USA and OCher coul"tntl worIdwlde

............
specification.

................,IKIiWI....~QIlllIIorWG'*"'_lUll'''''''' ...,• ......, -.. .....

......or...... Nor""'''''.__.IIlIermIIIolIftOl 'teO__...,--. '"'"_""'" "' ....-. .,Eal-T••

~eCO-Tec ~~-.....,;..-tlr__------,':::I:J ECO·TEC INC eCQ.TEC (EUROPE) LTD
925 BI1lCIk Ro.d SouIh L/flftISC D& E
Pc:kenng (ToronIO) Q\ase PaItt IndustnaI es..
Orw!o can.dI L1W20 Rino FloIcl CtlIU TerrKt WatIaO
Ttl (IOS)'" 3400 WS7 8JO England
FAX lt051131 :MOt Ttl (..) (CIS'3) 613086

FAX ("H050&3)614117
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BEST AVAILABLE COpy

Dozen R••ons
1'8-9419

A Dozen Reasons why Recoflo is a Better Value
for Water Treatment

TECDATA r ~eco-Tec

low Chemical Exposure

Fast &. Trouble-Free Start-up

Minimum Floor Space

M Aecofto dttClftzlfS III COfI1*IItI1 fated for
performanct to IPtCfIClboRa prIOr to shiprnIIC tor a
mnnun of SO C)CIII. Everrunit • shipped ,...,
packed and fuIt regenerared fQd)' fOr~
opel'ltlon II the Joblit

RecofIo S)'Itmll 1JpICIIfy requn 40%10 5Qlf.1ns
floor.....5"-1D 7D% .... htDDom than
convtnIIonIIur* _ ..-1owIr_.....
COllI. more~ location fIuMIy ..
Ibity 10 ret"","~ IrWotmlllt IoCIttonI
when upgIacIng .xIS1Ing fICiI.

Aec:otIo dltIonIZtIS Itt designed for~
IUIOmdC operaUonwiIh "**'Un opet8IOr "rum
IIlnxU:bonalleid fIlS ClUICIC to the dliDllIZtr •
achIevtd UIIfIO iflIemIIt SIud-mounIId vartIbII
IP"dgar cIttet flam ntmDIe bulk
1IOrIgI.... OnIysmll ofch8nicalln
used lot each rwgennIiOn

Low fnst.:tHation Cost

High Product Water Quality

Wclf Proven Technology

AI Aecano dlblZtfS -1I*PIdIIdd-mounIId
caI1\AIte wIh h fIIInIlDIdId. IIYIIYes and IhI
_1IcIdNfaIed Ind IIntrumIIU andcomots PII-
wIrId. lNIl'CIInInizIS field InItIlallon arne and"""
......... tmHS. T~ntallllon ClOSIS lor. 100
pnRIcoIIo systeInn~ S5'1.1t1at of a
conveteonaJ dlnlftIIIIIZer IYIfem.

1btWIler~_. pnxiIOId by • Rtcofto deIOnIze, IS
tnbIY 1to 5megotmocmon I single pus A
double pass 1tvough the SyStem 'NIl produce 10+
II1IgCI'IIH:mQUdJ, ft'IIICtIInO Iht PtIfOmIanC8 of a
~ ural (wIhoutII"operatlOnll diffiCulbes
and cI'IIrrat inIIfdeuCIII)

Recoflo·
WATER TREATMENT SYSTEMS

The Rtcofb exchange plQC8SS hlllUQClSSful)'
WOfkIid In over100 lrdJIInII process and watet
hItI_~ 1ftMRS1N wattd WIll owr24,...01~&pItmI tor..wattrtreatmenl
.....chen*:II_ and IftIIII fhIStIilg

~bls.Eco-TIC"Vlltand~
~.tll.M1111dseMce fIClDId.
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ECO·5ERV Customer Service

Eco-Tee ...... pride tndCDnffdtnce In the
PRXU*"~ 81c1ctdbr ~
NIVicI In In'llIOnttllt'CS nu:tr ..
trNImIII. we offer InUI~ ,at
~warranI11g1in1tMdive .
walkmlnshp onII"procb:IIWI ....

, ,

Threc-YcCir W.HTanty

Research & Development

In Iddihon to 1heIn-houst tesIIV. cornrnisllofq
supervision. operatortranng.1IboraIocy anatytaI
StMC&, and fUIy stodcedspIfI.~, eco.
Tee proVIdes lIettme equIpmM per10nnance
monJtortng and 24-hOw lI..pIIot. customIr IIt\'ICt
In 1ht IYtIf • QJSIornIrnMdI.-,....Of Of» d our
HI'iICe repmeranvn orH1II. WI can notm1Ir
supply SUCh Hrvce wthin~ houfs

Eco-Tee's commlmet1llo COI1IIJCUS J'tItarcft IJtd
developmer1lS f8fIecled In the IStIbIStlmIII of a
1otaI1y Independent high~ 1UbsIdJaIy,
Prosep Technologies In linewlh Eco-Tee I fI'ItSA)I1,

Prosep s mandate IS 10 ir1lOCilce cost dectrYe
solubonl to Wiler pUrfJClbonprabIImS USIng lhe
Ialest IeChnOIOgIes RtcoIIO. apoduet of ext.....
research and .. baCked by • COt'ChIOuS dlYelopmed
program

"he stIIIdIrd RecaIID design raalUm •SI~~
nanICIdWIta vIrtuII)t no "dudlegs. Dtapt.~lnset·
1NJ*IO valVeS~for lines T 11 size or
iIVIf) liiio Nduct lie ehanct toe bIc:lft gtOWttt
IlIe thoIt ,1dprocaI1ng now ICtJOn or the
-=oRo design 1he beds bY'" frequent
modIlCIIon Of ru

ow Risl< for BacteriiJ Growth

BESTAVAILABLE COpy
~r<::,">; ""VA'" /1''':1'1'':- COpy

.CG-1EC.. 'COo1'fe: JEUROPII Ulf-
IS -.00 hMSCMft UoW sc. D .., I ClWc .....~ Esuwr
"--' enr.no blgltold.0-Ter«t W'"
~U.lX9 fnplO WS1IJO
of 19O5I ..' J400 TI!! 144IIISfJJ ....
111 ffOSfeJr MOt Fa 1441 jlSfJj6'4m

• _ ..... ~1IId1lOllftlll....0IlIlCMId~... to our IalOWlldga ""rtt#~ ......, 1I08\*IlWOf,.............
....., ,...... l1li-...... .lbil".orifCOll._.-orI~..........__... fDIWllll ..........,.,foI.TC

If ft.tRV 0wIJIQn lilli01 no cperaIor
1Iltt'lIOn on.~ ball.

QIQIIIIJlQ1IJ_1I
qquhcI. PfDlld water QUIIr IImonIOIId
conGfUIUIIy bJmew of 1ft In.Ine mlillYly
monIDf 1htrtgeneratlon Iequtnct Is
~..." COIfrOIId by.praQr'IftI11IbIloglc
~and"kt)'UdJDnI ..~
monlolwd wlhllarm IfgrU. fOr 11'11 mduneIJons

b) Lqw Chtmk;aImns¥mfII! By USinG CI)UIhr
current ,.rJIfIbGftI. b-mesh IIM1 and tNfIf
PICked beds. lie Recono dIIfDr..hie Pft'VIrI
10 be..mGII tftk:IerC Ion IJChangIIpCtm on
I1t..... on an...... RtccCIo
deioIlItM U115O%of1hIc:htn*:afs flCJJlred b1
conwnIiOnaI dJmntraIZM

q In8MIn fWpmtrf Coal A8Wl nventoty for
AIoofto II ,",lD 15% thai Of~
.,....MIDlhelhot1...des9t AeIIft
alii... ftPIdtnCed In~ systems. IS

vIrUII)t non-edIterfWIh Rec:ofto SrnaI amouncs
of ....._1IIIIn Jess dawn-tknl1ndcosts "
caeor I8SIn flPlaCemerw.

d) Lw,......Wille RecaIIo deIOnIZe" are
deS9*t10 pmduce loW ¥OUnII Of seIf
neutIIImgWIIIIeI GenIraIy. nofurther
.......... Is ttePed tordisChIIge wtlIt typICaIy
Pft)duCInv .cosleSS waste than convenItOnai
syst....

a) SirnpIIId IrJllCJesf1t)otR1 Wllhco~
~c.ntrIIIOn IIqUtI1C8$ fIkIng IesI thin fen
mir ..11S. troubIeShootmg ptOCtdum. like double
IIgI'ntflllDnS....~tdWIth. mindnum
IRIOUf'C 01 dowdin. and labor

9 eco-rec
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Smgla..COl performance Wl1h AO
IUd at nOIIWIII atl(I maxImUm tIow

OH

I£ED
o-No

H

CONaNTWING H ~
COMMlTMfHf OflvtlNG CCMPAATMfNT

+ .NT •
CONaNTlATl NODUCf CONQNTWf

(+)

Feed Water Requirements
Starting tap water must meet EPA
potable water requirements

Operating P,elsure 20· 60 psi

Temperature 1()o.35OC (50-950F)

Free ChlorIne

< 0 1 ppm at aoo~ recovery

< 0 05 ppm at 85% recovery

< 0 025 ppm at 90". recovery

Iron, MengInese. SuIftdr <001 ppm

pH" 10

PrlftJtratlOl'l AequIred. 5~ romnaI
1 ",m norrllnaf .f SOIlS >4

DiMoIved Organlca(fCC): < 0 5wn
Herdne.. < 1 0 ppm

Softeners are required fOr all tap
teed applications

Po,,"nt Salt Reduction
The COl process removes IT'lIneral
saltS on a predICtable basIS related
to the feed concentratlOf'l. feed flow
rate and type of pretreatment The
vanable controller option wdlillow
for automatIC power a4U1tment 10
malntatn a constant percent
reduction

7) Product water /eaVeS system

TyplC8llndustnes wt1efe lonpure
COl 1$ being used Include

• pharmaceutICal

• electrOrllCS
• chem/cars manufadunng

• electr~Q)8tmg

• batler make up

• fOOCl and beverage

• faboratones
• power generatIOn

• optical glass manufaetunng

• cosme1lCs

How Contfnuoua DIIonIutIon Workl

1) Feed water enters U'le system
and 110M IN4de resmlmembtane
companmenlS Part of the feed
stream flowS along Ihe 0lJfS1de or
the membrane surface to wash
away unwanted I()f'lS

2) Aesans captur. dissolved IOf'lS

3) Electne CUf'I'8ftt dnVeS captured
catIOnS through cabOn membnmts
and captured anJOl'1S through It1IOf'I
membranes

4) CatJon.ptrmeable membranes
transpof1 eatJonS out of resm
compartment but pmrtnt antonS
from JeaVlng waste stream

5) AnIOn-permeable mernbtlnes
transport amons out of resin
compartment but pt8Vent catIOnS
from leaVIng waste stream

6) Waste stream fluShes
concentrated IOnS from system
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1
CEMMOOUL£ H030 H060 "120 H240

NomIna! Flow conditIons
Product flOW rate gpm (Ipm) 5 (19) 10 (38) - 20 (76) 40 (151)

PrOduct recovery 80-95% 80 -95% 80 - 95% 80 - 95%
Pressure drop 0 25OC. psld 8 8 10 10

Other Flow CondrtJOns
MlnJmUm product gpm (!pm) 2 (8) 4 (15) 8 (30) 20 (16)
Maxunum product gpm (lpm) 8 (30) 16 (61) 32 (121) 64 (242)

Percent Salt Removal (at nomInal flow)
AO feed s 50 tJmhclcm >99 >99 >99 >99
Tap feed s 500 ",mho/em 98 98 98- 98
Tap teed s 1000 pmhofcm 95 95 95- 95

AC EIectncal Requirements (maximum)
Less than 150 ",mho/ern 7A/10 7A/10 14A/3e 21A/3e
Between 150 • 600 ",mhO/em 7A/10 13A/10 21A/30 33A/3e
Between 600· 1000 pmholcm 7A/10 14A 110 21A/30 45A/30

AC Input voItagil' 22O-250V 5CWO hL Ottoer AC opbonS are avaIlable

DimensIons, Module Wlth Flow Control Assembly
Height, ,nches (em) 45 (114) 45 (114) 45 (114) 46 (117)
Width Inches (em) 33 (84) 33 (54) 39 (99) 32 (82)
Depth. tOChes (em) 39 (ee) 36 (91) 54 (137) 72 (183)
Operattng W81ght Ibs (kg) 350 (159) 450 (201) 660(300) 1200 (544)
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Syst9m SpeclflcatloM
COl uftllS can be configured tn
parallel to obtain the deSired flow
rates Systems are 8Vatlable In

'low ~t1es of 5 SOO gpm
Varying the flow rate through the
COl um WIll vary the reSlsttVtty of
the produd water Product
recoveJY for all modules can be as
hlQh as 95% WIth RO reed

P....tre1.tIMC\l
COl tecl'\nology was developed 10
operataWIth little or no downtlme
In orderto accomplish this the

feed water must be pretreated to
optimIZe the operatIOn and to
prevent downtime due to scale
formatIOn and collOidal and
partICUlate plugging Pretreatment
IS also needed to (educe high
levels of free chlorine and organIC
foulants

DIsSOlVed carbon dIOxide IS

convel1ed to bicarbonate salts and
then removed by the COl process
loadlOg due to CO2 must be
conSIdered when predIctIng water
quality

In most cases the use of Reverse
Osmosts prIOr to COl will pmVlde
all pretteatment necessary 10r
optimum operatlon of 1M COl
The type of pretreatment requIred
,s deterrmned by companng the
water to be punfred WIth the feed
water requtrement&

U 5 Filter wttI design custom pre
treatment eqUipment to meet the
feed water standards

C,l
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H030 34 20-314 33 22 3/4 "'518
H060 36 25-"4 33 22 3;'4 44518

H1lO 54 28-)'4 39 22314 44-S/8

H2MJ 108 74 3& 22 314 48- - -- - - - --------.,
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Ifl~ wllh U!\llId~F""~ pcIocrot~IllV8"MI
or product~.end tmplowwmerc. ....",.1l'I fIllIlIlo~hi
poducl tl)IOlJCa!oCll, wdIWIlM...,..,.. • "'W1""'I 'IllIIIout pnor .....
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For Technical Suppolt Call 
1-800-466-7873extenSIOn 5000

IOlllWe t5. ~1rIlIImII'Ior un.l8d SIalet ~Illtr
ea.:-on
P....l~
H-Sar>M COl ~aI\Il'I. USO:M

omce. 0UIt1dt US - caD
8Idglum 1045.07
Costa RIca S06 238-2638
FI&OCe (1) 34.8217 00
Germany eo 02 50 SO
HDIlg Kong 852 5960000
IrRnd 31-82$-1461
Ita'!)' 02145100 179
MuJco 527 312 5576
Nllherlan<1s 1608 17711
Pueno RICO S09 747 9404
Sparn 1 327-1740
SMden 23-~1SO

UAf 992·50'513

U.S.PILTER
\llIlif!) STAUS FI\.T£It<:ORf'OU,TlON

For Product and 8en'Icet 'nformltion
U,"ted Stales FilterCorpotabon
to TtdmoIogy DriYe
1:DWtU MA 01851
PIIone 508-934 9349
Fax S08-44t-6025

I
I
I
I
I
I
I

I
I
I
I
I
I
I
I



LS FIl.lO

The Need for Pure Water
t~ opergIaOn of high preaunt boItr GIld
IstoMI)'IIamIIi~on1'IOln~~
bohr fMdwotlr, bolItr wow"Nom~
JPlKIficOllons. Ail IflCIdequgIoOf poorty....
worer JtIOfrnenl Iystemcan rIIIM .,. Kallng und
depos.JiOIt on boiIIt IUbu and f\lfbtnc.l;Iurb.
CMlng _ ofhtol ....b.tWc'~nnd
rfIdvc«I~~
for 'heM~ it lIlI\'IPOfJOM thal yoc.It pion' ,
-oIIt fttOlmIftt~ II~ 10 COfI'ItIUQIIr
"'ttl aJfkGI chomisfty tPldf'cotlOM.~
wnln1er'Npf«l poMr .,.f,1IIOn Uftd €MOd (Oirly

downWftl few ''-01~

RO/CDI- The Ionpure Solution
fotl~. sCott-effecfMI ROtCD' water ~ifcQfion In odc:fillor' 10 ochItW'lQ /hec~ sped.cotoon.
praceu oflers 0 praclicallOlvtlon lot produclng~o- ,.. ROICOI PfOCeApt~ high purltV wafer With
~ QlJolltywatet WlIhcM requiring hc:I&afdcM Ilw tflCIft 10 PCb 01 aiIico otld_lhan 50ppb at
~oIs forr~ By combIltltlg two pro¥Ift TOC~~~ bIodas CII'ld 0IhIr~t11
IKh~{lcwttae0sm0M oIId~'. pamdeott fOr loftg ........ unanlMtIP*I cperot4on.
PQteftt«lCClft~~ (COt», 1he
lO/CD'~aJbl ptOCas flobitIO~
vr-- lhgn0.' ""CtOftlholcm....QWlitr.
cortIrft\lOusfy. WlIttout chtmcoItond wtth 0IdtItneIy
low C)pM11'"9 COlts.

High-purity Water for
Power Generation

IOtlW_T.(~..eO'~~110~
c..U'('IK¥lY u1...11l..f!d Il\ 11"4 dol9\, fftQnUfQc,,,,, ond
~rv.:. of hoQ~,~ IIGftdatOand turn10y WQfcr
Pvf , c:0k0tI Infelnt lotcritiCal rduJInaI opp!lCObOna
oQllIJllre \ un,qU<. p,.""'OIIQh 'Ich.~M m.
11-:'101' .~11O Y«"~ rJ rClSOOt(h..~ftr. and
btlt~~tM~donv wdhQ
.11'01'19 COIMlItINftl,.,1yIMm~ortd
~IIJI",," 1Uf~ flea ""*'IItobfiIh Ionpure ..
Jtr~ wot!d Ieodtt III~...purkohon.
IotIp~~Oft~ WOIIr fNilcotlGtl
process ,I,ot IIcopablt ofptocMfng ultfa.hlgh P\Iri,y
¥fV14.'f IhC,JI mati f'I JQtCJttCOtiON Of !he POWt"
••la~rty.lw~ $ysIcln f'8CO'IIIY. ereodr ttduces
opotOflng CQIk. and etminara......,. to
hu~Ufdgus~ ThIa prOWf.-.,. as
ROtC-D, IS 0l'I idecII aIftmahe 10~/(
dclQnlt'rsond~o~he~tIon
J)f~VU WIth 1htodcl~ bttItfiII 01 conMttnf
wur,)f q""~,,.lowGtOJltrot'.-.g cotta and~
R'lCII'l)OWefItq~

Complementary Technologies
RO (Bulk Deaonaarion) COl (Poll$hlng Oeion,zotion)
•~ 9O-96Sof all lOS •.....,..overmofrtmallllf'U TOS
• Lmovcs 9S-98Sof feed.- • ffetnotoM v~ 10991 of '0ftl0tl11i1CO
•~~ ofalfOfgGflICIpaIer Ihort 2DO •~ eMIr_of~(fOQ
~"b~f1'OQ .a.mcn..~ of r..-nv CO2

•~ 99% ofall potrJcvfole motttr

I
I
I
I
I
I
I
I
I
I
I
I

What is
I Continuous Deionization?

COIlS G COI'fInUOUI proc,.!hot"*Ion~ qainf.

I IOn .-chaftge"""Ut* vtld 0 ..... eItctncoI CVf'(Ift' to
punfy waIer - Co'Ol1tmvotn/y 1hII~ptoduulCOflIdtttlf
high wtIIer qw!Jty lip _ 0 OSSllllClOll\'oICM\, _
$lgtld"1CMIft reduces SlIicG cOllttnl CIftd foe.Ntd'*. CDf

I does "Of 'Iq\I'" chemcaltI~ ...... ftc. c:Iowt\lllnt
01 cosily ll'ltWrvP1JON 1ft JeMee.
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High Performance Systems for Power Generation
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RO/eDl Benefits
• flvnmatfi Iltllntdolll chem.caII
• flmnales Il('ult~~
• COI\SlSIMt (l/(Jf\i WUfW~ (ff9 1)

• H.gh wnlt:t "(.O'letV (t'lQ 2)
• Conllnl.lOllS rcl.ll4 9P"oIIon
• 1&,.. ~*'Ullng COSII (f'9 3J
• PtQ(~ ~hUl'gt mntI~I tIOUIalfons ond

can lx- rCCf\.IW or diKhorged ditectty 10 ,....
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