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EXECUTIVE SUMMARY

Development Alternatives, Inc (DAI) under Contract No 278-0288-00-C-4026-00 with the
United States Agency for International Development (USAID) 1s performing an Industrial
Wastewater Discharge Prevention Program (IWDPP) in Amman, Jordan This Program is one
of tour components of the Water Quality Improvement and Conservation Project (WQICP)
funded by USAID This program 1s being performed by DAI with full coordination between
the Minstry of Water and Irrigation (MWI) and the Amman Chamber of Industry (Chamber)
Harza Consulting Engineers and Scientists (Harza), Chicago, Umted States (U S ), was retained
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 includes conducting the
PP/WM audus, feasibility studies, and designing demonstration facilities at selected industrial
facilities

Thus report presents the findings of the Feasibility Study (FS) for Universal Modern Industries
Company, LTD (UMIC) The objective of the FS is to evaluate the techmcal, financial, and
logistical feasibility of the most promising PP/WM and water conservation techniques 1dentified
for UMIC i the previously performed PP/WM audit

PROCESS AND FACILITY DESCRIPTION

The UMIC facility refines four oils refined, bleached, and deodorized (RBD) palm oil, RBD
palmoline, semi-degummed corn o1l, and semi-degummed soya o1l The current production rate
15 170 to 180 tons per day (T/day) The UMIC facility operates both chemical and physical

refining processes Process operations consist of

e Crude o1l transfer to storage tanks,

. Chemical refining operations degumming and neutralization, bleaching, and
deodonization,

b Physical refining by steam stripping,

s Cooling and filtering, and

o Packaging
AUDIT CONCLUSIONS

The UMIC facility had already implemented some PP/WM and water conservation practices,
such as recirculating the cooling water Additional opportunities 1dentified during the audit are
summanzed below Some actions that the facility should 1mtiate 1mmedsately are

® Operation of the Wastewater Treatment System - The wastewater treatment
system should be fully evaluated to assess influent and effluent flows and
treatment efficiency

Other PP/WM techmiques that should be investigated for feasibility studies and possible short
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and long term implementation are listed below

HARZA FS-TMIC ES

951026

® Softener Regeneration - Instead of using sodum chloride, use a regeneration
chemical that 1s less harmful to the environment, such as acetic acid and
ammonium hydroxide

° Wastewater Treatment System Design Modification - Invesugate design
modifications, including replacing of existing equipment, and additional treatment
that will enable recycle or reuse of treated wastewater

o Crude Oil Quahity Control - Investigate the cost/benefit of obtaiming a higher
quality crude oil to reduce water consumption during refiming and wastewater
generation

Water Conservation Opportunities

As much as 73 to 97 m*/d water savings could potentiaily resuit from the implementation
of these techmiques Those techniques that the facility could implement immediately are

° Cooling Tower Optimization

® Boiler Blowdown Reuse

® Steam Leak Prevenuon and Control

. Good Housekeeping

® Domestic Waste Treatment

l Barometric Condenser and Steam Vacuum Optimization

The following techniques require further investigation for feasibility studies and possible
short and long term 1mplementation

® Centrifuge Optimization
® Wastewater Reuse - for

Neutralization washwater

- Softener Regeneration Wastewater

- Barometric Condenser Cooling Water
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AN



HARZA F5-UMIC ES

951026

- Live Steam
® Live Steam Heat Elimination
o Softener System Upgrade
® Water Cooling System Elimination
® Process Equipment Design Modifications

The recommendation selected for the detailed feasibility study was to upgrade the water
softening system The purpose of this measure was not to improve boiler feed water
quality but to reduce or eliminate the use of regeneration chemicals, which contribute
significant amounts of TDS 1nto the environment The selected recommendation is also
consistent with that suggested in the Audit Report and with the primary concern of the
WQICP, which 1s the protection of the quality of Jordan’s water resources

It 1s noted that some of the options considered were expensive and may not be suitable
for UMIC at the present ime However, the intent of the study was to be comprehensive
so that UMIC at a later date or other industries may be exposed to promising state-of-the-
art water treatment technologies The selection of the state-of-the-art water
demineralization system for implementation as a demonstation project at UMIC can
provide a model i polluton reduction for mdustnies across Jordan, since
demineralization was a vital component of water treatment 1n almost all local industries
The widespread use of these technologies could allow a significant reduction in the use
of hazardous chemicals and the discharge of salts to the environment

TECHNICAL FEASIBILITY EVALUATION
Feasibility analyses were conducted for each of the following options

Optimized 10n exchange (Eco-Tec) alone,

Continuous deionization alone,

Reverse osmosis followed by optimized 1on exchange (Eco-Tec), and
Reverse osmosis followed by continuous deionization

Reverse osmosis followed by the existing water softener

[V I “NR WV I (O I

The following 1s a description of State-of-the-Art treatment systems included 1n the above
analyses

Optimzed lon Exchange In order to promote PP/WM, an alternative IX process 1s
recommended the optimized IX process The optimized IX process 1s the result of
efforts to improve the traditional 1on exchange The Eco-Tec brand IX process provides
an example of an optimized process which uses a short resin bed in conjunction with a
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patented "recoflo” (reciprocating flow) system

Continuous Deilonzation The continuous detonization (CDI) process 1s a continuous
water treatment process for producing high quality water, using 1on-exchange
membranes, resins, and electricity  CDI technology provides the following benefits with

respect to conventional IX processes

® Elimination of Chemicals

] Continuous Production
° Lower Operating Costs
] High Water Recovery

If used as a polishing delonization following RO (bulk deronization), typical removal
rates are as follows

° Removes over 99% of remaining TDS
o Removes over 99% of remaining silica
® Removes over 90% of organics (TOC)
® Removes 95% of remaining CO,

The CDI system has a product flow rate between 80 and 95 percent, with the remaining
5 to 20 percent 1s discharged as reject With RO pretreatment the product flow rate

mcreases to closer to 95 percent

COST/BENEFIT ANALYSIS

The main costs associated with the proposed water treatment system were for purchasing
the equipment Infrastructure for housing was not sigmificant and significant amounts of
additional piping and utilities were not required For rehability, two parallel trains of
each system were proposed, each with capacity to supply 120 m°/h At a cost of JD
98,600, adding RO to the existing softener was clearly the least expensive option The
equipment cost for RO/CDI option was esumated at JD 230,900, which was less than

RO/Eco-Tec option, at JD 327,500

Annual opererations and maintenance costs for the RO/Existing 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
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Waste disposal costs were not included in the cost/benefit evaluation The waste disposal
volume for the RO would be the same 1n all three cases, and therefore would not affect
the analysis Similarly the waste flows for softeners, Eco-Tec, and CDI were similar,
although CDI had the lowest TDS concentration

The Table ES-1 provides an analysis of yearly total costs based on a 20 year project life
and a 6 0 percent interest rate, including capital and operation and maintenance costs
The least expensive alternative was the RO/Exisung Softener, at JD 24,300 per year
The cost for RO/CDI was JD 40,900 per year, and RO/Eco-Tec was JD 52,200 per year

ENVIRONMENTAL EVALUATION

By using the RO/Existing Softener or the RO/CDI water treatment system, the use of
hazardous regeneration chemicals could be avoided High TDS reject brines would be
created, as with all other water demineralizing systems, which need be properly disposed
of The net discharge of TDS, however, would be lower than in the current situation

CONCLUSIONS

Three alternatives were found to be technically feasible RO/Existing Softener, RO/Eco-
Tec, and RO/CDI  The least expensive was RO/Exisitng Softener, followed by RO/CDI
and RO/Eco-Tec The three alternatives created similar amount of waste flows, although
RO/Existing Softener and RO/Eco-Tec created higher TDS than RO/CDI because of the
regeneration chemicals RO/Eco-Tec, however, used approximately half the amount of
chemicals of a conventional IX system

Given that UMIC had recently purchased two softener umts and was achieving
sanisfactory water quality with this system, 1t did not appear necessary to immediately
mplement a new water system such as those discussed in this report However, 1t was
recommended that groundwater supply quality be minitored for TDS When levels
mcreased to a pomnt where the softener system was no longer adequate, 1t was
recommended that an RO system be nstalled to reduce discharge of TDS If levels reach
the pomnt where the RO/Existing Softener system was no longer adequate, 1t was
recommended that the softener system be replaced with CDI umits to eliminate the use
of regeneration chemicals and reduce further the net discharge of TDS

RECOMMENDATIONS

It was recommended that a small unit for RO/CDI be installed as a demonstration
project This unit could be installed 1n the exisung botler room in parallel to the existing
water ireatment system The implementauon of this state-of-the-art water
demineralization system at UMIC could provide a model in pollution reduction for
industries across Jordan, since demineralization was a vital component of water treatment
m almost all local industries

ES-5



~able ES-1
Total Cost Analysis
Universal Modern Induatries Company

,,,,,, o I S

RO/ Eeo-Tec

aitinfiCapitst Cost
nnual Operation and Maintenance Cost nual Op-eraton and Mamtenance Cost 2 63 nnual Opoeration and Na menanc= Cost

tquml-m “early Coat ZA.SDDIEquinlom Yoarly Cost 52,200 [ quivalent Yearly Cost
| — ]

* Based on : 20-year project Ife and 6 0% interest rate

HARZA TABVREV X8
OV AP



10

20

30

490

50

60

TABLE OF CONTENTS

INTRODUCTION

11  Background

12  Objecuves

13 Report Orgamzation

UMMARY OF AUDIT FINDINGS
1 Process and Facility Description
2 Audit Findings

221 Water Usage

222 Wastewater Discharges
23 Audit Conclusions

S
2
2

FEASIBILITY STUDY PROCESS
TECHNICAL FEASIBILITY EVALUATION

41  Existing Water Quality and Water Treatment System
411 Existing Water Quality
412 Existing Water Treatment System

42  Proposed Water Treatment Technologies

43  Feastbility Analysis
431 Optumized lon Exchange Alone
432 Continuous Delonmization Alone
433 Reverse Osmosis and Optimized Ion Exchange
434 Reverse Osmosis and Continuous Delonization
435 Reverse Osmosis and Exusting Water Softener

OPPORTUNITY COST/BENEFIT ANALYSIS

51 Economic Evaluation
32 Environmental Evaluation

CONCLUSIONS AND RECOMMENDATIONS

61 Conclusions
62 Demonstration Project Recommendations

HARZA FS2WPV

851126

1

(NG Y ST SN

AR WWWW

17
17

19

19
19



Appendix A
Appendix B
Appendix C

Table 1
Table 2
Table 3
Table 4
Table 5

Figure 1
Figure 2
Figure 3

HARZA FS2.4PV

857126

APPENDICES

Screening of Recommendations
Brochure for Eco-Tech
Brochure for CDI

TABLES

Potential Water Savings

Quality of Raw Well Water (at JPRC)

Comparison of Capital Costs

Comparison of Annual Operation and Maintenance Costs
Total Cost Analysis

FIGURES
Water and Wastewater Flow Diagram

Location of Existing Water Treatment Plant
Conceptual Layout

m



1 0 INTRODUCTION

This report presents feasibility studies (FS) for pollution prevention, waste minimization
(PP/WM) and water conservation for the United Modern Industries Company, Ltd (UMIC)
The feasibility study 1s based on the PP/WM recommendations provided in the Industrial Audit
Report for Vegetable O1l Refining Industry, Universal Modern Industries Co , Lid (USAID
Report 3114-95-2b-29, April 1995), performed by Science Applications International Corp in
January, 1995 The report 1s divided into findings and recommendations from the audit,
screening process, feasibility analyses, and final conclusions and recommendations

11 Background

Development Alternatives, Inc (DAI) under Contract No 278-0288-00-C-4026-00 with the
Umted States Agency for International Development (USAID) 1s performing an Industrial
Wastewater Discharge Prevention Program (IWDPP) in Amman, Jordan This Program 1s one
of four components of the Water Quality Improvement and Conservation Project (WQICP)
funded by USAID This program 1s being performed by DAI with full coordinaton between
the Ministry of Water and Irrigation (MWI) and the Amman Chamber of Industry (Chamber)
Harza Consulting Engineers and Scientists (Harza), Chicago, United States (U S ), was retained
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 includes conducting the
PP/WM audits, feasibility studies, and designing demonstration facilities at selected mdustnal
facilities

The PP/WM techniques are defined as any techniques to prevent or reduce waste generation by
source reduction or recycling activities These activities must reduce either the volumes or the
concentrations of pollutants generated prior to treatment, storage, or disposal of the waste

Based on a ranking methodology, the PP/WM Commattee selected ten industries with potential
needs for PP/WM audits, as the first step of the IWDPP The purpose of the audits was to
assist the industries i the Amman-Zarqa Basin 1n assessing pollution problems and developing
alternative solutions to achieve desired levels of PP/WM, water conservation, and wastewater
treatment appropriate for the selected industry  The next step in the IWDPP 1s to further
develop the most promising options for PP/WM revealed through the audit process by
performmng a FS This report provides the FS for the vegetable o1l refining industry and also
outlines potential demonstration projects that may be carried out within the next phase of the
IWDPP

12 Objectives

The objective of the FS 1s to evaluate the technical, financial, and logistical feasibility of the
most promising PP/WM and water conservation techniques identified in the Audit Report

HARZA FS2.UPV
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13 Report Organzation

Thus report contains an introduction, sections on Summary of Audit Findings (from the previous
PP/WM Aud:t Report) Feasibility Study Process Technical Feasibility Evaluation, Opportunity
Cost/Benefit Analysis and Conclusions and Recommendations The recommendations provide
suggestions for subsequent demonstration projects

HARZA FS52. %PV
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2 0 SUMMARY OF AUDIT FINDINGS

The PP/WM audit was conducted on January 7 and 14, 1995 by Science Applications
International Corporation (SAIC), and the audit report was submitted by SAIC n Apnil, 1995
The man findings and recommendation from this report are provided below

2 1 Process and Facility Description

The UMIC facility refines four oils refined, bleached, and deodorized (RBD) palm o1l, RBD
palmoline, semi-degummed corn o1l, and semi-degummed soya o1l The current production rate
1s 170 to 180 tons per day (T/day) The UMIC facility operates both chemical and physical
refining processes Process operations consist of

. Crude o1l transfer to storage tanks,
. Chemical refining operations degumming and neutralization, bleaching, and
deodorization,

» Physical refining by steam stripping,
L Cooling and filtering, and
. Packaging

2 2 Audt Findings
2.2 1 Water Usage
The UMIC facility recewves its water from the Zarqa Free Zone groundwater wells

Most, approximately 72 percent, of the water the facility uses 1s first treated using an
ion-exchange unit The four largest consumptions of water at the factlity are for

° Steam for refining and producing vacuum, and cooling water for the
barometric condensers, 41 m>/day,

° Washing the o1l i the neutralization operation, 24 m’/day,

. Boiler blowdown, 20 m*/day, and

] Cooling the heat exchangers, 20 m*/day

Other water uses that total approximately 42 m’/day include floor and equipment
cleaning, live and closed-loop steam heating, laboratory tests, chemical solutions, spill
clean-up, and sanitary

The UMIC facility uses approximately 147 m*/day of groundwater, most of which 1s
meated with a water softener before being used for steam generation, process washwater,
and cooling purposes In general, water use at the facility 1s not excessive (1 2 m*/T of
refined o1l), however, opportunities for conservation do exist

With the addition of the physical refining operation, the quantity of cooling water has

HARZA FS2KPV
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increased  This 1s overloading the cooling tower so that the facility 1s removing the
cooling water and refilling the cooling system with fresh water The daily average
blowdown 1s estimated 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 of tanker trucks, or the quantity hauled 1s unknown

2 2 2 Wastewater Discharges
The major wastewaters generated at the facility are

Neutralization washwater, 24 m*/day,

Boiler blowdown, 20 m*/day,

Floor and equipment washwater, 10 m’/day,

Steam condensate from tanker truck heating, 8 4 m?/day, and
Softener regeneration backwash, 6 m*/day

Other wastewaters that total approximately 14 2 m’/day include blowdown from the
barometric condenser and heat exchanger cooling towers, spill clean-up, and sanitary
Typical pollutant parameters include fats, oil, and grease (FOG), biochemical oxygen
demand (BODs), chemical oxygen demand (COD), total suspended solids (TSS), and total
dissolved solids (TDS) Figure I provides a water and wastewater flow diagram

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 1n
the following areas

° Tanker truck unloading,
L Caustic soda solution mixing, and
L Filling area from the filling machines and leaking containers

2 3 Audit Conclusions

The UMIC facility already pracuices some PP/WM and water conservation practices such as
recirculating the cooling water  Additional opportunities identified during the audit are
summarized below Some actions that the facility should mitiate immediately are

] Operation of the Wastewater Treatment System - The wastewater treatment
system should be fully evaluated to assess influent and effluent flows and
treatment efficiency In particular, monitoring of the hydraulic and organic
loading to each of the umts should be conducted to evaluate the performance of
each unit Additonally, 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

HARZA FS2 \YPV
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Other PP/WM techniques that should be investigated tor feasibility studies and possible short
and long term implementation are listed below
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Softener Regeneration - Instead of using sodium chloride, use a regeneration
chemical that i1s less harmful to the environment, such as acetic acid and
ammonium hydroxide  This chemical substitution would reduce the high
concentrations of sodium and chloride salts in the wastewater

Wastewater Treatment System Design Modification - Investigate design
modifications, including replacing of existing equipment, and additional treatment
that will enable recycle or reuse of treated wastewater

Crude Oil Quality Control - Investigate the cost/benefit of obtaining a higher
quality crude o1l to reduce water consumption during refining and wastewater
generaton Work with suppliers, shippers, and transport companies to establish
standard shipping and transport practices that would reduce the time in-shipment
and storage, the number of transfers that occur, and the oxidation that occurs
during shipping and storage

Water Conservation Opportunities

The water conservation opportunities are summarized below Table I provides potential
techniques and the estimated savings from water conservation As much as 73 to 97
m’/d water savings could result from the implementation of these techmques

Those techniques that the facility could implement immediately are

Cooling Tower Optimization -Assess design or operational modifications for the
current cooling tower or explore new cooling tower designs to minimize the
evaporative losses and increase the concentration cycle

Boiler Blowdown Reuse - Reuse boiler blowdown as floor washing and spill
cleanup water

Steam Leak Prevention and Control - Implement a more rigorous preventative
maintenance program to prevent leaks and a rapid response repair program to fix
leaks as soon a they occur

Good Housekeeping ~ Develop and implement floor cleamng and spill cleaning
procedures that focus on water conservation

Domestic Waste Treatment - Reduce domestic water use by employee awareness
and stallation of water conservation equipment



L Barometric Condenser and Steamn Vacuum Optimization - Evaluate the current
process operational procedures to optimize reductions in steam and cooling water
More process control instrumentation, more accurate instrumentation, of faster
feedback could enable greater process control that would minimize water losses
or decrease water usage

The following techniques require further mnvestigation for feasibility studies and possible
short and long term implementation

. Centrifuge Optimization - The centrifuge could be optimized to avoid build up of
soapstock within the centrifuge to eliminate cleaning of the centrifuges every 24
hours

. Wastewater Reuse - Investigate reuse of the following wastewaters

- Neutralization washwater - Investigate options for reducing the generation
of wastewater and reuse of washwater from the second and third
centrifuges n the neutralization, as identified in this report

- Softener Regeneration Wastewater - Treat the wastewater using reverse
osmosis and reuse

- Barometric Condenser Cooling Water - Treat the cooling water to recover
fatty acid material and reuse as cooling water

- Live Steam - Reuse the condensate resulting from the live steam heating
of the tanker trucks as washwater 1n the neutralization operation

Live Steam Heat Ehmination - Eliminate use of live steam for heating Use a closed
loop heating coil 1n the tanker trucks and acidification tanks instead of live steam

Softener System Upgrade - Continue with plans to install a larger capacity softener unit

A unit that 15 optimally sized for the facility’s operations will reduce the frequency of
regeneration Use a newer state-of-the-art 1on-exchange resin system that 1s regenerated
with less solution and, therefore, generates a smaller volume, more concentrated
wastewater

Water Cooling System Elimmation - Investigate the use of a non-water cooling system
for the heat exchangers

Process Equipment Design Modifications - Explore design modification to the process
units, the barometric condensers, and the steam vacuum system that would decrease the

overall water quantity (cooling water and steam)

HARZA FS2 WPV
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3 0 FEASIBILITY STUDY PROCESS

The recommendations provided 1n the Audit Report were screened to identify the most
promising alternative for PP/WM, for subsequent detailed analyses in feasibility studies
The recommendations of the audit report and comments on the feasibility of each are

provided in Appendix A

The detailed evaluation of the Technical Feasibility of the selected option 1s provided
Section4 0 Section 5 O provides an Opportunity Cost/Benefit Analysis, and Section 6 0
provides Conclusions and Recommendations

The recommendation selected for the detailed feasibility study 1s to upgrade the water
softening system The purpose of this measure 1s not to improve boiler feed water
quality but to reduce or eliminate the use of regeneration chemicals, which contribute
significant amounts of TDS nto the environment The selected recommendation 1s also
consistent with that suggested in the Audit Report The objective of the feasibility study
1s consistent with the primary concern of the WQICP, which 1s the protection of the
quality of Jordan’s water resources

{t 1s noted that some of the options considered are expensive and may not be suitable for
UMIC at the present ime However, the 1ntent of the study is to be as comprehensive
as possible so that UMIC at a later date or other industries may be exposed to some
promising state-of-the-art water treatment technologies The selection of the state-of-the-
art water demineralization system for implementation as a demonstation project at UMIC
can provide a model in pollution reduction for industries across Jordan, since
demineralization 1s a vital component of water treatment in almost all local industries
The widespread use of these technologies could allow a significant reduction in the use
of polluting chemicals and the discharge of salts to the environment



4 0 TECHNICAL FEASIBILITY EVALUATION

In this section feasibility analyses are conducted for each of the following options

Opumized 1on exchange (Eco-Tec) alone,

Continuous detonization alone,

Reverse osmosts followed by optimized 10n exchange (Eco-Tec), and
Reverse osmosis followed by continuous detonization

Reverse osmosis followed by the existing water softener

N B W

The following sections discuss the existing water quahty and treatment facilities at
UMIC Evaluations of the economic and environmental feasibility of the selected options

listed above follow

41
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Existing Water Quality and Water Treatment System

4 1 1 Existing Water Quality

The UMIC currently uses approximately 150 m*/day of well water obtained from
a well located 1n the Zarqga Free Zone at the Jordan Petroleum Refinery Company
(JPRC) The water quality from this area water 1s characteristically high n
salimmty A single sample of UMIC raw well water taken on August 6, 1995

indicates the following

Chlonde as NaCl (mg/l) 580

TDS (mg/l) 760
Total Hardness (mg/l) 290
pH 74

Testing previously performed by Harza on 11/12/94 on three wells at JPRC
indicated electroconductivity ranging from 2300 to 3600 vS/cm  Additional
water quality data obtained from other wells of the same well field at JPRC
indicates very high levels of electroconductivity, and a tendency to increase with
time According to a previous report for JPRC conducted by COWIconsult in
1994, electroconductivity has increased from 460 m 1971 to 3,300 vS/cm
1992 Water quality data for JPRC wells 1s provided in Table 2

Guven the current high levels of salimity and the increasing trend, 1t 1s expected
that salimty will be an increasingly critical water treatment 1ssue 1n future years

4 1 2 Existing Water Treatment System

Approximately 120 m*/day of water usage at UMIC (72%) 1s treated at an 10n
exchange (IX) water softening unit Of this amount, approximately 95 m’/d 1s

Ry
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used as boiler feed water and the remainder 1s used as neutralization washwater
Two new softening umts were recently installed, with the following

characteristics
Capacity {(grains) 600,000
Resin volume (1) 560

Treatment capacity (m’) 100

With the given treatment capacity, the frequency of regeneration 1s approximately
once per day The regeneration water 1s discharged to an outside collection pit

and hauled by trucks for disposal on land near the facility

The existuing water softening plant 1s located n the boiler house, as shown in
Figure 2 The dimensions of the boiler plant house are 10 meters by 10 meters,
and approximately 50 percent of the area 1s available for installation of water
treatment systems

4 2 Proposed Water Treatment Technologies

The water quality needs for UMIC are driven by the boiler feed requirements, which
include demineralization  For the other mamn treated water use, neutralization
washwater, requirements are less stringent, and mvolve hardness removal only Since
most of the treated water (approximately 75 percent) 1s used for boiler feed, 1t will be
assumed that a single treatment plant will used to provide for both purposes, producing
boiler quality water The total required flow 1s approximately 120 m*/d

The following 1s a description of technologies that will be discussed further in the
technical feasibility section

Reverse Osmosis Reverse osmosis (RO) 1s a well-known and proven
technology for demineralizing brackish water The principle used mvolves the
separation of water from a saline solution using a semipermeable membrane and
hydrostatic pressure While RO 1s effective in removing 1ons, RO removal
efficiency 1s not adequate for treatment of water for bouer feed and further
polishing 1s required when used for this purpose Polishing 1s typically performed
by 10n exchange or other methods

Conventional lon Exchange The 1on exchange process (IX) removes
unwanted 1ons from water by transferring them to a solid media, which 1n return
gives back an equivalent amount of desirable 1ons The meda, also called 10n
exchanger or exchange skeleton, has a himited capacity for 1on storage and
eventually becomes saturated  When this occurs, the exhanger must be
regenerated by washing with a strong regenerating solution which contains the
desirable species of 1ons This 1s performed 1n a cyclical process which includes

HARZA FS2. WPV
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backwashing, regeneration, rmmsing, and service

Disadvantages assoctated with the traditional 1on-exchange systems are as follows

|

Co-current regeneration exposes water to highest concentration
of contaminants prior to leaving vessel

Ion exchange bed has more capacity than that actually used,
leaving a residual of contaminating ions on the resins, and
Chemical utilization 1s high, due to inefficient regeneration

Optimzed lon Exchange In order to promote PP/WM, an alternative IX
process 1s recommended the optimized IX process The optimized IX process
1s the result of efforts to improve the traditional 1on exchange The Eco-Tec
brand IX process provides an example of an optimized process which uses a short
resin bed n conjunction with a patented "recoflo” (reciprocating flow) system,
providing the following differences with respect to conventional ion-exchange

columns

Short Bed Height  The resin columns are wide and short,
rather than tall and narrow This allows the entire bed length
to be within the 10n-exchange zone at any pomnt m tme,
providing efficient use of the 1on-exchange resins A
consequence of this setup, however, i1s shorter run times
between regenerations

Fine Mesh Resins The Eco-Tec system uses a finer mesh than
1s typically used in conventional 1on exchange systems This
increases the specific surface of the mesh, reducing the length
of the exchange zone and allowing the use of higher flow rates

Additionally, smaller beads are physically stronger and rinse
more effectively

Packed Beds Packed resin beds msure that proper distribution
1s provided and that the 1on exchange profile 1s not disturbed
Elimimnating column freeboard reduces mixmg and dilution
during regeneration, decreasing required rinsing

Counterflow Regeneration Counter flow regeneration 1s used
mn the Eco-Tec systtm This ninsing techmque reduces the
amount of chemicals required, since the regenerant flows from
the least spent resin towards the most spent

Low Exchanger Loading Typically, a low percentage (around
25%) of the total exchange capacity of a resin 1s used mm a
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normal cycle By using only the most available exchange sites,
those near the surface of the resin beads, the regenerant kinetics
are improved and regenerant consumption 1s minimized

° Shorter Regeneration Time While conventional ton exchange
systems typically take 3 to 4 hours to regenerate, the Eco-Tec
system can be regenerated in returned on-line 1n approximately
10 minutes This short regeneration time allows for smaller
storage factlities

Optuimized IX systems such as Eco-Tec typically has a product flow rate
rates of between 90 and 95 percent, with the remaining 5 to 10 percent
discharged as reject  With RO pretreatment the product flow rate 1s closer
to 95 percent Chemical consumption for the Eco-Tec system 1s
approximately half of that of conventional IX systems, and hquid waste
1s approximately 40 percent less

Continuous Deionzation The continuous deionization (CDI) process 1s a
continuous water treatment process for producing high quality water, using 1on-
exchange membranes, resins, and electricity

Continuous electroderonization technology differs from electrodialysis In
electrodialysis, 10n-depleting streams between membranes have high electrical
resistance, and therefore require high voltages to be effective, particularly as the
salt concentration increases The CDI technology has low electrical resistance
because the spaces between the membranes are filled with 1on exchange resin
which provide a more efficient 1on transfer Direct current 1s used as a driving
force for removing 10ns from the raw water while continuously regenerating the
resm pack  Elecrodialysis 1s typically used to bring water with high salt
concentrations of 1,000 to 10,000 ppm down to several hundred ppm, whereas
CDI 1s used to bring waters with salt concentrations of 10 to 1,000 ppm down to
1 ppm or less

CDI technology provides the following benefits with respect to conventional IX
processes

° Elimmation of Chemicals
° Continuous Production
® Lower Operating Costs
. High Water Recovery

11



If used as a polishing deionization following RO (bulk deionization), typical
removal rates are as follows

o Removes over 99% of remaining TDS
L Removes over 99% of remaining silica
® Removes over 90% of organics (TOC)
J Removes 95% of remaining CO,

The CDI system has a product flow rate between 80 and 95 percent, with the
remaining 5 to 20 percent 1s discharged as reject With RO pretreatment the
product flow rate increases to closer to 95 percent

4 3 Technical Feasibility

Five options for feasibility analysis are discussed in this section Optimized IX alone,
CDI alone, RO and Opumized IX, RO and CDI, and RO and Existing Softener
developed

HARZA FS2\VPV
851126

4 3 1 Optimized lon Exchange Alone

The IX process 1s typically feasible for demineralizing water with low TDS or as
a polishing stage for pretreated water The advantages of the optimized IX
system over the conventional system were discussed previously, but one main
advantage 1s that they require approximately half the amount of regeneration
chemicals that conventional IX systems use A disadvantage of these systems
compared to standard softeners 1s that they are somewhat complex and require the
use of hazardous chemicals (sulfuric acid and sodwum hydroxide) for regeneration
A brochure for the Eco-Tec system 1s provided in Appendix B

Given the water characteristics at UMIC 1t does not appear desirable to use IX
alone without any pretreatment In particular, the Eco-Tec system 1s not cost-
effective for water streams with TDS above 750 mg/l  Therefore, using
optimized IX alone without pretreatment 1s not techmically feasible and will not
be further considered

4 3 2 Continuous Deionization Alone
The CDI presents a very desirable process that continuously produces high levels
of treatment without the use of any regeneration chemicals The CDI system

does produce a reject stream, however, which requires proper disposal The units
are compact and require low maintenance, and have a low operating cost The
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capital cost 15 typically less than IX A brochure for CDI 1s provided in
Appendix C

The efficiency of these units with low water quality 1s questionable, and n the
case of UMIC 1t 1s expected that adequate boiler quality water will not be
achieved by CDI alone and a RO unit will be required as pretreatment
Therefore, CDI alone without pretreatment 1s not technically feasible and will not
be further considered

4 3 3 Reverse Osmosis and Optimized lon Exchange

The RO provides pretreatment by bulk deionization, which typically reduces the
TDS concentration 1n 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, 1s that a new wastewater steam is created the
RO reject, which normally 1s 1n the range of 15 to 25 percent of the treated
water The 10n exchange regeneration water will also require adequate disposal
A conceptual layout for RO/IX 1s provided in Figure 3

The proposed RO and IX systems are skid mounted and require relanvely little
space for installation In order to treat 120 m*/d with RO and IX, the RO unit
1s approximately 4 3 meters long by 1 1 meter deep by 2 2 meters high The
Eco-Tec unit for this flow 1s approximately 1 8 meters long by 1 6 meter deep
by 2 0 meters high There 1s adequate space available 1n the existing boiler room
to accommodate this equipment, and 1t 1s assumed that adequate power and piping
1s available  Given the above, this water treatment option 1s considered
technically feasible

4 3 4 Reverse Osmosis and Continuous Deionzation

As 1 the previous option, RO provides the bulk delonization and allows the CDI
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 1s recommended that two CDI units be installed for greater rehiability
A conceptual layout for RO/CDI 1s provided in Figure 3

The proposed RO and CDI systems are skid mounted and require relatively small
space for nstallation In order to treat 120 m’/d with RO and IX, the RO unit
1s approximately 4 3 meters long by 1 1 meter deep by 2 2 meters high The
CDI unat for this flow 1s approximately 1 O meters wide by 1 4 meter deepby 1 1
meters high There 1s adequate space available 1n the existing boiler room to
accommodate the two sets of equipment, and it 1s assumed that adequate power
and piping 1s available Given the above, this water treatment option 1s
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considered technically feasible

When making a technical comparison of RO/Optimized IX and RO/CDI, the
following should be kept in mind

® CDI has few moving parts, while IX has a complex mechanical
operating system for regeneration,

o CDI no down ume for regeneration, while IX does and
therefore requires storage,

] CDI requires no chemical usage, while IX requires hazardous
chemicals,

o CDI 1s capable of achieving water quality similar to IX,

° The operation and maintenance costs for CDI are lower than
IX,

L The capital costs for CDI are lower than for IX

The above suggests that the CDI system holds some technical 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
neutralization washwater, using two recently purchased water softening units
which are properly sized for the facihty The units are regenerated with a strong
sodium chloride (NaCl) solution, which 1s discharged to a collection tank and then
trucked off site for disposal In order to reduce the quantity of NaCl solution
used and ultmately discharged to the environment, an RO unit can be used to
provide bulk deionization This will reduce the 1on load on the softener and
thereby reduce regeneration frequency It should, however, be noted that RO
reject provides a new waste stream of low TDS but high volume water
Ultimately, the net amount of TDS produced will be less than with the softener
alone, although water consumption will be higher

Groundwater quality in the Zarqa Basin, and in particular around the JPRC where
water supply for UMIC 1s obtained, has shown a tendency to increase m TDS
(see COWIconsult Industrial Pollution Control Project report for the nearby JPRC
facility , June, 1994, Vol 3, pg 38, which states that groundwater TDS at JPRC
has increased from 460 uS/cm 1n 1971 t0 3,300 uS/cm 1n 1992) Therefore, the
loading on the softener unit 1s expected to increase over time 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 m the other alternatives
There 1s adequate space available to install the umts, alongside the existing
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softening system, which would continue to be utillized Therefore, this alternative
1s considered technically feasible
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5 0 OPPORTUNITY COST/BENEFIT ANALYSIS

5 1 Economic Evaluation

The main costs associated with the proposed water treatment system are for purchasing
the equipment Infrastructure for housing s not considered to be significant, given the
available space, and significant amounts of additional piping and utilities are not expected
to be required The capital costs for the three alternatives are provided in Table 3 For
reliability, two parallel tramns of each system are proposed, each with capacity to supply
120 m*h It 1s noted, however, that a reduction 1n facihty water requirements can be
obtained by implementing the PP/WM and water conservation measures indicated 1n the
report, and that this will also reduce the size of the water treatment units It can be seen
from this table that, at a cost of JD 98,600, adding RO to the existing softener 1s clearly
the least expensive optton It 1s also evident that in addition to bemng technically
advantageous, the equipment cost for RO/CDI option, estimated at JD 230,900, s also
less than RO/Eco-Tec, at JD 327,500

Annual opererations and maintenance costs for the three alternatives are provided
Table 4 It 1s noted, however, that a reduction in 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 units It can be seen that
the RO/Existing Softener alternative has the lowest annual operation and maintenance
cost, at JD 15,700, the RO/CDI 1s the second lowest at JD 20,800, and the RO/Eco-Tec
1s the highest at JD 23,600

It 1s noted that in the above assessment waste disposal costs have not been included The
waste disposal volume for the RO will be the same 1n all three cases, and therefore does
not affect the analysis For Eco-Tec (following RO) the waste flow 1s a flow of
approximately 60 m*/1000m>, while for CDI (following RO) the waste volume 1s 50 to
80 m>/1000m> The waste flow from the existing new softener 1s expected to be similar

Therefore, the cost of waste disposal will not have an impact 11 the comparison of the
alternatives

Table 5 presents an analysis of yearly total costs based on a 20 year project hife and a
6 0 percent interest rate, including capital and operation and maintenance costs The
least expensive alternative 1s the RO/Existing 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

5.2 Environmental Evaluation
By using the RO/Existing Softener or the RO/CDI water treatment system, the use of

polluting regeneration chemicals can be avoided High TDS reject brines will be created,
as with all other water demineralizing systems, which must be properly disposed of The
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net discharge of TDS, however, will be lower than the current situation

HARZA F22. WPV
9577126 ].7



6 0 CONCLUSIONS AND RECOMMENDATIONS

6 1 Conclusions

Three alternatves were found to be technically feasible RO/Existing Softener, RO/Eco-
Tec and RO/CDI  The least expensive 1s RO/Exisitng Softener, followed by RO/CDI
and RO/Eco-Tec The three alternatives create stmilar amount of waste flows, although
RO/Existing Softener and RO/Eco-Tec create higher TDS than RO/CDI because of the
regenration chemicals RO/Eco-Tec, however, uses approximately half the amount of
chemicals of a conventional IX system

Given that UMIC has recently purchased two softener units and 1s achieving satisfactory
water quality with this system, 1t does not appear necessary te immediately implement
a new water system such as those discussed in this report However, 1t 1s recommended
that groundwater supply quality be minitored for TDS When levels increase to a point
where the softener system 1s no longer adequate, 1t 1s recommended that an RO system
be installed to reduce discharge of TDS If levels reach the point where the RO/Existing
Softener system 1s no longer adequate, 1t 1s recommended that the softener system be
replaced with CDI units to eliminate the use of regeneration chemicals and reduce further
the net discharge of TDS

6 2 Demonstration Project Recommendation

It 1s recommended that a small unit for RO/CDI be 1installed as a demonstration project
This umt can be nstalled mn the existing boiler room 1 parallel to the existing water
treatment system
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Table | - Potential Water Savings
UMIC
i Production Water Conservation Current | Projected | Prujected
Operation Techmque Water Water Water
Consamp- | Consump- | Savings
tion tion (m*/day)
(m’/day) | (m’/day)
Clean {1 Closed-loop awr sadator 20 00 20
§ cooling coohng system
| tower :
l F
¥ Chemical { 2a.  Treat aod reuse all 2535 ] 2035
| refining | washwater
| | 2b  Treat second centnfuge 14 6 8
! washwater and reuse 1
1' thad centnfuge
; i 2c Reuse third centnfuge 25.35 2035 5 34
? [ washwater m second
, | centnfuge
Boiler 1 3 Boiler blowdown reuse after 211 42 169 115
i treatment
Process § 4 Modify design or opumize 120 108 12 8¢
Equipment | operations
1
Tanker R 5 Capture and reusc bve steam 84 00 B4 57
Truck or chmnate hve steam
heating of tanker trucks
Floor f 6 Reuse the boiler blowdown s 00 50 34
washing ‘ without treatment
Coohng 7 Optmze to decsease 477 430 47 32
tower ) evaparative losses and
mcrease concentration cycle
Sofiener ; 8 Reuse treated rcgeneration 6 2 4 26
wastewater
Cooling § 9 Treat biccd-off and reuse 62 02 40 26
tower r
Softener 10 [Increase capaaty 6 4 2 13 I

3l



11 Use dry cleamng methods and M 8 2 14
: install water conservation

devices

Elminate hive steam heaung 14 0.0 14 10

Improve spil control and 4 3 1 07 l
5 clean-up
§ Centnfuge § 14 Treat and reuse washwater 10 00 10 07
| and filter

Reduce steam leaks 10 05 0S5 035 ,1

Opumize to reduce cleamng 10 7 03 02

frequeacy

- . 50-73 73-97 9 - 66
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TASBLE 2: QUALITY OF RAW WELL WATER

Sampie Sowrce' 't

Parameter (units)

Well No. 7 Well No. 18 Well No. 4
- o 714 741 733 ‘
Specific Coaductance (xS/cm) 110 2260 3600 J
Suspended Sobds (my/T) 8 10 14
Chemucal Oxygeo Demand 26 26 74
(=g
Total Orgamc Carbon (mg/l) 334 211 23
K. Nitroges (mg/l) 112 163 19¢
Ammonis (mg/1) 038 on 050
Beazepe (ug/l) <005 <00§ <00$
Ethylbeazene (ug/) <005 <005 <0.05
Tolusos {ug/1) <005 <005 <005 I
Trichioroethyleae (xg/) 124 ‘14 02 |
Tetsackloroetbeoe (g/l) 036 075 012
1, 3 - Dxchiorobenzene (xg/l) <010 <010 <0 10
Cyaaude {sz/1) <002 <002 <o
Cadmium (xg/1) <001 <0 oot
Nicke! (xgl) 0 01 <0.01 <004
Lead (x3h) <00l <001 <00
Tomples clociad e e—

4
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Table 3
COMPARISON OF CAPITAL COSTS

Universal Modemn industries Company

A Reverse Osmosis (2 unts 120 m*day) A Raverse Oumosis (2 units 120 m3/day)
B Eco-Tec X Demineraizer (2 units 120 m/day) B8 CDI Osstunerafzer (2 units 120 m¥day)
C Waste Nevtralization System (2 units)

D Product water tank feed pump,
acki and causlic supply tanks

B Shipping of Imported Equipment E Shipping of iImported Equipment G Shipping of Imported Equipment
{(20% of A) (20% of A B,C) (20% of A.B)

C instailation (30% of A) F instaliation (50% ofABC D) D lnstaliation (30% of A.B)

C: Subtotwl (At C) G Subtotsl (Ato F) E Subtotal (Ato D)

a Contngencies (20% of D) H Contingencies (20% of G) F Continganceas (20% of E)

HARZA TABVREV1 X8
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Table 4
COMPARISON OF ANNUAL OPERATION AND MAINTENANCE COSTS
Universal Modem industries Company

1 RO/ Existing Softaner

e ftom Coat (JO)
Labor ( mechanical eng , 1 toch ) Labor (1 mechanicaleng 2 tach ) ]
Energy Energy 36001 B Energy 3
Cheemical Usage Chemica! Usage 24001 C Maintanance
Meintenance D Maintenance 1 ROMsmbrines 1
RO Membranas 1800 1 RO Mambranes A 2 CDICel Pazk 2
« Softener Resing 1700 2 X Resins 1700 3 Other (3% of equipment cost) 3
3 Other (3% of equipment cost) 1,400 3 Other (3% of equipment cost)
Tota 18,700} Total , Yotal 2,
LV ——
fdotac: Ngies,
A, Mechaniost Engineer at JD S00/TONH=8,000/year A Machanics Enginesr st JD S00¥mornthag 000y ear [T
Fecheoien #t IO 150 montiat B00/eer Tachnician &t JD 180/ monifes1 800/Aveer A Mechsnical Engings s JO S00/month=8 Qe yess
8 £ operstes during 24 IS dayd 52 weeks=7488 hiyae 8 RO Seme ssn Opiion 1 RO!EMIBSN\-W-NMMW Tachniaan at JD 130/monti=1 800/Aeqs
€0 Enegy =10 Ghw 7488578 400 kwiyssr Eoo-Tet #t 1.2 kwiv/1000 gal=120m3day"385day/year* 8 RO Sameasin Opion 1 RO 7 Exostng Solener=79 400 knye:s
A8 20% 10¢ Othr €NENgY UNeges »15 SO0 kwivyear 0 264 (1000-gakm3}=13 900 CO! ot 1 kw1000 g1 20miclmy “385caryymar0. 204 (1000-gaUm3)=
Total enargy=98 300 kwh/yemr Enmnly =78 4004 13 S00*93 300 kwyaer 19 800 kwivywm]
Ennrgy cost aJD 0 032%wh Add 20% for othwr energy Usages =13 TOO latvyear Entvgy =10 §°7401-+11 80081 000 kawyem
Fotwl Emngy CoatsJD 3 000ywer Taet Enengy=112,000 Add 20% Tor othes SRengy ulages = 19,200 wvivyasr
C  MaCi Sckdion cost i negiiigibie compared & other costs Ewmﬂwom Totsl anergy=100,. 00 kwhvyeer
B0 Aniscalant  0oet is negiigibie conpared 1o olher coRe Totel Emergy Cost=JD 3 S00/yeer Energy oost =JD 003 20ewh
01 2O C  HySO, al 308 k{1000 m3120°0°521 000)myeer* Totel Ervangy ContJD 3 S00mar
Numnber of Membrane onrtridges/unit 8 4D 0 081/g-100%= 40 1 200 G1 RQ
Cout per omriridge 3O 910 NEOH st 120 kg/1000 M3*(120"8°5:2/1 D00)MVymar* Same as in Opilon 1 RO 7 Extsting Softerse = JO 1 800 Ayear
frerysancy of placament: 3 yeen JO 0 274/%g-100%+J0 1,200 €2 CDI
4.neeuni Cost = 6*910/3x JD 1 800 D1 Ssmeassin Option 1 RO/ Exising SoRenas = JD 1 800 jyear Number of aell peirsfunit 120
02 Aasumed same 38 in Option 2 RO/Eo0-Tes 02 Cont par resin mplscement J0 8 300 Caost par ooll pair JD 103
03 2% on em A of Capital Cost tsble Froquency of resint neplacnment; 3 years Frequancy of replecement. § years (when pmcsded by RO)
Annl Cost=JD @ 300/ ysars= JO 1 700 Annual ConlodD 105120 calie/3 yeure= IC 2 600
D3 3% on imve A8 C of Capitsl Cost tabie C3 3% on iawme A,B o Capid Cost lsbie
BEST 4
HARZATAIVREV! XLS Van
10200 521 PM ABLE Copy
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Table 5
Total Cost Analysis
Universal Modemn Industries Company

RO/ Exiating Softener RO Eco-Tec RO/ GO |
] Cost {JD) Iem Cowt (JO) tam Cost (VD)
Rial Capital Cost | ,6001 Inkisl Capital Cost K- 14 Sﬂhllﬂ Capite! Cost 230
rual Opera. on and Maintenance Cost Annual Operstion and Maintenance Cost 23 800]Annual Oparation and Maintenance Cost 2
lent Yamty Cost 24,300{Equivalent Yaarly Cost $2,200|Equivalemt Yearly Cost «0,

* Baaad on 8 X-year project ife and 6 0% (nterest rate

BESTAVAILABLE copy
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Screening of Recommnedations for
Universal Modern Industries Co (UMIC), Ltd

Screening of Recommendations

The recommendations provided 1n the Audit Report for the Universal Modern Industries
Co (UMIC), Ltd (USAID Report No 3114-95-2b-29, April, 1995) were screened to
determine the most promising measure for further investigation m a detailed feasibility
study The recommendations of the audit report and the screening rationale applied to
each 1s provided below The Audit Report groups recommendations in five categories

1 PP/WM Policy, Monitoring, and Training
2 Operational Modifications
3 Process Modifications
4 Good Housekeeping
5 Control of Other Waste Generating Activities
Each category 1s discussed below
1 PP/WM Policy, Momtoring, and Trammng
This measure 1s essentially a management issue and should be pursued by UMIC

2 Operational Modifications

2 1 Cooling Tower Optuimization

Assess design or operational modifications for the current cooling tower or explore new
cooling tower designs to ninimize the evaporative losses and increase the concentration
cycle

Optimization of the cooling system 1s technically feasible, however, total elimmation of
water based cooling for air systems 1s not feasible to due to the high ambient
temperatures 1n Jordan The treatment of the makeup water by reverse osmosis unit is
a technically feasible method to increase cooling water recyching and increase the
concentration cycles However, given the high cost of RO systems and the relatively low
cost of water (JD 0 1/m?) , this measure 1s not economically feasible

2 2 Boiler Blowdown Reuse

Reuse boiler blowdown as floor washing and spill cleanup water

HARZA FS2 WPV

851126



This measure 1s technically feasible, however, the Audit Report indicates that floor
washing requirements 5 m*/day, which could be saved by implementing this measure
However Good Housekeeping measures discussed in Recommendations 2 4 and 4 will
further reduce floor washing and spill cleanup requirements by 1 to 2 m*/day

Cleanup water currently 1s discharged to a collection pit for off-site truck disposal
Theretore, reuse of high TDS boiler blowdown for cleaning will not contribute TDS to
the wastewater treatment plant or to irrigation as long as proper off-site disposal
contnues to be provided

To reuse boiler blowdown, the following elements must be provided

Piping 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 piping to convey blowdown water from storage tank to areas
where floor cleaning/spill cleanup 1s required This piping should be
clearly differenuiated from the potable water piping to avoid the use of
boiler blowdown for the wrong purpose

These elements will cost JD 3,000 to JD 5,000, based on the flow requirements 1t 1s
recommended that the Good Housekeeping measures discussed 1 item 2 4 and item 4 be
implemented first, and that the blowdown reuse system be designed based on the
resulung cleanup water requirements If the actual floor cleaning requirements are
greatly reduced, and if additionally the areas that require cleaning 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 washing

The benefit of this measure would be a reduction of 3 to 5 m*/day of fresh water
consumption

2 3 Steam Leak Prevention and Control

Implement a more rigorous preventative maintenance program to prevent leaks and a
rapid response repair program to fix leaks as soon a they occur

This measure 1s essentially a management issue and should be pursued by UMIC

2 4 Good Housekeeping

Develop and implement floor cleaning and spill cleaming procedures that focus on water
conservation Such procedures should address

HARZA 2 WP/
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® Cleaning first with dry methods,
* Collecting hquid spills with vacuum devices, and

® Replacing all low pressure hoses with high pressure, low
volume hoses

These measures are technically feasible and should be pursued i future UMIC plans
Dry methods of cleaning, such as shovelling, should be used prior to cleaning with
water

In order to supply high pressure water for the high pressure hoses, 1t 1s necessary to
provide the following

Pumps,

Hydropneumatic tank,

Parallel high pressure piping system to areas of use, and
High pressure nozzles

An alternative measure 1s to combine this high pressure system with the reuse of boiler
blowdown, as discussed 1n Recommendation 2 2 In this case, the elevated storage tank
proposed 1n Recommendation 2 2 can be replaced by a hydropneumatic tank and supply
boiler blowdown at high pressure This measure would require the following

Piping to convey the boiler blowdown to a sump,

Ground level sump to receive boiler blowdown,

Pumps to convey blowdown water from sump to hydropneumatic tank,
Elevated storage tank to store blowdown water,

Parallel piping to convey blowdown water from storage tank to areas
where floor cleaning/spill cleanup 1s required, 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 1s 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 cleaning, this measure be reassessed at a later date

The benefit from this measure 1s a reduction in fresh water consumption of 3 to 5
3
m’/day

2 5 Domestic Waste Treatment

Reduce domestic water use by employee awareness and installation of water conservation
equipment

A-3



This measure 1s essentially a management 1ssue 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 trained for
their proper use, and a maintenance program established to ensure conservation
equipment remains functional

The benefit from this measure 1s a reduction in fresh water consumption of up to
2m®/day

2 6 Barometric Condenser and Steam Vacuum Optimization

Evaluate the current process operational procedures to optimize reductions in steam and
cooling water More process control instrumentation, more accurate instrumentation,
of faster feedback could enable greater process control that would mumimize water losses
or decrease water usage

Optimizing the condenser and steam vacuum systems are desirable measures In general,
optimization of processes are typically ongoing tasks that involve numerous on-site trials
to determine the mimimum required nputs that are compatible with product standards

It 15 noted that UMIC currently has plans to implement several process modifications,
including the replacement of the Barometric Condenser system with an indirect surface
condenser system with vacuum boosters This measure will avoid contamination of
cooling water with o1l and will thereby save water Addinonally, washing of centrifuges
1 and 2 will be done with citric acid and water, alllowing for the elimination of
Centrifuge No 3 and the potential savings of approximately 8 m*/day of water

3 Process Modifications

3 1 Centrifuge Opumization

The centrifuge could be opnmized to avord build up of soapstock within the centrifuge to
eliminate cleaning of the centrifuges every 24 hours Some opnion are

° Add gravity separation tank prior to the centrifuges to remove the larger particles
that clog the centrifuge lines, and

. Operate a series of centrifuges with the first centrifuge designed to remove the
larger particles and the subsequent centrifuges improving the separation

efficiency

As mentioned above, UMIC has recently decided to modify the centrifuge operation by
washing centrifuges 1 and 2 with citric acid and water instead of water alone, and
eliminating Centrifuge No 3 Because of these measures, the recommendations need to
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be reevaluated by UMIC staff based upon implementation of new washing procedures
3 2 Wastewater Reuse
Investigate reuse of the following wastewaters

Neutralizanon washwater - Some options for reducing the generation of wastewater and
reuse of washwater from the second and third centrifuges in the neutralization operation
are

- Treat the second centrifuge washwater discharge to
recover the soapstock and reuse this washwater for the
third centrifuge washwater,

- Treat, if necessary, and reuse the wastewater from the
third centrifuge as washwater for the second centrifuge,

- Process the oil/caustic soda mixture with water in a
countercurrent centrifugal contactor Then treat the
water in a decanter followed by a canon-exchange resin
column and reuse in the centrifugal contactor,

- Segregate and treat the wastewater by gravity separation
followed by ion-exchange columns, then reuse the
treated water as washwater, and

- Treat for recovery of the soapstock and reuse the treated
washwater for cleaning equipment, floors or spills

Given the modifications to centrifuges No s 1 and 2 and the elimination 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, since the wastewater subject to gravity
separation may contain some ol and soapstock and require ultrafiltration prior to 1on
exchange The viability of item 5 needs to be reevaluated in light of using citric acid mn
centrifuge 1 to recover soapstock Acidic water will need further treatment prior to using
for equipment cleaning Pilot testing 1s recommended to determine actual feasibility of
measures

3 3 Softener Regeneration

Instead of sodium chloride, use a regeneration chemical that 1s less harmful to the
environment, such as acetic acid and ammonium hydroxide This chemical substitution
would reduce the high concentrations of sodium and chlonde salts in the wastewater
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This measure 1s addressed n the detailed feasibility study

3 4 Softener System Upgrade

Continue with plans to install a larger capacity softener umit A unit that 1s optimally
sized for the facility’s operanons will reduce the frequency of regeneration Use a newer
state-of-the-art 1on-exchange resin system that is regenerated with less solution and,
therefore, generates a smaller volume, more concentrated wastewater

This item 1s chosen as the primary focus for the detailed feasibihity study This
measure 1S considered important for PP/WM and water conservanon, and additionally
may be applicable to many industries 1n Jordan

3 5 Live Steam Heat Elimination

Ehminate use of live steam for heating Use a closed loop heating coil in the tanker
trucks and acidification tanks instead of live steam

This measure 1s technically feasible It 1s recommended that this measure be
mplemented after building containment dikes 1n loading and unloading areas to avoid
mncreased spillage on the ground while removing the heating coil from one truck and
mtroducing 1t mnto the next  Additional piping and pumps are required to return the
condensed steam to the boiler This measure will require additional time to heat the o1l
n the tanker trucks as well as additional workers to insert and extract the heating coils

The benefit from implementing this measure 1s a savings of up to 8 m*/day of fresh water
consumption

3 6 Wastewater Treatment System Optimization

Investigate design modifications, including replacement of exising equipment, and
additional treatment that will enable recycle or reuse of treated wastewater

The existing wastewater treatment plant will be abandoned since 1t apparently was
mproperly designed and was never functional The UMIC has plans to build a new
system, which will be similar to the exisitng with the addition that soapstock that was
previously collected in drums will be treated together with the washwater mn the
acidulation drums Also, a new process scrubber will be provided for odor control

3 7 Water Cooling System Elimination

Invesngate the use of a non-water cooling system for the heat exchangers Two potential
ron-water cooling methods are
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® Instatling a non-water based closed-loop cooling system
or an air cooling system, and

° Pumping the heated o1l through a heat exchanger
located in the crude oil storage tanks, this will eliminate
the water cooled heat exchanger needed to cool the
heated otl and the steam heating cotl needed to heat the
crude oil

An air cooling system alone is not technically feasible, due to the high ambient
temperatures 1n the Zarqa Basmn area n Jordan A combmed air/wet system is
technically feasible, but 1s very expensive to implement for a facility with an existing wet
system The same consideration 1s valid for non-water based closed loop systems
Currently, 6 crude o1l tanks are maintained at approximately 80 °C by circulating low
pressure steam through a closed-loop heat exchanger within each tank Three tanks have
a capacity of 750 m®, one has a capacity of 1,400 m®, and two have a capacity of 2,000
m> The hot o1l 1s at 170 °C  The existing clean cooling system will need to be
maintamned, since the cooled o1l will be at 80 °C  The water requirements, however, will
be reduced It 1s recommended that the existing steam loops be retained as a backup
Due to lower o1l temperature and greater specific heat, the number of heat exchange coils
for the crude o1l tanks will be significantly greater than for the existing steam system
The preliminary cost estimate for implementing this measure 1s JD 80,000, including the
heating exchangers, piping modifications, pumping, and installation

The benefit from this measure 1s the saving of up to 10 m’day of fresh water
consumption

3 8 Crude O1l Quality Control

Investigate the cost/benefit of obtaiming a higher quality crude oil to reduce water
consumption and wastewater generated Work with suppliers, shippers, and transport
companies to estabiish standard shipping and transport practices that would reduce the
time in-shipment and storage, the number of transfers that occur, and the oxdanon that
occurs duning shipment and storage

This measure 1s essentially a management issue and should be pursued by UMIC

3 9 Process Equipment Design Modifications

Explore design modification to the process units, the barometric condensers, and the
steam vacuum system that would decrease the overall water quannity (cooling water and
steam)
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The above measures are technically feasible and are being pursued by UMIC, as
discussed previously

4 Good Housekeeping

° Spill Control and Clean-up Procedures - Improve spill control and spill clean-up
procedures Some PP/WM measures are

- Use a vacuum pump 1nstead of shovels

- Install a pump 1n the trays underneath the filling machines to
capture o1l and return to filling machines or packaging tanks
This immediate capture of the o1l will prevent contamination of
the o1l so that 1t will not need to be refined

- Conduct quality control checks on containers to detect leaks
before using contamers, this will prevent leaks from defective
contammers Purchase from suppliers that will provide better
containers

L Construct covered concrete loading and unloading areas and storage areas
for raw materials, products and wastes These areas should also have
containment dikes

The different materials should be kept segregated from others These
measures will isolate spills, prevent soil contamination, and eliminate
storm water runoff Eliminate any drains in containment structures and
keep these structures repaired and maintained

The Audit Report 1dentified o1l spills occuring where the crude oil 1s unloaded from
tankers to storage tanks No cover or containment currently exists in this area, and it
should be provided The following 1s proposed

Install 2 4 m x 10 m sloped concrete pad with a central dramage channel with
steel grating and collection sump Provide 0 30 m concrete sides to contan
spillage Provide oil-water separator Install a 4 m x 10 m corrugated steel roof
at a height of 5 m (to allow room for the existing live steam lines) The effluent
1s discharged to the wastewater treatment plant

The 1nstalled cost 1s estimated at JD 5,000

The benefit from this measure 1s reduced contamination of soil m the loading area

. Seal any holes and drains 1n the floors to prevent the discharge of spills
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and leaks to clean areas

L Use treated wastewater to clean floors and equipment and to clean up
leaks and spills throughout the UMIC faciity If the soapstock 1is
contributing to the oily floor and surfaces, substitute detergent

° Any open contamners, such as buckets used to collect process control
samples for the laboratory, should be fitted with ught fitting hds and kept
sealed when not used

The above measures are technically feasible and should be pursued by UMIC 1n future
plans

5 Control of Other Waste Generating Activities

5 1 Bleaching Clay Optimization

Investigate opnmizing the addition of bleaching clay to reduce excess This would reduce
amount purchased, reduce losses of ol in the spent clay, lengthen the filter cycles, and
reduce the quantity of spent clay generated

As mentioned previously, process optimization i1s an ongomng task that will require
experienced UMIC staff to determine process viability without affecting final product
quality standards These optimization tasks should be pursued by UMIC

5 2 Bleaching Earth Filter Cake Recyching

Investigate alternative uses for the filter cake These are not PP/WM measures, but
UMIC uncontrolled disposal of this matenal as a waste could be tmproved by considering
this material as a beneficial resource or raw matenal for another industry For example,
the clay content of the cake may make the cake a suitable raw matenal for soil
conditioner to improve sandy soils The cake could also be used as raw material in the
production of poultry feed or other domesticated ammal feed

This measure 1s not strictly a PP/WM measure but 1s still desireable and should be
pursued by UMIC

5 3 Sediment Control

Investigate possible ways to nunimize sediment in the final product packaging tanks Less
sediment in these tanks would result in less frequent cleaning, less waste to be removed,
and higher quality product One method to reduce sediment generation would be
mstalling a crculation pump or an ultrafiltration urnit before the tanks
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We do not agree with this measure If the product contains sediment, 1t will need to be
removed by some filtration device If such a device 1s used, it will create a source of
wastewater and additionally will require water to be cleaned periodically The reduction
in water use by implementing filtration, if any, 1s not expected to be significant and will
not justify the cost

5 4 Domestic Waste Treatment

Construct an engineered septic tank with a suitable leachfield to treat the domestic wastes
generated by the facility

This 1s not strictly a PP/WM measure but 1s technically feasible and should be pursued
by UMIC 1n future plans Minimal effort and no engineering analyis 1s required
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use RECOFLO 1on exchange tech
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Short resin columns
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exchange sites ion exchange takes
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Surface sites are the easiest 10
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results and less chemicals are required

Countercurrent
3 regeneration

Counter currsnt regeneration 18
used 10 further improve etfcrency
Though widely recogmzed for s
benefits counter current regenergton 1s
not used on Most conventional systems
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befter quality water from smailer more
compact won exchange equipment In
agdton RECOFLO" systems cost less
fo operate than conventional systems
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belonlzatlon Systems
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e versus RECOFLO®
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Eco-Tec systems employ RECOFLD
technology 10 reduce the heght of the
loxehango 2one Rathaer than mamiain
an excess mventory of resn the
RECOFLO" system moves the z0one up
and down repadiy i a short column The
result 15 bettar water al lower cost
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' and $0 003 per galion for waler
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The equipment

A range ol standard models is avalable
with varymg capacities {see charl on the
back covar) 10 rgat waters of aftarent

compositons

A typical Eco-Tec Water Deronization
unit cansists of 3 catron exchanger
anon exclranger regeneration system
and an automatc control panel aff pre-
assembied and pre-wired on a structural
stoe! frame

The tota! water treaiment solution
provided by E¢o-Tec mcludes auuliary
equipment such as muiti-media and
carbon filters tanks pumps and
controls These are inorporated into the
design o provide &n integrated system

Al equapment 18 thoroughly lested pnor
to shipment.

All RECOFLO water trsatmgat systems
nclude features such as

1 Automatc PLC conrol veth opbord
graphecs dispisy and data acqusson

2 PVC starmioss steel or FRP wrapped
Pipg 10 Meet your spacicabons

3 A urmque distributon desgn that
onsures aven flow Srough the resm

4 A regeneraiaion system mounted
nght on the resn vessel frame

5 An on-board recircuiation pump 0
1eckuce rmsing wasles

6 Meotal surfaces that are sand-blasted
and epoxy coated lor an attractive
yet durable firush

7 An overa heght of 80 mches
{205cm ) that permils instellanon
areas with imded headroom

8 Complete assembly with res:t pnoc
fo testing and shpment,

9 A rugged design that has been
proven 1 hundreds of plants for
over twenly years

The benefits

Better quality water

* A siandard caton / amon single
pass Eco Tec unit can produce
deronized water with & conguctvity of
hﬁl\mmnﬂwﬂmm
om

* When used 10 poish the effiuent from
another E£co-Tec system conventong!
Oe0nZer of reverse QIMOKs und, the
waler from 3 standard Eco-Tec unit wiit
have & conductivity of less then 0 1
urmho‘em {»10 megohm-cm}

* When silica removal ig critical
Eco-Tec systems can produce water
with gdica ievels of S ppb Removal
13 enhanced through the vse of
counfer current regeneratson and
fine mesh resins

Lower Operating Costs

* The Eco-Tec Water Deion
ITAON uniis use fess water and
chemicals than conventional units
dunng regensration in many casss
costs are out by 0%

* Eco-Tac umts are aisc designed lo
produce a neyiral waste By
balancing the acid and the alkah
requirements of the system wrtually no
additional treatment i requwed

* Mamtsnance requirements with the
smail Eco-Tec resin colsnns are less
costly Most columns can be
c:ssassemblad and rebuill in less than
two hours

Smalier equipment

* An Eco-Tec Devomzation unt
15 loss than eght feet 18t In areas with
hmited beadroom, Eco-Tec equipment
offers more flexibrdity than conventional
systame

* With a typical rogenerabon dme of five
minutes, dupiex equipment is not
raquwed A small storage 1ank can be
used 10 provide an uniMerupted source
of deloruzed water Space requirements
for an Eco-Tec sysem ars ofien much
fess than for a conventonal system.
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Delonization Systems

The RECOFLO*
fon Exchange
Process
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Process & major advancement in ion
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* plug flow tistributon

« counlercurrent regenarabon
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inhouse
manufacturing
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slectnical control panels, Eco Tec
ensures that all eqQuipment 18
manytactured to the highes! level of
ndusinal quality

All Eco Tac Water Deiomization
systems are tested with resmt nstafted
and fulk chemiCal regenerabon.

Three year warranty

Unmaiched by other suppiwrs, Eco-Tec
otters a superior warranty an all

instaliation and
start-up
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turnkey instaliation of enginesrning
assstance Tor your msialiers in either
case, Eco Tec enginesrs supervise
start-up and proviie ttamng to ensure
that sach system 15 inbegrated fully into
yOUr operation

Technical service

Eco-Tec customer sermce group 13 on
Cail 24 hours per day o handie any

dunng stan-up or operabon
of your system Technical service
personnsl can normally be on-gite

mprove the performance of ion
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Recoflo°

\WATER TREATMENT SYSTEMS

@ecm'ec

Dozen Reasons
PB-9419

A Dozen Reasons why Recoflo is a Better Value

for Water Treatment

Well Proven Technology

The Recofio sxchange process has successiully
worked in over 800 indusinal process and water
freatment sppiications around the world  With over 24
yeoars of supplying systems for the water treatment
snd harsh chemical waste and metat firnshing
sppications, Eco-Tec has vast and mpressve
instaliation and service record.

High Product Water Quality

The waler qualty, produced by a Recofio deonzer s
typically 1 to 5 megohm-cm on g single pass A
doubie pass through the system wil produce 10+
megohm-cm quallty, maiching the performancs of a
moced-bed unit (without a8 Rs operational difficulties
and chamical inefficiencies)

Low Installation Cost R

Al Recotio delonzers are shipped skid-mounted
compiste with the resing lbaded, all valves and the
manliold nstaled and all instruments and controls pre-
wired. This mimizes field instakation time and heips
efminale srrors. Typcal installation costs for a 100
gpm Racofio sysiem are spproximately 55% thatof a
convertional deminergfizer system.

Minimum Floor Space -

Recofio systems typcally requnre 40% 10 S0% less
floor space and 50% io T0% less headroom than
conventional units  Thy means iower real estate
costs, more aquipment location fiexibiity, and the
abilty to retrofit the equipment intc smalier locations
when upgrading existing facithes

Fast & Trouble-Free Start-up

Al Rocofio dewnizers are completely lested for
periormance to speciiicatons prior to shipment for a
muwmim of S0 cycles. Every unit 8 shipped resn
packed and lully regenerated ready fo7 immediate
operation at the job sie

Low Chemical Exposure _

Recofio deiongers are designed lor complets
Ulomatic oparation with minimum operator attention
introduction of acid and causic o the delonizer 15
achioved using intemally siud-mounted variable
speod gear pumps supplied direct from remote buk
storage tanks  Only smal amourts of chemicals are
usad tor each regeneration
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Low Operating Costs.

& Daiy Adomalic Coatation Litle or no operator
afterion is required on & routine basis.

CARTICHS 0 TUOLCN0 oy

reGuired. Product watsr quaity is monkored
continuously by means of an in-ine resistivity
monior  The regeneration sequence is
completely controfied by a programmabie logic
cortrofler and af key functions are continuously
monhored with alarm signgils for any maunctions

b) Low Cheinical consumption By using counter-
current regenerations, fing-mesh resin and over
packed beds, the Recoflc deionizer has proven
10 be the most efficlent ion exchange system on
Me markel lodzy  On an average, Recofio
delonivers use 50% of the chemicals required by
conventional deminerakzers

¢} Low Besin Bepiacement Cost Resin nventory for
Recollo is 7% 1o 15% that of conventional
systems due o the short-bed despn  Resn
attrition, experienced in conventiona! systems,
virtually non-sxistent with Recoflo  Smal amounts
of resin alyo mean less down-time and costs n
case of resin eplacement.

d) Lsss Aepenerant Wasie Recofio deonizers are
designed to produce low yolumes of selt-
neutraiizing wastes  Generally, no further
treatment Is raquired for discharge while typically
producing 40% less waste than conventonal
systems

o) Simpified YTrubleshootng With compiete
reg =Neration sequences laking lese than ten
mir .tes, troudlashooting procedures, ke doubls
regenerahons, 878 compleled with a minimum
amount of doenting and tabor

_ow Risl for Bacteria Growth

"he standard Recofio design features & simple pipng
nankold with virtually no “dead legs * Diaphragm self-
‘eaning vaives (butterfly-type for lines 3" in size or
31Qer) 8ls0 reduce the chance for bacteria growth.
fhe shont-cycle, reciprocating flow action of the
Iecofio design “sanltizes™ the bods by the frequent
ntroduction of regsnerants

The chance of organcs siaying on the Recoflo resin
mummhmm
undet the same inlet water condtions. The
regeneration cycie of the Recofie design does not
aflow penetration of the resin bead as the bed s
flushed frequently Organic emoval procodures ¥

roquired, ika brng sqQueezes, are performed with a
few hours

Three-Year Warranty

Eco-Tec has great pride and confidencs in the
products we manufacture Backed by years of
sevice in environments much harsher than water
trsatment, we offer an unprecedented three-year
equpment waranly against gefective matenasls and
workmanstup on alt he products we soll.

ECO-SERV Customer Service

in additon to the In-house testing, commissionng
supervision, operator tranng, laboratory analytical
service, and fully stocked spars parts inventory, Eco-
Tec provides letime equipment performance
moniioning and 24-hour tefephons customer service
In the event a customer naods any parts or one of our
service representaives on-Sis, we Can normally
supply such service within twenty-lour hours

Research & Development: -

Eco-Tec's commitment io contnuous resegarch and
development i reflected n the gstablishment of a
totally independent high technology subsihiary,
Prosep Technologies In ling with Eco-Tec s mession,
Prosep s mandate 1 lo introducs cos! eftective
solutions to waler purificaton problems using the
latest technologres  Roacolio s a product of extensive
research and s backed by a continuous development
program

’-\Beco-rec

ECO-TEC {EUROPE| g
Ut 5C. D and B Chase Pt Industnad Exme

<kenng. Ontang g Road, Chase Terrace Walsalt
wady L1W 209 Englang W37 80

* (9051 831 MO0 Tet (44] {1543) 83086

w {905} 831 2909 Fax {44) (1543) 874117

1 RMEMArny, IMOMAtOn 1AC FCOMMENdEons COMBNSd herem pre 10 Our kNCWINdDS Ve 31T SCCURNE  HOWEVET RO QUATENIES Of wirranly & Dvan. SDMSed
AMOASE  Nor Shall 80y SIIMSN. nlormeion Or ICOMMENdSion CoNEMS 3 represeniaton yniges 391 107h i1 an Sorsement 3gned by Eco-Tec.

BEST AVAILABLE COP
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.Superior performance with
advanced lon exchange technology
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How Continuous Deionization Works

1} Feed water gnters the systam
and flows inside resivmembrane
compartments Part of the feed
stream flows aiong the outside of
the membrans surface 1o wash
away unwanled ons

2) Resins capture dissolved ons

3) Electnc current dnves captured
cations through caton membranes
and captured anmons through ann
membranes

4) Cation-permeable membranes
transport catons out of resin

5} Anmon-permeable membranes
transport anions out of resn

comparment but prevent cations
from ieaving waste stream

6) Waste stream flushes
concentrated ions from system

7) Product water leaves system

Typtcal industnes where lonpure
COi 1s being used include

« pharmaceutical

+ glectromcs

» chemicals manufactunng

= electro-coating

+ boiler make up

*+ food and beverage

s laboratones

= power generaton

+ opheal glass manufactunng
* cosmelcs

Percent Sait Reduction

The CDI process removes mineral
salts on a predictable basis refated
1o the fesd concentration, feed flow
rate and typs of pretreatment The
vanable controlier option will allow
for automatc power adiusiment to
mamtam a constant percent
raduchon

CATION
PERMEARLE
MEMBRANE ™

<fon

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

Operating Presaure 20 - 60 psi
Temperature 10~35°C (50-959F)
Free Chlorine

<0 1 ppm at BO% recovery

< 0 05 ppm at 85% recovery

< 0025 ppm at 90% recovery

ron, Manganese, Sulfide* <0 01 ppm
pH 4 10

Prefiitration Required. S ym nomnal
1 um norpunal f SD1 s >4

Dissolved Organics (TOC): < 05 ppm
Hardness <10 ppm

Solteners are required for all tap
feed applications
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CDI MODULE HO30 HOG0 H120 H240
Nominal Fiow Conditions
Product flow rate gpm {lpm) 5 {19) 10 (38) -~ 20 (76} 40 (151)
Product recovery 80-95% 80 - 95% 80 - 95% 80-95%
Pressure drop @ 25°C, psid 8 8 10 10
Other Flow Conditions
Minmum product gpm (ipm) 2 & 4 (15) 8 (30) 20 (78)
Maxmum product gpm (Ipm) 8 (30 16 (61) 32 (121) 64 (242)
Percent Salt Removal (at nominal fiow)
RO feed < 50 umho/cm >99 > 99 >99 »>98
Tap feed < 500 pmho/cm 98 98 98 - 88
Tap feed < 1000 ymho/cm 95 95 95 - a5
AG Electnical Requirements (maximum)
Less than 150 ymho/cm 7Al10 TA/ 10 14A /30 21A/ 30
Between 150 - 600 ymho/cm 7A7 10 13A/10 21A/730 33A/30
Between 600 - 100G ymho/cm TA 1@ 14A /1D 21A730 45A 1 3@
AC nput voitage 220-250V 50460 hz. Other AC options are available
Dimensions, Module with Flow Control Assembly
Heght, nches (cm) 45 (114) 45 (114) 45 (114) 46 (117)
Width inches {cm) 33 (84) 33 (84) 39 (99) 32 (82)
Depth, inches {cm) 39 (86) 36 (91 54 {137) 72 {183)
Operating Weight {bs (kg) 350 (159) 450 (201) 660 (300) 1200 (544)

System Specitications
CDI unds can be contigured m
parallel o obtain the desired flow
rates Systems are avatlable m
fiow capacties of 5 500 gpm
Varying the flow rate through the
CO1 untt will vary the resistivity ot
the product water Product

for all modules can be as
high as 95% with RQ fead

Pre-trsatment

CDl technology was developad to
operats with little or no downtime
In order 10 accomplish this the

fesd water must be pretreated 1o
optmize the operation and to
prevent downtime due 1o scale
formaton and colloigal and
particuiate plugging Pretreatment
1§ also needed 1o reduce high
lavels of free chlonne and organic
foulants

Dissolved carbon dioxide 1s
converted to bicarbonate salts and
then removed by the CD! process
Loading due to CO» must be
considered when predicting water
qualiy

In most cases the use of Reverse
Osmosts prios to CDI wall provide
all pretreatment necessary for
ophmum operation of the CDI

The type of pretreatment required
18 dstermmed by companng the
water to be punfisd with the feed
water requrements

U 5 Filter will design custom pre-
treatment equipment to meet the
feed water standards
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For Product and Services Information
Unded States Fiter Corporation

10 Technology Drive
Lowell MA 01851

Prone  508-834 9349
Fax  509-441-6025

For Technical Support Cell -
1-B00-466-7873 axtonsion S000
Offices Outside U S - Call
Beigium 10 4546 07
Costa Reca 506 236-263¢
France (1) 34.82 17 00
Garmany 60 02 50 $0
HorgKong  BS2 5960000
lrsfand 3§-825-1461
Ttaly 02/45 100 179
Msxico 527 3125576

Natheriands 1608 17711
Paerto Rico 809 747 8404
Spain 1 3271740
Swaden 23-39150
992-501513

US.FILTER

UNITED STATES FILTER CORPORATION

Onpwre & & regustened Trademens of Urnied Siates Fiiter
Cogoraton

Poowd 1254
M-Senes COt Liserature 8 USOM

In gccordance with Unted States Filter Comporation pokcy of continusl program
of product SevVaiopment and IMEOvement. we reeerve the night lo changs the
product sDecheabon wmithn g Misrature ot symg wlhout pnor NOUCS

Q:" Printed on recycled paper
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High-purity Water for
Power Generation

lonpure Technoioges Corporaion s & worldwde
ey wvolvad v the dosgn, momnyfacivre ond
serv ce of high relgbxkty viondard ond turn-tay woter
Pt { colion mw?km-cd indusinal applcatons
NPLCE 3 Ungue punikgtion sechnologes ore the
ti-ilf 0 30 yerws of ccsoorch, development, ond

t luncat macvahon Tha expenence, along with @
strang commimant 1o syslem inlegration and
cuntmer wialocton, s helped ssiobinh lonpure o
the world leader v induiirial waler pueficaton.

bapmmhbmmmmwhcm
proceys that is capoble of witra-hgh purity
wylcr tht mesls the otions of the power
unhairy, has Ingh sysiem recovery, greotly reduces
opsraing Loslt, ond elimingtas sxposwe io
hazurdgus chemicols. This process, known os
RO/CDI s an Jedl ollerncivg X aulomotic
deonvers ond provdes @ chemcal-ree deonization
rucuss with the additono! benehils of consetent
wiitor quality, lowor aperoting coss ond reduced
MONPOWET 18U eMons.

US FILTER 82

The Need for Pure Water
Trouble-tree operotion af lugh pressure boder ond
seom ]

'muml dapcndmw mam;nlanmwwu
w«&mmm«mm
woler treaimont system con resull in xabing ond
depestion on boder iwbes ond turbune blacks,
covsing loss of heot womfcr, twbe ndure andd
reduced hebne efhciency

For these recsons, it & impociont tha! your plant s
woler iregiment syslem s desgned 1o continyolly
tael crdicol chemistry specificalons, provaiy
uninferrupted power generghon und avosd costly
downtume for rapads or cleaning

RO/CDI — The Ionpure Solution ,

lonpure s cost-effectve RO/CDI woter purihcation
process olfers @ procical soluion for producing vira-
Fugh quolity water wihout requiring hazardous
cherrxcols for regenstobon. By combining two praven
echacloges (Ravera Osmors and tonpure’s
patented Contnuous Deionzation (CO), the
RO/CD! deonization process is abie to achisve
esuter thon .1 evcromho/em woler guulity,
conhnuausly, without themcols and with extremaly

low opamaiing coshs.
What is
Continuous Deionization?
CDi s a contmuous process tho! vses lon e3ing,
1on exchange membrones, und o smple current 10

putiy waler — confitvously mmw.m
hgh water quality up 1o 0 0SS mcromho/om, and

sgadicantly raduces sdica contant and TOC. And snce CDI
doss not requurs chemucal regeneraion, thare & no downtime
or costly interuphons i sernce,

Complementary Technologies

RO (Bulk Deronization)
« Removes 90-96% of of TDS
* Removes 95-95% of load uice

* Renoves 99% of all orgomcs gracter thon 200
molucvkar waght [TOC)
« Ramoves $7% of oll poricvione motter

In oddivon 1o acheving e condittivily spechcston,
the RG/CDI process producas hvgh punty woter with
less than 10 ppb of silico ond less than 50 ppb of
TOC kesping lurbune biodes and other mechone ol
poris clean for long term, inniarupied operation,

CDI (Polishing Deionization)
* Removes over 99% of remaining TDS
 Ramovas up 10 99% of romomng sikca

* Removes aver %0% of orguews (TOC}

* Remaves 95% of remanung CO2

b2
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RO/ CDI Benefits

* Ehenengtes hezarcous chemecols

» Ehminalas noutrglizobon wysiems

» Consistent plent wuter Quality (g 1)
» High wiiter vcovery (hg 2]

» Conhnuows relabk. gperofion
® Low optuting ¢osls Tig J)

o Process dnkhorge masts affiuen regulalions ond
can be ecyciud or discharged directly fo sewar

US FILTER

RO/CDI Performance
10=35 C, 0~1400 micromho/cm
Produst Water {micromha/em).
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High Performance Systems for Power Generation

9

Figure 2 Typweal design for an RO/CD! hegh purdy water sysiem

Tolal System Cost Comparison
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CDI Polishing

if you ciraady have on RO sytiem lnstalled, you
con sl /nprave your process by dmply replacing
yOuf 1cgunecuble system with g coninyous
deoruzabon tysiem, The oddifion of an fonpyre COI
aystem will produce waler that mests ol Power
spacilicougng ancluging, Waler quolily grecier thon
0 ! mcromho/em (Fg 4), less thon 10 ppb sdca ond
less hon S0 peb TOC CDI can ochieve this without
the hozords ond problems of chenvcol regenergtion,
Wik COI, o8l and manienonce ore Signi
heundy iower thon mopd bed delonization (g §)

System Support
Services

lonpurs ofen the industry s widest ronge of
Engnesrng, Sysiem Support and Anclytical Semices
From system design ond wytoliohon lo on-ste salem
wpport and MaNisNGACe, OUr Process engineers and
fiekd service techacions ore gvailable to assist you
throughout thy e of your system. lonpure cleo
markats the mast comprehonkve ronge of water

purilcaton producss avoiloble — liom prehiters to on
line nslrumeniglion

U5 FILTER

&5 IONPURE
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CDi Performance. RO Feed
Nominal Fiow 10+35 C 0+100 umho/cm
Watar inisromesrand
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Figus 5 Operating cost comparson

ForMore infermaten
To lif out mors abaut these and other lonpure produchs
undsernges, cott 1-300-783PURE x5000, A1 ionpure
youd ahwoys bad o Techacol Support Ropreseniatve
ovaiigble 1o answer your questions - 1 3 pon of aur servce,
us

Rurepesn Headquarten
tonpwe Tachnologes Corpargiion  lonpurs Technologies SARL
10 fuchnology Deve 1/3, Rue Paviov
Towel MA QI85! 78196 Trappea Cedex
Tolephon: {506 934 7309 Poris

00y 783 PURE Telephone; (1) 34 82 10
tun [508) 4416025 fax: {1) 20 51 8451

Internatiana] Dutributer

forpury® 8 regeiered Yaslamert of

torguey Techeeiopes Corparmiian.
PrevedetiSA Q392
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