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EXECUTIVE SUMMARY

Introduction

Under contract number 278-0288-00-4026-00 with the United States Agency for International
Development (USAID), Development Alternatives, Inc. (DAI) is performing an Industrial Wastewater
Discharge Prevention (lWDP) Program in Amman, Jordan. The IWDP Program is one of the four
components of the Water Quality Improvement and Conservation (WQIC) project funded by USAID.
The Program is being performed by DAI with full coordination between the Jordanian Ministry of
Water and Irrigation (MWn and the Amman Chamber of Industry (Chamber).

This report provides the fmdings of the audit conducted at the Jordan Sulpho-Chemicals Company (JSC)
facility on September 20, 1994, and the results of the subsequent discharge monitoring conducted by
the audit team on September 25, 1994. The report provides recommendations for the development of
a site-specific program that meets the specific needs and goals of the JSC facility. Audit
recommendations include both pollution prevention and waste minimization (PP/WM) techniques (e.g.,
water conservation techniques, housekeeping practices, alternate waste disposal practices, etc.) and
suggestions for PP/WM training for facility staff and follow-up studies to assess program successes.

Process Overview

The JSC facility produces a variety of chemical products used to manufacture soaps, detergents and
cleaning products. Most of the chemicals produced are sulfur-based; however, the facility also produces
sodium silicate and fatty acid amides which do not contain sulfur. The major production plants in the
JSC facility include the following:

• Sulfonation/Sulfation Plant
• Saponification Plant
• Sodium Silicate Melting and Dissolution Plant
• Sodium Toluene Sulfonate (STS) Plant
• Alkanolamides Plant

Audit Findings

Water Use and Balance

The JSC facility's total water requirement was dependent on whether water was supplied by tanker or
drawn from JSC's private well. Where water was received from tankers, the facility required
approximately 90 m3 per day of fresh water for all uses except potable water. When the RO unit was
in operation, the facility water use increased to approximately 110 m3/day due to the RO reject and
membrane washing streams.

ES-l

- 11111181.--

\



The specific water uses for each of the major plant areas of the JSC operation are described below.

Sulfonation/Sulfation

Excluding the central cooling and steam systems, the total water used in the sulfonation plant was
approximately 9.7 m3/day, or 11 percent of the total facility water consumption. Water was used
in the sulfonation/sulfation plant for the following purposes:

• Raw Material Dissolution
• Scrubber Water
• Product Stabilization

• Contact Cooling
• Cleaning

In addition to these process specific uses, the sulfonation plant also used non-contact cooling water
and steam from the facility-wide recirculated cooling system, and the steam was from the central
boiler system.

Saponification

Excluding the central cooling and steam systems, the saponification plant used approximately 6.5
m3/day of fresh water, or about 7 percent of the total facility consumption. Water was used in the
saponification plant for the following purposes:

• Raw Material Dissolution
• Process

• Cooling and Steam
• Cleaning

In addition to these process specific uses, the saponification plant also used non-contact cooling
water and steam from the facility-wide recirculated cooling system, and the steam was from the
central boiler system.

Sodium Silicate Production

The total water consumption for the sodium silicate plant (melting and dissolution) was estimated
to be 20.8 m3/day, or 23 percent of the total facility water consumption. Water was used in the
sodium silicate plant for the following purposes:

• Dust Control
• Contact Cooling
• Product Dissolution

Sodium Toluene Sulfonate Production

• Filter Washing
• Cleaning

Water consumption in the STS plant was estimated to be 1.7 m3/day, or about 2 percent of the total
facility consumption. Water was used in the STS plant for the following purposes:

• Raw Material Dissolution
• Process
• Cleaning

ES-2
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In addition to these process specific uses, the STS plant used non-contact cooling water and steam
from the facility-wide recirculated cooling system, and the steam was from the central boiler
system.

Alkanolamides Production

In general, the processes used for manufacturing alkanolamides did not use water.

Cooling, Steam, and Other Water Uses

The JSC facility utilized a recirculated cooling system for process temperature control, and other
various uses, for all plant operations except sodium silicate melting and dissolution. Make-up water
was added as needed for losses due to blowdown, evaporation, and leakage, and was estimated at
6 m3/day.

The JSC facility also used a central boiler system to generate all of the steam used for process
throughout the operation. The JSC facility staff indicated that approximately 36 m3/day of make-up
water, or about 40 percent of the total water consumption at the JSC facility, was needed to
maintain the steam system.

The JSC facility reported that water was also used for cleaning tanker trucks, domestic uses, and
for limited irrigation for landscaping. These uses were considered minimal and did not significantly
effect water consumption.

Wastewater Discharges

All routine discharges of process wastewater from the JSC facility were collected and directed to the
central wastewater collection basin. Discharges to the basin included all process wastestreams, cooling
water system blowdown, boiler blowdown, cleaning and maintenance discharges, and leaks and spills
within the plant processing areas. The waste collection basin reportedly has no effluent discharge to
the wadi or groundwater; however, its proper operation and maintenance are imperative for protecting
local surface and groundwater resources.

While all wastestreams flow to the collection basin during normal operations, the facility reported that
in wet weather, all process and stormwater flows are directed directly to the wadi. Based on general
drainage characteristics of the facility, many of the areas where solid and liquid wastes are stored would
also drain directly to the wadi.

Process Wastestreams

Sulfonation

The following wastestreams were identified by the audit team:

• Cooling Water and Condensate
• Contact Cooling Water
• Cyclone Discharge
• ESP Discharge

• Scrubber Discharge
• Dryer Condensate
• Cleaning Water

ES-3
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Saponification

The audit team detennined that during nonnal operation there was no discharge of wastewater from
the saponification process. A wastestream, however, was generated during cleaning and
maintenance activities.

Sodium Silicate Production

The processes involved in the production and dissolution of sodium silicate resulted III the
generation of several wastestreams. The following discharges were identified:

• Contact Cooling Water
• Storage Tank Sediment

Sodium Toluene Sulfonate Production

• Filtered Solids
• Cleaning Water

The STS manufacturing plant generated wastewater during the reaction process as well as from
product drying and area maintenance. The following wastestreams were identified:

• Process Wastestream
• Dryer Condensate

Alkanolamides Production

• Cleaning Water
• Contaminated Cooling Water

The production of alkanolamides from fatty acids generated a wastestream during the reaction
process. Vapor from the reactor was condensed, cooled, and separated into two phases; aqueous,
and "pasty waste. "

When alkanolamides were produced from methyl esters, the vapors generated by the process
contained methanol. The methanol produced by the reaction was collected by JSC and sold as a
useful by-product.

Cooling Water, Boilers and Other Waste Generating Activities

The JSC facility maintained a water treatment system, a centralized cooling water system, a
centralized steam generation unit, and had several other miscellaneous water uses. Several of these
activities generated significant wastewater discharges. These wastestreams included:

• Groundwater Well Sediment
• RO Reject
• Softener Regenerate
• Boiler Blowdown

Materials Handling and Storage

• Oil Spill Clean-up
• Cooling System Blowdown
• Tanker Washing
• Domestic Wastewater

During the site visit to the JSC facility, the audit team noted several areas within the JSC facility
where protection against spills and accidental discharges had been provided. These included
containment structures around storage tanks, covered areas for raw materials storage, and concrete

ES-4
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pads and berms designed to prevent spills to the soil. In addition, the JSC technical manager
indicated that a new materials storage hanger had recently been constructed, and that three larger
hangers would soon be built. These buildings will reportedly be used to house raw materials,
intermediates, products, and wastes, and will help to prevent contamination of soils and stormwater ­
runoff.

While certain PP/WM measures were in place at the JSC facility, the audit team noted several areas
where storage, handling, loading, unloading, or waste disposal practices provided opportunities for
spills, leaks, and contamination of soil and groundwater. Materials observed in these areas included
raw materials, intermediates, final products and solid and liquid wastes.

Waste Collection Basin

The centralized waste collection basin provided no treatment to the wastes collected. The JSC
technical manager reported that there had been no discharge from the basin during its 4 years of
operation. In addition, the manager also reported that neither liquid nor solid waste has been
removed from the basin by waste hauler. The technical manager indicated that evaporation
accounted for significant losses from the basin; however, an actual flow balance had not been
performed around the collection basin to determine the fate of the various wastestreams. Without
such a flow balance, it was unclear whether any of the wastewater in the basin had seeped into the
surrounding soils.

Results of the analyses performed following the audit indicated that the basin contains high
concentrations of oxygen demanding organic pollutants, suspended and dissolved solids, nitrogen,
surfactants, and some toluene. These pollutants and concentrations were consistent with the types
of wastes known to be discharged to the basin. The oxygen demanding pollutants also appeared to
be generally biodegradable due to the relatively low COD/BOD ratio (approximately 2).

While toluene was determined to be present in the basin, its concentration at the time of sampling
was not particularly high. However, its presence indicated that some amount of toluene was
entering the wastestream and collecting in the basin. It is also possible that other toxic organic
pollutants may be present due to the breakdown of toluene or other organic material in the basin.

Air Emissions and Solid Wastes

While the focus of the PP/WM and water conservation audit was related to water use and wastewater
generation, the solid wastes generated, and the pollutants discharged to the atmosphere were also
examined.

Air Emissions

The principal atmospheric discharge generated at the JSC facility, was the S02 wastestream from
the sulfonation plant. In addition to the S02 emission, the burners for facility's boiler operation,
sodium silicate kiln, and multi-purpose dryer, also generated an air emission. The JSC facility also
reported that it had burned waste sulfur to reduce its quantity of solid waste. This open burning
of sulfur resulted in emissions of S02'
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Silica and sodium carbonate dust was generated during the measuring and blending process, and
sodium silicate dust was generated following the melting process from handling and storage of rock
sodium silicate. Dust control was provided by a water spray in mixing of raw materials, and
workers were reportedly provided with filters.

Although the STS plant was not in operation during the audit, it was reported that toluene fumes
were occasionally present in this area.

Solid and Drummed Wastes

The JSC facility operations resulted in the generation of significant quantities of solid and drummed
waste. The JSC staff indicated that approximately 645 drums had accumulated at the facility at the
time of the audit. In addition, the facility reported that an additional 10 tons of solid sulfur waste,
and 10 tons of solid sodium sulfate waste were also stored on site.

Recommendations

During the audit conducted at the JSC facility, JSC staff and management were extremely helpful in
providing access to facility operations and in providing requested information. The staff and
management of the JSC facility also expressed a sincere concern regarding current wastewater
generation and water consumption practices at their facility. Based on the process evaluation and the
assessment of PP/WM and water conservation opportunities conducted during the audit, the audit team
identified the following recommendations, grouped into three categories:

• Process Operations;
• Materials Handling and Storage; and
• Other Waste Generating Activities.

Process Operations

Water Conservation and PP/WM opportunities recommended in this section relate to practices
directly attributable to a specific plant operation. The following recommendations are provided:

1. Sulfonation/Sulfation

• Sulfonator Optimization - The JSC facility should evaluate and optimize, if possible, the
operation of the sulfonation film reactor to eliminate or minimize the generation of
unreacted or charred materials.

• Reduction in Use of Branched Alkvlbenzene - The JSC facility should evaluate the
economic aspects of reducing or eliminating the use of branched alkylbenzene.

• Utilization of Sealless Pump - The JSC facility should investigate the possibility of using
a sealless pump for transporting molten sulfur. This would prevent contamination of
cooling water.

• Leak Control - The JSC facility should provide additional maintenance to minimize leaks
within this plant.

E5-6
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• Spill Prevention - The JSC facility should develop measures and provide training to staff
in order to reduce the potential for spills within the plant.

• Sulfur Quality Control - The JSC facility should investigate the cost/benefit of Qbtaining a
cleaner sulfur supply to reduce the volume of solid sulfur waste generated by the sulfur
filters.

• Catalytic Converter Optimization - The JSC facility should evaluate the operation of the
catalytic converter to optimize operation and reduce S02 emissions.

• Leak Prevention - JSC should provide additional maintenance to prevent or repair leaks as
soon as possible.

• Elimination or Minimization of Contact Cooling for Sulfur Pumps - Contact cooling water
for sulfur pumps should be replaced by a non-contact cooling water system or by sealless
pumps.

• Minimization of Scrubber Water - The JSC facility should maximize the air to water ratio
in the scrubber unit in order to minimize water use necessary for this unit to operate
effectively.

2. Saponification

• Reactor Optimization - The saponification reaction temperature should be optimized to avoid
line blockages and unnecessary product wasting during cleaning (unblocking) operations.

• Leak Control - The equipment in the saponification plant should be maintained more
rigorously to reduce steam leaks. This will reduce discharge of contaminated condensate,
and reduce the need for boiler make-up water.

• Production Schedule Optimization - The production schedule should be modified and
optimized to prevent frequent changes of products and reduce start-up losses.

3. Sodium Silicate Production

• Elimination or Minimization of Contact Cooling - The JSC facility should investigate the
opportunity for using non-contact cooling water, or minimizing cooling water use, for the
casting belt. This would eliminate the discharge of contaminated cooling water, and reduce
the need for make-up water.

• Sediment/Filter Solids Control - The JSC facility should investigate possible ways to
minimize sediment in the dissolved sodium silicate storage tanks. Methods to reduce
sediment generation could include:

Increase the purity of its raw materials;
Optimize the operation of the kiln; and
Optimize the dissolving conditions in the autoclave.

• Dust Control - The JSC facility should implement additional dust control measures to reduce
opportunities for worker exposure to silica dust.

• Maximization of Cooling Water Reuse - The JSC facility should maximize its use of the
casting belt cooling water for dissolution of rock sodium silicate.

ES-7
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4. Sodium Toluene Sulfonate Production

• Elimination of Toluene Discharge - Water remaining following separation of toluene from
the toluene/water mixture, should be storea and fully reused in the process in lieu of
discharge to the collection basin. Storage and reuse efforts may require construction of an
additional storage tank in the STS facility. Alternatively, the water contaminated with
toluene could be treated by activated carbon, air stripping, or other means, and reused, or
in some way segregated from other plant discharges.

• STS Cooling Water Segregation - The use of the central cooling water system for the STS
plant could be eliminated by constructing an STS specific cooling system. Additionally, a
toluene leak detection system could be installed to minimize the loss of toluene to the
cooling circuit. This practice would eliminate the discharge of contaminated cooling water
to the basin, and would reduce the need for cooling system make-up water.

• Leak Control - The equipment in the STS plant should be maintained more rigorously to
reduce or eliminate possibilities for the cooling water and steam to become contaminated
by toluene due to leaks.

• Dryer Condensate Reuse - The JSC facility could investigate possible in-plant uses, such
as equipment or floor cleaning, for the condensed vapors from the STS drying unit.

5. Alkanolamides Production

• Elimination of Pasty Waste Discharge - The JSC facility should ensure that all of the pasty
wastes generated at the plant are drummed, and not discharged to basin.

Materials Handling and Storage

During the audit site visit, the audit team noted a variety of materials handling and storage practices
at the JSC facility that could result in the discharge of pollutants to the wadi during a storm event.
The following PP/WM and water conservation opportunities were identified by the audit team to
address these findings.

1. Concrete loading and unloading areas should be constructed utilizing containment berms and
rain covers to isolate spills, prevent soil contamination, and eliminate stormwater runoff.

2. Drummed and bagged raw materials, intermediates, products and wastes should be stored in
covered areas with concrete floors and spill containment berms.

3. The drainage hole cut in the wall of the sulfur melting room should be sealed.
4. Leaks and spills throughout the JSC facility should be removed by absorbent materials or other

dry cleaning methods and not rinsed to the collection basin. In addition, where barrels are used
to collect overflow from process units, these collection vessels should be replaced more
frequently to ensure they do not overflow to the collection basin.

5. Containment structures constructed to prevent spills from reaching bare ground or the wadi
should be repaired and maintained to ensure their proper operation. Where drains are located
in these containment structures, they should be closed under normal circumstances, and opened
only to remove uncontaminated stormwater or washwater.

6. Tanker truck and barrel washing should be performed off site at a suitable location, or within
an area of the JSC facility designed to contain truck and barrel washing discharges.

ES-8
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3. Waste Collection Basin

• Optimize Operation of the Collection Basin - The JSC facility should carefully study the
operation of the waste collection basin to ensure that wastewater does not leak or drain from
the basin to the ground or to the wadi.

• Prevent Seepage from the Collection Basin - The JSC facility should evaluate the possible
migration of wastewater from the basin to the soil and groundwater. To perform the
evaluation, monitoring wells could be constructed near the basin to determine if leakage has
occurred, and if so, the extent of the migration.

Follow-up Actions

To ensure the success of a PP/WM or water conservation project, a facility implementing specific
actions must follow-up on these actions to ensure that the goals of the project are achieved. It is
imperative, therefore, that the JSC facility follow-up implementation of any of the recommendations of
this report with activities such as increased monitoring of water use and disposal, ongoing maintenance
and upkeep of new equipment, and conduct of periodic training and instruction for management and
production line staff.

Increased monitoring of water use and disposal is particularly important for the JSC facility due to the
current lack of data in these areas. Specifically, the JSC facility should begin routine monitoring of key
water usage activities and wastewater discharge streams, including the wastewater collection basin. This
will assist the facility in more accurately targeting areas of concern, and will provide baseline data for
overall plant performance. In addition, prior to initiating specific PP/WM activities, JSC should
evaluate the baseline characteristics of the wastestream (or water consumption activity) to be corrected.
This baseline data can then be used to measure the initial success of the PP/WM or water conservation
technique, and can also be used to ensure that the technique continues to perform successfully over time.

With respect to the PP/WM and water conservation techniques recommended in Section 7.0, the JSC
facility should follow-up on all of the elements that it determines are productive. Implementation of
these recommendations will reduce water consumption, pollutant loadings, and may result in the
recovery of additional by-products. In particular, the JSC facility should follow-up on the following
recommendations:

PP/WM Recommendations

1. Materials Handling and Storage - During the audit site visit, the audit team noted a variety of
materials handling and storage practices at the JSC facility that could result in the discharge of
pollutants to the wadi during a storm event, or which could contaminate surrounding soils. The
JSC facility indicated that several large hangers would soon be constructed and used for
materials storage. The JSC facility should review all current practices for materials handling
and storage in order to minimize impact to the wadi.

2. Operation of the Waste Collection Basin - The waste collection basin operated by JSC should
be fully evaluated to assess influent and effluent flows. In particular, monitoring of influent
flow should be evaluated fully in order to perform a proper flow balance. Possible leakage
from the basin should also be evaluated by the installation of one or more sampling wells.
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Control of Other Waste Generating Activities

1. Solid and Drummed Wastes

• Utilization of Sulfur Wastes - The JSC facility should promote the use by outside firms of
the solid sulfur waste generated by the sulfonation process.

• Utilization of Charred Material - The JSC facility should investigate the re-introduction of
additional charred material, generated in the sulfonation reactor and removed by the
cyclone, to the final product.

• Utilization of Sodium Silicate Sediment - The JSC facility should investigate alternative uses
for the sediment collected in the dissolved sodium silicate storage tanks, and for the solids
removed from the plate filters used to remove impurities during transfer from the storage
tanks to the final product tanle

• Utilization of Sodium Sulfate Wastes - The JSC facility should investigate the use by other
companies of the waste sodium sulfate generated by the STS process. Additionally, the
process should be optimized to reduce the generation of this material to the extent possible.

2. Utilities Wastes

• Utilization of RO Reject - RO reject and membrane filter water should be removed from
use in irrigation of adjacent farm land. The reject water should instead be evaporated, or
treated, to prevent TDS contamination of soil.

• Utilization of Recovered Fuel Oil - The JSC facility should revise boiler maintenance
procedures to prevent the discharge of waste fuel oil to the waste collection basin.
Alternatively, an oil water separator should be installed prior to the waste collection basin
to prevent waste fuel oil from contaminating the basin.

• Leak and Spill Prevention - Leaks and spills throughout the JSC facility should be
minimized to reduce contamination of the centralized cooling and steam systems.

• Domestic Waste Treatment - The JSC facility should construct an engineered septic tank
with a suitable leach field to treat the domestic wastes generated by the facility.

• Pre-treatment of Cooling Water - The JSC facility should use RO water or softened water
for cooling water make-up. Use of treated water would decrease blowdown frequency and
reduce the need for make-up water.

• Reduction of Steam Losses - The JSC facility should provide additional maintenance to
prevent steam leaks. Steam losses account for a substantial portion of total water
consumption at the JSC facility.

• Maximization of Heat Recovery - All means should be investigated for heat recovery prior
to release of any waste gases/steam to the atmosphere. This may result in conservation of
energy and reduce water consumption through the need for less make-up water for steam
generation.

• Replace Wet Cleaning with Dry Cleaning Methods - The JSC facility should use absorbent
materials and brooms for cleaning wherever possible. In addition, low pressure hoses
should by replaced by a high pressure system.

• Truck Cleaning - The JSC facility should provide additional draining of product prior to
washing tankers, and use a high pressure washing system to reduce water use.
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1.0 INTRODUCTION

-

This report presents the findings of an audit conducted to evaluate the Pollution Prevention Waste
Minimization (PP/WM) and water conservation opportunities for the Jordan Sulpho-Chemicals Company
(JSC) facility located near Zarqa, Jordan. Additionally, this report provides documentation of the on­
site evaluation of the facility's current operations, discusses water use and disposal practices, and
provides recommendations for PP/WM opportunities. Additional information including industry
background, audit procedures, and an overview of the facility's operations, are provided to support the
audit findings and recommendations.

1.1 BACKGROUND

Under Contract No. 278-0288-00-4026-00 with the United States Agency for International Development
(USAID), Development Alternatives, Inc. (DAI) is performing an Industrial Wastewater Discharge
Prevention (IWDP) Program in Amman, Jordan. The IWDP Program is one of the four components
of the Water Quality Improvement and Conservation (WQIC) project funded by USAID. The Program
is being performed by DAI with full coordination between the Jordanian Ministry of Water and
Irrigation (MWI) and the Amman Chamber of Industry (Chamber).

The IWDP will be performed in three phases. The first phase requires completion of ten PP/WM audits
by DAI and its sub-contractors. The second phase requires completion of Feasibility Studies (FS) for
four of the audited facilities. Finally, demonstration projects will be completed for two selected FS
facilities.

Harza Consulting Engineers and Scientists (Harza), Chicago, Illinois, USA, and Science Applications
International Corporation (SAIC), Falls Church, Virginia, USA, have been retained as the
subcontractors to lead the audits. The Royal Scientific Society (RSS) of Jordan, was selected as the
local consultant to assist the lead consultants in the audit site visits and report development. The
PP/WM audit for the JSC facility was conducted by the SAIC/RSS team.

Due to the scarcity of water in the Zarqa Basin, as well as the need to minimize the release of pollutants
into waters of the basin, it is in the best interest of industries to conserve water and implement effective
PP/WM practices. Companies practicing PP/WM and water conservation programs will more
efficiently utilize scarce resources and minimize their impact on these resources. The hierarchy of
PP/WM and water conservation practices includes:

1. Reduce waste generation

• Substitution of less polluting raw materials in product manufacture;
• Alteration of products manufactured to eliminate need for use of polluting materials;
• Replacement or upgrading of outdated or inefficient process equipment; and
• Development of employee training programs to ensure employees can efficiently manage raw

materials and resources.
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2. Reuse waste materials prior to disposal

• Reuse of uncontaminated raw materials and resources (including water);
• Reprocessing of previously discarded materials (e.g., off-spec materials, used materials); and
• On site recovery of reusable materials (e.g., used solvents, waste heat, scrap).

3. Recycle waste materials.

4. Treat wastes and dispose of residues.

The PP/WM audits performed during this program will identify and evaluate available PP/WM and
water conservation opportunities and will provide site specific recommendations to assist the study
industry in developing a comprehensive water conservation and PP/WM strategy.

1.2 OBJECTIVES

The facility PP/WM audits are designed to assess the potential techniques for PP/WM and water
conservation at the study facilities. The goal of each audit is to evaluate and identify all possible
PP/WM, wastewater clean-up, and water conservation techniques that are appropriate for the study
facility.

The specific objectives of this audit are as follows:

1. Review general industry background data and identify "state-of-the-art" wastewater management
and processing practices.

2. Work on-site with industry representatives, MWI and the Chamber officials, and other interested
parties, to review current processing procedures and identify possible options for PP/WM and
water conservation.

3. Prepare a report that evaluates possible PP/WM and water conservation alternatives and provides
recommendations to the industry.

In order to complete the first objective, a comprehensive literature review was performed. This review
included searches of the U.S. EPA Pollution Prevention Information Clearinghouse (PPIC) repository
(and its corresponding database PIES), on-line library catalog databases, pollution PP/WM
bibliographical references, and personal contacts with pollution prevention specialists. The review
resulted in the identification of numerous references with a range of very general to very specific
PP/WM techniques. Source documents were assessed to determine their applicability to this project and
categorized appropriately. The findings of the background document are included in Appendix F.

Following completion of the literature review, the audit team performed the on-site audit of the JSC
facility. The audit was performed with close consultation of industry representatives to ensure that they
were aware of and supported proposed actions. Audit activities included the careful gathering of
baseline water use and waste generation data, identification and assessment of potential PP/WM and
water conservation options, and solicitation of ideas and proposals from management and production
line staff.

2
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1.3 REPORT CONTENTS

This report provides the findings of the audit conducted at the JSC facility on September 20, 1994, and
the results of the subsequent discharge monitoring conducted by the audit team on September 25, 1994.
The report provides recommendations for the development of a site-specific program that meets the
specific needs and goals of the JSC facility. Audit recommendations include both PP/WM techniques
(e.g., water conservation techniques, housekeeping practices, alternate waste disposal practices, etc.)
and suggestions for PP/WM training for facility staff and follow-up studies to assess program successes.

The report is organized into eight sections that provide an overview of the sulfur chemicals industry,
as it applies to the JSC operation, (Section 2), a description of the audit procedures and documentation
(Section 3), a description of the water use practices at the facility (Section 4), a description of the waste
generation activities at the facility (Section 5), a discussion of possible PP/WM opportunities (Section
6), the audit conclusions and recommendations (Section 7), and the suggested follow-up actions (Section
8).

Several appendices are also included in the report to provide supporting documentation and reference
materials. The appendices include a copy of the audit questionnaire (Appendix A), information provided
by the JSC facility (Appendix B), an overview of regulations applicable to the discharge from JSC
(Appendix C), site visit photographs (Appendix D), references used to prepare the audit report
(Appendix E), and the text portion of the PP/WM Background Report (Appendix F).
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2.0 PROCESS OVERVIEW

The sulfur chemicals industry produces a wide variety of organic and inorganic chemicals containing
sulfur and sulfur compounds. The JSC facility produces sulfur- and non-sulfur-based chemicals used
in soap and detergent manufacture. This section provides an overview of the typical industry practices
for this industrial sector and a description of the specific processes used at the JSC facility.

2.1 TYPICAL INDUSTRY PRACTICES

The particular processes applicable to the sulfur chemicals industry in Jordan include: sulfonation and
sulfation, saponification (soap making), sodium silicate prOduction, sodium toluene sulfonate (STS)
production and alkanolamides production. A description of each of these processes is provided in the
following sections.

2.1.1 Sulfonation/Sulfation

The group of chemicals referred to as sulfonic acids include acids that are derived from sulfuric acid
by replacement of a hydroxyl group by either an inorganic anion or a univalent organic radical.
Sulfonic acids are, therefore, characterized by the chemical formula: -S020H or -S03H. Where the
substitution involves an inorganic ion (e.g., chlorine or fluorine) the general formula is represented
by X-S020H. Where the substitution involves an organic radical, the general formula is represented
by R-S020H. The properties of sulfonic acids are affected significantly by the characteristics of the
"R" group. The majority of sulfonic acids, however, are characterized as strong acids and are
generally hygroscopic, nonvolatile, soluble in water, and chemically stable.

Sulfonates (salts of sulfonic acids) linked to alkyl, aryl, or alkylaryl hydrophobes are effective in
detergent manufacturing. Sulfonic acids are relatively strong acids and their associated salts are not
generally affected by pH. The alkylbenzene sulfonate (ABS) group is an effective surfactant and
is widely used in soap and detergent manufacturing.

Sulfonates are produced by reactions of sulfuric acid and the inorganic or organic functional group
under prescribed conditions. The ABS group are generally produced by the reaction of sulfuric acid
and linear (or branched) alkyl-benzene. In this process the by-product of the reaction is water (Kirk­
Othmer 1983).

2.1.2 Saponification

Soaps are the salts of long chain fatty acids. Sodium and potassium are commonly used as the
cation in these salts. The surface activity of soaps is the result of the hydrophilic functional group
at one end of the long chain molecule combined with the hydrophobic group at the other. In
solution, these molecules aggregate as micelles which result in the emulsifying and dispersing
characteristics of soaps.
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The common raw materials used in soap production are naturally occurring fatty acids and inorganic
alkalies. Fatty acid feedstocks may include the following:

• Tallow - Animal fat rendered from the body fat oT cattle and sheep;
• Coconut Oil - Extracted from crushed fruit of the coconut palm;
• Palm Oil - Extracted from the crushed fruit of the tropical palm tree; and
• Palm Kernel Oil - Extracted from the nut of the tropical palm tree.

Common alkali used in the manufacturing process include sodium hydroxide (NaOH) and potassium
hydroxide (KOH). These chemicals can be used alone or in combination to yield specific
characteristics in the final soap product.

The manufacturing processes used in soap production vary depending on the raw materials and final
products being generated. In general, however, the process includes three basic steps:
saponification, washing, and fitting. Saponification involves the mixing and reaction of the fatty
acids and alkali feedstocks in a heated environment. In most processes the alkali is added slowly
during the reaction until the point where it is no longer consumed by the reaction. The unreacted
waste alkali (lye) is then removed from the reaction vessel for washing and glycerol recovery.
Washing involves the series of steps that result in the removal of lye from the soap product. Fitting
is the process where additional impurities are removed, additives are incorporated and final
processing is performed. These manufacturing processes can be accomplished in very simple open
tanks or in large fully automated systems.

In the process described by Kirk-Othmer, fatty acids, obtained from natural oils by hydrolysis or
by acidification, are readily neutralized with caustic alkali or carbonate to form soap. Glycerol
recovery is eliminated and, since fatty acids are usually distilled before use, nigre separation may
also be avoided. Thus, where high purity raw materials are used, the process generates essentially
no by-products (Kirk-Othmer 1983).

2. 1.3 Sodium Silicate Production

Silicates, both naturally occurring and commercially manufactured, are salts composed of silicon
dioxide and an alkali metal. The alkali metal is usually sodium or potassium. Chemically, sodium
silicates are the salts of a strong base and a weak acid. In solution, these salts form highly alkaline
solutions and are useful in the manufacture of soaps and detergents.

Sodium silicates are widely used as soap builders in soap and detergent manufacturing. In the soap
and detergent formulation, sodium silicates act as alkalies and aid in the saponification of oils and
fats due to their alkaline nature and buffering capacity. Silicates are also effective in controlling the
corrosive action of detergents on metallic washing machine parts and are effective in the sequestering
of magnesium hardness ions in solution. Commercially available silicates are characterized by the
ratio of SiOz to NazO in the silicate molecule. In detergent formulae, the ratio is typically 2.4: 1.

Sodium silicate is produced commercially through the reaction of quartz sand (silica) and sodium
carbonate (soda ash) at a high temperature. To ensure a high quality glass, the sand and soda ash
should be of high purity. The resultant molten sodium silicate is extremely caustic and can damage
equipment if not handled properly. The molten glass is formed into lumps for subsequent dissolving
or can be drawn directly into a dissolving unit.

5
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2.1.4 Sodium Toluene Sulfonate (STS) Production

STS is a sodium salt of toluene sulfonic acid. The general reaction chemistry for sulfonic acids and
sulfonates is provided in Section 2. 1. 1, above.

STS is produced by the reaction of toluene and sulfuric acid to produce toluene sulfonic acid and
water, followed by a neutralization reaction with NaOH to produce STS. It is generally produced
as a white pasty substance and formed into bars or pellets. STS is used widely in the production
of detergents, paints and other applications.

2.1.5 Alkanolamides Production

Fatty acid amides are generally produced by the reaction of a fatty acid with ammonia or an amine
and have the chemical formula: R-CONHz, where R may be a saturated or unsaturated alkyl chain
derived from a fatty acid. Fatty acid amides are generally insoluble in water.

Fatty acid amides are produced most commonly by the reaction of a fatty acid with anhydrous
ammonia. These materials are combined and heated under slightly increased pressure for
approximately 10 to 12 hours. During the reaction, ammonia and water are constantly vented to
ensure completion of the reaction. Various materials can be used to catalyze the reaction including
boric acid, and titanium and zinc alkoxides.

Alkanolamide fatty acids are also of considerable commercial interest in the production of
detergents. Coconut fatty acids or esters and amino alcohols, most commonly, diethanolamine, are
used to produce these products. Where the fatty acid is used, the by-product of ~he reaction is
water. Where the methylester is used, the reaction by-product is methanol.

2.2 PROCESS OPERATIONS AT THE JORDAN SULPHO-CHEMICALS COMPANY FACILITY

The JSC facility produces a variety of chemical products used to manufacture soaps, detergents and
cleaning products. Most of the chemicals produced are sulfur-based; however, the facility also produces
sodium silicate and fatty acid amides which do not contain sulfur. Table 1 provides a list of the
products manufactured at the JSC facility, the production area where the product is manufactured, and,
where available, the production capacity.

This section focuses on the flow of raw materials and the generation of intermediates and final products
at the JSC facility. Where water is used as a raw material, is generated in the process, or is an integral
part of the manufacturing process, the description includes a brief description of water use and disposal
practices. Other water uses, such as cooling water, steam generation, and cleaning waters, and the
disposal practices for wastestreams generated at the facility, are discussed in detail in Section 4. O.

2.2.1 Sulfonation/Sulfation

The sulfonationlsulfation plant at the JSC facility was developed by the Ballestra Company of Italy.
This plant operates on continuous basis utilizing a film reactor and gaseous sulfur trioxide (S03)'
The JSC facility uses this process to produce branched and linear sulfonic acids, and sodium lauryl
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ether sulfate. A process flow diagram of the sulfonation process, including raw materials used and
water use and disposal, is provided in Figure 1.

- The JSC sulfonation/sulfation plant utilizes the following unit operations:

Air Drying

The air drying unit operations are located in the sulfonation building. Atmospheric air is filtered,
blown by a low pressure blower, and cooled to remove moisture. The cooled, partially dried air
then flows to one of two silica gel towers, connected in parallel. The active tower provides
additional moisture removal, while the inactive tower undergoes regeneration. Silica gel
regeneration is accomplished by steam, with condensate returned to the boiler. After drying, the
air flows to the sulfur combustion furnace.

Sulfur Burning

Elemental sulfur is stored in a small building adjacent to the sulfonation plant. The sulfur melting
unit is also located in this building. Elemental sulfur is melted in this building, filtered to remove
impurities, and pumped to the molten sulfur storage tank in the sulfonation plant. From the storage
tank, the molten sulfur is pumped to the combustion furnace.

S02 and S03 Production

The combustion furnace combines the molten sulfur and dry air to produce S02 gas. The S02 gas
is cooled by an air heat exchanger to ensure that it reaches the catalytic converter unit at the required
temperature. The catalytic converter uses vanadium pentoxide (V20 S) as the catalyst to convert the
S02 to S03' The temperature within the catalytic converter is controlled by a series of air heat
exchangers in order to maximize the conversion process. The S03 gas produced in the catalytic
converter is filtered to remove impurities, and flows to the sulfonation reactor. No water is added
to or generated from this process.

Sulfonation or Sulfation

The sulfonation unit consists of a tubular film reactor and a raw material storage and feed system.
Raw materials and S03 gas are fed to the reactor in stoichiometric quantities for complete reaction.
Non-contact cooling water is circulated outside the reaction tubes to control the reaction temperature.
The resultant acid (linear or branched alkyl benzene sulfonic acid, or sodium lauryl ether sulfuric
acid) passes through a liquid gas separator to collect the sulfonic acid product (or intermediate).

Aging and Hydrolysis

The aging and hydrolysis unit is used to stabilize certain sulfonated intermediates such as
dodecylbenzene sulfonic acid. Water is added to the product during stabilization; however, no
wastestream is generated. The sulfonated product overflows into the aging unit and is then conveyed
to the stabilizer. From these units the aged and stabilized material is either transferred to the
neutralization unit, or sold as a final product.

7
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Exhaust Gas Treatment

The gas stripped from the liquid in the separator passes through a separating cyclone to remove
liquid droplets entrained in tile gaseous flow. The off-gas from the cyclone is then passed through
an electrostatic precipitator (ESP) for additional aerosol removal. The liquid wastes generated by
the cyclone and ESP units are collected in barrels and stored for reprocessing or disposal.
Information provided by the plant supplier indicates that the cyclone and ESP wastes generated by
the sulfonation of dodecylbenzene (DDB) raw material can normally be recovered, while those from
the sulfation of alcohol and ethylated alcohol raw materials are not normally recovered.

Following the ESP unit, the off-gas passes through a scrubber system which uses a spray of water
and caustic soda. The wastestream is generated by the scrubber, and is discharged to the waste
collection basin. A diagram of the gas treatment unit is provided in Figure 2.

Neutralization

Where the end product is to be a sulfonate or sulfate, the acid produced in the sulfonationlsulfation
reactor is pumped to the two-step film neutralization unit. In the first stage of the reactor, the acid
is combined with an excess of NaOH and dilution water. The contents of the vessel are continuously
recirculated and allowed to react. When the vessel is full, it overflows into a second reactor and
final homogenizer. Additional sulfonic acid is added to the second vessel to neutralize the excess
NaOH and complete the reaction. The neutralization reaction is exothennic and temperature is
controlled by water cooled tube plate heat exchanger. The resultant sulfonates or sulfates are either
sold as a solution, containing 70 percent product, or are sent to the drying unit for final processing.
The multi-purpose drying unit is described in the saponification section.

2.2.2 Saponification

The saponification plant at the JSC facility is designed to produce soap paste from fatty acids, and
utilizes a multipurpose drying unit for the production of soap chips. The fatty acid saponification
unit is designed to produce neat soap at 72 - 74 percent concentration, suitable for feeding directly
to the drying unit. The drying unit is designed to dry part of the neat soap paste produced in the
saponification unit and produce soap chips with a maximum water content of 10 percent. The drying
unit is also used to produce flakes from other surfactants produced at the JSC facility including
linear ABS and sodium lauryl sulfate (future product). A process flow diagram of the saponification
operation, including raw materials used and water use and disposal, is provided in Figure 3.

In the saponification process, the raw materials (fatty acids, caustic soda, salt solution, and additives)
are added proportionally to the reactor. Process water is fed to the reactor based on the desired
characteristics of the soap. The ingredients are mixed in the reactor and the reaction is carried out
to completion. Excess caustic soda is controlled by addition of fatty acid to attain the desired level
of free alkalinity. Neat soap is sent to a storage vessel prior to drying or packaging.

The drying unit is based on a film evaporator and is operated under reduced pressure. The material
to be dried is fed to the top of the unit, and the dried product is emitted from the bottom. The dried
product is cooled and discharged as flakes or chips by an ethylene glycol chilled roller mill.
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2.2.3 Sodium Silicate Production

The JSC facility produces sodium silicate by reacting sand and soda ash (sodium carbonate) in a
rotary kiln. the sodium silicate produced may be sold in the rock form, or may be dissolved for
sale as a sodium silicate solution. A process flow diagram of the sodium silicate melting operation
is provided in Figure 4, and a diagram of the dissolution plant is provided in Figure 5.

The sand and soda ash are fed from storage silos to weighing units where the correct proportions
are determined. The materials are then discharged to a blender for mixing. A water spray is used
for dust control during blending. From the mixer, the raw materials enter the rotary kiln where the
temperature is raised to approximately 1,500 degrees Celsius eC). The raw materials then react in
the kiln to produce molten sodium silicate with CO2 as a by-product. Any moisture from the dust
control spray or contained in the raw materials is evaporated in this process. The molten sodium
silicate is then discharged to a steel casting belt cooled from below with contact cooling water. At
the end of the casting belt, the rock sodium silicate is shoveled to the storage area.

While some of the sodium silicate rock is sold in the solid form, approximately 40 percent is
dissolved in the dissolution unit and sold as a solution. The process involves, addition of the rock
sodium silicate, water, and steam to a rotary autoclave under 6 bars pressure. The sodium silicate
dissolves in the autoclave and is transferred to three storage tanks. During storage, impurities in
the dissolved sodium silicate settle out and collect in the bottom of these tanks and must be removed
periodically for recovery or disposal. The liquid sodium silicate product is then discharged from
the storage tanks and filtered via a plate filter. The filtered product then flows to a final storage
tank for distribution to consumers.

2.2.4 Sodium Toluene Sulfonate Production

Sodium Toluene Sulfonate (STS) is produced by the JSC facility in the building referred to as the
"alkanolamides" plant. Production is performed on a batch basis by first reacting toluene and
sulfuric acid in the reaction vessel, followed by neutralization with NaOH, and finally drying and
packaging. A process flow diagram of the STS operation, including raw materials used and water
use and disposal, is provided in Figure 6. The process sequence is as follows:

Toluene is added to the reaction vessel in stoichiometric excess in order to produce the desired yield.
Concentrated sulfuric acid is then slowly added to the vessel to initiate the reaction. As the
exothermic reaction proceeds, water is added to vessel and the generated heat causes the toluene and
water to boil. The toluene/water vapors are extracted from the reactor and are condensed and
collected in a separate vessel. The toluene and water separate in the vessel and the toluene is
recovered for subsequent reaction. The water remaining in the vessel is generally discarded to the
collection basin. The sulfonation reaction continues for several hours.

When the required sulfonation has occurred, caustic soda is added to the reaction vessel in
stoichiometric quantity to produce sulfonate. This reaction is also exothermic and again raises the
temperature of the material to above the boiling point for toluene. All excess toluene, therefore,
is removed from the product in this step. After proper aging has occurred, the product is cooled
and fed either to the dryer or to storage.
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The drying of STS is performed in a spray tower. The aqueous product is pumped under high
pressure to nozzles in the spray tower. Steam is fed into the tower to remove moisture from the
liquid STS. The dried product leaves the tower through the bottom and is collected in storage silos.
The product then flows from the silos and is packaged for distribution. The liquid condensed from
the dryer vapors contains significant quantities of product, and is discharged to the collection basin.

2.2.5 Alkanolamides Production

The JSe facility produces coco diethanolamide and coco monoethanolamide through the reaction of
coconut fatty acids with mono- or di- ethanolamine in batch reactors. A process flow diagram of
the alkanolamides operation, including raw materials used and water use and disposal, is provided
in Figure 7.

In this reaction, the fatty acid and the ethanolamine are pumped to the reaction vessel in
stoichiometric proportions. The reactor temperature is raised to approximately lOOoe and the
pressure is reduced by vacuum pump to advance the reaction. During the reaction, water is evolved
and is condensed and removed from the reactor.

Following the reaction, the product is either directly drummed (diethanolamide) or stored in an
intermediate tank (monoethanolamide). The monoethanolamide is transferred from the intermediate
tank to a belt cooler that is sprayed with cooling water from below. The product is then cooled,
flaked and packaged for distribution.

The JSe facility also indicated that alkanolamides are sometimes produced
methylesters. During this reaction, methanol is generated as a by-product.
collected and sold as a useful product.
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3.0 AUDIT PROCESS

The initial site visit to the JSC facility was conducted on September 20, 1994. This visit was conducted
to evaluate process operations, identify PP/WM and water conservation opportunities, and solicit input
from facility staff. The audit was coordinated through the MWI and the Chamber. This section
describes the preparation and conduct of the audit.

3.1 AUDIT COORDINATION

The Chamber informed the JSC facility about the intent and schedule of the audit prior to the site visit.
An audit questionnaire, specifically developed for this PP/WM project (Appendix A), was included with
the request, and JSC staff were asked to complete the questionnaire prior to the audit. The JSC facility
was also requested to furnish an overall flow balance, process flow diagram, and facility layout. This
information, where available, was furnished to the audit team during the site visit.

3.2 PP/WM BACKGROUND MATERIALS

In order to review general industry background data and identify " state-of-the-art " processing and
waste management practices pertinent to PP/WM, a comprehensive literature review was perfonned by
the Lead American Consultant prior to his visit to Jordan. The review included searches of the U. S.
EPA Pollution Prevention Infonnation Clearinghouse (PPIC) repository, on-line library catalogue
databases, review of PP/WM bibliographical references, and personal contacts with pollution prevention
specialists. A copy of the text of background report is provided in Appendix F.

3.3 PRE-INSPECTION MEETING

The JSC facility audit, including the pre-inspection meeting, was conducted on September 20, 1994.
The initial audit team consisted of the following personnel:

Dr. Usama Mudallal
Ms. Rania Abdul Khaleq
Mr. Mohamad Lafi
Dr. Shawn Niaki
Mr. David Hair
Dr. Riyad Musa
Mr. Rafat Assi

Amman Chamber of Industry
Ministry of Water & Irrigation
Water Authority of Jordan
Program Director, DAI (Harza)
Lead American Consultant (SAIC)
Local Consultant (RSS)
Local Consultant (RSS)

The representatives for the JSC facility included:

Dr. Marwan Muasher
Mr. Sami Dabas
Mr. Hatem Abbas
Mr. Said Abdullah

General Manager
Administrative Manager
Technical Manager
Process Engineer
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The pre-inspection meeting was held at the JSC facility on September 20, 1994. The intent of this
meeting was to inform the JSC facility staff about the conduct and the objective of the audit, and to
familiarize the audit team with JSC's process as it related to the fresh water utilization, ~astewater

generation, treatment and disposal, water recycle and reuse and the overall water management at the
facility. The audit team explained to the JSC facility staff the purpose of the audit, and facility staff
furnished the audit team with the following:

• Facility process diagrams;
• Facility process descriptions;
• Analyses of groundwater quality;
• Cooling and boiler water additives; and
• Miscellaneous facility documents.

Copies of these materials are included in the Appendix B of this report.

3.4 AUDIT

The facility audit was conducted on September 20, 1994. The JSC facility designated the facility's
technical manager to accompany the audit team. The JSC representative and the audit team members
toured and inspected the facility starting at the sulfonation plant. and continued through the entire JSC
operation. Although several sections of the plant were not operating during the site visit, the JSC
representative and the audit team toured and discussed all plant operations.

Upon completion of the facility tour, the audit team and facility representatives continued discussions
regarding overall water usage and wastewater management practices currently employed. The Audit
team requested that the technical manager provide additional water use and disposal data, and he kindly
agreed to provide estimates.

Mr. David Hair and Mr. Rafat Assi visited the facility again on September 25, 1994, to collect
additional follow-up information. During this visit, several unanswered questions were resolved and
samples from the wastewater collection basin were obtained, Grab samples of the collection basin
supernatant were collected for BOD, COD, ABS, TSS, TDS, T1\.\', S04' toluene and an organics scan.
Two grab samples of the basin sludge were also collected to determine if toluene or other toxic organic
pollutants might be present. Samples were taken to the Water Authority of Jordan (WAJ) laboratory in
Amman for analysis. The results of these analyses are discussed in Section 4.0.

Two additional follow-up visits were performed by Mr. Rafat :\ssi, on September 29, and October 8,
1994, in order to complete the facility water balance and to resl]lve additional questions. The facility
technical manager provided the requested information.

3.5 POST-INSPECTION MEETING

Following the data gathering effort, the audit team met with the JSC representatives to discuss data gaps
and the team's preliminary impressions regarding PP/WM and \\'ater conservation opportunities. The
facility staff were responsive to the team's suggestions and agreed to help with any additional data
gathering requests.
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4.0 AUDIT FINDINGS

The principal focus of the audit site visit was to evaluate the water use and waste disposal practices at
the JSC facility and to identify opportunities for PP/WM and water conservation. The findings of the
audit team regarding water use and waste disposal are provided in this section.

4.1 WATER USE AND BALANCE

During the initial site visit to the JSC facility, and during follow-up visits, the JSC staff provided data
describing total water use at the facility. The JSC facility monitors total water use from purchase
records and groundwater well operation logs. However, monitoring of water use for individual process
operations was not performed.

In order to develop a comprehensive water balance, the technical manager and audit staff used process
diagrams to calculate and estimate specific water uses. These estimates were generally based on plant
capacity. A water balance diagram, summarizing water use and discharge information obtained during
the audit, is provided in Figure 8. Water uses at the facility included: process water (including cleaning
and maintenance), cooling water, steam generation, domestic (sanitary) and irrigation. Potable water
was provided by a separate water tanker, with consumption estimated as 2 m3/day. Since potable water
use is not related to the processes, its use was not evaluated in this report.

Based on information provided by the facility staff, the lSC facility's total water requirement was
dependent on whether water was supplied by tanker or drawn from JSC's private well. Where water
was received from tankers, the facility required approximately 90 m3 per day of fresh water for all uses
except potable water. However, water from the lSC groundwater well was very high in TDS and
required treatment by a reverse osmosis (RO) unit prior to use. When the RO unit was in operation,
the facility water use increased to approximately 110 m3/day due to the RO reject and membrane
washing streams. Table 4 presents a summary of the water consumption practices at the lSC facility
based on the water source. The selection of the source was based primarily on cost. When tanker
water could be obtained for a cost lower than the cost of operating the well and RO unit, tanker water
was used.

When the RO unit was not in operation, tanker water used for process operations and boiler feed was
treated by a water softener system to reduce scaling. However, regardless of the source (i.e., well or
tanker), the facility did not pre-treat the make-up water for its closed-circuit cooling system. The
technical manager indicated that while pre-treatment would reduce the need for cooling system
blowdown, the RO and softener systems did not ha\e the capacity to treat this stream.

The specific water uses for each of the major plant areas of the lSC operation are described below.

4.1.1 Sulfonation/Sulfation

Water use and discharge quantities are provided on the sulfonation process flow diagram in Figure
1. Excluding the central cooling and steam systems, the total water used in the sulfonation plant was
approximately 9.7 m3/day, or 11 percent of the total facility water consumption. Water was used
in the sulfonation/sulfation plant for the following purposes:
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• Raw Material Dissolution - Water was used to produce NaOH solution from flakes for use
in neutralization and for the scrubber spray water. The dissolution was conducted at a central
location.

• Scrubber Water - The operation of the off-gas scrubber unit required approximately 7 m3/day
of fresh water. This water was sprayed with the NaOH solution for control emission of S~.

• Product Stabilization - Water was used in product manufacture for stabilization. All water
utilized in the stabilization process was contained in the product.

• Contact Cooling - Contact cooling water was used for the two molten sulfur pump.
• Cleaning - Water was used intermittently for cleaning and flushing of lines during product

changeover, and for equipment cleaning and floor washing.

In addition to these process specific uses, the sulfonation plant also used non-contact cooling water
and steam for temperature control. The cooling water used in this plant was from the facility-wide
recirculated cooling system, and the steam was from the central boiler system. These systems are
described in Section 4.1.6.

4.1.2 Saponification

Water use and discharge quantities are provided on the saponification process flow diagram in Figure
3. Excluding the central cooling and steam systems, the saponification plant used approximately 6.5
m3/day of fresh water, or about 7 percent of the total facility consumption. Water was used in the
saponification plant for the following purposes:

• Raw Material Dissolution - Water was used to produce chemical solutions of sodium chloride
(NaCI) , ethylene diamine tetracetic acid (EOTA), and NaOH from dry raw materials.
Dissolution of the NaOH was performed at a central location, while NaCl and EDTA were
dissolved at the saponification plant.

• Process - Water was added to the reaction vessel during the manufacturing process. All
water used in this process was contained in the product.

• Cooling and Steam - While the saponification plant used the centralized cooling and steam
systems (Section 4.1.6), leaks within this plant caused contamination of these streams. Due
to the contamination, approximately 1 m3/day of make-up water was required to replace the
contaminated steam and cooling water that was wasted to the collection basin.

• Cleaning - Water was used extensively for cleaning and maintenance of the saponification
process including the following operations:

Cleaning of the dryer for product changeover
Equipment cleaning
Floor wash

In addition to these process specific uses, the saponification plant also used non-contact cooling
water and steam for temperature control. The cooling water used in this plant was from the faciIity­
wide recirculated cooling system, and the steam was from the central boiler system. These systems
are described in Section 4.1.6.
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4.1.3 Sodium Silicate Production

_ Water use and discharge quantities are provided on the sodium silicate melting process flow
diagram in Figure 4 and for the dissolution plant in Figure 5. The total water consumption for the
sodium silicate plant (melting and dissolution) was estimated to be 20.8 m3/day, or 23 percent of
the total facility water consumption. Water was used in the sodium silicate plant for the following
purposes:

• Dust Control - Water was sprayed for dust control during the blending of the silica sand and
sodium carbonate raw materials. Water added here was subsequently lost through
evaporation in the rotary kiln.

• Contact Cooling - Significant quantities of contact cooling water were used to cool the casting
belt containing the molten sodium silicate. Approximately 40 percent of this water was lost
due to evaporation. The remainder was collected and used for sodium silicate dissolution or
discharged to the collection basin. The cooling system for the sodium silicates plant was not
part of central cooling circuit. Make-up water for this cooling system was from the fresh
water system.

• Product Dissolution - The sodium silicate dissolution process, conducted in an autoclave, used
either water from the casting belt cooling system or fresh water, as the solute. Steam,
supplied by the central boiler system, was also used in the autoclave.

• Filter Washing - Following dissolution, water was used to wash the plate filter used to filter
the dissolved sodium silicate as it was transferred from the storage tanks to the final product
tank.

• Cleaning - Water was also used in the silicate melting plant for general cleaning and
maintenance activities.

4.1.4 Sodium Toluene Sulfonate Production

Water use and discharge quantities are provided on the SIS manufacturing process flow diagram
in Figure 6. Water consumption in the STS plant was estimated to be 1.7 m3/day, or about 2
percent of the total facility consumption. Water was used in the SIS plant for the following
purposes:

• Raw Material Dissolution - Water was used to dissolve dry NaOH flakes. This was
conducted at a central location.

• Process - Process water was added to the SIS reactor to assist in removal of excess toluene
during reaction of toluene and sulfuric acid.

• Cleaning - Water was also used periodically for routine cleaning and maintenance activities.

In addition to these process specific uses, the SIS plant used non-contact cooling water and steam
for temperature control. The cooling water used in this plant was from the facility-wide recirculated
cooling system, and the steam was from the central boiler system. These systems are described in
Section 4.1.6, below.
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4.1.5 Alkanolamides Production

Water use and discharge quantities are provided on the alkanolamides manu~acturing process flow
diagram in Figure 7. In general, the processes used for manufacturing alkanolamides did not use
water.

4.1.6 Cooling, Steam, and Other Water Uses

The JSC facility utilized a recirculated cooling system for process temperature control, and other
various uses, for all plant operations except sodium silicate melting and dissolution. The pumps and
equipment for the cooling system were centrally located within the facility and contained
approximately 50 m3 of water. The water in the system was continuously recirculated and cooled
by one cooling tower. Make-up water was added as needed for losses due to blowdown,
evaporation, and leakage, and was estimated at 6 m3/day. A flow balance for the cooling water
system is provided in the facility water balance in Figure 8.

The JSC facility also used a central boiler system to generate all of the steam used for process
throughout the operation. The facility had 3 boilers available although only one was typically used.
Condensate from the steam heating system was collected throughout plant operations and was
recirculated to boiler. Make-up water was added to the boiler system to account for steam losses
to leaks and evaporation. The JSC facility staff indicated that approximately 36 m3/day of make-up
water, or about 40 percent of the total water consumption at the JSC facility, was needed to maintain
the steam system. A flow balance for the boiler water system is provided in Figure 8.

The JSC facility reported that water was also used for cleaning tanker trucks. The tankers cleaned
at the facility were used primarily for transporting liquid products. When the tankers were used for
the same product, cleaning was generally not needed; however, when a tanker switched products it
was rinsed with approximately 2 m3 of fresh water. The JSC staff indicated that approximately 120
trucks per year were washed at the facility, requiring a water consumption of approximately 0.8
m3/day.

In addition to water use related to process operations, the JSC facility also used water for domestic
uses, including the canteen, employee washrooms, and wash basins, and for limited irrigation for
landscaping. These uses, estimated at 3 m3/day for domestic and 2 m3/day for irrigation, were
considered minimal and did not significantly effect water consumption.

4.2 WASTEWATER DISCHARGES

All routine discharges of wastewater from the JSC facility, except those wastestreams specifically
identified below, were collected and directed to the central wastewater collection basin. Discharges to
the basin included all process wastestreams, cooling water system blowdown, boiler blowdown, cleaning
and maintenance discharges, and leaks and spills within the plant processing areas. A discussion of the
process discharges that reach the basin is provided in Section 4.2.1.

The only wastestreams not directed to the collection basin were domestic (sanitary flows) and RO reject
and membrane filter washwater. The domestic (sanitary) wastestream was discharged to an unlined
excavation, and the RO reject was discharged to a holding tank for irrigation use by a local farmer.
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While all wastestreams flow to the collection basin during normal operations, the facility reported that
in wet weather, all process and stormwater flows are directed directly to the wadi. Based on general
drainage characteristics of the facility, many of the areas where solid and liquid wastes are stored would
also drain directly to the wadi. Due to their potential impact on both surface and groundwater quality,
a discussion of discharges related to materials handling and storage is provided in Section 4.2.2.

Additionally, a discussion of the operation of the JSC facility waste collection basin is provided in
Section 4.2.3. The waste collection basin reportedly has no effluent discharge to the wadi or
groundwater; however, its proper operation and maintenance are imperative for protecting local surface
and groundwater resources.

4.2. 1 Process Wastestreams

Sulfonation

The facility audit determined that the operation of the sulfonation plant generated several wastewater
discharges. The following wastestreams were identified by the audit team:

• Contaminated Cooling Water and Condensate - In the sulfur melting room, adjacent to the
sulfonation plant, cooling water from sulfur pumps, and condensate from the heating steam,
were seen collecting on the floor. While no drains were located in this area, a small hole
(approximately 5 cm) had been cut in the wall to allow the cooling water to exit the building.
The wastestream observed was a very low flow (0.05 m3/day), but contained elemental sulfur.
This stream collected on the bare ground outside of the melting room.

• Contact Cooling Water - In the sulfonation plant, contact cooling water was used to cool the
proportional pump for the molten sulfur. The cooling water discharge, as well as condensate
from the heating steam, collected near the pump and flowed into a floor drain leading to the
basin. This flow was small (0.05 m3/day), but contained some elemental sulfur.

• Cyclone Discharge - Following separation of liquid product and waste S02/S03 gas in the
separator, the off-gas wastestream, which contained S03, S02, and active matter, flowed to
the cyclone for additional separation of liquid and gases. The cyclone produced liquid waste
containing active matter (sulfonic acid) and a high percentage of free oil. When alkylbenzene
sulfonic acid was the product, the liquid waste was recycled to the reactor (approximately 150
kg/day); however, if the product was lamyl alcohol sulfuric acid or lauryl ether sulfuric acid,
the liquid waste could not be recycled and was drummed for storage and disposal
(approximately 50 kg/day).

• ESP Discharge - Waste gas from the cyclone was sent to an electrostatic precipitator (ESP)
for initial treatment prior to atmospheric discharge. The liquid wastestream generated by the
ESP contained sulfuric acid, sulfonic acid, organics and water. Most of the material removed
by the ESP was collected in plastic drums for storage and disposal; however, during the
audit, spills and leaks were observed flowing to floor drains.

• Scrubber Discharge - Following the ESP unit, the waste gas flowed to the scrubber. The
scrubber used an NaOH spray to remove additional S02 gas prior to venting to the
atmosphere. The wastewater generated by the scrubber contained sodium sulfite and sodium
sulfate and was discharged to the waste collection basin.
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• Dryer Condensate - [Not yet in operation] For fmal products that required drying, an
additional wastestream will be generated by the drying unit. Vapors collected during the
dryin!t process will be condensed and discharged to the collection basin. The contaminants
in the condensate will depend on product produced. Products will include SLS and branched
or linear ABS. Concentrations of these materials in the condensate will be in the range of
1-1.5 percent product.

• Cleaning Water - Wastewater was also generated intermittently during cleaning operations.
Cleaning operations included:

Cleaning of the filter that followed the catalytic converter. This wastestream contained
impurities removed from the S03 stream produced in the catalytic converter.
Cleaning of the sulfonator during product changeover or maintenance. This wastestream
contained raw materials and reaction products.
Cleaning of the cyclone. This wastestream contained reaction products.
Cleaning of the neutralizer unit. This wastestream contained neutralized products.
Clean-up of leaks and spills, and floor washing activities. This wastestream contained
raw materials and products.

Saponification

The audit team determined that during normal operation there was no discharge of wastewater from
the saponification process. The facility used the process of saponification of fatty acids; thus, no
glycerol or nigre was produced. During product drying, however, condensate from the vapor
condensers was wasted to the collection basin intermittently. This discharge contained residual
product material.

A wastestream was also generated during cleaning and maintenance activities. Cleaning was
necessary during product changeover, and to maintain proper operation of equipment. Cleaning
operations included:

• Dryer Cleaning - The wastewater generated from dryer cleaning contained 20-25 percent
product. This wastestream was discharged to the collection basin.

• Equipment Cleaning - This wastestream contained 2-5 percent product, and was discharged
to the waste collection basin.

• Mechanical Seal Cooling Water and Dryer Condensate Overflow - This wastestream
contained traces of product and was discharged to the waste collection basin.

• Floor Wash and General Cleanup - This wastestream contained 1-2 percent product and was
discharged to the waste collection basin.

Sodium Silicate Production

The processes involved in the production and dissolution of sodium silicate resulted in the generation
of several wastestreams. The following discharges were identified:

• Contact Cooling Water - As noted in Section 4.1.3, the sodium silicate manufacturing
operation used its own contact cooling water system. Water used to cool the sodium silicate
casting belt was either evaporated or collected in a storage tank located just outside the
melting building. Water in the collection tank was intermittently discharged to the collection

18



basin when it became contaminated. Wastewater generated from reject of contaminated
cooling water contained sodium silicate, reaction impurities, and high pH.

• Storage Tank Sediment - Following the dissolution of the wck sodium silicate, the solution
is stored in three storage tanks. Undissolved sodium silicate and impurities, including iron
and aluminum, settle to the bottom of the storage tanks and must be removed periodically.
To remove the sediment, the tanks were drained and the remaining sediment was flushed to
the collection basin. The flushed material contained undissolved silicates, other impurities,
and high pH.

• Filtered Solids - Prior to distribution, the dissolved sodium silicate was filtered to remove
remaining solids. Solids removed by the filter under normal operation, and washing of plate
filter for maintenance generated a wastestream that was discharged to the collection basin.
The wastestream contained sodium silicate, impurities, and high pH.

• Cleaning Water - A wastestream was also generated in this process during routine
maintenance and cleaning activities. The cleaning wastestream was discharged to the basin
and contained sodium silicate, sodium carbonate, and silica sand.

Sodium Toluene Sulfonate Production

The STS manufacturing plant generated wastewater during the reaction process as well as from
product drying and area maintenance. The following wastestreams were identified:

• Process Wastestream - The reaction of toluene and sulfuric acid generated a wastestream
containing toluene and water. Toluene was recovered from the water/toluene mixture;
however, a small amount of toluene remained in the process water. This water was partly
reused in the STS process; however, most was discharged to basin. This wastestream
contained toluene and STS.

• Dryer Condensate - Following reaction and neutralization, the STS was transferred to the
vacuum dryer. Vapors from the dryer were collected and sent to a condenser. Condensate
generated from this process contained STS and was discharged to the waste collection basin.

• Cleaning Water - A wastestream was also generated in this process during routine
maintenance and cleaning operations. The cleaning wastestream was discharged to the basin
and contained raw materials and STS.

• Contaminated Cooling Water - Although the cooling water and steam used in this plant were
part of the centralized systems, described below, there was potential for contamination of
these systems during STS production. Facility representatives indicated that while the cooling
water did not come into direct contact with the reaction products, it was possible for the
cooling water and steam to become contaminated by toluene due to leaks.

Alkanolamides Production

The production of alkanolamides from fatty acids generated a wastestream during the reaction
process. Vapor from the reactor was condensed, cooled. and separated into two phases; aqueous,
and "pasty waste." The aqueous phase contained from 0.2 to I percent product and was discharged

s t i oduct and was either drummed for storal!e and



When alkanolamides were produced from methyl esters, the vapors generated by the process
contained methanol. The methanol produced by the reaction was collected by JSC and sold as a
useful by-p~oduct.

Cooling Water, Boilers and Other Waste Generating Activities

As indicated in Section 4.1, the JSC facility maintained a water treatment system, a centralized
cooling water system, a centralized steam generation unit, and had several other miscellaneous water
uses. Several of these activities generated significant wastewater discharges. These wastestreams
included:

• Groundwater Well Sediment - During the operation of its groundwater well, the JSC facility
generated sediments in its well water storage tank. This sediment was periodically flushed
to the collection basin. The discharge was estimated at 10 m3/month (0.4 m3/day)

• RO Reject - During operation of the RO system for treating its groundwater supply, the JSC
facility generated an RO reject wastestream. The operation also required periodic washing
of the RO membrane filter. These wastestreams, which contained high TDS, were diverted
to a holding tank on a neighboring farm and used for irrigation. The flow of reject and
membrane filter wash was estimated at 21 m3/day. In addition to these wastestreams, the
operation of the RO unit also required periodic backwashing of the sand and carbon filters.
Backwash streams were estimated at 0.5 m3/day, and were discharged to the collection basin.

• Softener Regenerate - The JSC facility used water softeners to treat its water supply when the
RO unit was not in operation. Periodic regeneration of softeners produced a wastestream
containing high salt and TDS concentrations. This wastestream (approximately 2 m3/day) was
discharged to the waste collection basin.

• Boiler Blowdown - Operation of the boiler for steam generation required periodic blowdown
to remove contaminated water. The blowdown wastestream contained chemicals added for
corrosion control, high concentrations of TDS, and contamination from the condensate
collected from the manufacturing processes. This wastestream was discharged to the waste
collection basin.

• Oil Spill Clean-up - Maintenance of the boiler operation also resulted in losses of fuel oil to
the boiler wastestream. Facility staff reported that fuel oil entered the system due to spills,
primarily during loading and unloading operations, and clean-up activities. Wasted oil was
clearly visible as a thick black coating on the surface of the waste collection basin. It was
observed that this oil film likely reduced the evaporation rate from the collection basin.

• Cooling System Blowdown - Operation of the centralized cooling water system resulted in
periodic blowdown to the waste collection basin. The cooling water blowdown contained
biofouling control chemicals, high TDS, and contamination from manufacturing processes.

• Tanker Washing - The JSC facility performed tanker washing operations in open areas of the
facility. The tankers were primarily used for product transfer. Wastewater generated during
the washing operation was discharged directly to the street and eventually drained to the
waste collection basin. The wastestream contained primarily product material.

• Domestic Wastewater - The canteen, washrooms, and sinks located throughout the facility
produced a "domestic (sanitary) wastestream. The sanitary sewer system was separate from
all other drains, and was discharged to an unlined excavation for disposal. Neither a septic
system nor drain field was utilized.
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4.2.2 Materials Handling and Storage

During the site visit to the JSC facility, the audit team noted several areas within the JSC facility
where protection against spills and accidental discharges had- been provided. These included
containment structures around storage tanks, covered areas for raw materials storage, and concrete
pads and berms designed to prevent spills to the soil. In addition, the JSC technical manager
indicated that a new materials storage hanger had recently been constructed, and that three larger
hangers would soon be built. These buildings will reportedly be used to house raw materials,
intermediates, products, and wastes, and will help to prevent contamination of soils and stormwater
runoff.

While certain PP/WM measures were in place at the JSC facility, the audit team noted several areas
where storage, handling, loading, unloading, or waste disposal practices provided opportunities for
spills, leaks, and contamination of soil and groundwater. Materials observed in these areas included
raw materials, intermediates, final products and solid and liquid wastes. The locations of areas
where problems were identified during the site visit are indicated on Figure 9. A description of the
identified problem corresponding to the number shown on Figure 9 is provided below.

Item 1 The area where oil was unloaded from tankers to storage tank was observed to have oil
spills. There was no containment structure or concrete pad at the unloading area; thus,
oil spills were discharged directly to the soil. Oil was observed on the soil in this area;
however, the extent of the contamination could not be determined [Photos 1 and 2].

Item 2 Drum storage in the area near the liquid sodium silicate storage area was on bare ground
on a steep hillside with no cover or containment. Drainage (during a rain storm) would
likely flow to the collection basin [Photos 3 and 4].

Item 3 The area between the sulfur melting room and the sulfonation plant contained spilled
sulfonic acid on bare ground. Also drainage of water from the sulfur melting room
(containing elemental sulfur) was discharged to the ground in this area. Soil was
contaminated; however the extent could not be determined.

Item 4 The loading area for raw materials and products near the sulfonation plant was observed
to contain spills. Spills were from both raw materials and products manufactured in this
area. The loading and unloading area was not lined; thus, spills were to the soil. The
drainage (during rain) from this area appeared to flow toward the waste collection basin
[Photos 5 and 6].

Item 5 Within sulfonation plant, sulfonic acid spills were observed on floor. These spills were
reported to be generated by leaks and from sampling performed for product control.
Spilled material was rinsed to drain leading to the waste collection basin.

Item 6 During the operation of the scrubber unit, the discharge was collected in barrels;
however, some of the material was observed to overflow to the drain leading to the waste
collection basin. The overflow contained sodium sulfite and sodium sulfate [Photo 7].

21

1111 II_ rM



Item 7 The sulfur melting room was fully contained with no floor drains; however, condensate
from the steam heating jacket and cooling water for the sulfur pump collected on the floor
of the room and flowed through a hole in the wall to the ground. This discharge is
described in Item 3, above [Photo 8].

Item 8 Scores of drums of sulfonic acid were stored on bare ground near the sulfur melting room
and on a hillside nearby. The storage was on bare ground with no cover or containment.
Both areas appeared to drain toward the waste collection basin [Photo 9].

Item 9 The dissolved sodium silicate storage tanks were located on a concrete pad with a wall
around the tanks and loading area. However, an entrance for truck loading was
constructed in the wall near the waste collection basin. Since there was no berm at the
truck entrance, the containment would not contain large spills. In addition, there were
floor drains .located within the walled area to service filter cleaning and other cleaning and
maintenance activities. Any spills in this area would reach the drain leading to the waste
collection basin. Any large spills would reach the ground outside the wall and eventually
drain to the waste collection basin.

Item 10 Hundreds of empty steel drums were stored in an area between the waste collection basin
and the groundwater well. These drums had contained dry caustic soda delivered to the
facility. Storage is on bare ground and is not covered or contained. Any drainage from
this area (during rain) would go to the wadi.

Item 11 A large number of bags of sodium carbonate (used for manufacture of sodium silicate)
were stored on the ground outside of the silicate melting plant. Several of these bags
were torn open with dry material spilled on the ground. This area was not covered or
contained. During a rain storm this area would drain directly to the wadi [Photo 10].

Item 12 Scores of drums were stored on the ground on the hillside near the sulfonation plant.
Drums in this area were used for waste storage or were empty. No cover or containment
was provided in this area. During a rain storm, this area would drain directly to the
wadi.

Item 13 Several large bags of solid waste, including sodium sulfate generated by the STS plant and
elemental sulfur from the sulfur filter, were stored on the hillside near the drums
described in Item 12. Storage was on bare ground with no cover or containment. During
a rain storm, this area would drain directly to the wadi [Photo 11].

Item 14 During the site visit, a tanker truck was being washed on the street near the sulfonation
plant. Water drained from the tanker to the street and subsequently to the waste
collection basin. The contents of the tanker were not determined.

Item 15 Fatty acids were sometimes delivered to the storage tanks at an unloading area above the
STS plant. Spills of fatty acids were observed in the street at the unloading point.
Although the street was paved, it appeared that some of the material had penetrated the
pavement and reached the soil. Loose soil had also been used to soak up spills in this
area. A large spill in this area would reach the street drains leading to the waste
collection basin.
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Item 16 The toluene storage tanks were contained on a concrete pad with a fully intact
containment wall. However, within the containment area, a drain was observed that lead
to the waste collection basin. This drain was reportedly open under normal operation;
thus, any spill would not be contained, but instead would drain directly to the basin.

Item 17 Fatty acids were often loaded from an area between the toluene storage tanks and the STS
building. Raw material spills were observed on the ground in this area. There was no
cover or containment in this area.

4.2.3 Waste Collection Basin

The JSC facility had constructed a centralized "waste collection basin" [Photos 12 and 12] to collect
nearly all wastewater generated by facility operations. Discharges to the basin included all process
discharges, cooling water and boiler blowdown, softener regeneration water, and all floor and
surface drains throughout the facility. The only discharges not directed to the basin were domestic
wastes and RO reject.

The wastewater collection basin was constructed at the site in 1990 to prevent the direct discharge
of untreated wastewater into the wadi. The basin was reportedly constructed of concrete blocks and
lined with concrete to prevent seepage.

The basin was an irregular rectangular shape with rough dimensions, provided by JSC staff~ of 32
m by 1"1 m. The average depth, from the top of the wall to the bottom of the basin, was reported
to be approximately 8 m. Based on these dimensions, the capacity was calculated to be about 4,350
m3

• During the audit, the basin was observed to have approximately 1.5 - 2 m of freeboard
remaining. This corresponded to a remaining storage capacity of about 950 m3

• Of the
approximately 3,400 m3 of waste material in the basin, the technical manager indicated that about
one third to one half was comprised of solids (sediment), and the remainder was liquid.

As previously indicated, all drains in the facility, except domestic (sanitary) and RO reject, flowed
to the basin. All wastestreams leading to the basin, except for surface discharges in the area of the
silicates dissolution plant, combined at an open manhole near the basin, and flowed from this
manhole through a single pipe into the basin.

The waste collection basin provided no treatment to the wastes collected. The JSC technical
manager reported that there had been no discharge from the basin during its 4 years of operation.
In addition, the manager also reported that neither liquid nor solid waste has been removed from the
basin by waste hauler. The technical manager indicated that evaporation accounted for significant
losses from the basin; however, an actual flow balance had not been performed around the collection
basin to determine the fate of the various wastestreams. Without such a flow balance, it was unclear
whether any of the wastewater in the basin had seeped into the surrounding soils.

Following the initial site visit, two members of the audit team returned to the site to collect samples
of supernatant and sediment in the basin. The liquid samples collected were observed to be slightly
cloudy and dark and exhibited a slightly "detergent-like" aroma. The sediments samples were multi-
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colored and textured, and appeared to contain materials such as soap, sodium silicate, sand, active
matter, and fuel oil adsorbed to solids. The samples collected were taken to the WAJ laboratories
in Amman for analysis.

Based on the types of materials handled and produced by the JSC facility, the audit team requested
analyses of the waste collection basin supernatant to be performed for BODS, COD, TSS, TDS,
TKN, S04' ABS, and toluene. The audit team also wished to perform a scan for volatile and semi­
volatile organic pollutants; however, due to technical difficulties, the analysis was unavailable.
Samples of the basin sediment were also collected for analyses; however, technical difficulties
prevented their analyses.

Results of the analyses are presented in Table 3, and indicated that the basin contains high
concentrations of oxygen demanding organic pollutants, suspended and dissolved solids, nitrogen,
surfactants, and some toluene. These pollutants and concentrations were consistent with the types
of wastes known to be discharged to the basin. The oxygen demanding pollutants also appeared to
be generally biodegradable due to the relatively low COD/BOD ratio (approximately 2).

While toluene was determined to be present in the basin, its concentration at the time of sampling
was not particularly high. Because toluene is a volatile pollutant, and because the STS plant had
been inoperative for some time prior to the audit, it was expected that the toluene concentration in
the basin would be low. However, its presence indicated that some amount of toluene was entering
the wastestream and collecting in the basin. It is also possible that other toxic organic pollutants
may be present due to the breakdown of toluene or other organic material in the basin.

4.3 AIR EMISSIONS AND SOLID WASTES

While the focus of the PP/WM and water conservation audit was related to water use and wastewater
generation, the solid wastes generated, and the pollutants discharged to the atmosphere were also
examined. The brief overview of the air emissions and solid wastes generation and disposal practices
identify key wastestreams and discharge practices observed during the audit.

Air Emissions

The principal atmospheric discharge generated at the JSC facility, was the S02 wastestream from the
sulfonation plant. The S02 in the combustion unit was converted to S03 in the catalytic converter at
a 98 percent efficiency. Following the sulfonation reactor, most of the residual S03 was removed by
the cyclone and the ESP unit, and the residual S02 was removed in the scrubber. The exhaust from
the scrubber contained trace amounts of S02 (reported as less than 5 ppm) and approximately 15 ppm
of S03' There was no routine monitoring of this emission; however, the facility indicated that the ESP
and scrubber were oversized for this wastestream and should provide adequate treatment. A process
diagram of the ESP and scrubber units is provided in Figure 2.

In addition to the S02 emission, the burners for facility's boiler operation, sodium silicate kiln, and
multi-purpose dryer, also generated an air emission. The JSC facility burned approximately 100
tons/month of heavy fuel oil which resulted in emissions of hydrocarbons, particulates and S02' No
monitoring of this emission had been performed.
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The JSC facility also reported that it had burned waste sulfur to reduce its quantity of solid waste. This
open burning of sulfur resulted in emissions of S02' No monitoring of emissions was performed.

An additional area of atmospheric contamination was observed in the sodium silicate production area.
Silica and sodium carbonate dust was generated during the measuring and blending process, and sodium
silicate dust was generated following the melting process from handling and storage of rock sodium
silicate. Dust control was provided by a water spray in mixing of raw materials, and workers were
reportedly provided with filters.

Although the STS plant was not in operation during the audit, it was reported that toluene fumes were
occasionally present in this area. Toluene storage tanks were fitted with vapor traps to control fumes
in the storage area, however, some fumes were generated during loading and unloading operations, and
by minor spills and leaks in the production area.

Solid and Drummed Wastes

The JSC facility operations resulted in the generation of significant quantities of solid and drummed
waste. These wastes were generally drummed or bagged and stored indefinitely on the facility grounds.
The JSC staff indicated that approximately 645 drums had accumulated at the facility at the time of the
audit. Assuming approximately 80 kg/drum, this represents over 50 tons of stored wastes. In addition,
the facility reported that an additional 10 tons of solid sulfur waste, and 10 tons of solid sodium sulfate
waste were also stored on site. The storage and handling of these wastes was discussed, in part, in
Section 4.2.2. Wastes generated by the facility include:

Sulfonation:

• Off-Spec Material - Approximately 10 tons per year of off-spec materials were generated by the
sulfonation plant. The off-spec materials were primarily sulfonic acid and were generally stored
in plastic drums at several locations around the facility.

• Sulfur Waste - Sulfur rejected from the sulfur filters following melting generated approximately
12 tons of solid waste per year. The waste was bagged and stored in open areas around the JSC
facility. Facility staff reported that some waste sulfur had been sold to farmers and that some
had been burned at the site. Current accumulated quantities were reported to be approximately
10 tons.

• Cyclone Discharge - The liquid separated in cyclone was either recycled to the process, or was
drummed and stored on site. This material was stored in open areas at the facility.

• ESP Discharge - The ESP unit discharged "oleum" that was collected in barrels for storage and
disposal. The waste oleum was stored in open areas at the JSC facility.

STS Production:

The STS process generated an estimated 10 tons per year of solid sodium sulfate wastes (combined
with some STS). This waste material was bagged and stored on site.



Alkanolamides Production:

The alkanolamides plant generated a small amount of "pasty" waste during the production of both
monoethanolamide and diethanolamide. Some of the pasty waste was stored on site in drums, while
the remainder was discharged to the waste collection basin. In addition, methanol, recovered from
the processing of methyl esters, was drummed and sold as a useful by-product.

Saponification:

Start-up of saponification unit generates large quantities of off-spec soap. Solids are generally
recovered and reprocessed; however, a portion was disposed of as solid waste. Although the precise
amount of waste was not known, it was reported to be a small quantity.

Other:

• Leaks and Spills - Miscellaneous wastes (from leaks, spills, etc.) were drummed in the various
plants and stored at the JSC facility. Many of the drums were not labeled; thus, identification
was difficult.

• Empty Drums - The facility also stored many empty drums from which raw materials had been
removed. These empty drums resulted in additional solid wastes.

• Empty Sacks - Empty and partly empty sacks of dry raw materials (e.g., soda ash) were stored
at several locations throughout the facility. Sacks and spilled product generated an additional
solid waste at the facility.

4.4 DATA GAPS

The audit of the JSC facility resulted in the collection of a large volume of information regarding
process operations, water use and disposal practices, and other waste generation practices. The JSC
facility staff were extremely helpful in providing process information and in characterizing water use
practices and wastewater discharges and contributed significant time and effort to the project. While
the information obtained during the audit was useful, and provided sufficient basis for identifying
PP/WM and water conservation opportunities, several data gaps were identified. These included:

• Facility Water Balance - Since no water balance existed for the facility, unit process flow
estimates were developed by the JSC technical manager and audit team members during the
audit. These estimates were based on the best professional judgement of the JSC staff and were
the basis for the process flow diagrams presented in this report. While these estimates provided
a sound basis for identifying PP/WM and water conservation opportunities, data was not
sufficient to perform a complete mass balance or to accurately predict specific water savings.

• Plant Operational Practices - An additional difficulty encountered during the audit, was the lack
of operational units at the JSC facility. During the initial site visit (September 20, 1994), only
the sulfonation plant was operating, and during the subsequent visit (September 25, 1994) none
of the plants were operating. While the audit team was able to utilize process and flow balance
information provided by JSC staff as the basis for identifying PP/WM and water conservation
opportunities, it was not possible to identify PP/WM opportunities related to observations of
actual operation and maintenance activities. In addition, monitoring performed during the
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follow-up visit could not be performed at any of the unit process operations. This prevented the
team from assessing the potential impact of individual processes on the overall wastestream.

• Waste Collection Basin - Little documentation was available regarding operation of the waste
collection basin. The ISC facility had not previously monitored influent or effluent flow to the
basin. Calculations performed using discharge data provided by ISC staff, indicated that
approximately 27 m3/day of wastes were sent to the basin. Assuming an evaporation rate of 10
mm1day (5.4 m3/day), and 300 day/yr operation, this would result in an annual net discharge to
the basin of over 6,000 m3• Since the capacity of the basin is only 4,350 m3, and it currently
holds over 3,400 m3 of wastes, a discrepancy clearly exists. If, as reported, wastewater is not
removed from the waste collection basin, then leaks or some other mechanism must be
contributing to the observed losses. Additional data should be collected to more accurately assess
the operation of this basin.

• Solid and Drummed Wastes - The ISC facility stored over 600 drums of off-spec product,
intermediates, and wastes throughout its facility. An estimate of the numbers of drums and the
mass of the stored material was provided during the audit. However, the drums at the facility
are not generally marked or labeled and no tracking system for these material exists. Solid
wastes in bags and drums was handled similarly .

.,.-'
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5.0 POLLUTION PREVENTION AND WASTE
MINIMIZATION OPPORTUNITIES

During the audit of the JSC facility, conducted on September 20, 1994, and during several subsequent
visits, the audit team identified a variety of PP/WM opportunities. While the focus of the audit was
on PP/WM activities related to wastewater discharges, several opportunities related to air emissions,
and solid wastes were also identified. The audit findings related to PP/WM activities are provided in
this section.

While the JSC facility reportedly does not normally discharge a process wastestream to the wadi, it does
route its total facility discharge to the wadi during storm events. The discharge from the JSC facility
to the wadi, under any circumstance, is governed by Jordanian Standard 202, which limits industrial
point source discharges to wadis and rivers. A comprehensive overview of the Jordanian Standard 202,
and other applicable regulations, is provided in Appendix C. A comparison of these standards with the
characteristics of the supernatant in the JSC waste collection basin is provided in Table 3. While the
contents of the basin are not directly discharged, the facility's wastestream during a storm event would
likely contain similar types of contaminants and concentrations. Assuming that the supernatant and the
wet weather discharge have similar characteristics, the comparison indicated that the JSC facility may
not be able to meet the applicable standards during a discharge event. It should be noted, however, that
no actual discharge data had been collected since construction of the basin.

The audit team evaluated the JSC facility operation and identified potential opportunities to reduce
loadings from the facility to the collection basin and, under storm conditions, to the wadi. In addition,
several PP/WM techniques described in this report could result in the recovery of useful materials by
the JSC facility.

While the literature defines "pollution prevention" as the elimination of pollution before it is created and
"waste minimization" as the reduction of the amount of waste generated, this report will use the terms
interchangeably. Regardless of the terminology, the PP/WM opportunities identified in this report will
focus on reducing the impact of the discharges from the JSC facility on the waste collection basin,
groundwater, and the wadi.

In general, the PP/WM opportunities identified for the JSC facility could be arranged in three general
categories:

• Process Control;
• Materials Handling and Storage; and
• Control of Other Waste Generating Activities.

A description of these categories, and the PP/WM opportunities identified for each is provided in the
following sections.
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5.1 PROCESS CONTROL

During the audit, the audit team identified a number of PP/WM opportunities directly related to the
operation of the unit processes at the JSC facility. PP/WM opportunities in this category included,
optimization of raw material use, modifications to equipment maintenance practices, optimization of
process operations (including reactors), and modification of routine cleaning and maintenance
operations. While the PP/WM opportunities identified in this section are intended to reduce waste
generated, the audit team is aware that changes to process operations may result in unanticipated
consequences. The JSC facility, should fully evaluate the options presented before modifying process
operations.

Sulfonation/Sulfation

Several PP/WM opportunities were identified for the sulfonation plant at the JSC facility. These
included:

• Reduction in Use of Branched Alkylbenzene - The JSC facility could evaluate the opportunity
for reducing or eliminating the use of branched alkylbenzene. Branched alkylbenzene products
are not as susceptible to biodegradation as their linear counterparts. Minimization of the use of
this raw material, therefore, would enhance the treatability of the wastes generated in the
sulfonation plant.

• Sulfonator Optimization - The JSC facility could evaluate and optimize the operation of the
sulfonation film reactor to eliminate the generation of unreacted or charred materials. Film
thickness in the reactor could be maintained at the optimum thickness by precise control of raw
material feed rate. Temperature must also be carefully controlled to reduce the generation of
charred material that is separated in the cyclone. Reactor optimization will also reduce S03
waste that is removed by the ESP.

• Utilization of Sealless Pump - The JSC facility could investigate the possibility of using a sealless
pump for transporting molten sulfur. This would prevent contamination of cooling water.

• Leak Control - The JSC facility could provide additional maintenance to minimize leaks within
this plant.

• Spill Prevention - The JSC facility could develop measures and provide training to staff in order
to reduce the potential for spills within the plant.

• Sulfur Quality Control - The JSC facility could investigate the cost/benefit of obtaining a cleaner
sulfur supply to reduce the volume of solid sulfur waste generated by the sulfur filters. In
addition, more careful raw material handling in the sulfur storage area could result in
introduction of fewer impurities from cleanup of spillage.

• Catalytic Converter Optimization - The JSC facility could e\'aluate the operation of the catalytic
converter to optimize operation and reduce S02 emissions. Temperature control within the
converter could be carefully monitored and optimized in order to maximize S03 generation and
minimize the residual S02.

Saponification

PP/WM opportunities identified for the saponification plant included:

• Reactor Optimization - The saponification reaction temperature could be optimized to avoid line
blockages and unnecessary product wasting during cleaning (unblocking) operations.
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• Leak Control - The equipment in the saponification plant could be maintained more rigorously
to reduce steam leaks. Audit findings indicated that steam leaks were causing soap contamination
of steam condensate, resulting in its discharge to the basin instead of recycling to the condens~te

recovery system.
• Production Schedule Optimization - The production schedule could be modified and optimized

to prevent frequent changes of products and reduce start-up losses. Practices observed during
the audit resulted in the generation of significant quantities of off-spec soap during start-up
operations. While the JSC facility stored the material for reprocessing, its storage capacity was
limited, and it appeared that some quantity of soap would be wasted.

Sodium Silicate Production

PP/WM opportunities identified for the sodium silicate melting and dissolution operations included the
following:

• Elimination or Minimization of Contact Cooling - The JSC facility could investigate the
opportunity for using a non-contact cooling water stream, or measures to minimize use of contact
cooling water, for the casting belt. Use of a non-contact system would eliminate the periodic
wasting of the contaminated cooling water wastestream (7.33 m3/day) to the collection basin.
Alternatively, JSC could minimize the contamination of the contact cooling water and more
effectively use the stream for product dissolution. The current wastestream was reported to
contain 5 -10 percent sodium silicate.

• Sediment/Filter Solids Control - The JSC facility could investigate possible ways to minimize
sediment in the dissolved sodium silicate storage tanks. Less sediment in these tanks would
result in less waste from the tank and filter to be removed, and flushed to the waste collection
basin, and higher quality product. With respect to product quality, residual solids in the
dissolved sodium silicate can damage pumps in powder detergent plants; thus, reducing the
attractiveness of the JSC product. Methods to reduce sediment generation could include:

Increasing the purity of raw materials, and in particular, the silica sand. Impurities in the
silica sand result in unreacted material in the rock sodium silicate that will not be dissolved
in the dissolution process.
Optimizing the operation of the kiln to maximize reaction of raw materials and reduce
unreacted by-products sent to the dissolution unit.
Optimizing the dissolving conditions in the autoclave to ensure that dissolution occurs to the
highest extent possible.

• Dust Control - The JSC facility could implement additional dust control measures to reduce
opportunities for worker exposure to silica dust. Exposure to silica dust can result in silicosis;
a significant long-term respiratory disorder.

Sodium Toluene Sulfonate Production

PP/WM opportunities for the STS operation included the following:

• Elimination of Toluene Discharge - Water remaining following separation of toluene from the
toluene/water mixture, could be stored and fully reused in the process in lieu of discharge to the
collection basin. Storage and reuse efforts may require construction of an additional storage tank
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in the STS facility. Alternatively, the water contaminated with toluene could be treated by
activated carbon, air stripping, or other means, and reused, or in some way segregated from
other plant discharges. Audit findings indicated that the waste collection basin contained
detectable concentrations of toluene (0.45 mgfi). Based OIrJSC plant operations, the STS unit
is the only source of toluene to the basin. Confining all wastes generated by the STS operation,
and segregating STS wastestreams from other plant discharges, would prevent toluene
contamination from affecting overall plant wastewater characteristics.

• STS Cooling Water Segregation - The use of the central cooling water system for the STS plant
could be eliminated by constructing an STS specific cooling system. Additionally, a toluene leak
detection system could be installed to minimize the loss of toluene to the cooling circuit. Use
of a system specifically for the STS plant would prevent contamination of the entire central
cooling system (50 m3

).

• Leak Control - The equipment in the STS plant could be maintained more rigorously to reduce
or eliminate possibilities for the cooling water and steam to become contaminated by toluene due
to leaks. Audit findings indicated that JSC must periodically blowdown the central cooling
system, due in part to leaks of toluene to the system. This results in a discharge of 50 m3 of
toluene contaminated wastewater to the collection basin, and requires refilling of the cooling
circuit with fresh water.

Alkanolamides Production

The operations at the Alkanolamides facility did not result in the generation of significant amounts of
waste; however one PP/WM opportunity was identified by the audit team. This opportunity related to
the discharge of "pasty" wastes to the collection basin. To reduce the discharge of this wastestream to
the collection basin, the JSC facility could ensure that all of the pasty wastes generated are drummed.
Audit findings revealed that some of the pasty waste is currently discharged to the basin; however, the

quantity was reported to be quite small.

5.2 MATERIALS HANDLING AND STORAGE

During the audit site visit, the audit team noted a variety of materials handling and storage practices at
the JSC facility that could result in the discharge of pollutants to the wadi during a storm event, or
which could contaminate surrounding soils. The findings of the audit team regarding these practices
were provided in Section 4.2.2, and their locations indicated on Figure 9. The following PP/WM
opportunities were identified by the audit team to address these findings.

1. Concrete loading and unloading areas could be constructed utilizing containment berms and rain
covers to isolate spills, prevent soil contamination, and eliminate stormwater runoff. Items 1,
4, 15, and 17 of Section 4.2.2 identified spills to the bare ground in the areas of truck loading
and unloading. In each of these areas, the loading and unloading facilities were in areas that
were not paved, bermed, or covered. Spills in these areas were allowed either to soak into the
soil, or were simply covered with soil to soak up spilled material.

2. Drummed and bagged raw materials, intermediates, products and wastes could be stored in
covered areas with concrete floors and spill containment berms. Storage in this manner would
isolate spills and prevent stormwater contamination. Items 2, 8, 10 and 12 of Section 4.2.2
identified drum storage on bare ground with no cover or containment. Many of the drums were
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leaking and had contaminated soil in these areas. The drainage in several of the storage areas
appeared to flow directly to the wadi. Additionally, Items 11 and 13 identified large bags of raw
material (sodium carbonate) and solid waste (sulfur and sodium sulfate) stored in the open on
bare ground.

3. The drainage hole cut in the wall of the sulfur melting room could be sealed. This would
prevent the discharge of pump cooling water and condensate from the heating jacket from
reaching the bare ground near the sulfonation plant. Additionally, the waste sulfur accumulating
in the area of the melting unit could be periodically removed by dry methods to lessen the sulfur
contamination of the water collecting in this area. Items 3 and 7 of Section 4.2.2, identified the
current practice of providing drainage from the sulfur melting room to the ground.

4. Leaks and spills throughout the JSC facility could be removed by absorbent materials, or other
dry cleaning methods, and not rinsed to the collection basin. In addition, where barrels are used
to collect overflow from process units, these collection vessels could be replaced more frequently
to ensure they do not overflow to the collection basin. Items 5 and 6 of Section 4.2.2 described
spills and overflows in the sulfonation plant.

5. Containment structures constructed to prevent spills from reaching bare ground or the wadi could
be repaired and maintained to ensure their proper operation. Where drains are located in these
containment structures, they should be closed under normal circumstances, and opened only to
remove uncontaminated stormwater or washwater. Items 9 and 16 of Section 4.2.2 describe the
audit findings regarding various containment structures.

6. Tanker truck and barrel washing could be performed off site at a suitable location, or within an
area of the JSC facility designed to contain truck and barrel washing discharges. Item 14 of
Section 4.2.2 describes the findings of the audit regarding truck washing activities.

5.3 CONTROL OF OTHER WASTE GENERATING ACTIVITIES

The audit team identified several additional PP/WM actions that did not relate directly to process
operations, or to the handling and storage of materials. Instead, these opportunities addressed the
disposition and treatment of the solid and drummed liquid wastes generated by various processes, the
operation of central utilities, such as the cooling and steam systems, and operation of the waste
collection basin. Opportunities in these specific areas are provided in the following sections.

5.3.1 Solid and Drummed Wastes



• Utilization of Charred Material - The JSC facility could investigate the re-introduction of
additional charred material, generated in the sulfonation reactor and removed by the cyclone, to
the final product. While the charred material is off-color, it can be combined with the product
in smaIl quantities without affecting product quality. This practice is currently conducted on a
small scale; however, it should be maximized to decrease the wasting of excess charred material.

• Utilization of Sodium Silicate Sediment - The JSC facility could investigate alternative uses for
the sediment collected in the dissolved sodium silicate storage tanks and for the solids removed
from the plate filters used to remove impurities during transfer from the storage tanks to the final
product tank. The audit findings indicated that some of these solids were used for building
construction purposes. As the material is solid, and relatively inert, it should be collected as a
solid and used, where possible, or collected and disposed of as a solid waste.

• Utilization of Sodium Sulfate Wastes - The JSC facility could investigate the use by other
companies of the waste sodium sulfate generated by the STS process. Additionally, the process
should be optimized to reduce the generation of this material to the extent possible. Audit
findings indicated that approximately 10 tons/yr of this solid waste was generated by JSC. While
the sodium sulfate is slightly contaminated by STS product, other firms may be able to use this
material.

Each of the above suggestions relate to the use of "waste" materials generated by the JSC facility
by other individuals or companies. While these materials are considered wastes by JSC, they may
be of use as raw materials for others. Industries and trade organizations in the US and other nations
have developed "waste exchange" programs to facilitate the identification of such opportunities. A
waste exchange program identifies wastes generated by industries and notifies other industries of the
availability of these materials at little or no cost. Governments may also playa role in the waste
exchange program by acting as a clearinghouse for this type of information. Utilization of these
materials as useful products will reduce not only the cost of disposal for the generators, but provides
a source of low cost raw materials for others.

5.3.2 Utilities Wastes

PP/WM opportunities related to the operation of central utilities at the JSC facility included:

• Utilization of RO Reject - RO reject and membrane filter water could be removed from use in
irrigation of adjacent farm land. The reject water could instead be evaporated, or disposed of
in an environmentally sound manner, to prevent TDS contamination of soil. Audit findings
indicated that approximately 21 m3/day of RO reject, which contained a TDS concentration
exceeding 7,000 mg/l, was provided to a local farmer for irrigation. Although the farmer
reportedly mixed the RO reject with additional well water, it is likely that the irrigation water
would exceed the 202.

• Utilization of Recovered Fuel Oil - The JSC facility could revise boiler maintenance procedures
to prevent the discharge of waste fuel oil to the waste collection basin. In addition, an oil water
separator could be installed prior to the waste collection basin to prevent waste fuel oil from
contaminating the basin. The audit findings indicated that a thick film of waste oil was present
on the surface of the waste collection basin and that oil was also present in the sediment sample
withdrawn from the basin. Recovered oil could be used for low quality burning purposes at the
facility.
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• Leak and Spill Prevention - Leaks and spills throughout the JSC facility could be minimized to
prevent contamination of the centralized cooling and steam systems. Audit findings indicated
that contamination of the cooling system by toluene and other materials, and of the condensate
return system by various raw materials and products, resulted in periodic wasting of these
systems to the collection basin.

• Domestic Waste Treatment - The JSC facility could construct an engineered septic tank with a
suitable leach field to treat the domestic wastes generated by the facility. Audit findings
indicated that the current practices involved discharge of domestic wastes to an open excavation.

5.3.3 Waste Collection Basin

Although the waste collection basin does not "generate" wastes, the proper operation of this unit is
critical to the prevention of pollution at the JSC facility. The following PP/WM opportunities are
provided to ensure proper operation of the basin:

• Optimize Operation of the Collection Basin - The JSC facility could carefully study the operation
of the waste collection basin to ensure that wastewater does not leak or drain from the basin to
the ground or to the wadi. Information provided by the JSC facility indicated that the net
discharge to the basin, accounting for evaporation (10 mm/day), was over 6,000 m3/yr. Because
the total capacity of the basin is only 4,350 m3

, and because the basin has been in operation since
1990, a considerable volume of wastewater is unaccounted for.

• Prevent Seepage from the Collection Basin - The JSC facility could evaluate the possible
migration of wastewater from the basin to the soil and groundwater. To perform the evaluation,
monitoring wells could be constructed near the basin to determine if leakage has occurred, and
if so, the extent of the migration.

A general assessment of the local hydrogeological conditions, provided by MWI, indicated that the
depth to the upper aquifer was approximately 60 m. The geology in the immediate vicinity of the
JSC facility has not been fully explored; however, it consists primarily of limestones, chalky
limestones, marls and clays. Geological features including cracks and flexures intersperse the area
and generally control the movement of groundwater. Since hydrogeological information for the area
immediately surrounding the JSC facility was not available, and because no estimate of potential
leakage from the basin had been developed, an evaluation of the potential for groundwater
contamination was not developed for this report. It is likely, however, that contaminants in the
upper, unsaturated, soils near the JSC facility, would be flushed toward the wadi during a storm
event.
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6.0 WATER CONSERVATION OPPORTUNITIES

Water conservation is an extremely important concern in the Zarqa Basin and throughout Jordan. The
limited water resources require that businesses and industry view water as a valuable raw material and
optimize its use. In order to optimize water use, business and industry should carefully monitor flows
and uses within facility operations and develop a written strategy to coordinate water conservation
activities.

While water conservation is an important concern, the use of water at the JSC facility is necessary for
the production of a high quality product. The water conservation opportunities identified in this report,
therefore, should be evaluated by the JSC facility to assess possible adverse impacts on production
processes. While current water use is relatively low at the JSC facility, the audit team is confident that
opportunities for water use reductions are available. A summary of the water conservation opportunities
identified by the audit team is provided in Table 5, and indicates that a total water savings of 22 percent
may be possible for JSC.

Additionally, it is possible for the JSC facility to treat its wastewater using a combination of physical,
chemical and biological treatment units in order to completely recycle or reuse its process wasteslreams.
Due to the significant costs involved in developing such a system, and the difficulty of producing an
effluent of sufficient quality to meet the needs of the JSC operation, this option is not developed further
in this report.

6.1 PROCESS CONTROL



• Minimization of Scrubber Water - The JSC facility could maximize the air to water ratio in the
scrubber unit in order to minimize water use necessary for this unit to operate effectively. Based
on current flow estimates, approximately 7 m3/day of spray water is used by the unit.

Saponification

• Leak Prevention/Condensate Reuse - JSC could provide additional maintenance for the
saponification process to prevent wasting of cooling water and steam condensate due to
contamination. Currently contamination by soap is requiring wasting of 1 m3/day of cooling
water and condensate to the collection basin instead of returning it to the condensate recovery
system. Assuming that leak maintenance would reduce the required wasting by 75 percent, this
would result in the elimination of the need for 0.75 m3/day of make-up water.

Sodium Silicate Production

• Elimination of Contact Cooling for Casting Belt - Contact cooling of casting belt could be
replaced by a non-contact system. Current practice results in evaporative loss of about 7 m3/day
and a discharge to the collection basin of about 7 m3/day (approximately 16 percent of total
facility consumption). Assuming that a non-contact system would reduce this by approximately
75 percent, this would save 11 m3/day, or about 12 percent of the total water consumed at the
JSC facility.

• Maximization of Cooling Water Reuse - The JSC facility could maximize its use of the casting
belt cooling water for dissolution of rock sodium silicate. This would result in the need for less
make-up water, and less overall water use, in the sodium silicate production and dissolution
plant.

STS Production

• Process Water Reuse - JSC could recycle all water following toluene recovery and reduce the
need for fresh make-up water. Current practices identified during the audit indicated a discharge
of 0.07 m3/day of toluene contaminated process water. Recycling of this stream, therefore,
would eliminate the need for 0.07 m3/day of fresh water.

• Cooling Water Segregation - The cooling water system for the STS plant could be segregated
from the central cooling system to prevent contamination. Current practice requires periodic
blowdown of central cooling system due, in part, to toluene contamination. Complete refining
of the cooling system requires approximately 50 m3 of fresh water. Assuming that the need for
complete refilling of the system due to toluene contamination occurs once every 3 weeks a water
savings of 2.4 m3/day would be achieved.

• Dryer Condensate Reuse - The JSC facility could investigate possible in-plant uses, such as
equipment or floor cleaning, for the condensed vapors from the STS drying unit. The
wastestream was discharged to the conection basin; however, it was relatively clean, containing
approximately 3 percent STS. Assuming 25 percent of the condensate could be used in place of
fresh water, a water savings of approximately 0.21 m3/day would be anticipated.
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6.2 COOLING AND BOILER WATER

Additional water conservation opportunities were identified by the audit team for the central cooling
and boiler systems. These opportunities included:

• Pre-treatment of Cooling Water - The JSC facility could use RO water or softened water for
cooling water make-up. Current practice used untreated well water, or tanker water, containing
high TDS. As water was lost from the system, TDS concentrations increased and resulted in
frequent blowdown. Use of treated water would decrease blowdown frequency and reduce the
need for make-up water. The JSC facility estimates that 1 m3/day is sent to the basin as
blowdown. Assuming a 50 percent reduction in the need for blowdown due to use of pre-treated
make-up water, a savings of 0.5 m3/day would be expected.

• Maximization of Heat Recovery - All means could be investigated for heat recovery prior to
release of any waste gases/steam to the atmosphere. This may result in conservation of energy
and reduce water consumption through the need for less make-up water for steam generation.

• Reduction of Steam Losses - The JSC facility could provide additional maintenance to prevent
steam leaks. Evaporative losses are estimated to be approximately 33 m3/day throughout the
facility. Assuming a 15 percent reduction due to improved maintenance, a savings of 5 m3/day
would be anticipated.

6.3 FLOOR WASH AND CLEANING ACTIVITIES

The audit team identified several opportunities for water conservation related to general cleaning and
maintenance activities. The following suggestions are provided:

• Floor Washing and Equipment Cleaning - The JSC facility indicated that approximately 2 m3/day
of fresh water was used for floor washing and equipment cleaning activities throughout all plant
areas. The audit team observed that low pressure hoses were used for simple cleaning tasks.
The JSC facility could replace the low pressure hoses with a high pressure system. Assuming
that the high pressure system would reduce overall cleaning water use by 15 percent, a savings
of 0.3 m3/day would be anticipated.

• Truck Cleaning - The JSC facility could provide additional draining of product prior to washing
tankers, and use a high pressure washing system to reduce water use. Truck cleaning operations
at the JSC facility used approximately 2 m3/truck, and washed approximately 120 trucks per
year. This resulted in a fresh water consumption of about 0.8 ffil/day. Assuming that the
additional draining time, and use of high pressure hoses would result in a 50 percent reduction
in water use, a savings of 0.4 m3/day would be expected.
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7.0 CONCLUSIONS AND RECOMMENDATIONS

During the audit conducted at the JSC facility, JSC staff and management were extremely helpful in
providing access to facility operations and in providing requested information. The staff and
management of the JSC facility also expressed a sincere concern regarding current wastewater
generation and water consumption practices at their facility. During the audit, and subsequent sampling
visit, the audit team collected baseline information and conducted an initial assessment of the
opportunities for the application of PP/WM and water conservation techniques. The findings of the
audit were presented in Sections 4.0, 5.0, and 6.0 of this report.

Based on the process evaluation and the assessment of PPIWM and water conservation opportunities
conducted during the audit, the audit team identified the following conclusions and recommendations.
The audit conclusions are provided in Section 7.1 and the recommendations for PPIWM and water
conservation techniques are provided in Section 7.2.

7.1 CONCLUSIONS

Based on the findings of the audit conducted on September 20, 1994, and subsequent follow-up visits,
the audit team developed the following conclusions regarding the operation of the JSC facility:

1. The JSC facility produces a variety of sulfur and non-sulfur based products for use in the
soap and detergent manufacturing industry. Products are consumed by end users in Jordan
and are exported to other countries in the region.

2. The JSC facility is sub-divided into five major production plants where similar types of
products are produced. The major plants are:

• - Sulfonation/Sulfation Plant;
• Saponification Plant;
• Sodium Silicate Production Plant;
• Sodium Toluene Sulfate (STS) Production Plant; and
• Alkanolamides Production Plant.

3. In addition to specific production plants, the JSC facility operates a groundwater well with
an RO treatment system, a centralized cooling water system, a central steam boiler, and a
water softener unit.

4. The JSC facility uses approximately 90 m3/day of fresh water for process operations. The
water source for the facility is either its groundwater well, or a tanker supply when the well
is not in operation. When the well is in operation, an additional 21 m3/day of water is
required for the reject stream and to wash the membrane filter.

5. Water is used at the JSC facility for a wide variety of purposes. Major uses include process
reaction water, contact and non-contact cooling water, steam generation, and cleaning and
maintenance activities. In general, water use at the facility is not excessive; however,
opportunities for PP/WM conservation were observed,

38

111r11. , ..

, .
,()



6. Waste generation at the facility occurs in nearly all production areas. Wastes include liquids,
solids, and gases. Contaminants in the wastes include raw materials, intermediates, products
and product impurities. Typical pollutant parameters include: BOD5, COD, TSS, TDS,
TKN, ABS, S04 and toluene.

7. Liquid wastes are discharged primarily to the centralized waste collection basin; however,
some smaller streams are drummed and stored for disposal. The domestic wastestream is
segregated from the process stream, and is discharged to an open excavation.

8. The centralized waste collection basin is a concrete structure designed to hold all facility
wastestreams. No treatment is provided by the basin. The facility reports that the basin was
constructed in 1990 and that no discharge from the basin has been necessary. No flow
monitoring has been performed to determine the operational characteristics of the basin;
however, flow estimates indicate that more water (and solids) enter the basin than can be
accounted for.

9. During storm events, the entire discharge from the JSC facility is diverted away from the
collection basin and discharged directly to the wadi. While this is an infrequent occurrence,
it results in the discharge of untreated wastewater to the wadi.

10. Solid and drummed wastes are stored throughout the JSC facility. While some containment
measures have been provided, many of the wastes were stored on bare ground, with drainage
directly to the wadi. Leaks and spills due to loading and unloading practices, and discharges
from tanker truck washing were also observed.

7.2 RECOMMENDATIONS

Based on the PP/WM and water conservation opportunities identified and discussed in Sections 5.0 and
6.0 of this report, the audit team provides the following recommendations. These recommendations are
grouped into three categories:

• Process Operations;
• Materials Handling and Storage; and
• Other Waste Generating Activities.

The opportunities recommended in this section relate to both PP/WM and water conservation
techniques. Generally, the PP/WM opportunities are listed first, followed by the water conservation
opportunities.

7.2.1 Process Operations

Water Conservation and PP/WM opportunities recommended in this section relate to practices
directly attributable to a specific plant operation. The recommendations are grouped under the
heading of the specific operation. The following recommendations are provided:
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1. Sulfonation/Sulfation

• Sulfonator Optimization - The JSC facility should evaluate and optimize, if possible, the
operation of the sulfonation film reactor to eliminate or miIiimize the generation of
unreacted or charred materials.

• Reduction in Use of Branched Alkylbenzene - The JSC facility should evaluate the
economic aspects of reducing or eliminating the use of branched alkylbenzene .

• Utilization of Sealless Pump - The JSC facility should investigate the possibility of using
a sealless pump for transporting molten sulfur. This would prevent contamination of
cooling water.

• Leak Control - The JSC facility should provide additional maintenance to minimize leaks
within this plant.

• Spill Prevention - The JSC facility should develop measures and provide training to staff
in order to reduce the potential for spills within the plant.

• Sulfur Quality Control - The JSC facility should investigate the cost/benefit of obtaining
a cleaner sulfur supply to reduce the volume of solid sulfur waste generated by the sulfur
filters.

• Catalytic Converter Optimization - The JSC facility should evaluate the operation of the
catalytic converter to optimize operation and reduce S02 emissions.

• Leak Prevention - JSC should provide additional maintenance to prevent or repair leaks
as soon as possible.

• Elimination or Minimization of Contact Cooling for Sulfur Pumps - Contact cooling water
for sulfur pumps should be replaced by a non-contact cooling water system or by sealless
pumps.

• Minimization of Scrubber Water - The JSC facility should maximize the air to water ratio
in the scrubber unit in order to minimize water use necessary for this unit to operate
effectively.

2. Saponification

• Reactor Optimization - The saponification reaction temperature should be optimized to
avoid line blockages and unnecessary product wasting during cleaning (unblocking)
operations.

• Leak Control - The equipment in the saponification plant should be maintained more
rigorously to reduce steam leaks. ,This will reduce discharge of contaminated condensate,
and reduce the need for boiler make-up water.

• Production Schedule Optimization - The production schedule should be modified and
optimized to prevent frequent changes of products and reduce start-up losses.

3. Sodium Silicate Production

• Elimination or Minimization of Contact Cooling - The JSC facility should investigate the
opportunity for using non-contact cooling water, or minimizing cooling water use, for the
casting belt. This would eliminate the discharge of contaminated cooling water, and
reduce the need for make-up water.

• Sediment/Filter Solids Control - The JSC facility should investigate possible ways to
minimize sediment in the dissolved sodium silicate storage tanks. Methods to reduce
sediment generation could include:
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Increase the purity of its raw materials;
Optimize the operation of the kiln; and
Optimize the dissolving-conditions in the autoclave.

• Dust Control - The JSC facility should implement additional dust control measures to
reduce opportunities for worker exposure to silica dust.

• Maximization of Cooling Water Reuse - The JSC facility should maximize its use of the
casting belt cooling water for dissolution of rock sodium silicate.

4. Sodium Toluene Sulfonate Production

• Elimination of Toluene Discharge - Water remaining following separation of toluene from
the toluene/water mixture, should be stored and fully reused in the process in lieu of
discharge to the collection basin. Storage and reuse efforts may require construction of
an additional storage tank in the STS facility. Alternatively, the water contaminated with
toluene could be treated by activated carbon, air stripping, or other means, and reused,
or in some way segregated from other plant discharges.

• STS Cooling Water Segregation - The use of the central cooling water system for the STS
plant could be eliminated by constructing an STS specific cooling system. Additionally,
a toluene leak detection system could be installed to minimize the loss of toluene to the
cooling circuit. This practice would eliminate the discharge of contaminated cooling
water to the basin, and would reduce the need for cooling system make-up water.

• Leak Control - The equipment in the STS plant should be maintained more rigorously to
reduce or eliminate possibilities for the cooling water and steam to become contaminated
by toluene due to leaks.

• Dryer Condensate Reuse - The JSC facility could investigate possible in-plant uses, such
as equipment or floor cleaning, for the condensed vapors from the STS drying unit.

5. Alkanolamides Production

• Elimination of Pasty Waste Discharge - The JSC facility should ensure that all of the
pasty wastes generated at the plant are drummed, and not discharged to basin.

7.2.2 Materials Handling and Storage

During the audit site visit, the audit team noted a variety of materials handling and storage practices
at the JSC facility that could result in the discharge of pollutants to the wadi during a storm event.
The following PP/WM and water conservation opportunities were identified by the audit team to
address these findings.

1. Concrete loading and unloading areas should be constructed utilizing containment berms and
rain covers to isolate spills, prevent soil contamination, and eliminate stormwater runoff.

2. Drummed and bagged raw materials, intermediates, products and wastes should be stored in
covered areas with concrete floors and spill containment berms.

3. The drainage hole cut in the wall of the sulfur melting room should be sealed.
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4. Leaks and spills throughout the JSC facility should be removed by absorbent materials or
other dry cleaning methods and not rinsed to the collection basin. In addition, where barrels
are used to collect overflow from process units, these collection vessels should be replaced
more frequently to ensure they do not overflow to the collection basin.

5. Containment structures constructed to prevent spills from reaching bare ground or the wadi
should be repaired and maintained to ensure their proper operation. Where drains are located
in these containment structures, they should be closed under normal circumstances, and
opened only to remove uncontaminated stormwater or washwater.

6. Tanker truck and barrel washing should be performed off site at a suitable location, or within
an area of the JSC facility designed to contain truck and barrel washing discharges.

7.2.3 Control of Other Waste Generating Activities

The audit team identified several additional PP/WM and water conservation actions that did not
relate directly to process operations, or to the handling and storage of materials. Opportunities in
these specific areas are provided in the following sections.

1. Solid and Drummed Wastes

• Utilization of Sulfur Wastes - The JSC facility should promote the use by outside firms
of the solid sulfur waste generated by the sulfonation process.

• Utilization of Charred Material - The JSC facility should investigate the re-introduction
of additional charred material, generated in the sulfonation reactor and removed by the
cyclone, to the final product.

• Utilization of Sodium SiliCate Sediment - The JSC facility should investigate alternative
uses for the sediment collected in the dissolved sodium silicate storage tanks, and for the
solids removed from the plate filters used to remove impurities during transfer from the
storage tanks to the final product tank.

• Utilization of Sodium Sulfate Wastes - The JSC facility should investigate the use by other
companies of the waste sodium sulfate generated by the STS process. Additionally, the
process should be optimized to reduce the generation of this material to the extent
possible.

2. Utilities Wastes

• Utilization of RO Reject - RO reject and membrane filter water should be removed from
use in irrigation of adjacent farm land. The reject water should instead be evaporated,
or treated, to prevent TDS contamination of soil.

• Utilization of Recovered Fuel Oil - The JSC facility should revise boiler maintenance
procedures to prevent the discharge of waste fuel oil to the waste collection basin.
Alternatively, an oil water separator should be installed prior to the waste collection basin
to prevent waste fuel oil from contaminating the basin.

• Leak and Spill Prevention - Leaks and spills throughout the JSC facility should be
minimized to reduce contamination of the centralized cooling and steam systems.

• Domestic Waste Treatment - The JSC facility should construct an engineered septic tank
with a suitable leach field to treat the domestic wastes generated by the facility.
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• Pre-treatment of Cooling Water - The JSC facility should use RO water or softened water
for cooling water make-up. Use of treated water would decrease blowdown frequency
and reduce the need for make-up water.

• Reduction of Steam Losses - The JSC facIlity should provide additional maintenance to
prevent steam leaks. Steam losses account for a substantial portion of total water
consumption at the JSC facility.

• Maximization of Heat Recovery - All means should be investigated for heat recovery prior
to release of any waste gases/steam to the atmosphere. This may result in conservation
of energy and reduce water consumption through the need for less make-up water for
steam generation.

• Replace Wet Cleaning with Dry Cleaning Methods - The JSC facility should use absorbent
materials and brooms for cleaning wherever possible. In addition, low pressure hoses
should by replaced by a high pressure system.

• Truck Cleaning - The JSC facility should provide additional draining of product prior to
washing tankers, and use a high pressure washing system to reduce water use.

3. Waste Collection Basin

• Optimize Operation of the Collection Basin - The JSC facility should carefully study the
operation of the waste collection basin to ensure that wastewater does not leak or drain
from the basin to the ground or to the wadi.

• Prevent Seepage from the Collection Basin - The JSC facility should evaluate the possible
migration of wastewater from the basin to the soil and groundwater. To perform the
evaluation, monitoring wells could be constructed near the basin to determine if leakage
has occurred, and if so, the extent of the migration.
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8.0 FOLLOW-UP ACTIONS

To ensure the success of a PP/WM or water- conservation project, a facility implementing specific
actions must fOllow-up on these actions to ensure that the goals of the project are achieved. It is
imperative, therefore, that the JSC facility follow-up implementation of any of the recommendations of
this report with activities such as increased monitoring of water use and disposal, ongoing maintenance
and upkeep of new equipment, and conduct of periodic training and instruction for management and
production line staff.

Increased monitoring of water use and disposal is particularly important for the JSC facility due to the
current lack of data in these areas. Specifically, the JSC facility should begin routine monitoring of key
water usage activities and wastewater discharge streams, including the wastewater collection basin. This
will assist the facility in more accurately targeting areas of concern, and will provide baseline data for
overall plant performance. In addition, prior to initiating specific PPIWM activities, JSC should
evaluate the baseline characteristics of the wastestream (or water consumption activity) to be corrected.
This baseline data can then be used to measure the initial success of the PP/WM or water conservation
technique, and can also be used to ensure that the technique continues to perform successfully over time.

With respect to the PP/WM and water conservation techniques recommended in Section 7.0, the JSC
facility should follow-up on all of the elements that it determines are productive. Implementation of
these recommendations will reduce water consumption, pollutant loadings, and may result in the
recovery of additional by-products. In particular, the JSC facility should follow-up on the following
recommendations:

PP/WM Recommendations

1. Materials Handling and Storage - During the audit site visit, the audit team noted a variety of
materials handling and storage practices at the JSC facility that could result in the discharge of
pollutants to the wadi during a storm event, or which could contaminate surrounding soils. The
JSC facility indicated that several large hangers would soon be constructed and used for materials
storage. The JSC facility should review all current practices for materials handling and storage
in order to minimize impact to the wadi.

2. Operation of the Waste Collection Basin - The waste collection basin operated by JSC should be
fully evaluated to fully assess influent and effluent flows. In particular, monitoring of influent
flow should be evaluated fully in order to perform a proper flow balance. Possible leakage from
the basin should also be evaluated by the installation of one or more sampling wells.
Additionally, the JSC facility should follOW-Up this evaluation with an assessment of the need for
treatment of the basin wastes. This assessment should also evaluate the need to treat process
wastewater and stormwater runoff that are currently discharged directly to the wadi during a
stonn event.

3. Segregation of STS Plant Wastes - Current practices at the STS plant result in the discharge of
toluene to the waste collection basin. Several recommendations were provided in Section 7.0
to reduce or segregate the discharge.
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Water Conservation Recommendations

1. Elimination of Contact Cooling for Casting Belt - Contact cooling of casting belt should be
repraced, if possible, by a non-contact system. Current practice results in evaporative loss of
about 7 m3/day and a discharge to the collection basin of about 7 m3/day (approximately 16
percent of total facility consumption). Assuming that a non-contact system would reduce this
by approximately 75 percent, this would save 11 m3/day, or about 12 percent of the total water
consumed at the JSC facility.

2. Reduction of Steam Losses - The JSC facility could provide additional maintenance to prevent
steam leaks. Evaporative losses are estimated to be approximately 33 m3/day throughout the
facility. Assuming a 15 percent reduction due to improved maintenance, a savings of 5 m3/day
would be anticipated.

3. Optimization of Water Use - Optimization of water use should be practiced for all process
operations. Optimization could include slowly reducing water use at a given unit process until
negative impacts are observed. Water use would then be maintained at the minimum effective
flow rate.

4. Reduce Spills - Elimination of spills will reduce the need for washwater.

Where new equipment or processes are implemented to achieve a PP/WM or water conservation
objective, the JSC facility should provide ongoing maintenance and upkeep of this equipment. The
success of any PP/WM project can be compromised if new equipment falls into disrepair, or if new
processes are not correctly applied. Establishment of a long term maintenance schedule will help to
ensure successful operation.

No PP/WM program will be successful if employees are not aware of the program goals and trained
to effectively implement these goals. Employee training should include periodic refresher courses
regarding the JSC facility's PP/WM and water conservation policies and procedures and proper training
in the use of new equipment or practices. Staff should also have the opportunity to provide input
regarding additional PP/WM or water conservation activities and should be provided with incentives
for program successes.

To ensure that JSC management are kept updated on "state-of-the-art" technologies, the Ministry of
Water and Irrigation and the Chamber of Industry should be consulted on a regular basis. Periodic site
visits should be arranged for Ministry and Chamber staff so that they might provide additional input and
suggestions.
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Table 1 - Products Manufactured at the JSC Facility

Product Composition Manufacturing Production
Process Capacity

FAZonic HAOI Branched Sulfonic Acid Sulfonation Plant - 22 tons/day
Continuous Process

FAKZonic SA02 Linear Sulfonic Acid Sulfonation Plant - 22 tons/day
Continuous Process

FAKZonate HN03500 Dodecylbenzene Sulfonation Plant - 35 tons/day
Sulphonate, Sodium Continuous Process
Salt

FAKZonate 2LEN0570 Sodium Lauryl Ether Sulfonation Plant - 25 tons/day
Sulfate Continuous Process

FAKZicate RNS07 Neutral Rock Sodium Sodium Silicate - NO
Silicate Melting Plant

FAKZicate RAS 06 Alkaline Rock Sodium Sodium Silicate - NO
Silicate Melting Plant

FAKZicate LAS Alkaline Liquid Sodium Silicate - NO
Sodium Silicate Dissolution Plant

FAKZicate LNS 10 Neutral Liquid Sodium Sodium Silicate - NO
Silicate Dissolution Plant

FAKZid CD21 Coconut Diethanol Alkanolamides Plant ND
Amide

FAKZid CM22 Coconut Monoethanol Alkanolamides Plant ND
Amide

FAKZonate ST 23 Sodium Toluene Sodium Toluene NO
Sulfonate Sulfonate Plant

Soap Soap Noodles Saponification NO

"ND" = Not Determined
Source: JSC Product Brochure
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Table 2 - Wastewater Discharges to the Waste Collection Basin

I
Wastewater Generating Process

I
Discharge Volume Percent of Total

(mJ/day)a Flow to Basin

Sulfonation/Sulfation Plant 8.59 31.5

Sodium Silicate Melting Plant 7.33 26.9

Sodium Silicate Dissolution Plant 2.6 9.5

STS Production Plant 1.3 4.8

Alkanolamides Plant 0.15 0.6

Saponification Plant 1.74 6.4

Cooling and Boiler Systems 2.03 7.4

Water Softening System 1.62 5.9

RO System 1.1 4.0

Tanker Truck Cleaning 0.8 2.9

I Total II 27.26 I 100 I
a Based on information provided by the JSC Technical Manager
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Table 3 - Waste Collection Basin Sampling Results

I
Parameter

I
202 Standards Waste Collection Basina

(mg/I) (mg/I)

BODS 50b 3,544

COD 150b 6,856

TSS 50 455

TDS 3,000c 9,277

TKN NA 17.5

S04 500 88.4

ABS 25 3,200

Toluene NA 0.45

a

b

Supernatant from basin collected on September 25, 1994.
Monthly Average.
TDS limit is subject to the TDS concentration in the water supply and the water basin affected.
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Table 4 - Water Consumption at the JSC Facility a,b

Location of Water Use Tanker Water Well Water
(m3/day) (m3/day)

All Process Water 38.9 38.9

Boiler Make-Up 36 36

Boiler Cleaning 0.8 0.8

Softener Regeneration 1.6 1.6

Cooling Tower Make-Up 6 6

Tanker Truck Cleaning 0.8 0.8

Domestic 3 3

Irrigation 2 2

RO Reject - 21.3

Membrane Washing - 1

RO Filter Backwash and Sediment Flushing - 0.7

Storage Tank Flushing - 0.4

I Totals II 89.1 I 112.5 I
a Based on information provided by the JSC Technical Manager
b Water consumption is based on either on tanker truck, or well water as the water source
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Table 5 - Potential Water Savings for the JSC Facility

Production Water Current Projected Projected Percent
Operation Conservation Water Water Water Decrease in

Technique Consumption Consumption Savings Total Water
(m3/day) (m3/day) (m3/day) Consumptio

n

Sulfonation Leak Prevention 0.12 0.06 0.06 0.07

Sulfonation Elimination of 0.1 0.0 0.1 0.1
Contact Cooling of

Sulfur Pumps

Saponification Leak Prevention! 1.0 0.3 0.7 0.8
Condensate Reuse

Sodium Elimination of 14.0 3.5 10.5 11.7

Silicate Contact Cooling for
Casting Belt

STS Process Water 0.07 0.0 0.07 0.08
Reuse

STS Cooling Water 2.4 0.0 2.4 2.7
Segregation

STS Dryer Condensate 0.2 0.0 0.2 0.2
Reuse

Cooling Pretreatment of 1.0 0.3 0.7 0.8

System Cooling Water

Steam System Reduction of Steam 33.0 28.0 5.0 5.6
Leaks

Maintenance Use of Additional 2.0 1.7 0.3 0.3
Dry Cleaning

Methods

Truck Additional draining 0.4 0.4 0.4 0.4

Washing and Pressure Hoses

I Total Savings II - I - I - I 20.4 I 22.7 I
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Gaseous Effluent*:
S02: 5 ppmlvol. at steady conditions.

20-30 ppmlvol. at start-up.
S03: 15 ppmlvol.
Aerosol: 10 mg/rJil (as sulfonic, sulfuric acids

and organic substances)

""!
~
1

Gas Flow 3500 kg/ton product:

S02: 2500 ppmlwt
S03: 2500 ppmlwt (as aerosol

and gas)
Sulfuric acid, sulfonic acid and
organic substances: 700ppmlwt
Gas temperature: ...50C·

, ~11K1IVK1tVtVtVt\ I~ 319 kg water/ ton product

Iol( 55 kg NaOH (43%)/ton product

•i

0.2 kg/ton product

Viscous Waste:
Sulfuric Acid 12%
Sulfonic Acid 78%
Organic Substances 8%
Water 2%

Aqueous waste 10% concentration:
N~S03/Na2S04 (ratio 30170)
N~S03: 112.5 kg 10% solutionlton product
N~S03: 262.5 kg 10% solution/ton product

~,
~~.. }

'-",)

NOTE:
*Information from the unit supplier,
no gas monitoring.

Figure 2. Sulfonatlon Exhaust Gas Treatment Unit
Jordan Sulpho-Chemicals Company (JSC).

Zarqa, Jordan
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Figure 4. Process Flow Diagram of Sodium Silicate MeRlng Plant
Jordan Sulpha-Chemicals Company (JSC)
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Agure 6. Process Flow Diagram of Sodium Toluene Sulfonate (STS) Production
Jordan Sulpho-Chemlcals Company

Zarqa-Jordan.
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Jordan SUlpho-Chemlcals Company (JSC)
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WQICP WASTE MINIMIZATION AUDIT
Facility Name: Jc('JG.~ ~"'-\v'no- c..~UN'~cJ.. Auditor/Firm:

Date:

ATTACHMENT A
AUDIT QUESTIONAIRE

~ SITE DESCRIPTION ij

Area:

Telephone: 09 - ~\ 43 4 I 0 3- gq, \ 4-35"

Production Rate:
SIC Codes:

Major Sources of Wastewater Discharges:

Facility/Equipment Age; t! ~eAf s.

T -



WQICP WASTE MINIMIZATION AUDIT
Facility Name: J""orA.D'.V\ S\A.\~~Q-<:Jt...~M;CJS. Auditor/Firm: ~f\\CI Rss

Date: 2!IOiro { \¥\4

*Operation Type:
II PROCESS INFORMATION II

Continuous
Batch or Semi-Batch

Discrete
-- Other-----

Document Complete? Current? Document
(YIN) (Y/N1 Number

Process Flow DiaGram y y
Material/Energy Balance y'" y.

Desian y~ ylf-
operatinG . ylf- y+

Flow/Amount Measurements of- + -+
stream

Analvses/Assavs y ... y+
Stream

Plant Lavout y y .
Process Description y "(l!"Operatina Manuals y .......

'r~Eauipment List/Aae y*- y
Eauipment Specifications y" '(~

Pipinq & Instrument Diaarams y y
Plot and Elevation Planes) y"'- ''1'' ¥

Environmental Audit Renort N, A "I. A
Permit/Permit aonlications ,,', (\ f\l, f\
Raw Material Inventorv Records y.l/' y~

Product Inventorv Records ylf- y*
Manaaement method oracticed for ,,1

" f...
each wastewater stream

Wastewater treatment facilities N N
Waste manaaement practice N "j
Ancillarv facilities y y
Annual cost for management of 1''' i 'A ~J, (+

the wastewater discharge
Photoaraphic records d.1A. ....~"" y y'

Cc:>l\s.h",<..:~i' .. <'1 •

,
('I
L'

,
\~

"S \I,d...\. d W\ €-v.. <. \A y~~ \:, ~~

nc\ V\.s.\.~J\d Vf\ ~(d ~\'(.~ .

('Jc\;,,-~ wcJ-e....- (lv\l'\.(,~)<.<:l

F\o ..... I Aw"o.,,,, t

\N0'i~ cv......$
+:

~ S\A.\~'~'l:lV\ {S~\\ct'-l.\~" yk'l\~ ~ Cc..\'t,''''I'''O\.'\S e

S~C"~~C.(",\-\'c> ",i 0\'l.c..'f Q.}e. •

SC.c\'''\\'V\ S:\~t~'C W\~H,,,~ ( 9::.c.~~",'<V\ .:;;\,'e".1e c\,\!.t-\0-\'C'" ('.y\~

A\~o\o..~\~e. : ?::'t\.-\-~.

.11f Ii_ .- _.



WQICP WASTE MINIMIZATION AUDIT
Faci 1 i t y Name: '3cc~C',Y\ £>",-\~\c ~C\...g"W\\(.h Audi tor IFirm :

Date:

II INPUT MATERIALS SUMMARy*'11

DESCRIPTION'

Material Stream No. Stream ,No. Stream No.

Name
Source/Supplier

Component of Concern

Annual Consumption Rate
Overall
Component(s) of Concern

Purchase Price, $ per
Overall Annual Cost

Delivery Mode 2 .
Shipping Container Size & Type)
Storage Mode·
Transfer Modes
Emptv Container Disposal/Manaaement
Shelf Life
Supplier Would

- accept expired material (Y/N)
- accept shipping containers (YiN)

l\cceptable Substitute (s) , if any
l\lternate SUDDlierCsl
Product Inventorv Records

1. stream number, 1.f appl1.cable, should correspond to those used all process
flow diagram

2. e.g., pipeline, tank truck, etc.
3. e.g., drum, paper bag, tank, etc.
4. e.g., outdoor, warehouse, underground, aboveground, etc.
5. e.g., pump, forklift, conveyor, etc.
6. e.g., crush and dump, clean and recycle, return to supplier, etc .

.:,t·l\.u. ~\lv--:.:,,~ -\-e-1\~ <;''N.,,,v~ ~ ~...:e,~\.(-.k\e \A~·:"-(""-0' ..\-~(jI'

I"'"".:"~-~-~-'-""""._-'" - .. - -----

R~w \'I\<l.\-ev-\<·J..O~r _'!:.'::'~ ..~~~,~~.~__
£\(;"'~,...,;..J.-~.JQv'.~ ...._.. Oc.t\:'-.~ ...... ~ Sec '~ii bc...;)l.__.._i>.__.. ...... _ ..

i)<>~ac.':)\ \O~"'~. _IV_._A ......._... _.

Rfi..r-.c..\-.J1 \, ...'"~c.. . tV. A
--------~--~-_.- •. ---_.-.- ,--"------------

\--ct tt f\\ c.e \\.0~_. .. ..Jj-'-_f\..
lc......l"~\ Y\\,-<>~~ f'J· A

Pa...\h'\o·;, h,.1\':) f\c\'~ "P,,,\'I:. 0'- H"," c\r",,,,~
CeQ,·,~:ao:\~t{jAc)~ ~'jl ~-,. n", b--'1 ....,~
--H~~~~\ ~~-r tV
---_._-~----- _.-- -- --

H 0 f\(J ~,,-J (\ "" ;r\ll

~;.-w \v\.l\.~-'~1

Sc~, (-\'> \-,
.-_._._-~ ...•_._-_.__._- --

s" \:(,.~

s-~-:.~?,~:~ !. .S· \.,i(") ~,~(

Eo,(\
Nt....c\

F,...~J e,l

G"Vv.... 1,",~<~-*,,,,,,
---- --0 •• ·'_- __•

'bc'J ~·...:-_-------1
\S~ '\:1, ":";'("'L\~
\6.\\ K~ '\ rc '"\ j'Y;.A.-~..--..
.--- ---_. __.------~~~

)Stl-.C) ~

'-~<\S;-i~~~-:;"\0_c'-4J':;

is,J \<. b j ~,,'Un ,

~A"'\'""'f kc. i-c., / ~"\\-'it)

9r\'c~-6$-~JDT~~-



WQICP WASTE MINIMIZATION AUDIT
Facility Name: "(fon\o,t\ S.~lfho-c..bRlM;(Js. Auditor/Firm: SA\c./P""'SS

Date: gr:2o I Iqa..t,t

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

1.

(page 1 of 4)

Waste Stream Name/ID: R,o. R~iu"\- Stream No. __

2. Waste Characterization (attach additional sheets with composition
d~ta, as necessary)

Gas -(.;r'. Liquid '--- Solid --- Mixed phase

Density kg/M)
pH

High Heating Value Cal/kg _
Flash Point \ Water __

3. Waste Leaves Process as:

-- air emission ~wastewater -- solid waste

4. Occurrence:
V- continuous

discrete
discharge triggered by -- chemical analysis· _

-- other (describe) ~_

Generation Rate:
Annual ~6~3'-q.wo'_"____'_'m..L3""" W per year
Maximum 2. ') m 3. ~ pe r --,-cMAI<>~4-()+-- _
Average 2,\ WI? m per d~
Frequency batches per
Batch Size average range

5.

Type -- periodic__~-----length of period __
sporadic



WQICP WASTE MINIMIZATION AUDIT
Facility Name: do"{"(!",Y\ S"'-\ph()-d.'\.g.'MirD.J~ Auditor/Firm: S(\\C I f(Ss

Date: '4/2.0 !\C\C\4

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

(page 2 of 4)

6. Waste Origins/Sources
Fill out this worksheet to identify the origi~ of the waste. If
the waste is a mixture of waste streams, fill·out a sheet for each
of the individual waste streams.

Is the waste mixed with other wastes? Yes /NO
Describe how the waste is generated .

~\(ef.lW\

.
\~

\\.A. RO· 0

Example: Formation and removal of an undesirable compound,
removal of an unconverted input material, depletion of
a key component, equipment cleaning waste, obsolete
input material, spoiled batch and production run,
spill or leak cleanup, evaporative loss, venting
losses, etc.



WgICP WASTE MINIMIZATION AUDIT
Facility Name: d(\("d.o...n 'Su..\i"-O-~w.\o.h Auditor/Firm: Sf\\e...JRs<;.

Date: 9 {:l.o I\qqy

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

(page 3 of 4)

Waste Stream --R.-.:.-O"-,,..;..,--LR....::>-p:)4'....( .....<..:..t- _

7. Management Method

Leaves site in u!.. bulk _
SS gal drum ..,....,...---,. _
other (describe)

Disposal Frequency -...:>~=,'5;LI/:u+-i:.l;..!:!\ull\~Q~IA~s. _

Applicable Standards/Regs

Managed

Recycling tV. A

onsite ~ offsite
other (describe) __

direct use/re-use
energy recovery
redistilled
other (describe)

reclaimed material returned to site?

Yes No used by others

Treatment N· 11

Final Disposition

v-

residue yield
residue disposal

biological
oxidation/reduction
pH adjustment
precipitation
other (describe)

Dump
pond
o t he r-(-d-e-s-c-r-:i-b-e-:)--::\.L.):-.A:....e-""'-]:~~;%~1""~-.....~-_--'-,,--.-,--r-'(:~:«);;;eMbM;:;;;:·;;:-=~r--
C\ Y\.Q llvCbO ~{W\

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

(page 4 of 4)

llii'. 1_ ~



WQICP WASTE MINIMIZATION AUDIT
Facility Name: dcn~..."", ~\Io,..\~hc-c..~e,"":\~hAuditor/Firm: 'Sf\\C- IlRSs.

Date: ~ 1'20 ( \0.94

cost as of (quarter and year)

Cost Element Unit Price Reference/Source
JD per

Onsite Storage & Handling

Pretreatment

Container

Transportation Fee

Disposal Fee

Taxes

Total disposal Cost

-



WQICP WASTE MINIMIZATION AUDIT
Facility Name: dor!D..", ~'~"-o- Q.HW\\(.J.s. Auditor/Firm:' SA\Q. I Rs,s

Date: 9 q

WASTE STREAM :rNFORMATZON
one form for each stream)

Stream :rD:

1. • S treamname : ---:.R-=--,-",,0,,--.IR_~...,)~c..;;;.C.=~-;--__~:----;,..,.-_-;--o-~-;_-:-;-__----;_-.- _
(wastewate5, waste oil, still bottoms, etc.)

2. Discharge Identification: R.o. Oy\'~-\-
(Enter process or equipmen7t-'f~r-o~m--w~hOTi~c~h~s~t~r7e~a~m~Ti~s~d~i~s~c~h~a~~~g~e~d~)-----------

3. Stream flow/quality:
minimum flow: L/min
maximum flow: -------L/min 6
average flow: 2..\ ~ M? { cA..

4. Is stream continuous orintermittent?

5. Which of following is the cause of the waste?

a. Process chemistry = {Reaction stoichiometry, kinetic, yield).
Describe:---------------------------------------

b. Engineering Design (capacity, pressure, temperature limitations,
etc.). Describe:

c. Operations = (operating rates, order of addition, etc.) Describe:

0. 'II\:~ ~ If\ \' \) s: V,,-lM:R. ------------------

d. Maintenance = (leaks, spills, corrosion, etc.)
Describe:------------------------------------------

6. Are the components of the waste stream a raw material (RM), product (P),
useful byproduct (UPB), nonuseful byproduct (NBP), solvent (S), catalyst
(C), or an impurity (I) in the raw material?

(Attach analysis records if possible)

Fill out attached Figure 1 for each waste stream

"'iIltli_ , ...



WQICP WAST~MINIMIZATION AUDIT
Facility Name: dc-ckn s,1.A.\Vh.O -c.1.t.""'\CA..\s Auditor/Firm:

Date:

Component
Name

Cone
(mg/L) RM P

Check One
UBP NBP S c I

N·t<.
7. Waste stream characteristics -- pH:__ TSS: TDS:

Color: Hardness: Odor: TOC: ----Other;

B. Current disposition of the stream:

9. Current effluent criteria and disposal limitation:

10. Permits relevant to the waste stream disposition:

f\ J . A

11. Current cost of disposal and/or treatment for thi"s waste stream:

tJ·A

12. If stream is currently being treated, list: t'-.Io t(tc...~IY\.(vJ i!> ~~Y"-t~ f~(..Q

a. Current treatment parameters (chemical consumption, treatment
conditions, etc.)

b. Existing treatment equipment (identify, size and type of
equipment) :

N. K . f\.Iof kV\(:,v':;'," A.J 0 C\\J(v:l~bl<- ~v~j n ~

rJ' A • Nol- Arrt; eeJ,\ ~

. . ---.rII"""D""1 D



. -
WQICP WASTE MINIMIZATION AUDIT

Facility Name: Jor!.ct", ~vl.fbo- cJ",,9JW\,cJsAuditor/Firm:
. Date:

Other pertinent information:

W'.' i. ,---



WQICP WASTE MINIMIZATION AUDIT
~acility Name: dO'i"'!o...n S"'-\f~o-c.hu.o.i c.e.L AUditor/Firm:

Date:

x

ProductRecycJ.e
--------------- r-------~

lS'o-'3oo~lt

Process/Equipment
Name/Number

R.C}. Un\~

Useful Byproducts
~---------------~

x~--

,..

InletU

._--------------------------~
,mponent Name
I. ~rt>i.~ wC\A(.,'i"' WW
I
I •

Waste Stream R-C). R~'ej Cr\\fJh \OS)

Name (mg/L)

-nul.



WgICP WASTE MINIMIZATION AUDIT
Facility Name: Ao-r~", ~'¥'M -~"""cJs. Auditor/Firm:

Date:

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

(page 1 of 4)

1. Waste Stream Name/ID: \r1y.~h\·rJ. ~rTyQ~ Stream No, _

2. Waste Characterization (attach additional sheets with composition
d~ta, as necessary)

Gas -~ Liquid '--- Solid - - - Mixed phase

Density kg/M)
pH

3. Waste Leaves Process as:

~~~_~ High Heating Value Cal/kg _
Flash Point \ Water __

-- air emission -- wastewater -- solid waste

4. Occurrence:
v- continuous

discrete
discharge triggered by -- chemical analysis· _

-- other (describe) ~_

Generation Rate:
Annual .£rx"""<_-'~~O""()""Q"_____...._:.'f'n.:..ls__ kg: per year
Maximum kg per
Average r2 q- rn5 -::kg per _<::i(;:="-~4- _
Frequency batches per __
Batch size average range

5.

Type -- periodic_~----lengthof period __
sporadic



WQICP WASTE MINIMIZATION AUDIT
Facility Name: JNc\.q...", s,....·\eho fu\lll\.\tc"~.1 Auditor/Firm:

Date:

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

(page 2 of 4)

6. Waste Origins/Sources
Fill out this worksheet to identify the origi~ of the waste. If
the waste is a mixture of waste streams, fill·out a sheet for each
of the individual waste streams.

Is the waste mixed with other wastes? -J- Yes

Describe how the waste is generated.

---- No

-'\,;;; W fA \(w.:. M--)'
.

,- c~ "6 i 'n " \- ,-",,'2f t<aw. a 1,\\Q

&;1 Lc.\\(J<...~
,
~ \Qt~ C!J \, f L-t\'00If'

itim uv«o.: "-~ y"h"ll,)\( \..p,'tlV.{ ~'Y'rf.Y?\.MD \-Yvro v~h 'b~LKw(.,.\~

©t 'f>:;J u.::JI CM\?L'V\ ~\ \Kr 0 £ y(·O v",;F, UtCt "3 C~LCv\.\­

03 5,; \ (.'.< kilo l-0 cl1.,c'J C%-~ ~'r"'( k 5w'\'~t."Y"! C\il',n<~&

See t=-~,)",XQ g \ t"\ ~ J;f x\:.

Example: Formation and removal of an undesirable compound,
removal of an unconverted input material, depletion of
a key component, equipment cleaning waste, obsolete
input material, spoiled batch and production run,
spill or leak cleanup, evaporative loss, venting
losses, etc.

111111_ 1M



WQICP WASTE MINIMIZATION AUDIT
Facility Name: do~", ~"'\()\-.o~c\w..,\n,h Auditor/Firm: <;.f\\C I R~s

Date: ~ 1.2.0 ( ',\g,

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

(page 3 of 4)

Waste Stream __\.unu..;~~'III..~)\wow·...z;~~_v.J~CM~~"':"'::::<"'""t~w..;><.;:::;....'"' _

7. Management Method

Leaves site in ~ bulk
55 gal drum ~~ _
other (describe)

Disposal Frequency _Jo..C-liO~MQ,.>...'O"-'!\..""..;\M)~",~A,--- ------------

Applicable Standards/Regs

Managed

Recycling I\} , A

onsite --- offs~tf
-l7" other (describe) C.b\\e.e;k..t1 \ f',.

direct use/re-use
energy recovery
redistilled
other (describe)

reclaimed material returned to site?

Yes No used by others

Treatment

No j.-y,e"d l7\R..",ct i <:::.

?e-c ~«~.

Final Disposition --­

t.L-.-

residue yield
residue disposal

biological
oxidation/reduction
pH adjustment
precipitation
other (describe)

Dump
pond ------,,..--~__=----:--_r_-~--....,----.,.--
other (describe) Cav--GT~ \:X\~" . wna\-f_

wa.), t .. ~ .. \ "0 a;,,,, '6~lA iD Q"'--€.- iN0.l\

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

(page 4 of 4)

111~.I. -- T



Facility Name:

cos t as 0 f J.rJ.::.L.,~A-!- _ (quarter and year)

Coat Element Unit Price Reference/Source
JD per

Onsite Storage & Handling

Pretreatment

Container

Transportation Fee

Disposal Fee

Taxes

Total disposal Cost

111111_ ID



WQICP WASTE MINIMIZATION AUDIT
Facilit:y Name: Ao-rAo,.,. ~\~\o-c.k~cJSAudit:or/Firm: ,Sa:\\C- (d<.SJ

Dat:e: '\.

WASTE STREAK XNFORMATXON
one form for eac stream)

Stream XD:

1. Streamname: \""b't.\-n'.& W~-
(wastewater, waste oil, still bottoms, etc.)-

2. Discharge Identification: A\\ ~'4V\. "'h~-b ~ O.h\l\-~(I-)
(Enter process or equipment from wh1ch stream is discha~ed)

3. Stream flow/quality:

4 .

minimum flow: L/min
maximum flow: ----L/min '2

average flow: Q.3: ~ \'Y\~ I cL
Is stream continuous orintermittent? ~C_.pv\=..:.c..>.~--:...;·"',-,-~=...:.%"."... _

5. Which of following is the cause of the waste?

{Reaction stoichiometry, kinetic, yield).a.

b...

Process chemistry =
Describe:

------:--;----r..--....---=-"'T-t'~_;:o=__--_;_-_:_---~_,_---

W O\Q\e..u.,-...'J Jo(

Engineering Design (capacity, pressure, temperature limitations,

et~4~\~;~\~:h;£1\~
c. Operations = (operating rates, order of addition, etc.) Describe:

d. Maintenance = (leaks, spills,
Describe: WcWc< ~J) lA,~

corrosion, etc.)

~ 'ears ~'l

6., Are the components of the waste stream a raw material (RM), product (P),
useful byproduct (UPB), nonuseful byproduct (NBP), solvent (Sl, catalyst
(el, or an impurity (II in the raw material? I

Fo.- At'\-AL\ k'\~ See- ~\e~) ; t'\ ~ ~~\
. --J (Attach analysis records if possible)

Fill out attached Figure 1 for each waste stream

(\
\

1111 11818 T



WQICP WASTE MINIMIZATION AUDIT
Facility Name: dc&o..l1\ Su..'eh~--~ .....~c.JJ Auditor/Firm:

Date:

Component
Name

Cone
(mg(L) RM P

Check One
UBP NBP S C I

7. Waste stream characteristics -- pH: TSS: TOS:
Color: Hardness: Odor: ----TOC: ---Other;

Se~ ~\o\e_I...:..z...) ~ f'\ ~ ~c ..,,+ ---kiL?I..'t-
8. Current disposition of the stream: C~\\e'l h'c,·,'\. ~f' 0.. L6Y\.C'(~ 6(.\b'(\

.i:''4:''I:>~'-di ~ ::'::RC~~a~:~2i? ;:~: 0 ~,", ~,,~.\~~ti-v
9. Current effluent criteria and disposal limitation:

10. Permits relevant to the waste stream disposition:

11. Current cost of disposal and/or treatment for thi~ waste stream:

12. If stream is currently being treated, list: ~c\-Ye..Jl"r\..e.",,_J:· (/'1 ~e-i<f(»·,-(\!..Q
a. Current treatment parameters (chemical consumption, treatment

conditions, etc.):

b. Existing treatment equipment (identify, size and type of
equipment) :

•



. -
WgICP WASTE MINIMIZATION AUDIT

Facility Name: '3tt~", 'Sv..\~o- c....~;(~ Auditor/Firm:
. Date:

Other pertinent information:

~. 11111* 1.'-'



WQICP WASTE MINIMIZATION AUDIT
lcility Name:"'JQ@Y' S~~.~,~ Auditor/Firm:

Date:

---------------- -------~
oS
•

Process/Equipment
Name/Number

A\\ Pro..lv-.J.\() l'\ ()(\~\-~q.- l)+~\,~\e~

Useful Byproducts
~---------------~

• 0 W~fecs>. \\I\ak.(,'Y\cd~

• \o\~ Recycle
.~ew1t o~ ~~~ ~-

lI.,}OVJ\fL

• (o..-<'r o~ cooclM..."",
<;ih'Cc~ ~~

Inlet""
._-------------------~-----~
lponent Name (\

See. aA:At of- ~",,-~.,j,U

Name

Waste Stream
\"~~\-",,,~ '0fM)~

(mg/Ll

"If1l'11_1_



WQICP WASTE MINIMIZATION -:AUDIT
Facility Name: ;roiL", W~ho.. <2.M,q,M:(JjAUditor/Firm:

Date:

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

(page 1 of 4)

L Waste Stream Name/ID: DQMD<rl;c. WMkw~ Stream Noo _

additional sheets with composition2. Waste
d~ta,

Characterization (attach
as necessary)

/. °dGas --- L1qU1 -- - Solid --- Mixed phase

Density kg/M]
pH

High Heating Value Cal/kg _
Flash Point \ Water __

3. Waste Leaves Process as:

-- air emission ~wastewater -- solid waste

4o Occurrence:
~continuous

discrete
discharge triggered by -- chemical analysis· __

-- other (describe) ~_

Generation Rate: 000 s_
Annual -l.~~"'_____'_fY1'_'__ ~. per yea r
Maximum kg per
Average ~3..........--J-Vl')L.>_3~ per ~
Frequency batches per
Batch Size average range

5.

Type -- periodic_~---lengthof period _
-- sporadic

1111 11M III



WQICP WASTE MINIMIZATION AUDIT ­
Facility Name:de'f"k", ~",-\~k-ck\M.\c.~jAuditor/Firm: Sale I{).~

Date: f

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

(page 2 of 4)

6. Waste Origins/Sources
Fill out this worksheet to identify the origi~ of the waste. If
the waste is a mixture of waste streams, fill;out a sheet for each
of the individual waste streams.

Is the waste mixed with other wastes?

Describe how the waste is generated.

Yes y:::- NO

Example: Formation and removal of an undesirable compound,
removal of an unconverted input material, depletion of
a key component, equipment cleaning waste, obsolete
input material, spoiled batch and production run,
spill or leak cleanup, evaporative loss, venting
losses, etc.

,'1/



WQICP WASTE_MINIMIZATION AUDIT
Facility Name: --:S-c.rQ.a.y. SiJ~-('k'M\c..1 Auditor/Firm:

Date:

INDIVIDUAL WASTE STREAM
CHARACTERJ:ZATION

(page 3 of 4)

Waste Stream __b~~Qo!...m.l~!:::~~'"-=·c:::::...---=:w.:::::..::OV)~\g,.:..;·~w:.uoWa=a..!l·u- _

7. Management Method

Leaves site in ~ bulk
--- 5S gal drum
--- other (describe)

Disposal Frequency ~!s\1\v..L<.t.:.~v...,~:!..- _

Applicable Standards/Regs

Managed

Recycling /\J. A

-~onsite offsite
other (describe) __

direct use/re-use
energy recovery
redistilled
other (describe)

reclaimed material returned to site?

Yes No used by others

Treatment

residue yield
residue disposal

biological
oxidation/reduction __
pH adjustment
precipi ta tion --:- _
other (describe)

Final Disposition t--C- Dump D;.\.(kr~ (cm "'n ~C\Q ~
pond
other (describe)

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

(page 4 of 4)

T



WQICP WASTE MINIMIZATION AUDI~

Facility Name: ACf~V\ 'S.,.J~L.-Ck.M"cJ~ Auditor/Firm: s6\\L I Rs~
Date:

cost as of ",),(4. (quarter and year)

Cost Element Unit Price Reference/Source
JD per

Onsite Storage & Handling

Pretreatment

Container

Transportation Fee

Disposal Fee

Taxes

Total disposal Cost

111i Ii_ 18



WQICP WASTE MINIMIZATION AUDIT
Facilit.y Name: "J'¢!'c\a,,,, S;lA.\~"o-c.k.m,..,'~Audit.or/Firrn:

.1 Date:

WASTE STREAM XNFORMATION
one form for eac stream)

Stream XD:

1. Streamname: ~~·h'c. ( ~ ""''''''~~!Q ') c.0o.A)~--:--:-.__---:,--:-- _

(~astewater, waste oil, still bottoms, etc.)

2. Discharge Identification:
(Enter process or equipment from which stream is discha~ged)

3. Stream flow/quality:
minimum flow: L/min
maximum flow: L/min
average flow: .3 Wl}4L/lQiti

4. Is stream continuous orintermittent? -->...C_'"""..,.,....,~u..''f\:u.w\M''''"-''v...''''''''''>_, _

5. Which of following is the cause of the waste? 0~\- (\Q~.tt<.~\e.

a. Process chemistry = {Reaction stoichiometry, kinetic, yield).
Describe:-------------------------------

b. Engineering Design (capacity, pressure, temperature limitations,
etc.). Describe:

c. Operations (operating rates, order of addition, etc.) Describe:

(leaks, spills, corrosion, etc.)d. Maintenance
Describe:-------------------------------

6.- Are the components of the waste stream a raw material (RM), product (p),
useful byproduct (UPB), nonuseful byproduct (NBP), solvent (S), catalyst
(e), or an impurity (1) in the raw material?

(Attach analysis records if possible)

Fill out attached Figure 1 for each waste stream

1111181U



WQICP WASTE MINIMIZATION AUDIT -
Facility Name: ~c!k... ~\Q~-Ck,""iu1~ Auditor/Firm: ~B(c.. I RiS

Date: 2t::!J

Component
Name

Cone
(mq!L) RM P

Check One
UBP NBP S C I

7. Waste stream characteristics -- pH: TSS: TDS:
Color: Hardness: Odor: --TOC: --Other;

8. Current disposition of the stream:

9. Current effluent criteria and disposal limitation:

10. Permits relevant to the waste stream disposition:

f\.)a-l- f\~~.s..[Iu..C..L!&\J..:~'e~ _

11. Current cost of disposal and/or treatment [or thi's waste stream:

12. If stream is currently being treated, list: )l)o
a. Current treatment parameters (chemical consumption, treatment

conditions, etc.):

b. Existing treatment equipment (identify, size and type of
equipment) :

~··r ..



WQICP WASTE MINIMIZATION AUDIT
Facility Name: Jo"t'L..", 'S"-\eho-Che:MlfC& Auditor/Firm:

Date:

Other pertinent information:

"ii'tMii_ ,ti



WQICP WASTE MINIMIZATION AUDIT
Facility Name: 'Jo-.cb S;~\~WN """'vL. Auditor/Firm:

. Date:

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

(page 1 of 4)

1. Waste Stream Name/ID: ~v..bk<x ~.9\e ~llA.q.j Stream No. _

2. Waste Characterization (attach additional sheets with composition
d~ta, as necessary)

Gas Liquid ~ - - Solid --- Mixed phase

Density kg/M)
pH _

High Heating Value Cal/kg _
Flash Point \ Water __

3. Waste Leaves Process as:

~air emission wastewater -- solid waste

4. OccurrelJ,Ce:
v:- continuous

discrete
discharge triggered by -- chemical analysls· _

-- other (describe) ~_

tJd: rene I:'\J'O kg per year
kg per
kg per
batches per

average range

periodic length of period, __
sporadic

Type

Generation Rate:
Annual
Maximum
Average
Frequency
Batch Size _

5.



_ WQICP WASTE MINIMIZATION AUDIT
Facility Name: do<A.u", SM.\~\\,Q-cLAA~c~Ji.Uditor/Firm:

Date:

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

(page 2 of 4)

6. Waste Origins/Sources
Fill out this worksheet to identify the origi~ of the waste. If
the waste is a mixture of waste streams, fill~ut a sheet for each
of the individual waste streams.

Is the waste mixed with other wastes?

Describe how the waste is generated.

Yes v/ NO

i. f\,

cc..Y'\/,,\1\)ey. (Q"IA-&t,',- \. elG= S;:>\\f;b'tM \/) \A. is::on 'C=O %fk-

'Ct ~ t>,"" OS D7-- (~ (","",,-v(¥"h,,-'O \"\" ~l'\\"O r\jc""LSQ11 I\JeA3.\Ol-j

\£0 V>-\ ( Ii e (/ ~ Sill 7. I SQb C\ecD) £;:Q (to..-L (,J Atv---=~ ~O

~ \1;Oi a:::£I\Al~ ') @bQ.cCe .

Example: Formation and removal of an undesirable compound,
removal of an unconverted input material, depletion of
a key component, equipment cleaning waste, obsolete
input material, spoiled batch and production run,
spill or leak cleanup, evaporative loss, venting
losses, etc.

- .M'•. - -



WQICP WASTE MINIMIZATION AUDIT
Facility Name: "JQ-f'J-,.,.", Sv..\fho ~....~uditor/Firm: S~

Date: 9 (UJ { \C\C\'=(

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

Waste Stream

(page 3 of 4)

$cn.... b'be.x- GOy? e~lv.'"a1

7. Management Method

Leaves site in bulk
55 gal drum

t;./- other (describe) tt\fO¥ \2-\~ );,\o,.C'<:...

Disposal Frequency __~~~~t~~~~~~~~~~ ___
Applicable Standards/Regs

Managed

Recycling

onsite offsite
other (describe) __

direct use/re-use
energy recovery
redistilled
other (describe)

reclaimed material returned to site?

Yes No used by others

Treatment

residue yield
residue disposal

biological
oxidation/reduction
pH adjustment
precipitation
other (describe)
to bt}'(M "q\lAC~s

Final Disposition --- Dump
pond

/7""- other (describe) =G~, (\-!-yy, 0 s~1:o tit.

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

(page 4 of 4)

,(.'.\".J
'..,

-- --
'Ii II II. 1M



WQICP WASTE MINIMIZATION AUDIT
Facility Name: Jcr~", <;:''-\q1.o-Ck.P'M\·(,~~ Auditor/Firm: ~\C IRs~

Dat e : ~ Izc <t I..\.

cost as of f\..1f (j~@i~·co...~~(quarter and year)

Cost Element Unit Price Reference/Source
JD per

Onsite storage & Handling

Pretreatment

Container

Transportation Fee

Disposal Fee

Taxes

Total disposal Cost

"liM Ii_ ... r



WQICP WASTE MINIMIZATION AUDIT
Facility Name: -"Xo:c-4", ~¥\.o-~\cJ.j Auditor/Firm: ,sf\\C. I R.ss

Date: '2...L>

WASTB STREAM INFORMATION

one form for each stream

Stream ID:

1. Streamname: -Sc'Cv..bk a-M ~\~ C~U\~~~~<j
(wastewater, wasE~ oil, still bottoms, etc.)

2. Discharge Identification: (;0-0 S"ru-b'&<.-r ~"'"'~
(Enter process or equipment from wh1ch stream 18 d1schaFged

3. stream flow/quality: I00t lChown.
minimum flow:
maximum flow:
average flow:

_____:L/min
L/min

-----L/min

4. Is stream continuous orintermittent?

5. Which of following is the cause of the waste?

~\\:X~(.,

Process chemis try = .{ Reaction stoichiometry, kinetic, yield).
Describe:

----...,.....-----------~--~--=-...,..-:------.,...-----Qe"c!iAo

a.

b. Engineering Design (capacity, pressure, temperature limitations,
etc.). Describe:

c. Operations = (operating rates, order of addition, etc.) Describe:

d. Maintenance = (leaks, spills, corrosion, etc.)
Describe:-------------------------------

6.· Are the components of the waste stream a raw material (RM), product (p),
useful byproduct (UPB), nonuseful byproduct (NBP), solvent (S), catalyst
(e), or an impurity (1) in the raw material?

(Attach analysis records if possible)

Fill out attached Figure 1 for each waste stream

.,..-,-



WQICP WASTE MINIMIZATION AUDIT
Facility Name: AO~\I\ s.~\u_CN..M,e:ehAuditor/Firm:

Date:

Component Conc Check One
Name .;flIP. ,'10) RM P UBP NBP S C I

502.- iO ppm/Val. y'"

S03 IS' t'fm Ivol. /

A~~ lo~IM3 V

t'\\L. I Sv4.\l..nL.
~ ~ C'Ci ~...... ,'c:.( £.....\~ )

A<:-,l
~~",h,~

7. Waste stream characteristics - - pH: TSS: TDS:
Color: Hardness: Odor: --T-OC: -Other;

8. Current disposition of the stream:

9. Current effluent criteria and disposal limitation:

10. Permits relevant to the waste stream disposition:

J\Jo f

11. Current cost of disposal and/or treatment [or thi"s waste stream:

f\J () t

12. If stream is currently being treated, list:

a. Current treatment parameters (chemical consumption, treatment
conditions, etc.):

r---

b. Existing treatment equipment (identify, size and type of
equipment) :

S~e.

- ,'M Ii_ 1_-



Facility Name:
W~ICP WASTE MINIMIZATION AUDIT
~~~ 8v.\~h$)-cJo..fM,:cJs Auditor/Firm:

. Date:

Other pertinent information:

".'laTU



W~ WASTE MINIMIZATION AUDIT
Facility Name: dC)-('~-~vJ.9~~~~uditor/Firm:

Date:

x~-

60'2./ &o~ , '::.",,-W"'-Y";L/ ~\A.\ ~ ..."'~
Cl--v..'J,.) ov-.» ~~ ... ~<{~
N~OH (y~% ~c)

!-\2.0

Product XRecycle
---------------- r-------~

process/Equipment
Name/Number

bOVl S; 0rvJbbey- / SvJQ.u~1\
?\o-.II'\,," .

Useful Byproducts
~---------------~

. Inlet"'"
-----------------------------~
Component Name
RM.

S.
I.
C.

Name

Waste Stream ~ ~\-(~W\

(mg/L)

5 rrmI"c\. tU. ~~.J-t) ~,~'

~o-1>o ~&m/ud .•\.l ~~';-u{'

l~f~m !IJC \ .

~() ~ lvn:' (As ~~\ ~~.,,'(.. /
S;-..,\ ~y\'<. ~'-'\...~ ~

~"""\' L Svv\:'~h-,,"'A[u;»



WQICP WASTE MINIMIZATION AUDIT
Facility Name: "d~",-<;;v..\~~-C'kw-\'c»uditor/Firm:

Date:

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

1. Waste Stream

(page 1 of 4)

Name/ID: Sao\,,,- ~\~"( w~k Stream No. __

2. Waste Characterization (attach additional sheets with composition
d~ta, as necessary)

Gas Liquid Vsolid --- Mixed phase

Density kg/MJ

pH _
High Heating Value Cal/kg, _

Flash Point \ Water __

3. Waste Leaves Process as:

- - air emission - - wastewater 0£' solid waste

4. Occurrence:
~ cont inuous

discrete
discharge triggered by -- chemical analysis

A

__

-- other (describe) ~_

-- periodic. length of period __
-- sporadic

range

kg per jZEaI rno nt'h
kg per
~g per -~C'n+f.., >

batches per
average

Type

Generation Rate:
Annual
Maximum
Average
Frequency
Batch Size __

5.

'it1"1.IU



WQICP WASTE MINIMIZATION AUDIT
Facility Name: dcrrc\.o-..... C::S%~~_~\"'u&Auditor/Firm:

Date:

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

(page 2 of 4)

6. Waste Origins/Sources
Fill out this worksheet to identify the origi~ of the waste. If
the waste is a mixture of waste streams, fill~ut a sheet for each
of the individual waste streams.

Is the waste mixed with other wastes?

Describe how the waste is generated.

Yes ~- NO

Example: Formation and removal of an undesirable compound,
removal of an unconverted input material, depletion of
a key component, equipment cleaning waste, obsolete
input material, spoiled batch and production run,
spill or leak cleanup, evaporative loss, venting
losses, etc.

I, "\
\, "

\

"Iit.,._ .•.



~QICP WASTE MINIMIZATION AUDIT
Facility Name: J04a,~ <;;-J~\D rhO!\M~"~~ Auditor/Firm: SA.\C I RSs.

Date: 0 l~

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

Waste Stream

(page 3 of 4)

~ D \ ~ ! SW \i\AX WCy)3.{

Applicable Standards/Regs

7. Management Method

Leaves site in

Disposal Frequency

Managed

Recycling

bulk -=---=- _
55 gal drum ...,...--__-=-_---.,-- ~:__---~

other (describe) S ttr<& "'" '&.'-\(1.., $,;>\(\ ~

~~"r\ ~ blAYnc.ll Uh 'n'~ .

~ onsite offsite
"V""'- other (describe) _

direct use/re-use g U R"""-&fs. (e"y ~ Q ~ I't- )
energy recovery
redistilled
other (describe)

reclaimed material returned to site?

Yes No used by others

Treatment

residue yield
residue disposal

biological
oxidation/redtlceion
pH adjustment
precipitation
other (describe)

INDIVIDUAL WASTE STREAM:
CHARACTERIZATION

(page 4 of 4)

.... Ii_ ••1

\ '
\.



WQICP WASTE MINIMIZATION AUDIT
Facility Name: ()c,~C\.'" <;u.t~'nP- ~"'I;~ Auditor/Firm:

Date:

rVc.\ A,Q\)~ cwhk
cost as of v~ (quarter and year)

Cost Element Unit Price Reference/Source
JD per

Onsite Storage & Handling

Pretreatment

Container

Transportation Fee

Disposal Fee

Taxes

Total disposal. Cost

1\11118 '8



Facility Name:
WQICP WASTE~INIMIZATION AUDIT

Auditor/Firm:
Date:

WASTE STREAM XNFORMATXON
one form for each stream)

Stream. ID:

So\\·~ ~v..\~ WClv:)~<-1. Streamname:----,---:-----=------:--....,.---:-;-:..,..

3. Stream flow/quality:
minimum flow:
maximum flow:
average flow:

____L:/min
--,,.---......,..__~L/min

~
4. Is stream continuous orintermittent?

5. Which of following is the cause of the waste?

a. Process cbelld ,~ = {Reaction stoichiometry, kinetic, yield).
Describe:----------------------------------

%Vf"':CtNt~6 n Q \ \",''''1"''h' (CJ \ n OO\\;;L W\.Q\ £iN' Q fuy

b. Engineering Design (capacity, pressure, temperature limitations,
etc.). Describe:

c. Operations = (operating rates, order of addition, etc.) Describe:

d. Maintenance = (leaks, spills, corrosion, etc.)
Describe:--------------------------------

Are the components of the waste stream a raw material (RM), product (P),
useful byproduct (UPB), nonuseful byproduct (NBP), solvent (S), catalyst
(e), or an impurity (1) in the raw material?

(Attach analysis records if possible)

Fill out attached Figure 1 for each waste stream

T



Facility Name:
WQICP WASTE MINIMIZATION AUDIT

Auditor/Firm:
Date:

Component
Name

Cone
(mg/L) RM P

Check One
UBP NBP S C I

7. Waste stream characteristics -- pH: TSS: TDS:
Color: Hardness: Odor: --TOC: -Other;

8. Current disposition of the stream:
~D\& ~ ~W!(S ~ ~gy{A o~

9. Current effluent criteria and disposal limitation:

10. Permits relevant to the waste stream disposition:

11. Current cost of disposal and/or treatment [or thi~ waste stream:

12. If stream is currently being treated, list: I\J 0

a. Current treatment parameters (chemical consumption, treatment
conditions, etc.):

b. Existing treatment equipment (identify, size and type of
equipment) :

----"rlIW .[D T



WQICP WASTE MINIMIZATION AUDIT
Facility Name: Auditor/Firm:

Date:

other pertinent information: I\JO),,:f·

".,..-

y'Y
\



-
WQICP WASTE MINIMIZATION AUDIT

Facility Name: AUditor/Firm:
Date:

x

ProductRecycle
---------------- -------~

Process/Equipment
Name/Number

Me.\~"';"~ a.-l b\~n;J:io", \J1\:~ Cl \ ~""'~'-\f

Useful Byproducts
~---------------~

x-.-

InletU

-----------------------------~
Component Name
RM. g~~~ ')su\~~ S~ ~\A.-r
s.
I.
C.

Name

Waste stream
Sc\i~ ~~r vJ~~

(mg/L)

T



WQICP WASTE MINIMIZATION AUDIT
Facility Name: do-r~",)\ Su..\Q\p-c..hLw.i'c!lJ\ Auditor/Firm:

Date:

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

1. Waste stream

(page 1 of 4)

Name/ 1D : Sad,'lJ-IYl SILl~ Soli sl(:-iifftNo . _

2. Waste Characterization (attach additional sheets with composition
d~ta, as necessary)

Gas Liquid --- Mixed phase

Density kg/M]
pH

<c High Heating Value Cal/kg _
Flash Point \ Water __

3. Waste Leaves Process as:

-- air emission -- wastewater -- solid waste

4. Occurrence:
continuous
discrete

discharge triggered by -- chemical analysis~ _
-- other (describe) ~_

periodic length of period __
-- sporadic

kg per year
kg per
kg per
batches per

average range

10 6m Iy

Type

Generation Rate:
Annual
Maximum
Average
Frequency
Batch S i ze _

5.

I'lf II_ I"



WQICP HASTE MINIMIZATION AUDIT
Facility Name: 0O(du Sv..\~'ho -€'h.tIAhA)S Auditor/Firm: SA\C G4'\a..B5S

Date: 1/Q.o 119 q'l

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

(page 2 of 4)

6. Waste Origins/Sources
Fill out this worksheet to identify the origi~ of the waste. If
the waste is a mixture of waste streams, fill:out a sheet for each
of the individual waste streams.

Is the waste mixed with other wastes?

Describe how the waste is generated.

Yes ----LNO)

t ~<"'I gel \j cJ, Wt..$ be: \ $. ~R4Aw=JiJ M a (t$lA.lt a F H;;; e.1tint;u.i
~ €he kUA exC0.M B2.g0zf tL11J Na DH,vfP=':;J:;ih fAt,~

c> fa f.k "1. +f.j; ,''d.f4..""" ;,;;alL &:43 k .

Example: Formation and removal of an undesirable compound,
removal of an unconverted input material, depletion of
a key component, equipment cleaning waste, obsolete
input material, spoiled batch and production run,
spill or leak cleanup, evaporative loss, venting
losses, etc.

~ 11Jr.18 I_ ~ •



WQICP WASTE MINIMIZATION AUDIT
Facility Name: ;r~ Sulplw-c.Aem.,'M Auditor/Firm:

Date:

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

(page 3 at 4)

Waste Stream Sod/CLm .$u..Ifak- $01,(/ tJ~.
7. Management Method

Leaves site in bulk -::--~ _
55 gal drum ~

other (describe) LA,t?-S,ze. j)~f (5~o kj;
Disposal Frequency __--L.;.u12J..:ly;'"-Lm<LUi!f:?rt~~t _

I I
Nfl f aRt2I"CAG(~Applicable standards/Regs

Managed (5~~) -vC onsite offsite
other (describe) _

Recycling -~ direct use/re-use _
-~ energy recovery
-.K. redistilled
-~- other (describe)

reclaimed material returned to site?

Yes --- @OJ used by others

Treatment

residue yield
residue disposal

- -1(- biological
-~ oxidation/reduction
-~ pH adjustment
-~- precipitation
-~ other (describe)

Final Disposition Dump
pond
other (describe) S!uri) to'l-c;;;e;;o 1a c<ij'!

.> in lad, ~ ( .

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

(page 4 of 4)
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WQICP WASTE MINIMIZATION AUDIT
Facility Name: (JOW a,n-Su..lphQ-ChW liCcls Auditor/Pirm:

Date:

,It
cost as of

X
(quarter and year)

Cost Element Unit Price Reference/Source
JD per

Onsite Storage & Handling

Pretreatment

Container

Transportation Fee

Disposal Fee

Taxes

Total disposal Cost

'If.'!_ I"



WQICP WASTE MINIMIZATION AUDIT
Facility Name: Irrc"'-u SuI ph.r>-c~ Auditor/Firm: 5....~A~I..C~~~....,

Date: e

WASTB STREAK INFORMATION
one form for each stream)

Stream rD:

3. Stream flow/quality:

2.

4.

Discharge Identification:
(Enter process or equipment

Is stream continuous orintermittent?

S. Which of following is the cause of the waste?

7'& t&LttlM q---'R......'2_)~:0.....l.("'f--=a;;JI~--I.N..>Ut:t4.l0"'-fJu..,._liNl""""'Cl'---'-lrJ)....II--- __

--_..-=z&~-t=od~ ,.h.: trv\ 1> J}", 2> S Q1.{

Process chemistry = {Reaction stoichiometry, kinetic, yield).
Describe:

-n-r---:---

b... Engineering Design (capacity, pressure, temperature limitations,
etc.). Describe:

c. Operations (operating rates, order of addition, etc.) Describe:

(leaks, spills, corrosion, etc.)d. Maintenance
Describe:------------------------------

5.· Are the components of the waste stream a raw material (RM), product (P),
useful byproduct [UPB~, nonuseful byproduct (NBP), solvent (S), catalyst
(C), or an impurity (I) in the raw material?

(Attach analysis records if possible)

Fill out attached Figure 1 for each waste stream

"Ii If Ii_ TIl



WQICP WASTE MINIMIZATION AUDIT
Facility Name: Jcrrdw SuJPbn-C/up,:W Auditor/Firm:

, Date:

Component
Name

Cone
(mg!L) RM P

Check One
UBP NBP S c I

7. Waste stream characteristics -- pll:__ TSS: TDS:
Color: Hardness: Odor: TOC: ~ther;

8. Current disposition of the stream:

9. Current effluent criteria and disposal limitation: ~A!~6h~~£ __

10. Permits relevant to the waste stream disposition: ~1V~o~~~~~ __

11. Current cost of disposal and/or treatment for this waste stream:
rib t ¥f UCt.{zU

12. If stream is currently being treated, list: Nc f- aff!" ~/(
a. Current treatment parameters (chemical consumption, treatment

conditions, etc.):

b. Existing treatment equipment (identify, size and type of
equipment) :

- 111111_ 18 T ."



Facility Name:

Other pertinent information:

."••1_ ...



-
WQICP WASTE MINIMIZATION AUDIT

Facility Name: JH~ ~u..(~lt>- c.ltm,'W.rAuditor/Firm: SAte...
Date : ~'-=-"":"""""-"""""'-J

Product <' I.....
~u.rt. ;:) 'J pOI.

Recycle
---------------- r-------~

Process/Equipment
Name/Number

STS Unit(r~~~k)

Useful Byproducts
~---------------~x

x~-

Inlet""
-----------------------~-----~
Component Name ST5 f>'1~d ~

R~: So~uMs~/AJL

I.
C.

Name

Waste stream
5'od;v..Wt -flAlf~

(mg/L)

~. \

\)
.*,11_ 1_



WQICP WASTE MINIMIZATION AUDIT -
Facility Name: dOl"!o.n Su..'~ho-~~(j~ Auditor/Firm: ~~\C ( gs.~

Da t e : ~ 1"2.0 I \0.,,, \of

II WASTE STREAM SUMMARY II
Component of Concerns Str Not Stre No Stre N

earn am am 0

Waste In/Name R·o R.e,~~tJ . \.J.\A. ~ \-,,'oJ.. w.0 f,il'.~ tn"\\;',,.

Source/Origin (to U",~ \- Ifu1. ul'\~h <;"".r, \,~.....

Annual Generation Rate (units m'? ) h~q () 2JOt1() Nl\!- ~&""".
Overall

Component(s) of Concern

Cost of Disposal tJ·A l\J.r:\ tV,f'l
Unit Cost (JD per )

Overall (per Year)
•

Method of Management2 'vJ~h~ &\.\. 'lNM\-e Cc\\- ITo
~(\ ':>\" ~o..&< '" ~~k(£-

Priority Rating CriteriaJ * W Rat R*W Rat R Rati R
ing ing *w ng *
(R) (R) (R) w.

ComplianceRegulatory

Treatment/Disposal Cost

Waste Quantity Generated

Waste Hazard

Safety Hazard

Minimization Potential

Potential Byproduct Recovery

Sum of Priority Ranking Scores
,

Priority Rank 1

1. Stream number, ~f app11cable, should correspond to those used on
process flow diagrams.

2. For example, sanitary dump, onsite recycle, dewatering, etc.
3. Rate each stream (W) in each category on a scale from 0 to 10.

~ OPTION DEVELOPMENT ~
Page 1 of 2

1eeting Format (e.g., brainstorming, nominal group technique)
1eeting Coordinator

is: ;:\,I.r~r if)vej+':.sc~'A YI u ge_"Q .
N. PI ~ NDt- A~ \; y:L>O\e

I



Facility

II WASTE STREAM SUMMARY II
Component of Concerns Str No! Stre No Stre N

eam am am 0

Waste In/Name D:HY\t~-l-ic. L.J W S~\I'~ ~ ...\~ No.,,'\ou Wcv.l~ p

Source/Origin HW'lV'l'" Ac.h";~·t-\ k e \+-.',,"\ <t- .r: \+-. STs lj",;t
rY'1'3 O-.f h", ) qon m?

. "'Vl'\'"
In txiY)Annual Generation Rate (units 1~,+OV"l

Overall

Component(s) of Concern

Cost of Disposal rJ·A f\J. A A). f".
unit Cost (In per )

Overall (per Year)

Unl,'r-eP
.

Method of Management2 bo\tr<& C'" ~~ ~ 'l:u<eD
t XV_ VtX";'--., g~(~cH'" h\9. ~&.'t<....

Priority Rating criteria l W Rat R*W Rat R Rati R
ing ing *w ng *
(R) (R) (R) w.

Regulatory Compliance

Treatment/Disposal Cost

Waste Quantity Generated

Waste Hazard

Safety Hazard

Minimization Potential

Potential Byproduct Recovery

Sum of Priority Ranking Scores

Priority Rank 1

IIOPTION DEVELOPMENT

Stream number, 1f app11cable, should correspond to those used on
process flow diagrams.
For example, sanitary dump, onsite recycle, dewatering, etc.
Rate each stream (W) in each category on a scale from 0 to 10.

II

1.

2.
3.

Page 1 of 2

Meeting Format (e. g., brainstorming, nominal group technique)
Meeting Coordinator

-- "'If.'!_ .••



WQICP WASTE MINIMIZATION AUDIT
Facility Name: ~o'('Ao...,!\ Sw..,€\£>-c.keW\\'cJ!. Auditor/Firm: ~p..,c...1 R.~s

Date: '3 I 2.0 I \qq If

II OPTION DEVELOPMENT ¥ II
Page 2 of 2

Option Name:

Briefly describe the option

Waste Stream(s) Affectedi

Input Material(s) Affected:

Product(s) Affected:

Indicate Typei--- Source Reduction
Equipment-Related Change
Personal/Procedure-Related Change
Material-Related Change

Recycling/Reuse
Onsite Material reused for original Purpose
Offsite --- Material used for lower-quality Purp.

Material sold
--- Material burned ·for heat recovery



WQICP WASTE MINIMIZATION AUDIT
.Facility Name: Jot"~n Su..\fh.e>- ~\'ClJi Auditor/Firm:

Date:

OPTION EVALUATION BY
WEIGHTED SUM METHOD

{



Appendix B

Information Provided by the JSC Facility

_.- 1111 II_III
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S'\~Y'..~\6~ / SU-\~\'~~ ~\0\Y'\t-

ANNEX 1

EXHAUST GAS TREATMENT

1. PROCESS DESCRIPTION
Re Dwg. 020.00.405

The exhaust gas stream corning from sulphonation is
treated before being sent to the atmosphere in order to
remove any possible organic, unreacted 803 traces and
unconverted 802.

The organic and part of S03 traces, which are normally
present in form of aerosol, are separated in an
electrostatic precipitator, based on a bundle of tubes
arranged in parallel, where in the axis of each of them
an electrode is installed.

A potential difference, originated between the
electrodes and the pipes internal wall, charges with
electricity the impurities contained in the gas stream.

The electric charge of the impurities is opposite in
sign to the one of the pipes, therefore the impurities
attracted and drained along the pipe walls, are
collected into the bottom of the electrostatic
precipitator and drained in drums.

The gaseous stream containing the unconverted 802 is
treated in a packed scrubbing column, where water and
caustic soda solution are continuously added and
recycled.

to obtain an
part of the

column it self
gas.

The S02
aqueous
sulphite
by the

reacts with the caustic soda
solution of sodium sulphite;
is oxidated to sulphate in the

oxygen contained in the exhaust

The exhaust gas stream is saturated with water and sent
to the atmosphere.

The caustic soda solution feeding is effected
automatically in accordance with the sulphites solution
pH.



,~ BALLESTRA S.p.A.
_. ~Pr-tENT LIST

~,,: na N
;:~;c N

Page 1

~OIPmT LIST - Unit 014 SX.PLANT - EXHAUST GAS TREATMENT

.:-'1 DESCRIPTION POWER PROCESS-SIDE WEIGHT CHARACTERISTICS.....
KW MATERIAL Kg

~:l S02 SCRUBBER COLUMN EBONIZED C.S. 2500
~~l ESP FLUSH AIR HEATER C.S. 50
~:l ELECTROSTATIC PRECIPITATOR 11,00 C.S. 12600
~~l ESP FLUSH AIR FAN 1, 10 C.S. 200.-, s02 SCRUBBER RECIRCULATION PUMP 3,00 S.S. 316 250~:~

- lIlt II_ I_ -



~------------------------

3 . PERFORMANCES

The characteristics of the gas stream (as your request)
sent to the exhaust gas treatment are the following:

Gas flow

Composition:

502

503

3500 Kg/h

2500 ppm/wt

2500 ppm/wt (as aerosol and gas)

- 5ulphuric,sulphonic and
organic substances:

Gas temperature: (OC):

3.1 Liquid Effluents

700 ppm/wt

50 approx.

Two liquid effluents are produced: the ESP acid waste
discharged from the electrostatic precipitator and the
solution from the 502 scrubbing.

E5P waste

The waste coming from the electrostatic precipitator is
a relatively viscous liquid composed of sulphonic acid,
sulphuric acid and free oil.

Characteristics, quality
with the different raw
attached table.

and composition in accordance
materials are listed in the

"II iii 118 i_



~ BALLESTRA S.p.A.

TYPE OF RAW MATERIALS

p~ ~Ir\.~ N
Pa.J,:~ r.;

7

DDB Alcohol Ethoxylated alcohol

Possibility normally normally normally
of recovery yes no no

sulphonic
acid content 80-90% 50-90% 50-90%

H2S04 content 5-15% 15-25% 15-25%

Free oil
content 5-15% 5-40% 5-40%

Color 200-500 o K 200-500 o K 200-500 o K

Dioxane
content 1000-10000 ppm wt

Quantity per
1 ton of 100%
active matter 1-2 Kg. 1-3 Kg 1-3 Kg



.~ BALLESTRA S.p.A.

Discharge solution of S02 scrubbing column

c\nifla N
':"?c)(' N

8

The unconverted S02 is treated in the scrubbing column
with NaOH and transformed into Na2S03; part of the
Na2S03 is then oxydated to Na2S04 in the column itself
by the oxygen contained in the exhaust gas.

The Na2S03/Na2S04 salts are drained as an aqueous
solution at about 10% concentration having a pH
maintained constant (about 8.5); its quantity is
directly proportional to the sulphur burnt and to the
unconverted S02.

When 100 Kg/h of sulphur are burnt and the conversion
yield is 98%, the S02 column will discharge approx 80
Kg/h of solution containing 62.5 moles/h of
Na2S03/Na2S04 (Na2S03/Na2S04 typical ratio is 60/40 but
when S03 at low concentration is utilized and,
consequently, the oxygen content in the exhaust gas is
higher, the Na2S03 to Na2S04 oxidation in the scrubbing
column can reach a 70% yield and the ratio becomes
30/70)

--..
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3.2 Gaseous Effluents

Pa~!~ia N
:';;';" N

9

The equipment foreseen in the gas treatment unit is
designed to clean the gas to a level actually accepted
everywhere in the world, even if the plant is installed
in urban areas.

During the normal operation, the composition of the
treated gas stream will be:

- 502 : 5 ppm by vol. at steady condition (20-30 ppm
at start-up)

- 503 : 15 ppm/vol

- Aerosol 10 mg/m3 (as sulphonic,sulphuric and
organic substances)

- no visible plume

An expected value of 10 ppm of 502 in the gas stream can
be reached also during start-up, if it is done in the
best possible way and with an over-dimensioned 502
scrubber column.

~\
\
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4. CONSUMPTIONS

~:,~;Inil N
:a,x N

10

The following estimated consumptions based on max normal
operating conditions are foreseen:

4.1 Raw-materials

caustic soda (as 100%):

process water:

4.2 Utilities

saturated steam (at 4 Kg/cm2):

instrument air:

installed electric power:

absorbed electric power (average):

24 Kg/h max.

0.35 m3/h max.

10 Kg/h

1 Nm3/h

15 Kw

12 Kw

t
t
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PROCESS nESCRIPTIO~

See dwg. 1171.10.002 Air drying

1171.10.003 S03 production

1171.10.005 Film sulph(on)htion and ageing,
1171.10.004 G1s-scrub!..>in{.~

and hydrolysis

,-

1171.10.006 Film neutrali.zation

1171.10.007 Alpha olefine hydrolysis

1171.10.008

1171.10.009

STS and Alkanolamides production

Liquid raw materials storage

1171.10.010 Hot water production

1171.:0.012 Cooling watel' system

1171.10.0 1.3 Steam production

1171.10.014 Compr-essed air

1171.10.015 ilene!) scale .'iulphonation

1171.10.017 ?rocess & utilities

interconnecting

tli1.10.01K Sulphl:rex plant - zone "A" - liB"

1171.10.019 STS Plant - Zone "FH

The Ballestra sulphonation/sulphati.on plant based on the

film reactor is a continuous automatic plant by which it

is possible to sulphonate or sulphate all
~.

Lhe raw

materials uti.lized in the field. of deler'gcncy, such ilS:

(~oc!ccylbenz(>ne, 1 i n e ;U' :t 1 1-: y ~ ben 7 e n e , alpha-olefines,

nat u r a 1 ;lr~ d s y n L he tic f.:i tty ;:d colt 0 1sand e tho x.y 1<:\ ted

a lcoh 01, met hy 1 estf' f'S, etc.



)
The rJ1'ocess is based on the sulphonation or sulphation

by mea~s of gaseous S03 obtained by burning sulphur.

The plant is compQset! of the followin~ sections:

2.9

- air drying '.

I
./

sulphur bu"rning

- S02 ant! S03 production

- suI phonation or sulphation

- ageing and hydr'oly£is

- exhaust gas scrubbin~ - S03 absorption and sulphite

oxi(li~.tion

- neutralization

The general term "Su lphonation" will be used throughout,

to mean both sulphonation and sulphation. When

sulphation only is concerned th!: specific term will be

used.

The

•

requested for sulphur combustion and 503

production ~~ filtered, blown by a low nressurc blower

and cooled in oT'der to condcr..se the moistur'e, obtaining

a constant air ~low which is conveyed to are of the two

silicagel driers connected in parallel,

one is un~er regeneration.

while the other

silicagcl regeneration loS accomplished by

circulation of hot air, coming f~om S02/S03 generation

coo:.int-': syst('!J1 Of' by steam.

III[ ~.-rw----
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502 A'\D SO~ P!W:J'..'CTIOl\

T!~e sulphur combustion f~lrnace has been designed for

this special service.

In the furn,tce, the s iJ l ph '-l r i s fed t h !' 0 U ~~l a pipe and

falls on a surface of r~fractory balls, while the

-, combustion air is supplied in countercurrent, thus

obtaining the complete comhustion of sulphur without its

sprayir.g through a nozzle, which might often clo~ owing

The t e mpera t u reo f t 11 e r:;a sat the b u [' n e r 0 utI e t. i s

maintenance, and t.lle gas co''''posi tion does not chan{!;c.

.i:tround 700°C (lJOIJ°F') (cof-r-espondinr.; approximately t,o a--

require anyit does not- 1Slmp .. e,is quitesystem

to the sulphur impurities.

This

J,.

SO 2 con c e n t rat ion 0 f ;1. b y vol u me)• t ! I ere ~i f t r~ r a l-l e :t ~~

coo~_s the ({ it S so thal~. it reaches the

conversion tower at the required tem~erature,

The can ve r s ~ on Lower ]_s corr.posed of t h y'ee 1ayers of

vanadium pentoxide caf~alyst.

The gas, pilsslnf-'. from a L:ycr' to the next one, crosses a

conversion va~.u,~s on ~ver'Y stage.

In order to itl~()W ;) quick .,-;Llr'L-up,

has been prov~de(~.

I1U81a
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{ The main characteristi.cs of lJallc::,Lra pre-heatir.;..:; syste:n

is that no electric preheater is required, because if it

were used, being in presence of S03, it would be

corrodcd very quickly.

Mor'cover, with Balleslra system there 1S no r.ced to

either cut-off or reglilation valves in the circuit of

conversion lines, which shou1d operate at temperaLure of

about 500°C in presence of S02/SJ3,
,
\ cOl'roded.

thus bej n:; casi 1y

Th~ gas temperature 15 of course too high to be su~tajle

for sulphonation, therefol'e some hC<lt excharq;crs 10

series are used to cool the ~as dOWf. the propel'

sulphonation temperature.

( The
I

hot air com.lng [1'0171 503 coolers, utiLzcd .c­Lor

silicagel regeneration.

This group is composed by a f:i 1m reactor,

typc, having dimensions and numbc~ of tubes proportional

tot h c p I ant <;j) pac i t y .

The sU}Dhonat~ion g;J.S 1::' C\utomaLica j j y fcd on the rcacLvl"

top and d i st rib utedin par' l s t ric L 1 Y e Qu ;d onea c h a f

the pipes composing the reactor.

The raw rna tcr ia1 to be s u 1 ph ana ted lS fcd 1 nco-eli,' rCTl;,

with the ga.';.

-.rlrll_l_



Outside the react i on tu')es.

)
in the reactor jacket the

cooling water circulates 1.n co-current with the film.

t~hus allowing a control of the reaction temperature by

heat removing.

The distribut.i Ull of the gas and the product- to be

su~ phonated i.~ designed 1-.n oreer to assure a constant

rati.o between the two phases, inside each pcaction- tube.

(and aged and stabilized

f. --"-:'- .. ~
-~.,.,

The sulphonated or sulphate product.

reactor is suitably de~assed.

accordin~ to the fed raw material);

the neutralization unit.

coming out ~f the

then it is fed to

In th i s connect i on the 1'.<.1l1 es t r-« sulphonatLon/suI philtion

system by film reactor has [~reaL advantages low<lpds tile

other existing systems on the market since in case of

f)ower failure en eIl'Cl':,!:ency system, inc 1 udcd in the

supply, avoids to the product and tile

necessity of c1eanin{!, t.he reactor hpfore resuming- the

opel'ation.

This system can be also use~ during plant start-up: the

material to he sulphon2lted is fed and recycled to the

r'eactol' until lite opt;_mwll S02-S03 cOrlver .."i.on is reo.ched.

-111111. 'W
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A great care must be taken when handling and keeping

t.bis substance.

.\
If it contacts the skin or the eyes, wash abudantly

solut,ionwith 10% boric--_....._.._---- -~-- and when the cosc ~s

impor'tant, underl!:o a medical inspect i.on.

I' ~
' It is advisable to use

and :ventuallY antigas

~a ~_.:.~~__ ~~.I.~_~..:.":._f? ~ ?~.. ~ .ii.T?J! C?!2:':

5 - Call':>Uc soda

protective glasses and 6~oves

masks with proper filter fo~

to leak in the atmosphe~e.

It 15 a product available 1n the market either as a

solid or as a liq~id.

In our plants,

aqueol:S solut.ion.

caustic soda LS useo in 40-45%

This product is hi~hly agressive and when conLacting

the skin I;iay ca.use scaLb long- to be cu;oed.

When handling this product use protective gloves and

glasses; in case of accidental contact with the skin

was h a b l. dan t 1 Y ...... i t h w <:: Leran d wit halO;,; h 0 ric a c: d

d e l~ mi c sol uti 0 n .
_.--------------

I\ltll_ ,_
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PROCESS TECHNICAL DESCRIPTION

Air treatment (see dwg. 1171.10.002)

The air required for sulphur combustion and for the S03

production is filtered and dehumidified to a dew point

around -60°C.

42

The air, suitably filtered to eliminate the dust, flows

to the process air compressors that conveys it to the

cooling unit.

Here the air is brought to a temperature of +3°C.
-------- -

The process air compressors operates at a pressure of

\!' 6 ~ max. \'?"~ O. c.a
This pressure is however quite sufficient to convey the

air not only through the 503 production unit but also

through the film unit and the exhaust gas treatment.

The process air cooling units consists of an heat

exchangers with ethylene glycol circulation at a

temperature below O°C {range _6° to -2°C) .
..- ...,

This unit is designed to condense the process air

humidity in a constant way, independently of the climate

conditions.

At this stage the air is cooled and partially

dehydrated.

-nll"'-~·
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From the cooling unit the air gets to the final silicagl

dehumidifier which is composed of two drying units

connected in parallel, one of which is absorbing

moisture from the process air while the other bed is

regenerating.

The commutation of the absorption phase into

regeneration phase can be effected either manually or

automatically; however, always at constant time

intervals.

- lilt Ii_ 1_
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502/503 PRODUCTION

(See dwg. 1171.10.003)

The dried air is conveyed to the sulphur combustion

furnace where it meets in countercurrent the liquid

sulphur, which is converted into 502 by burning.

The sulphur melting and combustion unit is composed of a

melting tank provided with a set of filters for molten

sulphur and by a special proportioning pump.

44

The sulphur proportioning is always at controlled

temperature in order to keep constant and optimum values

of viscosity: 6.5/6.8 cps at 149-151°C .
.....

In the Sulphurex plants of large capacities the sulphur

melting is carried out generally in a room that is

adjacent to the plant.

In such case, in the plant a storage tank for molten

sulphur only will be required.

The sulphur dioxide, having a temperature of about 650°C

when coming out of the suI phur combust ion furna ce, is

cooled to about 430°C by means of an air heat exchanger.

At this temperature S02/air enters the'catalyst tower to

be converted into S03.



The catalysis tower consists of different layers of

45

vanadium pentoxide catalyst, in between some

intermediate heat exchangers are placed, in which the

conversion heat is suitably removed by cooling air.

For further cooling and gas dilution, !~~, a

dehumidified air inlet is provided upstream the third

catalyst bed and/or upstream the first S03 exchanger.

The S03/air coming out of the catalysis tower is cooled

to about 50°C by one or more air-cooled heat exchangers .
.-.....

Before every plant start-up a catalyst preheater takes

the catalyst to the right conversion temperature.

1111118 1M

\1.() /



I

)
SULPHATION/SULPHONATION

(See dwg. 1171.10.005)

The sulphation section consists of a tubular reactor, a

46

raw material proportioning group, a partial exhaust gas

neutralization

transfer

neutralize

treatment and an

(owing

acid

to the need

pump

to

to the

immediately the acids produced by alcohols,

ethers, alpha-ole fins etc.).

alcohol

The raw material is sulphated in the tubular reactor by

the gas suitably diluted using dried air coming from the

silicagel group.

The special location and construction of, the raw

material distributing heads allow to have in every

reaction tube the stoichiometric quantity of liquid

coming into contact with the gas (which is also

regulated automatically in stoichiometric quantity).

Along the reaction tube the sulphation reaction is

accompl ished and the acid coming out of the reactor

passes through a first liquid-gas separator from which,

through a pump with a motor-variator, is conveyed

directly to the neutralization, or for DDB is conveyed



to the ageing and stabilization section and then to the

neutralization.

47

The gas stripped from the liquid passes into a

\ .

~

separating cyclone (to eliminate the drops of liquid

entrained by the gaseous flow) before flowing to the

exhaust gas treatment section.

The liquid coming from the cyclone is discharged by an

hydraulic seal.

The section is moreover provided with an emergency

system suitable to operate when occurring a voltage

drop; when failing the current.

11..-11_ ._
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EXHAUST GAS SCRUBBING

Scrubbing of the exhaust sulphonation gases

The exhaust gas stream coming from suI phonation, is

treated before getting to the atmosphere in order to

48

separate any possible org~nic traces,

the non-converted S02 and S03 traces.

and to eliminate

The organic and S03 traces, that are eventually present

in form of aerosol, are separated and eliminated in the

electrostatic precipitator.

In this uni t a potential difference originates between

the electrodes and discharge pi pes, which charges with

the electricity the impurities contained 1n the gas

stream.

Being the electric charge of the impurities opposite in

along the pipe walls, then discharging

sign to the

attracted and

one

run

of the pipes, the impurities are

from the bottom of the electrostatic precipitator.

The gaseous stream containing ~he non-converted S02 is

absorbed 1n a fill-up scrubbing column, in which a water

and soda solution is continuously recycled.

In this column the residual S02 1S fully absorbed (to

less than 5 ppm S02) and the exhaust gas stream is

saturated with water is discharged to atmosphere.

Liquid solution 1S continuously discharged from the

column.



AGEING AND HYDROLYSIS

(See dwg. 1171.10.005)

Description

I

)

4 9

This section is used to stabili ze the sulphonated DDB;

it is composed by an ageing unit and a stabilizer.

The product after beeing sulphonated, overflows into the

bottom of the ageing unit.

It is then conveyed into the stabilizer, togheter with

water added by means of a dosing pump.

Afterwards it is transferred, by means of a pump, to the

neutralization unit.

_111!.- ,- .,.....



FILM NEUTRALIZATION

(See dwg. 1171.10.006)

)

50

,
l

The acid produced by the sulphation plant is pumped to

the new double-step neutralization circuit; into a first

reactor the acid in stoichiometric defect,

stoichiometric caustic soda and dilution water are

pumped.

In the first circuit, consisting of one reactor, tube-

plate exchanger with thermostatic control and Mono pump,

the neutralized paste is continuously recycled and well

amalgamated: when this circuit is full, the paste (with

excess of caustic soda) overflows into a second circuit

consisting of a 2nd reactor and a final homogenizer.

The remaining quantity of acid is conveyed into the 2nd

reactor to complete the reaction and to neutralize the

soda that is still free in the mass.

At the outlet of the second reactor a pH control unit,

that is directly connected to the pumping element of the

NaOH for' the 2nd reactor', analyzes continuously the

neutralized paste and varies consequently the NaOH

quantity in order' to obtain in the final homogenizer the

qui te neutr'al i zed paste and constant pH,

utilized.

ready to be
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BASIC INFORMATION

1.1 Scope of the proposal
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~ BALLESTRA S.p.A.

1.1 SCOPE OF THE PROPOSAL

The present technical proposal concerns a plant for the
production of soap paste starting from fatty acids and
multipurpose drying unit for the production of soap
chips.

The plant is composed by the following units:

UNIT 75: FATTY ACIDS SAPONIFICATION

This unit is designed to produce neat soap at 72-74\
concentration as TFA, already additivated and suitable
to be fed directly to the drying.

Its capacity is 2160 Kg/h of neat soap, corresponding to
2000 Kg/h of final soap bar (78-80% concentration as
TFA)



~ BALLESTRA S.p.A.

.• 2 AMBIENT CONDITIONS AND UTILITIES CHARACTERISTICS

In the design and selection of the materials it has been
taken into consideration the following climatic
conditions and utilities characteristics:

Ambient air

i'1·6J\l
. ~ L >_ ~~

- relative humidity:

- temperature

Height above sea level

Electric power:

Saturated steam:

Service air:

Instrument air:

Cooling water:

- Temperature:
- Pressure:

Hot water:

- Temperature (in/out)
- Pressure:

Process water:

- Pressure:

i92068/oft

o - 500 m

3 phases, 380 V-50 Hz

pressure 7 Kg/cm2

dry and oil free
min. pressure 7 Kg/cm2

dry and oil free
dew point - 20°C

min. pressure 7 Kg/cm2

2 Kg/cm2 min.

- Illr li8 I_
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SECTION 2

PROCESS UNITS

2.1 Plant capacity

2.2 Raw materials and products
characteristics

2.3 Consumptions

2.4 Process description

2.5 Equipment and machinery
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~ BALLESTRA S.p.A.

2.1 PLANT CAPACITY

2.1.1 Fatty acids saponification

This unit has a capacity of 2160 Kg/h of neat soap
72-74% as TFA corresponding to 2000 Kg/h of dry soap
78-80% concentration as TFA (85-87% as pure soap).

P.1IJ:8J '.
Pa<J'" V

2.1.2 Multipurpose drying unit .,
'-.e...--->

Its capacity is the following referred to the different
feed stocks:

- 1200 Kg/h of SOAP chips (90% soap content)

- 1200 Kg/h of LABSNa flakes (95% dry product
content)

- 1200 Kg/h of SLS flakes (95% dry product
content)

800 Kg/h of STS flakes (90% dry product
content)

Feedstocks: Active Matter at 70% concentration
for LABSNa or SLS and 60% for STS.
For soap drying the capacity is referred to the
processing of soap solution at 72-74% TFA content
(as achievable by continuous FFA saponification
plant) •

i92068/oft
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;JfJ. BALLESTRA S.p.A.

2.2 RAW MATERIAL AND PRODUCT CHARACTERISTICS

2.2.1 Fatty acids saponification

Raw materials characteristics

The following raw materials have been considered as
basis for this proposal.

FFA for saponification

9,.

Blend 75/25
Tallow/Coco

Titre (oC)
A.V. (mg. KOH/g)
Sap. value
(mg. KOH/g)
J2 Value
(g. J2/100 g.)
Colour Loviband

37-40
210-215

211-216

45-54
2.5Y+0.6R

38-43 22-26
200-206 264-274

201-206 265-275

50-58 8-11
5.0Y+1.0R 8Y+1.5R

Tallow Coco/PK

It has been assumed a content of unsaponificable matter
equal to 0.5\ max by weight.

Caustic soda

50% weight solution, as per soap industry standards.

Brine

i92068/oft
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~ BALLESTRA S.p.A.

25% wt sodium chloride solution.

Process water

Softened water - hardness 20° F.

Product characteristics

The saponification process is performed at a temperature
below 100°C and with no contact with air.

Consequently oxydizing degradation reactions can be
excluded.

-,:10,

The neat soap
characteristics:

will have the following main

- TFA content

- Free alkalinity as NaOH

- Sodium chloride (1)

- Unsaponified matter (2)

- Specific additives

NOTES:

72 min

0.07%

1.1%

0.11% max

1.0% max

1) According to the required characteristics of the
final soap bars.

2) Referred to the saponifiable matter.

i92068/oft



#it BALLESTRA S.p.A.

:.2.2 Multipurpose drying unit

Product characteristics:

- Physical aspect: free flowing flakes/chips.

"'.."

- Thickness:

- Water content:

1 - 2 mm

5% for LABSNa
10% for STS

5% for SLS
10% for SOAP

- Max. Hydrolisis (*):
(expressed as
free oil
increase)

- Colour:

0,5% (0% expected when
fed solution free alkali
is 0,5% min.)

no more than 20 °Klett
higher than °Klett colour
in the feedstock

(*) referred only to SLS product

i92068/oft
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~ BALLESTRA S.p.A.

2.3 CONSUMPTIONS

2.3.1 Fatty acids saponifications

Raw materials consumptions

Assuming as raw materials fatty acids having a
saponification number equal to 215 and an
unsaponificable matter content of 0.5%, the following
consumptions are expected (referred to 1 ton of soap
noodles 78% TFA produced).

PdY12'-<
F~lOe N

- Fatty Acids

- Caustic soda (100%)

Utilities consumptions

786 Kg

122 Kg

The consumptions referred to 1 ton of neat soap are:

- Steam (1)

- Electric power

2.3.2 Multipurpose drying unit

Utilities consumption

- Steam (2 bar pressure)

- Cooling water (30°C
inlet temperature, 3 bar
pressure)

- Instrument air
(-20°C dew point, 6 bar
pressure)

- Installed power (estimated)

i92068/oft
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30 kg

16 kw

Kg/h 100

m3/h 60

Nm3/h 10

Kw 100

"



~ BALLESTRA S.p.A.

2.4 PROCESS DESCRIPTION

.. 4.1 Fatty acids Saponification
(Ref.: Dwg. 92068.00.002)

The raw materials (fatty acids, caustic soda, salt
solution and additives) are dosed by means of the
multihead dosing pump 75P1 in the saponification loop.

The flow rate of each component is controlled by
adjusting the piston strokes according to the raw
materials characteristics and the final product (soap)
characteristics.

13

The process
content of
conditions.

water
fatty

is dosed
acids and

according to the desired
the relevant operating

The saponification loop is constituted by the reactor
75MX1, the heat exchanger 75E1, the recycling pump 75P2.

The ingredients are mixed in the reactor 75MXl where the
saponification ration is carried out completely.

The excess of caustic soda is automatically controlled
by the first pHmeter in the saponification loop.

The purpose of the heat exchanger is to supply to the
reaction mixture the heat necessary to reach the optimum
operating temperature.

The solution flows from the loop to the 2nd reactor
75MX2 where a small amount of fatty acids is added in
order to obtain the required content of free alkalinity.

The amount of fatty acids is controlled by pH meter
located at the outlet of the 2nd reactor.

i92068/oft
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~ BALLESTRA S.p.A. 14';

A pressure
pressure in
contained.

control valve keeps the whole plant in
order to avoid the evaporation of the water

Downstream the pressure control valve, part of the water
flashes due to the pressure drop.

The soap is delivered to neat soap tank 75V6 in order to
be fed to the vacuum drying section to be concentrated
at 78-80% as fatty acids.

The plant is extremely flexible due to the low residence
time inside the saponification loop.

It is very easy to shift the production to a different
kind of product by simply modifying the feeding
composition.

It is very easy to reduce or increase the plant capacity
by simply reducing or increasing the RPM of the metering
pump.

(1/
t



~ BALLESTRA S.p.A.

2.4.2 Multipurpose drying unit
(Ref. dwg. No 92068.00.003)

This unit is based on a scraped film evaporator and
operates under reduced pressure.

;"',,: 151
;'l.:~' ,"Ii

The feedstock is fed to the top of the machine; the
product, dischanged from the bottom, is cooled and
discharged as flakes/clips by a chilled roller mill.

l68/oft



~ BALLESTRA S.p.A.

Ballestra has developed this technology based on the use
of scraped film evaporator for the concentration and
drying of anionic surfactants (as such or
preformulated) • This technology has been already
implemented in several projects in the Far East for the
specific application of drying coconut-based fatty
alcohol sulphates (CFAS).

In the pilot plant installed in Ballestra headquarters
in Milan (approx. 100 Kg/h capacity), an extensive work
has been carried out also on the following applications:

- Drying of "pure" and formulated ABSNa (i.e. 80" Active
- 20" Builders)

- Concentration and drying of detergent slurries and
anionic surfactants pastes

- Refining of SLES diluted/concentrated pastes (i.e.:
for 1.4 Dioxane stripping)

Drying/refining of various organic feedstocks

- Drying of soap

16-

Other applications
(preliminary tests
results), including:

are also under
already performed

investigation
with positive

- Concentration/drying of methylester sulphonates

- Drying/flaking of tallow alcohol sulphates

168/oft
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The main advantages
following:

of this technology are the

1 ~; '; .:-~ \1

- !~." IJ
17

High efficiency in concentration/drying with m1n1mum
delta T between heating medium and process fluid

- Minimum residence time with narrow time distribution
and homogeneous product phase.

- No side
,.,

reactions

- High degree of drying of
values of 5% and in same
than 2% residual moisture)

finished product (typical
case, when required, less

- Easy operation (start-up/shut down/change over in few
minutes thanks to minimized process residence time)

- High efficiency and reliability
equipment and process control

- Optimized thermal/energy efficiency

of mechanical

- Substantially no process losses (and possibility of
partial/total reprocessing of condensed water)

i92068/oft
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1 - SOLID RAW MATERIALS rEED SYSTEMS

(diagram AD 40054 000 5 003)

The solid raw materials are sand and soda ash.

1.1. Sand se~tion

The produ~t rea~hes the silo 53 via the general feed
~ir~uit :

- feed hopper 82
- ~onveyor belt HI
- elevator H2
- silo 51
- vibrating extrar.tor H18
- ~onveyor belt H3
- elevator H4
- silo 53

The loop r.an be der.omposed in two parts :

The first one will permit the loading of the silo 51
the se~ond will permit the loading of the hopper 53.

1.1.1. Loading of the silo Sl
-----------------------------

The limit is fed from the raw materials storage by means of
a mer.hanir.al shower.

This silo is fitted with

- one filter Fl,
- one high level indir.ator LI 201,
- one high level alarm, r.onsisting of the sensing element

L5H 201 and of the alarm devir.e LAH 201,
- one eler.trir.al heater 5H 51,
- one vibrator VBRl,
- one register REI.

,---- B.P. 205 95523 CERGY PONTOISE CEDEX Tel. (3) 031.92.67 Telex 695958 PEe ----T'
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The output of the silo is fitted with a vibrating extra~tor

HIB fitted with its vibrator, feeding the belt ~onveyor HJ.

The ~ontrol ~hain for the feeding of this silo ~onsists of
the following devi~es

( - HI
- H2

Belt ~onveyor

Elevator

(

During normal output operation, you don't use the vibrator
VBRI and the ele~tri~al heater 5H 51.

You will start manually this vibrator VBRI only if you have
diffi~ulties for the output of the sand.

You will start manually this ele~tri~al heater only if you
have diffi~ulties for the output and if the humidity of the
sand is too mu~h important.

The register REI is only used if you have to isolate the
silo from the vibrating extra~tor MIa.

These equipments are used only for parti~ular and
ex~eptional r.onditions.

Ouring normal operation, it is better to stop the feeding
before you attain the high level.

This alarm is only a ser.urity.

If you unlor.k the signal, the loop will instantaneously
stop.

'----- B.P. 205 95523 CERGY PONTOISE CEDEX Tel. (3) 031.92.67 Telex 695958 PEG ---I
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1.1.2. loading of the hopper S3

This hopper is fitted with:

- one high level alarm ~onsisting of the sensing element
LSH 203 and of the alarm devi~e LAH 203,

- one low level alarm ~onsisting of the sensing element
LSL 204 and of the alarm devi~e LAL 204,

- one vibrator VBR3,
- one register RE3.

The output of this hopper is fitted with a vibrating
extra~tor M5 fitted with its vibrator feeding the weighing
silo 55.

The ~ontrol ~hain for the feeding of this hopper ~onsists uf
the following devi~es

- MIa
- M 3
- M 4

Vibrating extra~tor

Belt ~onveyor

Elevator

The register REJ is only used if you have to isolate the
hopper from the vibrating extrartor H5.

This equipment is used only for parti~ular and ex~eptional

~onditions.

The high level alarm stops the loop.

The low level alarm starts it again.

Remark You ~an start the feeding of the hopper when the
produ~t is lo~ated between the high and low levels.

,---- B.P. 205 95523 CERGY PONTOISE CEDEX Tel. (3) 031.92.67 Telex 695958 PEC ---I-,.-..-J.
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1.2. Soda ash ser.tion

The produr.t rear.hes the silo 54 via the general feed
r.irr:uit :

(
- big bags opener
- sr.rew r.onveyor
- elevator
- silo
- redler
- elevator

POE 10
SCI0
H 13
52
H 14
H 15

~ liii •• ,_

(

The loop r.an be der:omposed in two parts :

The first one will permit the loading of the silo 52
the ser.ond will permit the loading of the hopper 54.

1.2.1. loading of the silo S2
-----------------------------

The unit is fed from the raw mat~rials storage by means of a
mer:hanir:al shovel.

The storage of the soda ash is realized into big bags.

After taking the big bags to the storage, the mer.hanir:al
shover will bring them up to the big bags openers PDE 10.

This silo is fitted with:

- one filter F2,
- one high level indir:ator LI 202,
- one high level alarm r.onsisting of the sensing element

LSH 202 and of the alarm devir.e LAH 202,
- one vibrator VBR2,
- one register RE2.

1.- B.P. 205 95523 CERGY PONTOISE CEDEX Tel. (3) 031.92.67 Telex 695958 PEC \~
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The output of the silo is fitted with the redler H14.

The ~ontrol r-hain for the feeding of this silo r-onsists of
the following devir-es

- SC 10
- H 13

Sr-rew r-onveyor
Elevator

During normal operation you start manually the vibrator
VBR6 before you begin the feeding of the big bag opener
PDE 10.

When you der-ide to stop the feeding of this silo, you must
stop this vibrator.

The register RE2 is only used if you have to isolate the
silo from the redler H 14.

During normal output operation, you don't use the vibrator
VBR2.

You will start manually this vibrator VBR2 only if you have
diffir-ulties for the output of the soda ash.

During normal operation it is better to stop the feeding
before you attain the high level.

This alarm is only a se~urity.

1.2.2. loading of the hopper S4
-------------------------------

This hopper is fitted with:

- one high level alarm ~onsisting of the sensing element
L5H 205 and of the alarm devi~e LAH 205,

- one low level alarm ~onsisting of the sensing element
LSL 206 and of the alarm devi~e LAL 206,

- one register RE4.

The output of this hopper is fitted with a vibrating
extra~tor M6 fitted with its vibrator feeding the weighin~
silo 55.

.""j'---- B.P. 205 95523 CERGY PONTOISE CEDEX Tel. (3) 031.92.67 Telex 695958 PEC --',\'Tf-l\,'-j
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The control chain for the feeding of this hopper consists of
the following devices

- H 14
- H 15

Redler
Elevator

(
The register RE4 is only used if you have to isolate the
hopper from the vibrating extractor H6.

This equipment is only· used for particular and exceptional
conditions.

The high level alarm stops the loop.

The low level alarm starts it again.

(

Remark You can start the feeding of this hopper when the
product is located between the high and low levels.
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2 - LIQUID RAW MATERIALS AND UTILITIES fEED SYSTEMS

(diagram AD 40054 000 5 003)

2.1. filtered water

(
Rea~hes the battery limits at a pressure of 3 bar and
notably feeds the following :

- blender BLI
- solidifi~ation belt MIl

A small part of this water is to damp down dust during the
blending.

The most important part is used for the for~ed ~ooling of
the solidifi~ation belt.

The pressure gauge PI 410 indi~ates the pressure of the
line.

The valve at the battery limit makes it possible to ~ut off
this feed line.

(
2.2. Compressed air

Rea~hes the battery limits at a pressure of 5 bar and
notably feeds the following :

- shutter box BYI
- vibrator YBR 6
- ~asque CSI
- pneumati~ valve EV BLI
- burner GTI

Refer to the pressure gauge PI 411 for the pressure of the
line.

The valve at the battery limit makes it possible to ~ut off
this feed line.

1..----- B.P. 205 95523 CERGY PONTOISE CEDEX Tel. (3) 031.92.67 Telex 695958 PEC
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2.3. fuel oil

Coming from the fa~tory pipe, the fuel oil enters the plant
to the storage tank 81 from the general storage plant via
the pump Pl.

The temperature of this fuel oil is about 50-60·C and the
pressure 3 bar (effe~tive).

This pipe will be fitted with tra~ing and heat insulation.

The storage tank 81 is fitted with:

- one outside level indi~ator LI 210,
- one high level alarm ~onsisting of the sensing element

LSH 207 and of the alarm devi~e LAH 207,
- one low level alarm ~onsisting of the sensing element

LSL 208 and of the alarm devi~e LAH 208,
- one ele~trir.al heater SHB 1,
- one temperature indi~ator TI 107,
- one thermostat TS 106.

The high level alarm stops the pump Pl.

The low level alarm starts it again.

So, it is ner.essary to maintain the trar.ing to the feeding
pipe.

Remark You r.an start the feeding of this tank when the
liquid is lor.ated between the high and low levels.

The eler.trir.al heater will maintain the temperature
between 50 and 60 degrees.

,---- B.P. 205 95523 CERGY PONTOISE CEDEX Tel. (3) 031.92.67 Telex 695958 PEe -'
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3 - MANUfACTURING SECTION

3.1. Mixture r.onditioning and storage ser.tion

This ser.tion inr.ludes :

- the weighing,

- the blending,

- the storage of the mixture.

3.1.1. Oesr.ription of the installation
--------------------------------------

The weighing system is designed to weigh batr-hes of raw
materials soda ash and sand.

After seler-ting the weight ratio, the two raw materials are
sur.r.essively weighed automatir.ally by the two extrar-ting
vibrators M6 and MS.

The weighing silo 55 rer.eive, at first the soda ash, and
then the sand.

When a batr.h is weighed, the produr.ts fall down into the
blender Bll where they are mixed.

After a few minutes of blender rotation, the blender r.hanges
its direr-tion of rotation and the mixture r.ome off the
blender.

The mixture is then r.onveyed by the handling line to the
blend silos 56A or 568.

,---- B.P. 205 95523 CERGY PONTOISE CEDEX Tel. (3) 031.92.67 Telex 695958 PEC ~ t
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3.1.2. run~tioning of the installations
---------------------------------------

In normal operation sele~t the blend silo with the slide
box BVl before starting the weighing system.

The weighing silo 55 is fitted with one r-ask C51.

When the vibrating extrar-tors are in operation, the r-ask is
r-Iosed.

At first the soda ash vibrating extrar-tor M6 starts. When it
stops, after a time delay, the sand vibrating
extrar-tor M5 starts. When it stops, the weighing is
finished.

After the blender Bll starts in the blending rotation
direr-tion the r-ask will be open.

All these operations are made automatir-ally.

The weight ratio is made with the two r-oding wheels on the
board of the r-ontrol room.

The blender Bll is fitted with

- two rotation way,

- one vibrator VBR4 on the inlet r.hute,

- one spraying system for water,

one grill to the lumps output.

At first the blender starts for the mixture rotation way

- the r.ask C51 opens,

the spraying system starts,

- the vibrator VBR4 starts.

When the weighing silo S5 is empty, the weighing ser-tion
gives the order for the r-ask r.losing. The vibrator
VBR4 stops also.

The weighing system r.an start again.

,---- B.P. 205 95523 CEAGY PONTOISE CEDEX Tel. (3) 031.92.67 Telex 695958 PEC -----<"""I'H
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The blending made, after a time delay, the blender will
start in the disnharge rotation dirention.

The mixture is rehandled by elevator H8 and nonveyor H7 to
the blender silos s6A or 568.

These two silos s6A and 568 are fitted with :

Silo 56A : - one high level alarm, nonsisting of the sensing
element WIQ5H 702 and of the alarm devine
WIQAH 702.

- one very high level alarm, nonsisting of the
sensing element WIQsHH 702 and of the alarm
devine WIQAHH 702

- one register RE5.

Silo 568 : - one high level alarm nonsisting of the sensing
element WIQsH 703 and of the alarm devine
WIQAH 703

- one very high level alarm nonsisting of the
sensing element WIQ5HH 703 and of the alarm
devine WIQAHH 703

- one register RE6

The output of these two silos are fitted respentively with a
vibrating extrantor M9A and M98 ear.h one fitted with its
vibrator, loading the feeding mar.hine MI0.

The r.ontrol r.hain for the feeding of these silos nonsists of
the following devir.es.

- BVI slide box
- WIQ 701 weighing system
- M6 soda ash vibrating extrar.tor with VBR3 vibrator
- H5 sand vibrating extrar.tor
- CSI r.ask
- Bli blender
- VBR4 vibrator
- EV Bli water eler.trovalve

M8 elevator
- M7 belt r.onveyor

'---- B.P. 205 95523 CERGY PONTOISE CEDEX Tel. (3) 031.92.67 Telex 695958 PEC .,J.,\Q'~
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The nomp1ete nynle wear is about seven (7) minutes. After
the first nynle, the weighing is done in the same time than
the mixting and the disnharge.

For details of the working, refer to the elentrinity
tenhninal spenifination 40054 8 EL 801 MP 001.

( In permanenr.e you have in the nontrol room the weight of
mixture nontained in the silos 56A and 568.

So, before you start a new melting nyr.le, you must nher.k you
have enough mixture.

The registers RE5 and RE6 are only used if you have to
isolate the blender silos 56A or 568 resper.tively from the
vibrating extrar.tor M9A or M98.

The level r.ontrol and safeties are as follow :

- the light of the signal high level in r.ontrol room
forestalls the operator he has to stop the feeding soon,
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3.2. Hanufa~turing se~tion

(P & I AD 40054 000 5 003)

3.2.1. General data
-------------------

The ~OECHST Qro~ess'jfor the manufa~turing sodium sili~ate
Poan be summed----up-by the equation :

This rea~tion takes plar.e in the rotary kiln VT1.

The neutralization ratio is given hy the weight ratio

SiOZ

NazO
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3.2.2. General diagram
----------------------

poSY 1
Tar'"
ro~ 'A

t-1 ea"t
fl4f!I Dil

L'P2A.t~ B

C

~D

(

(

c= -E I- -

.F

IG

H~ ~
, "-, , ....

/// ,'-

I

L-

A = Heavy fuel oil loop, with elcr.trir.al trar.ing
P2A&B = Booster pumps, fuel-oil r.irr.uit and filtration

-~P5V1 = Taring valve, fuel oil r.irr.uit
B = Filtration and eler.trir. heater
C = Pressure redur.ing unit and fuel oil metering -

r.ompressed air injer.tion and sr.avenging (PC 407)
D = Burner on trolley (G T1 )
E = Casting line (MIl)
F = Rotary kiln (V T1 )

( G = Feeding mar.hine (IHO)
H = Vibrating r.hutes (M9A & M9B)
I = Loading hoppers (56A & 56B)

1.----- B.P. 205 95523 CERGY PONTOISE CEDEX TeL (3) 031.92.67 Telex 695958 PEe __---.--_
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3.2.3. Rotary kiln VTl

The furna~e re~eives

- the blender from the feeding mar.hine in one side

- the hot gas from the burner GTI in the other side.

3.2.3.1. Desr.ription of the rotary kiln

- diameter 2.6 m
- length 10.6 m
- rotation speed : 0.55 rpm

For more ter.hnir.al ~hara~teristir.s, refer to the ter.hnir.al
sper.ifi~ation 40054 GC 801 ST 001.

It is fitted with:

- internal equipment r.omposed of refra~tory r.onr.rete and
brir.ks (see ter.hnir.al spe~ifir.ation 40054 GC 801 ST 110)

- four r.asting holes for the disr.harge of silir.ate
prodlJr.tion

- one reinforr.ing plate for re~eiving the burner

- one smoke box fitted with a r.himney an with an air blast
regulator.

This regulator allows to obtain a lower smoke temperature
(about 400·C).

The driving system is designed use the two rotation way.

Remark : An emergenr.y manual drive is mounted on a available
shaft of the redur.er.

~--- B.P. 205 95523 CERGY PONTOISE CEDEX Tel. (3) 031.92.67 Telex 695958 PEC ---..,....Jj,:l·
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Stand-by manual devir.e for the kiln rotation

..
.-----1

Diagram

,.

\

\

(1) Kiln driving roller
(2) Coupling
(3) Redur.ing gear
(4) Coupling
(5) Redur.er
(6) l1otor
(7) Crank

Should an inr.ident or.r.ur, it r.ould be ner.essary to r.hange
the kiln, as follows :

1) Switr.h off th~ driving motor
2) Insert the teppet of the r.rank
3) Turn the r.rank
4) Disengage the crank as the kiln is positioned.

The temperature of the smoke box (TI 101) and of the star.k
(TI 102) are given in the r.ontrol room.

They are very important and they permit to know if we have a
good melting.

The kiln is also equipped with heat proof panels
particularly IJsed as sr.reen in the r.asting area.

1..---- B.P. 205 95523 CERGY PONTOISE CEDEX Tel. (3) 031.92.67 Telex 695958 PEe - __
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3.2.3.2. Operating pro~ess

- Duration of the ~yp-le :
- Tonnage of mixture load kiln :

SILICATE W.R 2.15 3.35

- tonnage of total
mixture/24 h 42 40

- tonnage per 4 h
p-yp-le 7 6.7

Above-indip-ated values hav~ been round up.

Melting Pror.ess

Fuel-oil flowrate
EVENT Time ( in l/hr)

Air

Loading

· Mini burner 0' 165 to 175 2

· Average burner 10' 235 to 245 3.25

· Maxi burner 20' 295 to 305 4.25

End of loading 45'

Casting

· average burner 235 to 245 5.5 3.25

· mini burner 165 to 175 4.25 2

Loading 4h

Times indir.ated r.an be subjer.t to p-hanges. They depend on
the kind of mixture, of the visr.osity of the bath, of the
visp-osity of the 0asting r.hain and of the general state of
the kiln during the r.asting.
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c /'=r/O /il
fuel-oil pressure in burner : approximately~

- Shape of the flame : long
- Air inlet throttle (V4) : total opening
- Burner positioning: 1.5 to 2 Porn of rotary throat
- Casting holes : diameter 60 to 45 for Na 2.15

80 to 65 for Na 3.35

* Data Poonr.erning AIR and fUEL-OIL index are simply given as
indiPoation and r.orresponds to the burner operation under
some r.onditions : viz. - internal r.learanr.e movable

nose/stationary nose
- fuel-oil feed pressure as a

funr.tion of its quality

3.2.3.3. loading of the rotary kiln

The feeding mar.hine MID is designed to load batr.hes of
blending.

The moving r.up, of the feeding mar.hine, r.oller.ts the blend
at the outlet of the blending silo S6A and S6B via the
vibrating extrar.tor M9A or M9B.

Then the r.up introdur.es the mixture into the rotary kiln,
(the lilting will or.r.ur on the last meter of its stoke), and
after will r.ome bar.k to the loading position for a new
r.yr.le.

for the terhnir.al r.harar.teristir.s of this feeding mar.hine,
refer to the tePohnir.al sper.ifir.ation 40054 GC 801 ST 103.

All these operations are made automatir.ally.

The starting is given from a lor.al r.ontrol board TB 04.

The r.ontrol r.hain for the loading of the furnar.e VTl
ronsists of the following devir.es

- M9A or M9B Vibrating extrar.tors
- VBR5 Vibrator
- MID feeding mar.hine

Remark : In rase of immobilization of the loading rup inside
the kiln, it will be neressary to remove it
manually.

l.-- B.P. 205 95523 CERGY PONTOISE CEDEX Tel. (3) 031.92.67 Telex 695958 PEe __..../_
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Arrangement for extrar.tion by hand of the loading arm of the
feeding mar.hine

Diagram

s
- -- -e'------ --~- - - - - - ~ - -~

(1) Hain pulley
(2) Belt
0) Brake motor
(4) Driving pulley
(5) Trolley
(6) Trolley driving r.hain
(7) Link Chain/Trolley
(8) Pinion - belt tension/return

For doing this :

1) Switr.h off the motor (3)
2) Remove the r.asing prater.ting the main pulley (1).

Note- This r.asing must be Dimply fastened so as to be very
quir.kly removable without any tool.

3) Remave the belts
4) By means of a bar engaged in the spokes of the pulley

(1), r.ause the bar.kward move af the loading arm.
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3.2.3.4. Disr.harge of the rotary kiln

Onr.e r.orrent melting of the blend, is obtained,open one or
two r.asting hole on the rotary kiln.

The melted sodium silinate falls on the MIl solidifir.ation
belt whinh is nooled by means of water.

This water r.ods the solidifination belt and allows good
solidifination of the silinate.

In fant, the nooling of the solidifination belt ensures that
the temperature of the silinate will fall under the setting
point.

Desnription of the solidifination belt

- length = 16.8 m
- linear speed = 4.4 m/min.

For more tenhninal nharanteristins, refer to the tenhninal
spenifination 40054 GC 801 ST 112.

This solidifination belt is fitted with:

- lubrifination box on eanh driving nhain
spraying nozzles on the return strand (eanh spraying lin
will be fitted with its shut off valve)

- two systems of fixation
- one steel plate at the silinate output

At the 0 u t PIJ t, the g 1ass f rag men t s are pin ked up by the
menhaninal shovel and brought to the storage area.

The nooling water is nollented in a sump. The vertinal pump
P3 allows this water to be disnharged to the battery limit
of the plant.

Remark Near to the driving system, the solidifination
belt has a lonal panel fitted with a speed
variator.
If nenessary, use it for adjusting the linear
speed of the solidifination belt during the
silir.ate nssting.
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- for the opening of the casting holes, the
operator will use a pick (refer chapter VIII,
§ 2.3.1).

- for the discharge of the rotary kiln it may be
necessary to moderate the casting in introducing
the end of a bar into the casting hole
(refer to chapter VIII, § 2.3.1).
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3.3. Hot 9as generator GTl

3.3.1. General data

The hot gas generator GTI is fed with heavy fuel oil N·Z via
the pumps PZA and PZB (one in operation, one in stand by) at
the proper p.onditions of pressure and temperature and with
ambient air p.oming via the blower VI.

3.3.Z. Burner

Proportloning burner STEIN p.onsist of the burner with

- furnap.e mounting plate
- mounting brap.ket
- protep.ting shutter
- indup.ed air p.ontrol sleeve
- air shut off valve
- mip.rometering oil regulating valve
- p.ontrol level ronnertion
- oil pressure gauge
- oil pressure regulator

For more details, refer to STEIN operating instrup.tions.

With this kind of burner, it's possible to obtain a turndown
ratio of 5 to 1 in fixing p.aparity, and maintain perfertly
the oil atomization over this entire range.

The fuel flow rate is p.ontrolled with the automatir valve
SV 901.

The feeding lines of the burner are fitted with two safety
devires, whip.h p.an rlose this valve.

l--- B.P. 205 95523 CERGY PONTOISE CEDEX Tel. (3) 031.92.67 Telex 695958 PEC---
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They p.onsist of the following instruments :

- PSl 401 Pressure p.ontrol switp.h on the fuel line
- PSl 402 Pressure p.ontrol switp.h on the air p.irr.uit.

If the air pressure is too low (for example with r.urrent
failure) :

The instrument PSl 402 Pressure p.ontrol switr.h

- p.lose the valve SV 901
- open the air automatir. valve SV 902
for the p.leaning of the fuel line.

Remark The burner is p.onnep.ted with the fuel feeding line
with a flexible hose fl1 • Between the furnar.e and
the burner, we find two refrap.tory blor.ks,
one G1 is assor.iate with the burner the other G2 ,
with the rotary kiln (refer to the diagram of the
fuel preparating unit).

3.3.2.1. fuel r.onditioning

From the storage tank Bl, fuel arrives to the burner via the
pumps P2A or P2B, one of them as stand by.

Booth pumps are provided with a safety valve.

In p.ase the fuel oil pressure would be too low, a safety set
up p.onsisting of the pressure r.ontroller PSL 401 would
r.losed the valve SV 901.

The manometer PI 403 show the pump disr.harge pressure.

Further along the line there is the preheating system.

It p.onsists of the eler.trip.al heaters Rl,R2 and R3 where the
following set up adjusts the fuel oil temperature :

- TS 103 Temperature switr.h
- TW 103 Thermometer

The I 0 ;. 8 lin d i r. a t OT TI 4U5 9 i vest h e t e mper a t u r e .
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The fuel oil vis~osity must be maintained ~onstant as mu~h
as possible from 2.4 to 2.6- Engler, that will require to
regulate the temperature of the fuel-oil between 100 and
12S-C depending on its quality.

(

(

(

The temperature of the fuel oil is ~onsequently an important
~hara~teristir.s of the proper operation of the burner, as
regards the r.onstanr.y of flow rates and of the inje~tion,
therefore of the r.ombustion.

Thi~ line is also fitted with
--._------~-~

- Filt~!s r3,f4,fS)
- Safety valve-sPSV-l and PSV 2
- Air trap 84
- One pressure redur.er PC 407
- One flow meter rQI 301
- One air inlet line fitted with the solenoid valve SV 902
- One fuel oil solenoid valve SV 901
- One re~y~led fuel line to the storage tank.

The fuel preparating line is fitted as follow

The temperature of the line is maintained by the ele~tri~al
trar.ing.

A signalisation in the r.ontrol room prevent if
insuffir.ienr.y.

1;\ \
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3.3.2.2. Air circuit

Refer to the prer.eding diagram.

It's r.omposed with:

- one blower fan VI
- one throttle valve V~.

This line is fitted with

- PSl 402 Pressure r.ontrol switr.h
- PI ~04 Pressure indir.ator.

3.2.2.3. Other equipments

The burner and the blower are fixed on a trolley.

The burner is adjustable in the height, translation and
rotation way.

The trolley is on two rails, and r.an move forwards and
bar.kwards.

The fuel storage tank Bl is fitted with:

- one high level alarm r.onsisting of the sensing element
lSH 207 and of the alarm devir.e lAH 207

- one low level alarm r.onsisting of the sensing element
lSH 208 and of the alarm devir.e lAl 208

- one eler.trir.al heater SHB 1

- one temperature indir.ator TI 107

- one level indir.ator LI 210

The temperature regulation is made with the temperature
switr.h TS 106.
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3.4. Silicate bagging

The silo S7 is fed from the silicate storage area by means
the mechanical showel (use the same one as for the raw
materials feeding) via the hopper B3, the extracting
beltMI9 and the belt H16.

This silo is fitted with:

- one high level alarm ~onsisting of the sensing element
LSH 209 and of the alarm devine LAH 209

- one register RE7

The output of the silo is fitted with a vibrating extrar.tor
H20 fitted with its vibrator feeding the bag feeder weigher
Sfl.

When the woven bags are full, they fall down on the belt
r.onveyor HI7 on whi~h they are sewed by the sewing ma~hine

SHI.

After the bags are sent to the storage area.
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Overview of the Regulations Applicable to the JSC Discharge
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APPLICABLE REGULATORY CRITERIA

Current Status of Environmental Regulations in Jordan:

In order to assess Jordan Sulpho-Chemicals (JSC) compliance with applicable
Jordanian standards and regulations, it is of importance at this stage to present
an overview of Jordan's environmental protection control laws, standards, and
regulations. Interestingly, Jordan has no comprehensive law to control water, air,
and soil pollution. However, a Jordanian Environment Act (lEA) was drafted
two years ago to achieve the principle objectives mentioned in the National
Environment Strategy (NES) for Jordan. JEA is currently awaiting approval
from the Parliament.

In general, the nature ofwater pollution standards and regulations in Jordan vary
according to sources. Industrial wastewater discharges are regulated by the
Jordanian standard specification number 202 (Table C-l) adopted in 1981 by the
Department of Standards and Specifications (DSS) and revised in 1990.
Standard 202 regulates industrial wastewater discharges to rivers, wadis,
groundwater, the sea, and reuse for irrigation. This standard covers 37 pollutant
parameters and sets maximum allowable concentration limits of pollutants in the
discharged industrial wastewater effluents. Moreover, the standard also contains
narrative conditions to protect public health, aquatic life, worker health; and
groundwater quality. The standard is not associated with a pennitting
mechanism and therefore is self-implementing.

Drinking water quality is regulated by the Jordanian standard number 286.
Tables C-2a - C-2e present quantitative requirements of pertinent characteristics
including physical, chemical, radiation, and health related issues. With regards
to regulations related to the quality of treated domestic wastewater to be reused
in irrigation, Jordan has neither standards nor guidelines. However, it is a
common practice to use the Food and Agriculture Organization (FAO) and
World Health Organization (WHO) Guidelines as a reference .Tables C-3
through C-5 are related to the quality of treated domestic wastewater effluents

C-1
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to be reused in irrigating agricultural crops. The remaining tables C-6 - C-12
present the tolerance and sensitivity of crops to salinity and other specific ions
like Sodium, Boron and Chloride. These are adapted from the FAO Guidelines
(1985). Treated domestic wastewater is regulated by the Jordanian Standard 893
(Table C-13) adopted in 1994 by DSS. Regarding air pollution, Jordan does not
have any existing standards or regulations to control air pollution.

Regulations Applicable to the JSC Discharges:

The JSC is not connected to the public sewer system due to being located in a
remote area. During the course of conducting an environmental pollution
prevention/waste minimization audit of the JSC, the audit team identified two
wastewater discharges. One of these discharges is purely industrial wastewater
effluent. However, this effluent is composed of all wastewater streams
originating from various production units of JSC.

The other wastewater effluent is associated with the R.O system reject. This
effluent ( approx. 21 cubic meter) is currently being used by a nearby farm.
The Jordanian Standard 202 is also used to regulate industrial wastewater which
may recharge groundwater.

C-2



Table C-l
Summary of requirements of Jordan Standard 20211991 for disposal of industrial effluents.

Maximum Allowable Limit, (mg/l)+
Parameter Disposal To

Wadis & Rivers Sea Groundwater Recharge Reuse for Irrigation*'"
RIlIl'i ;UM - SOM -
COD 150M 200 150M -
DO 1* 5* 1* 1*
TDS 3000(1) - 1500 (1) 2000 (2)
TSS 50 - - 100 (3)
pH (su) 6.5-9.0 5.5-9.0 6.5-9.0 6.5-8.4
Color (unit) 15 75 15 -
TC - 4 - -
FOG 5 10 Absent 5
Phenol 0.002 1 0.002 0.002
MBAS 25 15 -
N03-N 12 (4) - 12 (4) 30
NH3 5 12 5 5
T-N - 125 - 50
P04-P 15 - - -
CI 500 - 500 350 (3)
S04 500 - 500 400
F 1.5 - 1.5 -
HC03 - - - 500
Na - - 400 -
Mg - - - -
Ca - - - -
SAR - - - 9
Al 5 - 0.3 5
As 0.05 0.1 0.05 0.1
B 1 - 1 1 (5)
Cr 0.1 0.3 0.05 0.1
Cu 2 0.1 2 0.2
Fe 1 2 1 5
Mn 0.2 0.2 0.2 0.2
Ni 0.2 0.02 0.1 0.2
Pb 0.1 0.1 0.1 1
Se 0.02 0.02 0.05 0.02
Cd 0.01 0.07 0.02 0.01
Zn 15 - 15 2
CN 0.1 1 0.1 0.1
Hg 0.001 0.001 0.001 0.001
TCC MPN/IOOml 5000 - -
TFCC MPN/IOOml 1000(6) - 1000 (6) 1000 (6)
Nematodes <1 - - < 1
(+) All urots are In mgll except where noted.
(*) Minimum value.
(**) Depends upon, type and quantity of crops, irrigation methods,soil type, climate & groundwater in the area concerned.
(-) Undetermined.
(M) Monthly average.
Notes:
(1) IDS allowable limit is subject to the IDS concentration in the water supply and the water basin affectd.
(2) Allowable limits of wastewater reuse determine the degree ofrestriction (none, slight to moderate, or severe).
(3) Method of irrigation is determined by wastewater quality being used.
(4) Nitrate concentrations-aHowed are determined by its concentrations in the affected water basin.
(5) Could reach 3 mg/!.
(6) Geometric mean.



Table C-2a
Jordanian Drinking Water Standards

A: Physical characterstics

Parameter Permissible Limit Max. allowable conc. in case

no better source is available

Taste aesthetically acceptable -

Odor aesthetically acceptable -

Color 10 units 15 units

Turbidity 1 unit (JeU) 5 units

pH 6.5 < pH < 9 -

Temperature 8 - 25 c -

•
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Table C-2b

Jordanian Drinking Water Standards

B: Chemical Charecterstics

Parameter Max. Allowable Cone.
mg/l

Pb 0.05
Se 0.01

As 0.05

Cr 0.05

CN 0.1
Cd 0.005
Hg 0.001
Sb 0.01
Ag 0.01

lilf._ 1M



Table C-2c
Jordanian Drinking Water Standards

C: Health related

Max. allowable conc. in case Effects within max.
Parameter Permissible Limit no better source is avialable allowable limits

mWi
TDS 500 1500 aesthetic
TH( CaC03) 100 500 aesthetic
ABS 0.5 1 indicator
AI 0.2 0.3 aesthetic
Fe 0.3 1 aesthetic
Mn 0.1 0.2 aesthetic
Cu 1 1.5 aesthetic
Zn 5 15 aesthetic
Na 200 400 aesthetic
Ni 0.05 0.1 health
CI 200 500 aesthetic
F 1 1.5 health
S04 200 500 aesthetic
N03 45 70 health

111[ ~.-rw--~--'



Table C-2d

Jordanian Drinking Water Standards
D: Radiation

Parameter Maximum limit
Bqll

Alpha-emitters (except for Radon) 0.1

Beta-emitters 1

'J •
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Table C-2e

Jordanian Drinking Water Standards
E: Organic pollutants*

Parameter Max. Permissible Cone.
mg/I

A) Chlorinted
Hydrocarbons
Endrin 0.0002
Lindane 0.004
Methoxychlor 0.1
Toxaphene 0.005

B) Chlorophenoxys
2,4-0 0.1
2,4,5-TP 0.01

(Trichlorophenoxy propionic acid)

* Other organic pollutants should not exceed the max. allowable

limit set by WHO.



Table C·)

Guidelines for interpretations of water quality for irrigation (1)

Degree of restriction on usc

None Slight to Severe
Potential irrigation problems Units moderate

Salinity (affects crop water
availability) (2)
ECw(or) dS/m < 0.7 0.7 - 3.0 > 3.0

TOS mg/l < 450 450 - 2000 > 2000

InfUtration (affects infiltration
rate of water into the soil.
Evaluate using (ECw and SAR together) (3)

SAR =0-3 and ECw > 0.7 0.7 - 0.2 < 0.2

=3-6 > 1.2 1.2 - 0.3 < 0.3
=6-12 > 1.9 1.9 - 0.5 < 0.5
=12-20 > 2.9 2.9 - 1.3 < 1.3
=20-40 > 5.0 5.0 - 2.9 < 2.9

SpecifIC ion toxicity (affects
sensitive crops)
Sodium (Na) (4)

Surface irrigation SAR <3 3-9 >9
Sprinkler irrigation mell <3 >3

Chloride (Cl) (4)
Surface irrigation mell <4 4 - 10 >\0
Sprinkler irrigation mell <3 >3

Boron (B) (5) mg/I < 0.7 0.7 - 3.0 > 3.0
Trace elernents(see table E4)

M Lsccllancous effects
(affecLS susceptible crops)

Nitrogen (N03-N) (6) mg/I <5 5 - 30 > 30
1l1CNbon.,e (I-IC03)
(Overllead sprinkling only) rnc/l < 1.5 1.5 - 8.5 :> tl.)

pH Normal rallgc (1.5 8.4

(I) Adapted from University of California Committee of Consultants 1974.
(2) Eew means electrical conductivity, a measure of the water salinity. reported in dcciSicmens per metre at 2ScO (dS/m) or in units millimhos per centimeter (mmho/cm). Both

are equivaLenL TD~ means total dissolved solids, reponed in milligrams per liter (mg/L).
(3) SAR means sodium adsorption ratio. SAR is sometimes reported by the symbol RNa. At a given SAR, infiltration rate increase as

water salinity increases. Evaluate the potential infiltration problem by SAR as modified by ECw.
(4) For surface irrigation, most tree crops and woody plants are sensitive to sodium and chloride; use the values sho'Ml. Most annual crops arc not sensitive. With overhead sprinkler

irrigation and low humidity «30 percent), sodium and chloride may
be absorbed through the leaves of sensitive crops.

(5) For borm tolerances, see Tables 16 and 17.
(6) N03-N means nitrate nitrogen reported in tenns of elemental nitrogen (NH4-N and Orgallic-N shou ld be included when wastewater is being tested).

Assumptions in the Guidelines

111C water quality guidelines in Table 1 are intended to cover the wide range of conditions encountered in irrIgated agriculture. Several basic assumptions have been used to define their
range of usability. If the water is used undcr grcatly differenl condilions, the guideline." may necd lo be. adjusted. Wide deveallons from the assumptions might result in wrong Judgemenls
on the usability of a particular water supply, especially if it is a borderline casco Where sufficient expericnce, field lrials, research or observations are available, the guidelines may be
modified to fit local conditions morcclosely.

The bfjsjc assumptions in the fujdelines are:

Yield Potential: Full production capability of all crops, without the use of special practices, is assumed when the guidelines indicate no restrictions on use. A "reslriction on usc"
indicates that there many be a limitation in choice of crop, or special management may be needed to maintaill full production capability. A "restriction on use" does not indicate that the
water is unsuitable for usc.

Site Conditions: Soil texture ranges from sandy-loam lo clay-loam with good internal drainagc. The climale is semi-arid to arid and rainfall is low. Rainfall does not playa significant
role in meeting crop water demand or leaching requirement. (In a monsoon climate or areas where precipitalion is high for part or all of the year, the guideline restrictions are lOo severe.
Under the higher rainfall situations, infiltrated water from rainfall is effective in meeting all or part of the leaching requirement.) Drainage is assumed to be good, with no uncontrolled
shallow water table present within 2 metres of the surface.

;\1ethods and Timing of Irrigations: Nonnal surface or sprinkler irrigation methods arc used. Water s applied infrequelltly, as neo:.ded, and the crop utilizes a considerable poruon of the
available slored soil-waler (50 percent or more) before the next irrigation. At least 15 percent of the applied waler percolales below the root zone (leaching fraction [LF] ~ 15 percenl). '111e
guidelines are too restrictive for specialized irrigalioll methods, such as localized dflp Irrigation, whIch result~ in near daily or frequent Irrigations, but arc applicable for subsurface
irrigation if surface applied leaching satisfies the leaching requiremelll".

'Vater Uptake by Crops· Different crops have different water uptake panems, bUl all take water from wherever It is most readily available \I,.:lthill the rooting depth. On average aboul 40
percent is assumed to be taken from the upper quarter of the rooting depth, 30 percent quarter, 20 pl.:rCC!1l from the third quarter, and 10 percenl from the lowest quarter. b::.ach Irrigatioll
leaches the upper root zone and maintains it al a relatively low salinity. Salinity increases with depth and is greatest in the lower part of the root zone. The average salinity of the soil­
water is three times that of the applied water and is representative of the average root zone salinity to which the crop responds. These conditions result from a leaching fraction of 15-20
percent and irrigations that are timed to keep the crop adequately walercd at all times.

Salts leached from !.he upper root zone accumulate lo some extent III !.he lower part but a salt balance j:; achieved as salts are moved below the root zone by sufficient leaching. "111e higher
salinity ll1 the lower root zone becomes less important if adequalc moisture is maintained in the upper, "morc active" part of the root zone and long-lenn leachlng is accomplished.

RestrictioD OD Use' The "Restriction on Use" sho'Ml in Table 1 is divided into three degrees of severity: none, slight to moderate, and severe. The divlsioDS are somewhat arbilrary since
change occurs gradually and there is no clear-cut breaking point. A change of 10 to 20 percent above or helow a guideline value has linle significance if considered in proper perspective
with other factors affecting yield. Field studies, research trials and observations have led to these divisions, but management skill of the water user can alter them. Values shown are
..wplicable under nonnal field conditions prevailing in most irrigated areas in the arid aDd scmi-a.... iG rcgiGflS of ,-he world.

BEST AVAfLABLE COpy
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Table C-4
Recommended maximum concentrations or

trace elements In irrigation water (1)

Recommended
maximum

concentration(2)
Element (mglL) Remarks

AI (aluminium) 5.0 Can cause non-productivity in acid soils (pH < 5.5). but more alkaline soils at
pH > 7.0 will precipitate the ion and eliminate any toxicity.

As (arsenic) 0.10 Toxicity to plants varies widely, ranging from 12 mg/L for Sudan grass to less

than 0.05 mgJL for rice.

Be (berylIium) 0.10 Toxicity to plants varies widly, raning from 5 mglL for kale to 0.5 mgJL

for bush beans.

Cd (cadmium) om Toxic to beans beets and turn ips at concentrations as low as 0.1 mg/L

in nutrient solutions. Conservative limits recommended due to its potential for

accumulation in plants and soils to concentrations that may be harmful to humans.

Co (cobalt) 0.05 Toxic to tomato plants at 0.1 mg/L in nutrient solution.

Tends to be inactivated by neutral and alkaline soils.

Cr (chromium) 0.10 Not generally recognized as an essential growth element. Conservative limits recommended

due to lack of knowledge on its toxicity to plants.

Cu (copper) 0.20 Toxic to a number of plants at 0.1-1.0 mg/L in nutrient solutions.

F (fluoride) 1.0 Inactivated by neutral and alkaline soils.

Fe (iron) 5.0 Not toxic to plants in aerated soils. but can contribute to soil acidification

and Joss of availability of essential phosphorus and molybdenum.

Overhead sprinkling may result in unsightly deposits on plants, equipment and buildings.

Li (lithium) 2.5 Tolerated by most crops to 5 mgIL, mobile in soil. Toxic to citrus at low concentrations

«0.075 mg/L). Acts similarly to boron.

Mn (manganeses) 0.20 Toxic to a number of crops at a few-tenths to a few mg/L, but usually only in acid soils.

Mo (molybdenum om Not toxic to plants at normal concentrations in siol and water. Can be toxic to livestock

if forage is grown in siols with high concentrations of available molybdenum.

Ni (nickel) 0.20 Toxic to a number of plants at O.5·1.Omg/L; reduced toxicity at neutral or alkaline pH.
Pd (lead) 5.0 Can inhibit plant cell growth at very high concentrations.
Se (selenium) 0.02 Toxic to plants at concentrations as low as 0.025 mgIL and toxic to livestock

if forage is grown in soils with relatively high levels of added selenium.
An essential element to animals but in very low concentrations.

Sn (tin)
Ti (titanium) Effectively excluded by plants; specific tolerance unknown.
W (tungsten)
V (vanadium) 0.1 Toxic to many plants at relatively low concentrations.
Zn (zinc) 2.0 Toxic to many plants atwidely varying concentrations,

reduced toxicity at pH> 6.0 and in fine textured or organic soils.

1- Adapted from National Academy of Sciences (1972) and Pratt (1972).
2- The maximum concentration is based on a water application rate which is consistent

with good irrigation practices (lOOOO m3/ha per years). If the water application rate greatly exceeds this,
the maximum concentrations should be adjusted downward accordingly. No adjustment should
be made for application rates lease than 10000 m3/ha per year. The values given are for water used
on a continuous basis at one site.

Source: FAG Guidelines, R.S. Ayers & D.w. Westcot (1985).
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Table C-5

Recommended microbiological quality guidelines for wastewater use
in agriculture (a)

Category Reuse Exposed Intestinal Faecal Wastewater

conditions group nematodes (b) coliforms treatment expected

(arithmetic (geometric mean to achieve the

mean no. of eggs per no. per required microbiological

litre (c) ) 100ml) ec) quality

Irrigation of Workers, <1 < 1000 (d) A series of stabilization

crops likely to Consumer, ponds designed to achieve

A be eaten uncooked. public the microbiological

sports fields, quality indicated, or
public parks, (d) equivalent treatment
Irrigation of Workers <1 No standard Retention in
cereal crops, recommended stabilization ponds

B industrial crops, tor ~-l0 days or equivalent
fodder crops, helminth and faecal coliform
Pasture and trees (e) removal
Localized irrigation None Not Not Pretreatment as required by
ofcrops in category applicable applicable the irrigation technology,

C B ifexposure of but not less than primary
workers and the public sedimentation.
does not occur I

(a) In specific cases, local epidemiological, sociocultural and environmental factors should be taken into account, and the guidelines modified accordingly.

(b) Ascaris and Trichuris species and hookworms.

(c) During the irrigation period.

(d) A more stringent guideline « 200 faecal coliforms per 100 ml) is appropriatt. for public lawns, such as hotel lawns.

With which the public may come into direct contact.

(e) In the case of fruit trees, irrigation should cease two weeks before fruit is picked, and no fruit should be picked off the ground.

Sprinkler irrigation should not be used.

Source: Scientific group on health aspects of use oftreated wastewater for agricultural and aquaculture-W.H.O.- Geneva 18-23 Nov. 1987.



Table C-6

Chloride tolerance of some fruit crop cultivars and rootstocks.(a)

Crop

Avocado
(Persea americana)

Citrus
(Citrus spp.)

Rootstock or cultivar

Rootstocks

West indian
Guatemalan
Mexican

Sunki mandarin, grapefruit
Cleopatra mandarin, Rangpur lime

Maximum permissible
CI in water

without leaf injury (b),(c)
(mg/L)

180
145
110

600

Sampson tangelo, rough lemon, sour orange, 355
Ponkan mandarin

Citrumelo 4475, trifolate orange,
Cuban shaddock, Calamondin,
Sweet orange, Savage citrange,
Rusk citrange, Troyer citrange 250

Grape
(Vitis spp.)

Stone fruit
(Prunus spp.)

Berries
(Rubus spp.)

Grape
(vitis spp.)

Strawberry
(Fragaria spp.)

Salt Creek, 1613-3
Dog ridge

Marianna
Lovell, Shalil
Yunnan

Cultivars

Boysenberry
Olallie blackberry
Indian Summer raspberry

Thompson seedless, Perlette
Cardinal, black rose

Lassen
Shasta

960
710

600
250
180

250
250
110

460
250

180
110

(a) Data are adapted from Haas (13)
(b) For some crops, the concentrations given may exceed the overall salinity tolerance of that crop and cause some yield

reduction before chloride ion toxicities. Values given are for the maximum concentration in the irrigation water. The
values were derived from saturation extract data (ECe) by the following relationship: saturation extraction
concentration =1.5 water concentration.

(c) The maximum permissible values apply only to surface irrigated crops. Sprinkler irrigation may cause excessive
leaf bum at values far below these, (see Table 3-10).

Source: FAO Guidelines, R.S. Ayers & D.W. Westcot (1985).



Table C-7

GUIDLINES FOR INTERPRETING LABORATORY DATA ON WATER SUITABILITY
FOR GRAPES

Degree of Restriction on Use

Potential Irrigation Problem Unita None Slight to Moderate Severe2

Salinity 3 (affects water availability to crops)

ECw dS/m < 1 1.0 - 2.7 > 2.7

Toxicity (Specific ions which affect growth of crop)

Sodium (Na+)4

Chloride (Cn4

Boron (B)

Miscellaneous

Bicarbonate (HC03-)5
Nitrate-nitrogen (N03-N)

me/l
me/l
mg/l

me/l
mg/l

< 20

<4
< 1

< 1.5
<5

4 - 15
1 - 3

1.5 - 7.5
5 - 30

> 15
>3

> 7.5
> 30

1. Adapted from Neja et al. 1978.
2. Special management practices and favorable soil conditions are required for successful production.
3. Assumes that rainfall and extra water applied owing to inefficiencies of normal irrigation will supply the

r.rop need plus about 15 percent extra for salinity control.
4. With overhead sprinkler irrigation, sodium or chloride in excess of 3 me/1 under extreme drying conditions

may result in excessive leaf absorption, leaf burn and crop damage. If overhead sprinklers are used for
cooling by frequent on-off cycling, damage may occur even at lower concentrations.

5. Bicarbonate (HC03) in water applied by overhead sprinklers may cause white deposits on fruit and leaves
which reduces market acceptability, but is not toxic to the plant.

Table C-8
PELATIVE SALT TOLERANCE OF VARIOUS CROPS AT GERMINATION l

Crop

Barley
Cotton
Sugarbeet
Sorghum
Safflower
Wheat
Beet, red
Alfalfa
Tomato
Rice
Cabbage
Muskmelon
Maize
Lettuce
Onion
Bean

(Hordeum vulgare)
(Gossypium hirsutum)
(Beta vulgaris)
(Sorghum bicolor)
(Carthomus tinctorius)
(Triticum aestivum)
(Beta vulgaris)
(Medicago sativa)
(Lycopersicon Lycopersicum)
(Oryza sativa)
(Brassica oleracea capitata)
(Cucumis melo)
(Zea mays)
(Lactuca sativa)
(Allium cepa)
(Phaseolus vulgaris)

SO percent
Emergence reduction

(ECe in dS/m)

16 - 24
15.5

6 - 12.5
13

12.3
14 - 16

13.8
8.2 - 13.4

7.6
18
13

lOA
21 - 24

11.4
5.6 - 7.5

8.0

1 Data taken from Maas (1984).
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Table C-9

Relative- boron tolerance of agricultural crops (1), (2)

Very Sensitive «0.5 mg/L) Moderately Sensitive (1.0-2.0 mg/L)

Moderately Tolerant (2,0-4,0 wl:/L)

Lemon
. Blackberry

Sensitive (0.5-0,75 mg/Ll

Avocado
Grapefruit
Orange
Apricot
Peach
Cherry
Plum
Persimmon
Fig, Kadota
Grape
Walnut
Pecan
Cowpea
Onion

Citrus Limon
Rubus spp.

Pasea americana
Citrus X paradisi
Citrus sinensis
Prunus armeniaca
Prunus persico.
Prunus avium
Prunus domestica
Diospyros Kaki
Ficus carica
Vilis vinifera
Juglans regia
Carya illnoiensis
Vigna unguiculala
Allium cepa

Pepper, red
Pea
Carrot
Radish
Potato
Cucumber

Lettuce
Cabbage
Celery
Turnip
Bluegrass, Kentucky
Oats
Maize
Artichoke
Tobacco
Mustard
Clover, sweet
Squash
Muskmelon

Capsicum crucum
Pisum sativa
Daucus carota
Raphanus salivus
Solanum luberosum
Cucumis salivus

Lactuca sativa
Brassica oleracea capilala
Apium graveolens
Brassica rapa
Poa pralensis
Avena saliva
lea mays
Cynara scolymus
Nicoliana tabacum
Brassica juncea
MelilolUs indica
Cueurbita pepo
Cueumis melo

Tolerant (4.0-6.0 m\!/L)

Very Tolerant (6.0-15.0 mg/U

Sensjtjye (0,75-1.0 m~/L)

Garlic
Sweet potato
Wheat
Barley
Sunflower
Bean, mung
Sesame
Lupine
Strawberry
Artichoke, Jerusalem
Bean, Kidney
Bean, lima
GroundnutlPeanut

Allium salivum
Ipomoea balalaS
Trilicum easlivu!l1
Hordeum vulgare
Helianlhus anraius
Vigna radiala
Sesamum indicum
Lupinus hartwegii
Fragaria spp.
Helianthus tuberosus
Phaseolus vulgaris
Phaseolus lunaws
Arachis hypogaea

Sorghum
Tomato
Alfalfa
Vetch, purple
Parsley
Beet, red
Sugarbeet

Cotton
Asparagus

Sorghum hicolor
Lycopersicon Lycopersiewn
Medicago saliva
Vieia benghalensis
Pelroselinum crispum
Beta vulgaris
Beta vulgaris

Gossypium hirsulum
Asparagus officinalis

(1) Data taken from Maas (1984)
(2) Maximum concentrations tolerated in soil-water without yield or vegetative growth reductions. Boron tolerances

vary depending upon climate, soil conditions and crop varieties. Maximum concentrations in the irrigation water
are approximately equal to these values or slightly less.

Source: FAO Guidelines, R.S. Ayers & D.W. Westcot (1985).
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Table C-I0

Relative tolerance of selected crops to exchangeable sodium (1).

Sensitive (2)

Avocado
(Persea americana)
Deciduous Fruits
Nuts
Bean,green
(Phaseolus vulgaris)
Cotton (at germination)
(Gossypium hirsutum)
Maize
(Zea mays)
Peas
(Pisum sativum)
Grapefruit
(Citrus paradisi)
Orange
(Citrus sinensis)
Peach
(Prunus persica)
Tangerine
(Citrus reticulata)
Mung
(Phaseolus aurus)
Mash
(Phaseolus mungo)
Lentil
(Lens cuUnaris)
Groundnut (peanut)
(Arachis hypogaea)
Cram
(Cicer arietirum)
Cowpeas
(Vigna sinensis)

Sem j-toleran H2)

Carrot
(Doocus carota)
Clover, Ladino
(Trifolium repens)
Dallisgrass
(Paspalum dilatatum)
Fescue, tall
(Festuea arundinacea)
Lettuce
(Lactuca saliva)
Bajara
(Pennisetum typhoides)
Sugarcane
(Saccharum officinarum)
Berseem
(Trifolium alexandrinum)
Benji
(MeWolus parviflora)
Raya
(Brassica jUllcea)
Oat
(Avena sativa)
Onion
(Allium cepa)
Radish
(Rap/zanw'salivus)
Ricc
(Oryza sativus)
Rye
(Secale cereale)
Ryegrass, Italian
(Lolium mulliflorum)
Sorghum
(Sorghum vulgare)
Spinach
(Spinacia oleracea)
Tomato
(Lycopersicon esculenlumj
Vetch
(Viciu sUliva)
Wheat
(hiticum vulgare)

Tol eran t(2)

Alfalfa
(Medicago sativa)
Barley
(Hordeum vulgare)
Beet, garden
(Bela vulgaris)
Beet, sugar
(Beta vulgaris)
Bennuda grass
(Cynodon dactyLon)
Cotton
(cossypium hirsutum)
Paragrass
(Brachicria mutica)
Rhodes grass
(ChLoris gayana)
Wheatgrass, crested
(Agropyron cristatum)
Wheatgrass, fairway
(Agropyron cristatum)
Wheatgrass, fairway taIl
(Agropyron sLongatum)
Karnal grass
(Diplachra jusca)

Adapted from data of FAa-Unesco (1973); Pearson (1960); and Abrol (1982),
Source: FAa Guidelines, KS. Ayers & D.W. Westcot (1985).
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Table C-ll

LABORATORY DETERMINATIONS NEEDED TO EVALUATE COMMON IRRIGATION

WATER QUALITY PROBLEMS-

Water parameter Symbol Unit! Usual range in
irrigation water

---------------------------------------------------------------------------

SALINITY

Salt Content

Electrical Conductivity ECw dS/m 0-3 dS/m

(or)

Total Dissolved Solids TDS mg/l 0-2000 mg/l

Cations and Anions

Calcium Ca++ me/l 0-20 me/l
Magnesium Mg++ me/l o - 5 me/1
Sodium Na+ me/1 0-40 me/1
Carbonate C03-- me/l o - .1 me/1
Bicarbonate HC03- me/l o - 10 me/1
Chloride Cl- me/l 0-30 me/1
Sulphate S04-- me/l 0-20 me/1

NUTRIENTS2

Nitrate - Nitrogen N03-N mg/l o - 10 mg/l
Ammonium - Nitrogen NH4-N mg/l 0-5 mg/l
Phosphate - Phosphorus P04-P mg/l 0-2 mg/l
Potassium K+ mg/l 0-2 mgll

MISCELlANEOUS

Boron B mg/l 0-2 mg/l
Acid / Basicity pH 1 - 14 6.0 - 8.5
Sodium Adsorption Ratio3 SAR (me/l)1.2 o - 15

1. dS/m = desiSiemen/meter in S.l. units (equivalent to I mmho I cm - I millimmho I centimeter)
mg/l = milligram per litre - parts per million (ppm).
me/l = milliequivalent per litre (mg/l 7 equivalent weight = me/l); in SI units, I me/l = I millimol I
litre adjusted for electron charge.

2. N03-N means the laboratory will analyse for N03 but will report the N03 in terms of chemically
equivalent nitrogen. Similarly, for NH4-N, the laboratory will analyse for NH4 but report in terms of
chemically equivalent elemental nitrogen. The total nitrogen available to the plant will be the sum of
the equivalen elemental nitrogen.
The same reporting method is used for phosphorus.

3. SAR is calculated from the Na, Ca and Mg reported in me/l.



Table C-I2

Crop tolerence and yield potential of selected crops as influenced by
irrigation water salinity (ECw) or soil salinity (ECe)

Yield potential (2)

100% 90% 75% 50% 0% maximum(3)
ECe ECw ECe ECw ECe ECw ECe ECw ECe ECw

Field crops
Barley (Hordeum Vulgare) (4) 8.0 5.3 10 6.7 13 8.7 18 12 28 19
Cotton (Gossypium hirsutum) 7.7 5.1 9.6 6.4 13 8.4 17 12 27 18
Sugarbeet (Bela vulgaris) (5) 7.0 4.7 8.7 5.8 11 7.5 15 10 24 16
Sorghum (Sorghum bicolor) 6.8 4.5 7.4 5.0 8.4 5.6 9.9 6.7 13 8.7
Wheat (Triticum aeslivum) (4), (6) 6.0 4.0 7.4 4.9 9.5 6.3 13 8.7 20 13
Wheat durum (Triticum turgidum) 5.7 3.8 7.6 5.0 10 6.9 15 10 24 16
Soyabean (Glycine max) 5.0 3.3 5.5 3.7 6.3 4.2 7.5 5.0 10 6.7
Cowpea (Vigna unguiculata) 4.9 3.3 5.7 3.8 7.0 4.7 9.1 6.0 13 8.8
Groundnut (peanUl) 3.2 2.1 3.5 2.4 4.1 2.7 4.9 3.3 6.6 4.4

(Arachis hypogaea)
Rice (paddy) (Griza sativa) 3.0 2.0 3.8 2.6 5.1 34 7.2 4.8 11 7.6
Sugarcane 1.7 1.1 3.4 2.3 5.9 4.0 10 68 19 12

(Saccharum officinarum)
Com (maize) (Zea mays) 1.7 1.1 2.5 1.7 3.8 2.5 5.9 3.9 10 6.7
Flax (Linum usitatissimum) 1.7 1.1 2.5 1.7 3.8 2.5 5.9 3.9 10 6.7
Broadbean (Viciajaba) 1.5 1.1 2.6 1.8 4.2 2.0 6.8 4.5 12 8.0
Bean (phaseo/us vulgaris) 1.0 0.7 1.5 10 2.3 15 3.6 2.4 6.3 4.2

Vegetable crops
Squash zucchini (courgelte) 4.7 3.1 5.8 3.8 7.4 49 10 6.7 15 10

(Cucurbita pepo melopepo)
Beet, red (Bela vulgaris)(5) 4.0 2.7 5.1 34 68 4.5 9.6 64 15 10
Squash, scallop 3.2 2.1 3.8 2.6 4.8 3.2 6.3 42 9.4 6.3

(Cueurbila pepo me/opepo)
Broccoli 2.8 1.9 3.9 2.6 5.5 3.7 8.2 5.5 14 9.1

(Brassica oleracea bOlrylis)
Tomato 2.5 17 3.5 2.3 'i.O 34 7.6 50 13 8.4

(Laycopersicon esculenlum)
Cucumber (Cucumis salivus) 2.5 1.7 3.3 2.2 4.4 29 6.3 4.2 10 6.8
Spinach (Spinacia o/erueea) 2.0 13 3.3 2.2 5.3 3.5 8.6 57 15 10
Celery (Apium graveo/ens) 1.8 1.2 34 2.3 5.8 3.9 9.9 66 18 12
Cabbage 18 1.2 2.8 1.9 44 2.9 7.0 4.6 12 8.1
(Brassica oleracca capilala)
Potato (So/anum tuberosum) 17 1.1 2.5 17 3.8 25 5.9 39 10 6.7
Com, sweet (maize) (Zea mays) 1.7 1.1 2.5 1.7 3.8 2.5 59 3.9 10 6.7
Sweet potato (Impomoea balalas) 15 1.0 24 1.6 3.8 2.5 6.0 4.0 11 7.1
Pepper (Capsicum annuum) 1.5 1.0 2.2 1.5 3.3 2.2 5.1 3.4 8.6 58
Lettuce (Lactuea saliva) 1.3 0.9 2.1 1.4 3.2 2.1 5.1 3.4 9.0 60
Radish (Raphanus salivus) 12 0.8 2.0 1.3 31 21 50 3.4 89 59
Onion (Allium cepa) 1.2 0.8 1.8 1.2 28 1.8 4.3 2.9 74 5.0
Carrot (Daueus carola) 1.0 0.7 17 1.1 2.8 1.9 4.6 3.0 8.1 5.4
Bean (Phaseolus vulgaris) 1.0 0.7 15 1.0 23 1.5 36 2.4 6.3 4.2
Tumip (Phaseolus vulgaris) 09 0.6 2.0 1.3 3.7 25 65 43 12 8.0
Forage crops
Wheatgrass, tall 7.5 5.0 9.9 6.6 13 9.0 19 13 31 21
(Agropyron elongalUm)
Wheatgrass, fairway crested 7.5 5.0 9.0 6.0 11 7.4 15 98 22 15
(Agropyron oristalum)
Bermuda grass 6.9 4.6 8.5 5.6 11 7.2 15 9.8 23 15
(Cynodon daclylon) (7)
Barley (forage) 6.0 4.0 7.4 4.9 9.5 6.4 13 8.7 20 13
(Hordeum vulgare) (4)
Ryegrass. perennra1 5.6 3.7 69 4.6 8.9 59 12 8.1 19 13
(Lolium perenne)
TrefoiJ, narrowleaf birdsfoot (8) 5.0 33 6.0 4.0 75 5.0 10 6.7 l5 10
(Lolus corniculatus tenuifoliwn)
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Tahle C-12 Continued

Yield pOlenLial

100% 90% 75% 50% O%maximum (3)
ECe ECw ECe ECw EC,,- ECw ECe ECw Ece ECw

Harding grass (Phalaris luberosa) 4.6 3.1 5.9 3.9 7.9 5.3 11 7.4 18 12
Fescue, tall (Fesluca elalior) 3.9 2.6 5.5 3.6 7.8 5.2 12 7.8 20 13
_Wheatgrass, standard crested 3.5 2.3 6.0 4.0 9.8 6.5 16 11 28 19

(Agropyron sibirieum)
Vetch, common 3.0 2.0 3.9 2.6 5.3 3.5 7.6 5.0 12 8.1

(Vieia anguslifolia)
Sudan grass (Sorghum sudanense) 2.8 1.9 5.1 3.4 8.6 5.7 14 9.6 26 17
Wild!)'e, beardless 2.7 1.8 4.4 29 6.9 4.6 II 7.4 19 13

(Elymus Iruieoides)
Cowpea (forage) 2.5 1.7 3.4 2.3 4.8 3.2 7.1 4.8 12 7.8

(Vigna unguieulala)
Trefoil, big (Lolus uligino~'us) 2.3 1.5 2.8 1.9 3.6 2.4 4.9 3.3 7.6 5.0
Sesbania (Sesbania emllala) 2.3 1.5 3.7 2.5 5.9 3.9 9.4 6.3 17 11
Sphaerophysa 2.2 1.5 3.6 2.4 5.8 3.8 9.3 6.2 16 Ii

(Sphaerophysa salsula)
Alfalfa (Medieagosaliva) 2.0 1.3 3.4 2.2 5.4 3.6 8.8 5.9 16 10
l..ovegrass (Eragroslis sp.) (9) 2.0 1.3 3.2 2.1 5.0 3.3 8.0 5.3 14 9.3
Corn (forage) (maize) (Zea mays) 1.8 1.2 3.2 2.1 5.2 3.5 8.6 5.7 15 10
Clover, berseem 1.5 1.0 3.2 2.2 5.9 3.9 10 6.8 19 13

(Trifolium alexundrinum)
Orchard grass 1.5 1.0 3.1 2.1 5.5 37 9.6 6.4 18 12
(Daelylis glomerala)
Foxtail, meadow 1.5 1.0 2.5 1.7 41 27 6.7 4.5 12 79
(;tlopeeurus pralenis)
Clover, red (Trifolium pralensc) .5 1.0 2.3 1.6 36 2.4 5.7 38 98 6.6
Clover, alsika 5 1.0 23 1.6 3.6 2.4 5.7 3.8 9.8 6.6

(Trifolium hybridwn)
Clover, [adino (Trifolium repens) 1.5 1.0 2.3 1.6 36 2.4 5.7 3.8 9.8 6.6
Clover, strawberry 1.5 1.0 2.3 1.6 3.6 2.4 5.7 3.8 9.8 6.6
(Trifolium fragiferum)
Fruit crops (10)

Date palm (Phoenix daetylifera) 4.0 2.7 6.8 4.5 II 73 18 12 32 21

Grapefmit (Citrus paradis i) (11) 1.8 1.2 2.4 1.6 3.4 2.2 4.9 3.3 8.0 5.4

Orange (Citrus sinensis) 1.7 1.1 2.3 1.6 3.3 2.2 4.8 3.2 8.0 53

Peach (Prunus persica) 1.7 1.1 2.2 1.5 29 i9 4.1 2.7 6.5 4.3

Apricot (Prunus armeniaea) (11) 1.6 1.1 2.0 1.3 2.6 18 3.7 2.5 5.8 3.8

Grape (ViLUS sp.) (11) 15 1.0 2.5 1.7 4.1 27 67 45 12 7.9

Almond (Prunus duleis) (11) 1.5 iO 2.0 1.4 2.8 i9 41 2,S 6.8 4.5

Plum. prune (Pram,s domesllea) (11) 1.5 1.0 2.1 1.4 2.9 I') 43 29 7.1 4.7

Blackberry (Rubus sp.) i5 iO 2.0 1.3 2.6 LX 38 2.5 6.0 4.0
Boysenberry (l<ubu.1" ur,I'In"S) 15 iO 2.0 1.3 2.6 i8 3.8 2.5 6.0 40
Strawberry (Fral;arw sp.) iO '0.7 1.3 0.9 i8 I 2 2.5 I 7 4.0 2.7

-~-----~----~..

(1) Adapted from Maas and j-Iottman (1977) and Maas (1984). These data should only serve as a guide to relative
tolerances among crops. Absolute tolerances va!)' depending upon climate. soil conditions and cultural
practices. In gypsitcrous soils, plants will tolerate about 2ds/m higher soIl salinity (ECe) than indicated
but the water salinity (ECw) will remain the same as shown in this tabel.

(2) ECe means average root wne salinity as measured by electrical conductivity of the saturatIOn extract
of the soil. reported in decisiemens per meter (ds/m) at 25C. ECw means electical conductivity of the
irrigation water in deei Siemens per meter (ds/m). The relationship between soil salinity and water salinity
(ECe=1.5 ECw) assumes a 15-20 leaching fraction and a 40-30-20-10% waler use pattern for the upper to
lower quarters of the roOl zone.

(3) 111e zero yield potential or max.imum ECe indicates the theorcllcal soil saJlllity (ECe) at \I hlCh crop growth
ceases.

(4) Barley and wheat are less tolerant during gennination and seedung stage. ECe should not ex.ceed 4 - 5 dS/m
ill the upper soil during this period.

(5) Beets are more sensitive during gennillation : ECe should Ilot exceed 3 ds/m in the seedung area for gardell
beets and sugar beets.

(6) Semi-dwart, short cultivars may be less tolerant.
(7) Tolerancc given is an average of several varieties: Suwannce and Coastal Bennuda grass are about

20% more tolerant. while common and Greenfield Bermuda grass are about 20% less tolerant.
(8) Broadleaf Birdsfoot Trefoil seems less tolerant than Narrowleaf Birdsfoot Trefoil.
(9) Tolerance given is an average for boer. Wilman, Sand and Weeping Lovegrass ; Lehman Lovegrass

seems about 50% more tolerant.
(10) These data are applicable when rootstocks are used that do not accumulate Na+ and ct- rapIdly or

when these ions do not predominate in the soil.
(11) Tolerance evaluation is based on tree growth and not on yelld.

Source FAO Guide1J"es. R.S Ayers & D\V Westcot (1985).
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Table C-13
Summary of requirements of Jordanian

Standard 893/1994 for treated domestic wastewater.

Maximum allowable limit (mgIL)*

Parameter Disposed to wadis, rivers, surface water Reuse for irrigation

bodies, and groundwater recharge

pH 6.5-9 6.5-9

Temperature change (C)
,

<3 -
D.O 31 -

TDS 3000 2000 (1)

TSS 50(3) / 200(4) 100 (1)

BODS 50(3) /50(4) -
COD 150(3) /150(4) -

NH3 30 -

FOG 15 15

ABS 6 -

C12 0.5 (5) -
Phenol 0.5 -

TFCC :MPN/1 OOrnL <1000 <1000 (6)

Intestinal nematodes <1 <1 (6)

* All units are in mg/L except where noted.

(I) Depends on degree of restriction (none, slight to moderate, or severe).

(2) Depends on method of irrigation.

(3) Conventional wastewater treatment plants.

(4) Waste stabilization ponds.

(5) This is a minimum limit of residual cWorine and it should be linked with total faecal coliform count.

(6) FAO and WHO guidelines and their amendments should be taken into consideration.
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Appendix D

Site Visit Photographs



Photo 1 - Oil unloading area.

Photo 2 - Oil spilled on bare ground.
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Photo 3 - Drum storage on bare ground and steep hillside.

Photo 4 - Leaked chemicals on soil in the storage area.
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Photo 5 - Loading area with spills on bare
ground.

Photo 6 - Loading area with spills on bare
ground.
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Photo 7 -Spills in sulfonation plant. Drains
lead to waste collection basin.

Photo 8 - Sulfur debris and condensate in
sulfur melting room.



Photo 9 - Drums of sulfonic acid stored on bare ground and hillside.

Photo 10 - Open bags of sodium carbonate stroed outside on bare ground.
Area drains to wadi.



Photo 11 - Bags of solid waste stored on hillside on bare ground.

Photo 12 - Waste collection basin.
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Photo 13 - Waste collection basin.

Photo 14 - Autoclave used to dissolve rock sodium silicate.



Photo 15 - Closed. circuit cooling system.
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1.0 INTRODUCTION

1.1 Background

Under a contract with the United States Agency for International Development (USAID),
Development Alternatives Incorporated (DAI) is performing an Industrial Wastewater
Discharge Prevention (IWDP) Program in Amman, Jordan. The IWDP Program is one of
the four components of the Water Quality Improvement and Conservation (wQIC) project
funded by USAID. The Program is being performed by DAI with full coordination between
the Jordanian Ministry of Water and Irrigation (MWI) and the Amman Chamber of Industry
(Chamber).

The IWDP will be performed in three phases. The first phase requires completion of
eight pollution prevention/waste minimization (PP/WM) opportunity audits by DAI and its
sub-contractors. The second phase requires completion of Feasibility Studies (FS) for four of
the audited facilities. Finally, demonstration projects will be completed for selected FS
facilities.

Due to the high cost of waste treatment, as well as the need to minimize waste of raw
materials and resources, it is in the best interest of businesses and industries to minimize
their waste generating practices. Companies with effective PPIWM programs may well be
the lowest-cost producers of goods due to their efficient practices. Waste management
practices can include:

1. Reduce waste generation

• Substitution of less hazardous raw materials in product manufacture
• Alteration of products manufactured to eliminate need for hazardous materials use
• Replacement or upgrading of outdated or inefficient process equipment
• Development of employee training programs to ensure employees efficiently manage

raw materials and resources.

2. Reuse waste materials prior to disposal

• Reuse of uncontaminated raw materials and resources (including water)
• Reprocessing of previously discarded materials (e.g., off-spec materials, used

materials)
• On site recovery of reusable materials (e.g., used solvents, waste heat, scrap).

3. Recycle waste materials

4. Treat wastes and dispose of residues.

These options, in the order presented, represent the waste management hierarchy.

1-1
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1.2 Objectives

The facility PPIWM audits are designed to assess the potential for pollution prevention
and waste minimization at the study facilities. The goal of each audit is to evaluate and
identify all possible PPIWM, wastewater clean-up, and water conservation techniques that are
appropriate for the study facility. Audit documentation will consist of a background PPIWM
assessment paper and an audit evaluation report. This document is intended to serve as the
PPIWM background paper for the sulfur chemicals processing sector of the chemical
manufacturing industry.

The specific objectives of this audit are as follow:

1. Review general industry background data and identify "state-of-the-art" processing and
waste management practices.

2. Work on-site with industry representatives, ministry officials, and other interested
groups to review current processing procedures and identify possible PP/WM options.

3. Develop a report that evaluates all possible PP/WM alternatives and provides
recommendations to the industry.

In order to complete the first objective, a comprehensive literature review was performed.
This review included searches of the U.S. EPA Pollution Prevention Information
Clearinghouse (PPIC) repository (and its corresponding database PIES), on-line library
catalog databases, pollution PP/WM bibliographical references, and personal contacts with
pollution prevention specialists. The review resulted in the identification of numerous
references with a range of very general to very specific PPIWM techniques. Source
documents were assessed to determine their applicability to this project and categorized
appropriately. Documents pertinent to this project are included as Appendix A (Fact Sheets),
Appendix B (Case Studies) and Appendix C (Bibliography).

Following completion of the literature review, the audit team will perform the on-site
audit of the industrial facility. The audit will be performed with close consultation of
industry representatives to ensure that they are aware of and support proposed actions. Audit
activities will included the careful gathering of baseline water use and waste generation data,
identification and assessment of potential PP/WM options, and solicitation of ideas and
proposals from management and production line staff.

Finally, the audit findings will be summarized, and all options evaluated in the audit
report. The audit will recommend the development of a site-specific program that meets the
specific needs and goals of the audited facility. Audit recommendations will include both
technical PPIWM recommendations (e.g., housekeeping practices, treatment options, etc.)
and suggestions for PP/WM training for facility staff and follow-up studies to assess program
successes.

1-2
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2.0 INDUSTRIAL HISTORY

2.1 General

The sulfur chemical industry is involved in the manufacture of a variety of organic and
inorganic chemicals that contain sulfur and sulfur compounds. Sulfur chemicals produced by
this industry group may be sold as raw materials for other manufacturing processes or, for
certain formulations, may be sold as finished products. One of the major producers and end
users of sulfur compounds is the soap and detergent manufacturing industry. Because the
industry to which this background paper is directed is involved in manufacture of both sulfur
chemicals, soap and detergent additives and builders, and soap and detergent products, this
overview will focus on this specific sector of the industry.

Soaps and cleaning materials have been produced since the earliest recorded history of
mankind; however, modern soap and detergent manufacturing practices trace their history to
the early 1930s. It was during this era that synthetic surface active agents (surfactants) were
developed and introduced to the commercial market. The industry soon developed
polyphosphate detergent builders that allowed synthetic detergents to be substituted for
traditional soap formulations. Due to environmental concerns over the use of
polyphosphates, the industry began conversion to more biodegradable linear benzene
sulfonates during the 1960s. Today, there are a wide variety of soaps and detergents
available commercially for all types of applications. Applications can include; personal
hygiene products, laundry detergents, dish washing detergents and machinery cleaning
products (USEPA 1974).

The soap and detergent manufacturing industry most often purchases raw materials such
as caustic, fats and oils and builders from bulk chemical suppliers; however, there are large
scale facilities which produce and control their own raw materia! supplies. While raw
materials are purchased from bulk suppliers, sulfation and sulfonation are almost always
practiced by the manufacturers.

2.2 The Sulfur Chemicals Manufacturing Industry in Jordan

The Jordan Sulpho Chemicals facility consists of five plants. A description of each of the
plants is provided below.

Sulfonic Acid Plant

The plant produces sulfonic acid from sulfur and linear alkaline benzene using a sulfonation
process. The production rate for sulfonic acid is approximately I ton per hour yielding 24
tons per day. The plant also produces linear LSLES.

2-1
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Soap Plant

The soap plant produces raw soap granules from palm oil.

Sodium Silicate Plant and Sodium Silicate Dissolving Plant

This plant produces sodium silicate from silica, soda ash, and sodium carbonate. The plant
produces approximately 25-30 tons per day of sodium silicate.

The resultant sodium silicate is dissolved using water and steam in the dissolving plant. This
unit is not operated on a continuous basis.

Sodium Thallium Sulfonate Plant

Sodium thallium sulfonate is produced through the reaction of sulfuric acid and thallium.
The production rate is approximately 5 tons per day.

Amides Plant

Amides are produced at this facility using coconut oil, mono ethyl amine and diethyl amine.
The production rate is approximately 5 tons per day.



3.0 PROCESS OVERVIEW

The production of organic chemical products involves the chemical reaction of various
raw materials (feedstock), under varying reaction conditions and chemical engineering unit
processes. It is common for a facility in this category to utilize its reaction facilities to
produce several different products simultaneously, and to change its mix of raw materials and
products on a daily, weekly or monthly basis (USEPA 1987).

Synthetic organic chemicals are typically produced by reactions involving naturally
occurring raw materials such as petroleum, natural gas and coal. An industry study
performed in the United States (USEPA 1987) reports that organic chemicals and plastics are
produced commercially from eight major raw material classifications: methane, ethane,
propene, butanes!butenes, higher aliphatic and aromatic compounds, benzene, toluene and
xylene. Organic chemical manufacturers may use these chemicals directly, or may use
intermediate products produced from these chemicals, as their feedstocks. A diagram of the
relationship of various segments of the organic chemical industry is provided in Exhibit 3-1.

The production and manufacture of an organic chemical product consists of three steps:

1. The combination of reactants under suitable conditions to yield the desired product.

2. The separation of the product from the reaction matrix (e.g., by-products, co-products,
reaction solvents.

3. Final purification andlor disposal of wastewater (USEPA 1987).

The sulfur chemicals industry uses these processes to produce chemical compounds for a
variety of uses. The particular processes applicable to the sulfur chemical industry in Jordan
include: sulfonic acid production, soap and detergent manufacturing, sodium silicate
production, sodium thallium sulfonate production and amides production. A description of
each of these processes is provided in the following sections.

3.1 Sulfonic Acid

The group of chemicals referred to as sulfonic acids include acids that are derived from
sulfuric acid by replacement of a hydroxyl group by either an inorganic anion or a univalent
organic radical. Sulfonic acids are, therefore, characterized by the chemical formulae: ­
S020H or -SO,H. Where the substitution involves an inorganic ion (e.g., chlorine or
fluorine) the general formula is represented by X-S020H. Where the substitution involves an
organic radical, the general formula is represented by R-S020H. The properties of sulfonic
acids are affected significantly by the characteristics of the "R" group. The majority of
sulfonic acids, however, are characterized as strong acids and are generally hygroscopic,
nonvolatile, soluble in water and chemically stable.

3- t



Feedstock Industries Petrochemicel Industries Petrochemicel-Oependent
Chemicel Industries

2821
Plastic

Materials

2S22
Synthetic
Rubbers

2824
Synthetic

Fibers

2843
Surfactants

3079
__..... Misc. Plastics

Products

1311
Crude

Petroleum
and Natural Gas

1321
Natural

Gas liquids

2869 ..........
Acyclics and

Aliphatics

2823 Cellulosic Fibers

2831 Biologicals

2833 Medicinals and Botanicals

2834 Pharmaceuticals

2841 Detergents

2842 Polishes

2844 Toiletries

2851 Paints

2879 Pesticides

2891 Adhesives

2874 Phosphatic Fertilizers

2875 Mixed Fertilizers

2892 Explosives
-..----E

2895 - ....----------... 2893 Printing Inks
Carbon
Black

2911
Petroleum
Refinilli

Exhibit 3-1 Relationship of Various Segments of the
Organic Chemicals Manufacturing Industry

(From: U.S. Dept. of Commerce. 1981 U.S. Industrial Outlook.
Bureau of Industrial Economics, Washington, DC. 1981.)
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SulfonatEs (salts of sulfonic acids) linked to alkyl, aryl, or alkylaryl hydrophobes are
effective in detergent manufacturing. Sulfonic acids are relatively strong acids and their
associated salts are not generally affected by pH. The alkylbenzenesulfonates (ABS) group
are used widely in soap manufacturing. Produced from alkylbenzenesulfonic acids, these
salts are effective surfactants and are widely used in detergent formulations.

Sulfonates are produced by reactions of sulfuric acid and the inorganic or organic
functional group under prescribed conditions. Alkylbenzenesulfonates are produced by the
reaction of sulfuric acid and linear alkyl-benzene (LAB). In this process the by-product of
the reaction is water (Kirk-Othmer 1983).

3.2 Soaps and Detergents

Soaps are the salts of long chain fatty acids. Sodium, potassium and calcium
are commonly used as the cation in these salts. The surface activity of soaps is the result of
the hydrophilic functional group at one end of the long chain molecule combined with the
hydrophobic group at the other. In solution, these molecules aggregate as micelles which
result in the emulsifying and dispersing characteristics of soaps.

The common raw materials used in soap production are naturally occurring fatty acids
and inorganic alkalies. Fatty acid feedstocks may include the following:

• Tallow - Animal fat rendered from the body fat of cattle and sheep
• Coconut Oil - Extracted from crushed fruit of the coconut palm
• Palm Oil - Extracted from the crushed fruit of the tropical palm tree
• Palm Kernel Oil - Extracted from the nut of the tropical palm tree.

Common alkali used in the manufacturing process include sodium hydroxide and potassium
hydroxide. These chemicals can be used alone or in combination to yield specific
characteristics in the final soap product.

The manufacturing processes used in soap production vary depending on the raw
materials and final products being generated. In general, however, the process includes three
basic steps: saponification, washing, and fitting. Saponification involves the mixing and
reaction of the fatty acids and alkali feedstocks in a heated environment. In most processes
the alkali is added slowly during the reaction until the point where it is no longer consumed
by the reaction. The unreacted waste alkali (lye) is then removed from the reaction vessel
for washing and glycerol recovery. Washing involves the series of steps that result in the
removal of lye from the soap product. Fitting is the process \vhere additional impurities are
removed, additives are incorporated and final processing is performed. These manufacturing
processes can be accomplished in very simple open tanks or in large fully automated systems
(Kirk-Othmer 1983).

3-3
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3.3 Sodium Silicate

Silicates, in the natural environment and manufactured commercially, are salts composed
of silicon dioxide and an alkali metal. The alkali metal is usually sodium or potassium.
Chemically, sodium silicates are the salts of a strong base and a weak acid. In solution,
these salts form highly alkaline solutions and are useful in the manufacture of soaps and
detergents.

Sodium silicates are widely used as soap builders in soap and detergent manufacturing.
In the soap and detergent formulation, sodium silicates act as alkalies and aid in the
saponification of oils and fats due to their alkaline nature and buffering capacity. Silicates
are also effective in controlling the corrosive action of detergents on metallic washing
machine parts and are effective in the sequestering of magnesium hardness ions in solution.
Commercially available silicates are characterized by the ratio of SiO, to Na,O in the silicate
molecule. In detergent formulae, the ratio is typically 2.4: 1.

Sodium silicate is produced commercially through the reaction of quartz sand (silica) and
sodium carbonate (soda ash) at a high temperature. To ensure a high quality glass, the sand
and soda ash should be of high purity. The resultant molten sodium silicate is extremely
caustic and can damage equipment if not handled properly. The molten glass is formed in to
lumps for subsequent dissolving or can be drawn directly into a dissolving unit.

3.4 Sodium Toluene Sulfonate [RESERVED]

3.5 Amides

Fatty acid amides are generally produced by the reaction of a fatty acid \\ith a ammonia
or an amine and have the chemical formula: R-CONH" \\'here R may be a saturated or
unsaturated alkyl chain derived from a fatty acid. Fatty acid amides are generally insoluble
in water.

Fatty acid amides are produced most commonly by the reaction of a fatty acid with
anhydrous ammonia. These materials are combined and heated under slightly increased
pressure for approximately 10 to 12 hours. During the reaction, ammonia and water are
constantly vented to ensure completion of the reaction. Various materials can be used to
catalyze the reaction including boric acid, and titanium and zinc alkoxides.

3-4
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4.0 WATER USE AND WASTE GENERATION IN THE
CHEMICAL MANUFACTURING INDUSTRY

The variety of raw materials, reaction processes, intermediates and final products
manufactured by the chemical industry results in an equally diverse inventory of wastes
generated by these processes. Pollutants generated by the organic chemicals industry can
include
pH, Biochemical Oxygen Demand (BOD), Suspended Solids (TSS) , oil and grease, a wide
variety of toxic organic compounds and toxic metals. For the inorganic chemicals
manufacturing industry, pollutants generated can include, pH, suspended solids, nutrients,
and a wide variety of toxic inorganic compounds (including metals) (USEPA 1987, USEPA
1980).

Both organic and inorganic chemicals manufacturing use large volumes of water during
production processes. Water is used for cooling reaction vessels, as a blending agent or
carrier for raw materials, intermediates, and final products, and as a component in chemical
reactions. Water is also used in large volumes at many facilities for cleaning reaction vessels
and production areas and for removal of airborne materials (scrubbers). A more
comprehensive description of water use and waste generation for the chemicals industry, in
general, and the sulfur chemicals industry, in particular, is provided in Sections 4.1 and 4.2,
below.

4.1 Water Use

Water use and wastewater generation are reported by USEPA (1987) to occur primarily
in the following areas at an organic chemical manufacturing facility:

• Direct and indirect contact process water - Uses include the direct use of water as the
reaction medium for the chemical process and indirect contact through vacuum jets or
sprays to recover solvents and volatile organics from the reaction vessel.

• Contact and non-contact cooling water - Cooling of reactors, distillation units and other
equipment results in the highest volume of water use at chemical manufacturing facilities.
Contact cooling water is usually directly integrated in the reaction process, such as in a
barometric condenser. Non-contact cooling water does not come into direct contact with
process chemicals, and is generally uncontaminated.

• Utilities, maintenance and housekeeping - Ancillary water uses at chemical manufacturers
can also consume significant quantities of water. Uses include cleaning of reactors and
conduits, process area washdown, and flushing of tanks and storage vessels.

• Waters from air pollution equipment such as Venturi scrubbers - Many organic chemicals
manufacturers generate significant volumes of airborne contaminants. Scrubbers used to
remove these airborne pollutants utilize large volumes of water.

4-1
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Although inorganic chemicals manufacturers utilize significantly different raw materials and
processes to produce their chemical products, the areas of water use are quite similar to those
in the organic chemicals industry.

Water is used extensively in the sulfur chemicals and soap and detergent manufacturing
industries. In a comprehensive review of the soap and detergent manufacturing industry in
the United States, USEPA (1974) identified water use practices for the following industry
processes:

Soap Manufacture:

Steam is widely used in the heating and processing of fats; thus, cooling water is required
for this process. In the kettle batch process, water use and discharge may range from 623 to
20801/kkg. Wastewater can be generated from leaks, spills, and rainwater runoff from
processing areas. Wastewaters are also generated by the fat skimmers during the
manufacturing process. Depending on the process used, a wastestream may also be
generated by the saponification process through the sewering of waste nigre.

If a facility practices waste soap reclaiming, an additional wastestream referred to as
"sewer lyes" may also be generated. Sewer lyes are usually low volume; however, they
contain highly concentrated pollutants.

Where soaps are manufactured by the fatty acid neutralization process, there is little or no
wastewater produced.

Fatty Acid Manufacture:

In the United States, USEPA determined that the majority of water used for fatty acid
splitting was recycled. The small amount of water discharged results from blowdown from
the cooling system and generates flows in the range of 3.2 to 12.6 lIsec. The other main
source of waste water from this process is generated in the processing of still bottoms. The
flow from this process is low; however the wastestream is highly concentrated.

Glycerine Recovery:

The crude glycerines generated during the soap manufacturing process contain
approximately 90 percent water. The majority of wastewater generated by this process
comes from the cooling water condensers. Where recycling is practiced, water use is
relatively low; however, without recycling, flows may approach 1,000,000 lIkkg of glycerine
produced. Smaller flows are also generated by still washout, steam generation, and ion
exchange media regeneration.
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Oleum Sulfonation and Sulfation:

The processes of sulfonation and sulfation are used to manufacture synthetic detergents
from akylbenzenes, fatty alcohols, and alcohol ethoxylates. These manufacturing processes
generate no process wastewater; however, water is used for clean-up and wastewater and
may be generated by leaks and spills.

Spray Dried Detergents:

Cooling water is not used for this process. The majority of the wastewater generated by
this process is from clean-up activities. In particular, if scrubbers are used to remove
organic contaminants from the spray tower vent gasses, large volumes of scrubber water will
be generated.

4.2 Waste Generation

Wastewaters generated at organic chemicals manufacturing facilities are somewhat more
easily classified than those at inorganic chemicals manufacturing facilities due to the common
feedstocks and processes. The pollutants introduced by inorganic chemicals manufacturers
are directly related to the specific raw materials and processes utilized by a given facility. It
is, therefore, beyond the scope of this paper to include an a comprehensive inventory of the
types of wastes generated by the inorganic chemicals industry segment; thus, the majority of
this section of the background paper will focus on the organic chemical industry.

The types of pollutants generated by an organic chemical manufacturer can be grouped
into three general categories, and several additional subcategories as follow:

• Conventional Pollutants (Treatable by conventional biological methods)

Biochemical Oxygen Demand (BOD)
Total Suspended Solids (TSS)
pH
Chemical Oxygen Demand (COD)
Total Organic Carbon (TOe)
Oil and grease.

• Toxic Pollutants (Requiring specific physical, chemical or biological treatment)

• Toxic Organic Pollutants
Wide variety of pollutants related to raw materials, intermediates, reaction media,
and final products.

• Toxic Inorganic Pollutants
Metallic elements and compounds related to raw materials, intermediates, reaction
media, and final products.
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• Non-Conventional Pollutants (Not highly toxic, but requiring special treatment)

Nutrients (e.g., nitrogen, phosphorus)
Sulfur Compounds
Chlorides

The sulfur chemicals and soaps and detergents industries generate wastewaters that
contain primarily conventional and non-conventional pollutants. In particular, process
wastestreams, contact cooling water, leaks, spills, and cleaning activities introduce raw
materials, intermediates, and final product, lost through processing and clean-up, to the
wastestreams. Production processes typically result in wastewaters that have high alkalinity,
high suspended solids, high salt, and high oxygen demand, as well as fats an oils, surfactants
and foaming agents. In addition to these parameters, the pH of the wastestreams can vary
widely due to large volumes of acids and alkali materials used by this industry. USEPA's
survey of the soap and detergent manufacturing industry (USEPA 1974) identified specific
pollutants generated by the following processes.

Soap Manufacture:

Pollutants generated by the soap manufacturing processing include; fats and oils (raw
materials); unrecovered sodium chloride, sodium sulfate and sodium hydroxide; and waste
soap materials. These pollutants result in high BOD and COD, high suspended solids, and
pH fluctuations.

Fatty Acid Manufacture:

This manufacturing process generates waste organic material in the form of waste fats and
oils, and unrecovered glycerine, and inorganic wastes such as sodium hydroxide and sodium
sulfate.

Glycerine Recovery:

Pollutants include glycerine and glycerine polymers, sodium chloride and sodium sulfate.

Oleum Sulfonation and Sulfation:

Wastes generated by these processes include waste oils, sulfuric acid, and surfactant
sulfonic acids.

Spray Dried Detergents:

Pollutants include the raw materials used in the production of spray dried detergents such
as LAS, amides, non-ionic and alcohol surfactants, sodium silicates, and other builders and
additives.

4-4
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USEPA reported pollutant concentrations in the wastestreams from the manufacturing
processes in the soap and detergents industry in its 1974 study of this industrial sector. The
findings of this study are presented in Exhibit 4-1.

I Pollutant I Reported Concentration I
Oils and greases 0-3,400 mg/l

Suspended organics 0-30,000 mg/l

Dissolved and colloidal organics 100-12,000 mg/l

Surfactant organics 0-1 ,700 mg/l

Boron and borates less than 1 mg/l

Phosphates 25-1,000 mg/l

Dissolved inorganics 0-250,000 mg/l

Zinc and barium less than 1 mg/l

Exhibit 4-1 Typical Pollutant Concentrations for
the Soap and Detergent Manufacturing Industry

(From: USEPA. Development Document for Soap and Detergent Manufacturing. 1974)

4-5
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5.0 POLLUTION PREVENTION AND WASTE MINIMIZATION
TECHNIQUES USED- BY THE

CHEMICAL MANUFACTURING INDUSTRY

Due to the distinctive manufacturing processes at individual chemical facilities, PP/WM
techniques practiced at one facility may not apply to all others. However, there are
similarities in water use practices and types of wastes generated that may allow the sharing of
successful technologies. Since no one set of PP/WM practices will apply to all facilities,
decisions regarding water reuse and PP/WM will depend on site-specific characteristics, as
well as well as water supply and environmental factors. This section, therefore, will present
several alternatives that have proved successful in specific applications.

5.1 Water Conservation and PP/WM Techniques

The wastes generated by chemical manufacturing industries, excluding atmospheric
discharges, are most often directly related to the contamination of the water used at the
facility. It follows, therefore, that water conservation practices and control of water use at a
chemical manufacturing facility will reduce chemical loss and waste generation. In addition
to control of water use, many chemical manufacturers have identified wastestreams that
contain unused raw materials, product, or by-products. Instead of discharging these
materials as wastes, prudent companies have developed techniques for further processing and
recovery of these former waste materials.

As noted in Section 4, many of the wastes generated by the chemicals manufacturing
industry can be highly toxic to humans and wildlife. To address the reduction of discharges
containing these toxic materials, a facility may wish to consider raw material or product
substitution. The literature cites many examples of facilities that have found less toxic
substitutes for existing chemical reagents. Examples are also provided of facilities that have
identified less hazardous processes for producing equivalent final products.

For the organic chemicals industry, USEPA (1987) notes that the following water
conservation techniques have been utilized:

• Recovery and reuse of steam condensates and process condensates
• Process modifications to recover more product solvents
• Effective control of cooling tower treatment and blowdown to optimize cycles of

concentration
• Elimination of contact cooling for off-vapors
• Monitoring of water uses and prompt attention to faulty equipment, leaks. etc.
• Installation of automatic monitoring and alarm systems on in plant discharges.

These techniques may prove useful in conserving water and in minimizing pollutant losses to
the wastestream.

5-1
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Pollution prevention and waste minimization at-sulfur chemicals and soap and detergent
manufacturing facilities is directly related to control of water use and wastewater generation.
Studies of this industry sector have determined that significant reduction in pollutant loadings
can be achieved through efficient water use. In addition, man)' materials ordinarily
discharged in soap and detergent manufacturing wastewater can be effectively recovered as
saleable products (USEPA 1974).

In addition to the specific practices noted below, all chemical industries should perform
complete water balances. Due the age and complexity of many manufacturing facilities,
plumbing and piping diagrams are often incomplete. A complete and comprehensive
inventory and assessment of water use and disposal, therefore, is a critical first step in any
PP/WM effort. Many inefficient water use practices, and opportunities for potential
recycling can be identified through these studies.

In its evaluation of this industrial sector, USEPA grouped PP/WM techniques in three
broad categories based on the source of the pollutant introduction: 1) impurities removal; 2)
by-product/degradation product control; and 3) dilute product from cleanouts, leaks and
spills. The following PP/WM techniques, organized by pollutant source, have been
demonstrated successfully by this industry:

Impurities Removal

In many applications, the barometric condensers can be replaced by surface condensers
that can reduce water use by several orders of magnitude and reduce the amount of organic
contamination by up to 80 percent.

Alternatively, the operation of barometric condensers can be modified for more efficient
operation. If water from the barometric condensers is recycled through fat skimmers,
organic material ordinarily discharged from these processes can be recovered and reclaimed,
Reductions in waste of raw materials can be expected in the range of 75 percent. The
removal efficiency of the oil and grease removal can also be enhanced by the installation of
chemically assisted flocculation systems.

Glycerine removal can also be achieved by installation of surface condensers and vacuum
extraction equipment. While this the initial capital cost for this type of system is high,
glycerine recovery of up to 90 percent can be achieved. The pay back period for this system
is reported to be approximately 10 years.

By-product/degradation Product Control

Where batch kettle soap making is practiced, the waste nigre can be recovered and
reclaimed for products such as pet soap or industrial lubricants. The cap ital costs would
include construction of an accumulator tank for material storage and treatment for fat
recovery, These systems can achieve a reduction in raw \\aste ~oad of 75 to 80 percent.
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The degradation of product in the sulfonation process can result in a large volume
wastestream. This problem occurs in all sulfonation processes; however, it is more serious
in smaller volume operations. Installation of a batch countercurrent process with enhanced
agitation for improved heat transfer and improved mixing can reduce waste generation.
Costs are reportedly minimal for these systems.

Dilute Product from Cleanouts, Leaks and Spills

In the manufacture of liquid detergents, large volumes of water are used to clean reaction
tanks and feedlines during product changeover and cleanup operations. Substituting" dry"
cleaning operations can significantly reduce water use and waste generation. For example,
air or steam can be used instead of water to empty feed lines. It may also be possible to
reconfigure plumbing to utilize relatively uncontaminated wastestreams.

Facilities that operate detergent spray towers can minimize water use by utilizing water
recycling practices. One possible arrangement involves the use of vent gas scrubber streams
in series. The more contaminated streams from the "first stage" scrubber can be recycled to
the crutcher and the less contaminated second stage wastestream would be cooled and
returned to the first stage scrubber. Capital costs are reportedly moderate and raw wastes
can be reduced up to 65 percent.

Many additional PP/WM techniques have been reported in the literature for specific
chemical industry applications. A recent publication by Dorfman, et al.. (1992) provides
over 100 PP/WM techniques practiced by organic and inorganic chemicals manufacturers in
the United States. While not all of these examples will apply to this industrial sector. certain
technologies may provide ideas or inspiration for additional applicatIons. Excerpts from this
document (reprinted by permission from the author). as well as case studies from several
other literature sources, are provided in Appendix B of this paper.

5.2 Effluent Control and Treatment Technologies

Treatment technologies for the chemical manufacturing industry \ary widely depending on
the type of waste being treated. A complete review of the types of technologies used by the
industry is, therefore, beyond the scope of this paper. A brief oven lew of the general types
of technologies, however, is provided to identify commonly used processes. Processes
utilized by the industry consist of physical/chemical in-plant controls. and "end-of-pipe"
physical/chemical and/or biological treatment units (USEPA 1987, USEPA 1980). Treatment
processes described in USEPA chemical industry stud ies are provided below.

Chemical manufacturing facilities often utilize physical/chemical" in-plant" control
technologies. These operations are designed to recover products or solvents. to reduce
pollutant loadings on subsequent biological treatment units and to remove pollutants that
subsequent treatment may be unable to adequately treat. In plant treatment can include:

5-3
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• Process modifications
• Addition of control instrumentation
• Installation of solvent recovery units
• Water control and reuse technologies (See Section 5-1)

End of pipe treatment technologies include physical, chemical and or biological treatment
units. Treatment for the organic chemicals industry typically consists of a combination of
primary (neutralization and settling), secondary (biological high-rate aeration and
clarification), polishing, and/or tertiary (polishing ponds, filtration, or carbon adsorption)
operations. End of pipe treatment for inorganic chemicals manufacturers is designed
specifically to remove the pollutants generated at a given facility. Treatment generally
consists of physical and chemical unit operations such as: primary settling and neutralization,
chemical precipitation and clarification, ion exchange, and filtration. Depending on the
products and raw materials used at facility, other more chemical specific treatment units may
be utilized on a site-specific basis.

The sulfur chemicals and soap and detergent manufacturing industry generally utilize well
established physical, chemical and biological treatment systems for pollutant control. As
described in Section 4 of this paper, the majority of the pollutants generated by this industrial
sector are not highly toxic and can be treated by relatively uncomplicated treatment
technologies. A list of the treatment processes commonly used for removal of various
pollutants is provided in Exhibit 5-1.

The treatment and removal of free and emulsified oils and greases is typically
accomplished by gravity separation, physical filtration and/or floatation. These treatment
processes may be used alone or in combination depending on the nature of the oils and
greases to be treated and the strength of the wastestream. Where oils are highly dispersed,
or where organic solvents are present, activated carbon filters may also be used. The
removal efficiency of these systems is provided in Exhibit 5-2.

Suspended solids may be removed through coagulation and settlll1g and/or mixed media
filtration. These types of treatment systems are highly effective on the suspended solids
generated by the soap and detergent manufacturing processes. Typical removals are provided
in Exhibit 5-2.

Suspended and dissolved biodegradable organics are effectively removed using biological
treatment systems such as aerated lagoons, activated sludge basins. contact stabilization
and/or trickling filters. Since most organic contaminants generated by facilities in this
category are biodegradable, these types of systems are frequently utilized. Where organic
contaminants are not readily biodegradable, carbon adsorption systems may be utilized.
These systems may use activated carbon towers, or may add powdered carbon to the
wastestream for subsequent removal. The efficiency of these treatment units in treating
wastes from this industry are provided in Exhibit 5-2.
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Free and emulsified
oils and greas••

suspended Solids

Dispersed Organics

Dissolved Solids
(Inorganic)

Unacceptable Acidity
or Alkalinity

Sludge obtained from
or produced in
procell

neatmentl

1. Gravity separation
2. Coagulation and sedimentation
3. Carbon adsorption
4. Mixed media filtration
5. Flotation

1. Plain sedimentation
2. Coagulation-sedimentation
3. Mixed media filtration

1. Bioconversion
2. Carbon adsorption

1. Reverse osmosis
2. Ion exchange
3. Sedimentation
q. Evaporation

1. Neutralization

1. Digest.ion
2. Incineration
3 • Lagooning
4. Thickening
5. centrifuging
6. Wet oxidation
7. Vacuum filtration

Exhibit 5-1 Treatment Methods Used by the Soap and Detergent Manufacturing Industry
(From: USEPA. Development Document for Soap and Detergent Manufacturing. 1974)
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oil and Greas'
API type separation

carbon adsorption

Flotation

Mixed ~edia filtration

COagulation-sedimentation
with iron, alu~ or solid
phase (bentonite, etc.)

Syspepded 501i21

Mixed ~edia filtration

Coagulation-sedimentation

Chemical oxygen Demand

Bioconversions (with final
clarifier)

Efficiency (PercentaC). of Pollutant Reaove4l.

Up to 90 percent of free oils and gre.s•••
Variable on emulsified oil.

Up to 95 percent of both free and
elllUllified oils.

Without the addition of solid
phal', alUil or iron, 10-80 percent of
both free and e.ulsified oil.
With the addition of che.dcal.,
90 percent

Up to 95 percent of free oill. Effi­
ciency in reaovinq e.alsified
oils unknown.

Up to 95 percent of free oil. up to
90 percent of e.ulsified oil.

10-80 percent

50-80 percent

60-95 percent or ~re

Up to 90 percentCarbon adsorption

Residual SUlpended solids

Sand or mixed media filtration 50-95 percent

Pissolved solidi

Ion exchange or reverse osmosis Up to 99 percent

Exhibit 5-2 Relative Efficiency of Several Methods Used to Remove Pollutants
(From: USEPA. Development Document for Soap and Detergent Manufacturing. 1974)
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As indicated in the discussion of industry processes in Section 3, the sulfur chemicals and
soap and detergent manufacturing industry may operate several very different unit processes
using many raw materials to produce intermediates and final products. The treatment
systems for these facilities, therefore, must be tailored to the specific unit processes and the
types of wastes generated by each facility. In addition, the proximity of each of the unit
processes to each other may determine whether treatment processes can be centralized,
treating a variety of wastestreams, or whether each wastestream will require individual
treatment. An example of an integrated treatment flow sheet for the soap and detergent
manufacturing industry is provided in Exhibit 5-3. While this treatment scheme will not
apply to all facilities, it provides a useful schematic describing the placement and
configuration of the various treatment units.
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JORDAN SULPHOCHEMICALS

STS PRODUCTION PLANT

Process Description.

Scope of the plant is the production of STS (Sodium Toluen Sul­

phonate), starting from Toluene, Sulphuric Acid and Sodium_Hy-

droxide, according to the following reactions:

@+

@S03H +

H2S04

NaOH

o + H20

~·S03H
CH3

@S03Na +

H20

The process 1S discontinuous, therefore a batch operation is

performed in a single reactor, 21R1, stirred and provided with

jacket by either steam heating or water cooling.

The raw materials are supplied by feeding pumps, from tank area

and are proportioned, into the reactor, by means of the meters

FQS 21.1 - 21.2 - 21.3.

When the feeding of raw material has reached the set value~ the

meter closes the valve and stops the feeding pump.

The sequence of the operation is the following:
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the toluene is fed into the reactor through the meter FQS 21.1.

A large excess against the stoichiometric of toluene must be

supplied in order to obtain a good reaction yield.

The concentrated sulphuric acid (95% by we~ht minimum) is

slowly metered into the reactor.

The sulphonation reaction is exothermic, and the developed

heat raises the mixture temperature up to the minimum boiling

point of the azeotrope toluene-water; the produced vapors are

condensed in 21El, and the liquid is settled in 21V2; the upper

phase, toluene, is recycled into the reactor while the reaction

water {s removed and collected in the vessel 21V4.

At the end of the sulphuric acid loading, it takes some hours

for the reaction to reach the required yield.

The product is still kept at its boiling point, and the water

is continuously removed as described above.

When the required sulphonation degree is reached, the mixture

is maintained at its boiling point by steam-heating, but the

condensed toluene is diverted into the vessel 21V3.

Some water is then added into the reactor, from FQS 21.2, in

order to help the removal of the toluene, still present in

the product.

The toluene is removed as water-toluene azeotrope, the conden­

sed vapors are settled, the water is recycled into the reactor

.. j 3
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while the toluene is collected into VI02.

The neutralization takes place in the same reactor 21RI.

The caustic soda solution, strichiometric required, is slowly

fed into 21Rl, by means of the pump 06P6 the proper quantity

is automatically selected by the meter FQS 21.1.

The reaction heat raises the temperature up to the boiling

point; in this operating step, the last traces of toluene

are removed from the product.

The pH is controlled and corrected during the neutraliza -

tion.

After a proper ag~ing time, the product is cooled and dis

charged into 21Vl; then it is continuously fed by 2iPl to

the dryer or sent to the storage by 21P2, as STS aqueouse so­

lution or to the drying section into the surge vessel V201.

Iii' Ii_ 1_
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B - DRYING SECTION (see Dwg.ll7l.l0.008)

The drying section is composed of a spray drying tower

where the product, coming from the production line as

aqueouse solution, is dried up with a hot air stream,

from which the dry product is removed by a cyclone and

a sleeve filter.

This section operates continuously.

The product is collected, as aqueou~ solution, into the

surge tank 2lVl and it is fed, by means of the high pres­

sure pump 2IPI, into the drying tower 2lATl, through a

nozzles system.

The water latent heat of vaporization, is supplied as

air sensible heat; the streams are put in contact cocur­

rently in the tower from the top to the bottom.

The hot air is fed into the tower from the air heater

H20l, where its temperature is controlled diluting the

combustion gases, coming from the burner, with fresh air,

blown into the heater by the fan 21KI.

The combustion air, fed by the fan 21K2, and the fuel

oil are sent to the burner 2lH I at fuel/air ratio, rna ­

nually controlled.

• • / 5
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The dry product, carried by the air, leaves the tower

from the bottom and is sent into the cyclone 21S~ whe­

re is collected and"discharged by means of the double

flap dischargers.

The air passes then through the sleeve filter 21F3 to

collect the last traces of powder and it is sent to the

atmosphere by the fan 21K3.

The double flap dischargers 21WGl and 21WG2, connected

to the cyclone and the filter bottoms, feed the dry

product storage silo.

From the silo, a worm extracts the powder and feeds the

packaging unit hopper.

An empty bag is manually attached by means of the pliers

at the sack holder.

Then the operator acts on a tilting lever; it causes the

following operations:

- the mixer starts loosing the product during the fil-

ling operations;

the full and dribble flow gate is opened and the pro­

duct flows into the bag;

after filling with full flow the gate is closed, then

the bag is filled in dribble flow, in order to reach

.• / 6

-.rw-._ 1_



the exact weight.

The bag is then discharged on a belt conveyor and

seamed.

EKM/Process Department
/pl/24/8/84

DOC.163/84
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40

4'
I-- TOTAL IISTALLED POVER: KII 56,541

41
I-- AVERAGE ABSORBED POIIERI KV 35
44

4a
I--
4a
I--
41

f--
41
I--..
I--
10....--

__ .oa3U£

IOn elle .. llrO .. 1 ['£~CJ:.:PLON ;r A_ DATA

-- ---~._---

AP'PI:" S D,C.Tf
- ----------~ - .--- -------
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JORDAN SULPHOCHEMICALS

ALKANOLAMIDES PRODUCTION

Process description

The unit can perform the production of all types of alkanolami­

des, by condensating either fatty acids or eventually methyle-

sters, with monoethanolamine or diethanolamide, according to

the following reactions:

i) = via fatty acid

o CH30Na ..0
Lt _ ~ 1'1

R - C OH + KH2-CH2-CH2-0HoQ-~ R-C-NH-CH2-CH2-0H + H20

ii) = via methylester

/0 CH30Na !?-.r ~
R - C - OCH3 + NH2-CH2-CH2-0H oti- R- -NH-CH2-CH2-0H + CH30H

The raw materials are supplied by pumps from the tank area and

proportioned into the reactor, by means of the fluidmeter FQS

21.1, which stops the pumps and shuts down the valves, when the

required quantity of raw material has been loaded .

• • / 2

111/118 I_



The reaction is carried out batchwise into the reactor 21Rl.

The temperature is raised up to 90+100°C (according to the

raw materials that are beeing processed), supplying steam

into the jacket; vacuum operation, required to prevent oxi-

dative phoenomena, and to facilitate the evaporation of the

by-product of reaction, is performed by the liquid ring

pump 21P4.

The water evolved, is condensed in 2lEI with cooling water

and collected into 21V4.

When methylesters are processed, methanol is evolved, conden-

sed with low temperature brine, collected into 21V4, and sent

to the b.l. by the 21P3 pump.

When the reaction has taken place, the product is discharged

into 21Vl, and it is transformed by the 2lPl pump to the fee­

der of the flacking machine 21X2; the product is distributed

by gravity onto the surface of a belt cooler, which is spra-

yed with cooling water from below.

The product is cooled and flaked; then it is sent by the bu­

cket elevator 2lNTl to the bagging unit.

If the product discharged from the reactor is liquid atroom

temperature, it is sent directly to the storage.

EK~1/Process Department
pl/30/8/84
DOC.168/84

2.
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BAU..ESTRA 4A.
-.no ALKANOLAIIIDES PRODUCTION PLANT IT-.
~NT

MILANO (ITAUA) ~HT
ea-A
SCHBoIE

-

,/ 1- BATCH TIME SCHEDULEI- TIllE REQUIRED FOR 1a BATCH: 5 HOURS

•fo- OPERATIOIl SnAil FROII TO EXPECTED TIllE•
• FATTY ACID - RETHYlESTER CHARGIIlG 06P12 FQS 21.1-21Rl 20'~.,
• AlnllE CHARGUGfo- 06P14 FQS 21.1-21Rl 20'•

10 CATAlIST CHARGIIG 21Rl 20'fo- -
11

11 HEATIIG t REACT 1011 180'~ - -
u,.

STRIPPUG Of BY PRODUCT 21Rl 2lY2 30'~,.t. DISCHARGIIG 2lRl 21Vl 30'~

n

"~II
ao
~

11

at
f0-
Il

I.
~

"
"~17

"~
"10
~

a1

al
TOTAL TIllE~ 300'....
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M
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~..
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JORDA~ SULPHOCHERICALSCUSTOMER

LOCAU1'A ARRAII JORDAIILOCALITY

C~ 1552 ICOlmIAllO T I I I IJOe COflTRACT

BALlESTRA LpA.
_WTO ALKAIOlARIDES PRODUCTIOI PLAIT ...
PV<NT

MILANO (ITALIA) _AInO BATCH RATERfAL BALANCE ==DEPARTMENT

1) PRODUCT: COCO RONO ETHANOLARIDE FROR FATTY ACID (R.V. 243)

14• 4~2,r ,r
CONDEISATIOI - -.- ..

3

4• 4 (LIQUID) PRODUCT,r .Y
FLAKING LIQUID STORAGE

4. 4 PRODUCT (FLAKES)

. ,,
~

.

~EIO 1 2 3 4DESCRIPTION _
FATTY ACID (RV 200 KG 3167. 1 40
MOIOETHANOLAlnlE KG 1114 ":i60

VATER KG 281.5
ETHAIOLAMIDE 243 KG 3800

'OUL KG 3167.5 1114 281.5 4000

-
•

-.

.-~ -- ---~--- ---
OO_f·ISSUE ClG/gc .-:

"'.-v nFar:"'7In.f n F 0; r Q p' "- tOW' A_. DATA'¥,
---"... -_.--- ....,... .... _r

a
"

,
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JORon SUI t'CUSTOUEII
U)CAUTA AllIIAI JORDAILOCALITY

co .
1552 ICOImlo\no I I I I IJOe COHllIACT

BAllESTRA t,p..A.
-.uno ALKAIOLAIlIDES PRODUCTIOI PLAIT IftIII
P'lAHT

MILANO (ITALIA) ::roTUEHT ~

-

2) PRODUCT: COCO 1I0NO ETHANOLAIlIDE STARTING FROII FATTY IIETHYLESTER

1 4• 24• 3U

~ r ,r ~ r

COIDEISATIOI .:.. -.- -
4~ 5 (LIQUID) PRODUCT,, +

FlAKIIG LIQUID STORAGE

4 • 5 (FLAKES) PRODUCT,,
-

D~·o 1 2 3 4 5
FATTY IlETHYLESTER KG 3386.5 40
ItOIOElHAIOLAIIIIE KG 1082 128
IlElHUOL (ltV32) KG 500.5 -

COCOIIO.OETHAIOLAIIID KG 3800
SODIUIl IIETttI LATE KG 32 32.

TOTAL KG 3386.5 1082 32 500.5 4000

~.ISSUE Elllac
MV DIlICIIIUZION •. DESCRIPTION ".- ::::0 DATAPflf:P 0 DAn:

a
o
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JOROAII SULCUSTOWER

LOCAUTA AMMAII JOROAIILOCALITY

CO!lI"MM' 1552 TCOIC1'Mno I I I I I I IJOB C~TJlACT

_lITO
AlKAIIOlAMIOES PRnOllrrTnM PI1Mr ".BAllESTRA I.p.A.. PL.ANT

MILANO (ITAl/A) _A!nO ~
DEPARTWENT SCHEN£

-

3) PRODUCT: COCODIETHAIIOlAMIDE STARTIIIG FROM FATTY NETHYlESTER

1 ~. 24• 34t,r ~ r ,r
4

COIIDEIISA TIOII - -.-- --....

4_ PRODUCT (LIQUID)

~ ,, +
FlAKIIIG I LIQUID STORAGE

50
PRODUCT (FLAKES),,

-

o~ LIIIE N°
4 51 2 3

oIETHAIIOlAMIN1f' i KG 1176 532
FATTY METHYlESTER KG 2575 40

SOolUN METHYLATE KG 28 28
METHANOL KG 379 -
COCO OIETHAIIOlAMIO KG -. 3400

~

TOTAL kG 2575 1776 28 379 4000

--
001_( . ISSUE EM/gc

a
~ ESC ~ I P r '"":. ""

COW APfij[ DATA
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B ALL EST R A S.p.A.

Ci pregiamo accluderVi i S6guenti disegni:
Please find enclosed the following drawings:
Ci-joint YOUS trouyerez les suiyants dessins:

A:

To:

A:

o
o
o

20138 MILANO (ITALlA)

VIA G. FANTOLl, 21/17

JORDAN SULPHOCHEMICALS CO.
P.O. Box 81161t3
AMMAN - Jordan

Prellminari
Preliminary
Pr6liminaire

Per la costruzione
Released lor construction
Pour la construction

PregandoVi di ritomarceli con i Vostrl commenli 0 approvazlone
To be returned with your comments or approval
Nous vous prions de nous les renvoyer avec vas commentalres au
approbation

o
o
o
~

Distinta N.· Foglio dl
Ust. N." 890/81t Sheet 1 of
Usia. N.· Feuilla de

Data:
Date: 3/8/1981tDate:

Progelto:
Contract: 1171Pro)at:

Commessa:
Job: 1552
Commande: /?

NI. Rllarlmanlo: ~ IViltO:
Re: GR/ES {J. Signature:
Rei.: Signature:,

Par aileIta
Fo~oIIer
Pour ollre

Perch. prendiate nota delle revislonl indicate
To note revilion as Indicated
Prenez note des mlslona Indiquhs

Per II Vastro archlvio
For your file
Pour votre arcllives

For inforution

N." dl Caple N.· dilegno Modlftca Denomlnazlone Note
N.· 01 prints Owg. N.· Mod. T I tie Remarks

tlJ
N.·de Copies N.· dessin Rllvlsion Denomination Remarques

3 II 1171.50.008 TANKS AREA ZONE 11£1' FOUNDATION PLANT
3 v 1171.50.007 TANKS AREA ZONE IIC" FOUNDATION PLANT
3 V 1171.30.110 NEUTRALIZED PASTE TANK
3 1171.30.085 OLEUM STORAGE TANK
3 v 1171.10.008 4 STS AND ALKANOLAMIDES PRODUCTION PLANT

sheet 1 of 2 P&I DIAGRAM
3 v 1171.10.008 3 P&I DIAGRAM

sheet 2 of 2
3 COMMENTS OF THE SCHEMES OF STS t ALKANOLAMIDE PLANT

sheets 2
3 1171.10.012 1 COOLING ~ATER SYSTE~

3 'I 1171.10.013 STEAM PRODUCTION
3 1171.10.014 1 P&I DIAGRAM SECTION 01
3 1171. 20.004 1 GENERAL LAYOUT

\ .,..J 3 1171.20.008 PLOT PLANT

l.> 007- -1 cOMF-
I I ~ I,,.... .r-

- 51 prega dl reslltulre .1 plu presto posslblle copla del presente modUlo,
tlmbrata, datata e lirmata per rlcevuta.

- Please return the copy of this lorm signed and dated lor acknowledgement
.s soon as possible.

- Nous vous prlons de nous renvoyer au plus tOt possible caple de cette
formule tlmbr&i!, dat&i! et slgn&i! pour reception.

NOTE:
RFMARKC:



Customer:

Project:

Job:

JORDAN SULPHOCHEMICALS CO.

1171

1552

COMMENTS ON THE SCHEMES OF STS & ALKANOLAMIDE PLANT

Drawing 1171.10.008 sheets 1 & 2

In the final project of the STS & Alkanolamide Plant

some modifications have been carried out in order to

improve the process, to make it more flexible especially

the drying section and product finishing.

The scheme of the reaction section is substantially

according to the preliminary scheme of the offer.

We have modified the STS drying equipment, choosing

the spray-drier instead of the film evaporator because

the evaporator is mechanically more complicate, more

sensitive to the formation of scales that can reduce

drastically its efficiency, and less flexible as

production capacity.

Our experience developed In manufacturing powder detergent

plants using the spray-driers is the best guarantee

about the solution chosen also for STS plant.

. / ..
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The STS solution is fed into the tower by means of a

proportioning pump 2lPI and sprayed through a special

nozzle; the mist of STS in solution meets a flow of

hot air in co-current, that was preheated in the

furnace 2IHI.

During the time of stay in tower, drying is performed.

Therefore STS powder gets at the tower bottom, and then

it is sucked by the fan 21K3.

The powder is collected in the silo 2IVS, then by a

screw feeder it is conveyed to the bag-filling machine

21W3.

As regards Alkanolamide we have kept the belt to produce

flakes. However we have reduced to the minimum required

the storage before the bag-filling machine, because this

product is sensitive to heat.

The combined effect of the pressure that can be at the

bottom of a big silo and of the ambient temperature (35°-40°C)

may cause the formation of lumps not extractable from the

silo, however not handled at the bag-filling machine.

The heating of the drying air in the furnace 2lHl is obtained

by combustion of gasoil, but not heavy fuel as it is foreseen

for the steam boiler.

The reason is because it is necessary to prevent any formation

of fumes which would pollute the product.

To this purpose we have already provided a 30

in the same area as that for heavy fuel.

The burner will be supplied for 250000_Cal/h.

3
m tank for gasoil

The maximum estimated consumption is 20 kg/h of gasoil.

-:;- -::- -::- -:~ -::- -::- -~;

GR/gg-jcf.

-11111818 _T



Product
Bulletin

N
NALCO

NALCO
WT-326

Microorganism Control Chemical

PRODUCT BENEFITS - Effective slime and algae control- works in hard-to-control systems.
Penetrating dispersing formulation - penetrates and removes slime
deposits.

PRINCIPAL USES

DESCRIPTION

FEEDING

Exp.ML.1-11.91 (pac-WIE)

NALCO Wf-326 effectively controls slime and algae and associated
deposits in industrial recirculating cooling water towers. It is also
effective against anaerobic bacteria that can produce serious corrosion
in cooling water systems. NALCO Wf-326 is a non-oxidizing biocide
that has exceptional penetrating and dispersing characteristics.

NOTE;. NALCO WI'-326 is intended for industrial use only. Do not
apply to potable water of domestic water systems.

NALCO WI'-326 is a water soluble, low
cationicity biocide. It is unique in that it does not interfere with /
anionic dispersants. /,V

NALCO Wf-326 is biodegradable and does not contain heavy metals.

Color colorless
Density at 20 °C 0.97-0.98 glee (spec)
Viscosity at 20 0 C 10 mPas
pH as such 7.2
Flash point.. 33 0 C
Freeze point.. -7° C

For microorganism control in industrial recirculating cooling water
towers, add NALCO Wf-326 to the recirculating pump suction or
any other point where uniform mixing will occur.
Metering pumps and pipe lines must be made in polyethylene, PVC,
hypelon, viton, teflon, polypropilene, plexiglas.
NALCO WI'-326 can be diluted with water in any ratio. Before
dilution the compatibility of the product with the dilution water must
be ascertained. If it does not form a precipitation, dilution can be
made.
The product must be fed in pressurized lines.

Physical data reported for this product are not tf"' be considerrd as quality control specifications
unless indicated. -

Cont'd

HALeD

NALCO ITALIANA S.p.A.
VIALE DELL'ESPERANTO. 71 -·00144 ROMA

TEL (061 55471 - TELEX 610663 NALCO I

-.,ifll_ iB-

Mod BlE 104-91

- .
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NALCa

PRODUCT
BULLETIN

PRINCIPAL USES

TYPICAL DATA

FEEDING

HANDLING

DOSAGE

CONTROlS

SInPPING

STORAGE

EXP.MKT. 05.92 (PIc-WOB)

NALeo ITAUANA S.p.A.
ISO 9001 Quality certified Company for prod_ucts and services

N~CO BWT-5127 N.I.~~__, .__-,-. ~
(S;;~ific Multifunctionaz Tr_entj~r Low PressureBo~

i
\
\

- NALCO BWI'-S127-N.I. is a liquid product for the treatment of low
pressure boilers.

NALCO BWI'-S127-N.I. is an origil!al formulation of or~c _~ti::.

scale agents (Patented) together witlt.spec;ificoxygen'-scaVengers and
antifoams-:'-- .._..-- ---..- ..-- ' , . - -- ----- ..

NALCO BWT-S127-N.I. assuresfi,l]ighstan4a.rd of cleanliness on heat
exchanging on. surfaces, a -~ri1:Rlefec.or:rQ~iQ!l inhibiting action in the

---boiierlllld-avoids carryover of boiler water into. the steam. .\r

Color none (spec)
Odor ~ none
Form liquid
Specific weight at 20°C 1.08-1.09 (spec)
Viscosity at 20° C 4.0 mPas
pH as such 5.5
Flash point ~ ~ '" > 65° C

NALCO BWT-5127-N.I. should be fed continuously, preferably as
such, directly from the drum to the boiler feedline.

Avoid contact with eyes and skin. Do not swallow.

Dosage of BWT-5127-N.I. depends on the hardness of the feedwater.
It is normally between 20 and 100 ppm.

In addition to the usual controls recommended by the boiler
manufacturer, the level of NALCO-BWf-S127-N.I. present in the
boiler water can be analized through the NALCO BWT CONTROL
TEST KIT available through Nalco Italiana.

BWT-5l27-N.I. is normally shipped in non returnable plastic drums
containing 50 kgs net.

Properly stored in the original drums the product has a shelf life of
more than one year.

Physical data reported are IlOIlo be considered as quality conlro/specilications unless indicaled.

NALCO

NALCO ITALIANA S.p.A.
VIALE DELL'ESPEPANTO. 71 ·001« RO"'A
TEL. (:til) e 5-42Q7.1 - TELEX 6'~3 NALCO I
FAX (3Q) e 5-4297300

- "'1TI~. 1.----

(, \.\



,,',. :" : ','. ;,<~ ;:,.... ~'", .':'-:: ~ ,:, ...,'~.,' "'..'.: :'" . , ,"'.: .
, , :. ' .. : '.", ' . , ;, ' ,,".', '

Product
-Bulletin

N
NALCD

NALCO TRI-ACT 1820
CONDENSATE CORROSION INHIBITOR

PRODUCT BENEFITS - Provides effective neutralization of acid-fonning gases, such as C~,
'in initial, middle, and extended areas of a complex condensate '
system. .

- Effectively reduces condensate system maintenan~ costs and
minimizes the potential for boiler tube failures caused by metallic
corrosion products in the returned condensate.

... PRINCIPAL USES

GENERAL
DESCRIPTION

HANDLING

STORAGE

Exp.Mkt-OS.91 Pac-2F. WOB

R~lacc. Ed. 10,91

TRI-ACT 1820 is an FDA-acceptable condensate corrosion inhibitor
designed for use in steam and condensate systems. The product may
be used at steam pressure up to 160 Bar.

, ,

TRI-ACT 1820 is an aqueous blend of neutralizing amines.

Color..from colorless to light yellow (spec)
Odor amine
Density at 20° C 0.97-Q.99 glee (spec)
Viscosity at 20° C 5 mPas
pH (as such) 12.0-13.0 (spec)
Freeze point. - 2 °C
Flash point.. 55 0 C

Danger: Corrosive to eyes and skin. Do not get in eyes, on skin, or
on clothing. Wear goggles, face shield and"rubber gloves when
handling. Avoid breathing vapor. Use with adequate ventilation. Do
not take internally. Keep away from heat, sparks, and open flames.
Keep container closed when not in use. In case of contact,
immediately flush with water for 15 minutes and get medical
attention. Remove contaminated clothing and wash before re-use.
Keep out of reach of children.

The product has a suggested in-plant storage limit of 2 years. Bulk:
tanks should be of polyethylene or stainless steel construction.

Cont'd

Physical data reported for thiS product are no~ to be conSidered as quality control specifications
unless indicated

NAlCO ITALIANA S.p,A.
VIALE OE,cESPERANTO, 71 00144 fi2'>iA

11111_ I_ -
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NALCO

Prcd.uct
Bulletin

0:-4660

.., :-',' .......

P~INCIPAL USES

. '., i ,.t .,' . '.' ~
.' '.', : . - ..r· ..

PRODUCT BENEFITS !..: NALCO 0-:- 4 660 is ,'" ~f.feet1ve ;n preventing all' I-

! : types vf sea1i n9 sa1ts . depos; t; on and in·
. ; ~. cent.ro 11 i 09 corros i o'n~ . . . '.

-;:NAlCO O-J660~. "'is'. resis.tant . to time,.· .. ;
: :. temperature. ":h 10,.'1 neand pH .. t,l uctuat; ons.·
I I ;: .i ..'. ~ :. • .
: .'·NA~CO J~~660 is a m~)tifuncti6naJ .. stabij1:~r
! :' for 'inoustrial :oC"1in9w~ter~ formulat.edwith.
. I po1ymer-r;ype disper..$ant, agents, . scala

.i inhibit.er's ~nd \::orrosion inhib1·tors. By.
ccntroll.:ng salts 'deposition, NALCO .'0-4660
maintalns the designed water flows ana the

~ proper ~eat transfer co-efficients in the heat
~xchangers. . .

I
il
!

TYPICAL OAT"
........

Appearance •.•.•. l.~ •••• t •••••••••• oale liQuia
;.. Spee'~ of i c 9~avi t.:l~J30' ) ••••••... " .•••••• ! .050
~. V1scpsity. {20'C) '~''w'•••••••••• '~ •••.••• · ••••• 3 cps
~. H' r \ . .f. ~ ". .' . . • I) ....... p tIi ·•• : •••••••••••••• ,.,Q

.,··..:Freeze Point ...••• ·.....··•·.·.·.••••.•..•.•... -z
...• :::1 ash ?'O i nt •••.... ', .•••••• , .•.. , .•••••• '.' none

.' ,
. . ~

i
'.

FE;:OING

HA.NDLINQ

DC-SAGE ;
. !

If' t"1 . ~ ~ ~. ,~"..••
,

i:' . !'
SHIPP!NC;

NALCO )-A660 can be fed nea~ dirijc~lY from ~he
arum. or c~n be water dtlu-cad-a·~lj-nuti ons :Jp, .
to ::0'4......
Stainless stee.l ~r sQu.l'lalent co.r r osl0n-.-
I~$iat~~t. eQui~men~ ohoul~~o ucod in pumpi~Q

NALCO O-~660 as nea~ proouct.

: I ,:1 I

III: 118 ifi ---
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Product:
Bulletin

N
NALCa

NALCD
WT-326

Microorganism Control Chemical

PRODUCT BENEFITS Effective slime and algae control- works in hard-to-control systems.
- Penetrating dispersing formulation - penetrates and removes slime

deposits.

PRINCIPAL USES

DESCRIPTION

FEEDING

NALCO WT-326 effectively controls slime and algae and associated
deposits in industrial recirculating cooling water towers, It is also
effective against anaerobic bacteria that can produce serious corrosion
in cooling water systems. NALCO WI'-326 is a non-oxidizing biocide
that has exceptional penetrating and dispersing characteristics.

NOTE~ NALCO WT-326 is intended for industrial use only. Do not
apply to potable water of domestic water systems.

NALCO WT-326 is a water soluble, low
cationicity biocide. It is unique in that it does not interfere with
anionic dispersants.
NALCO WT-326 is biodegradable and does not contain heavy metals.

Color colorless
Density at 20°C. 0.97-0.98 glee (spec)
Viscosity at 20° C lO mPas
pH as such 7.2
Flash point. 33 ° C
Freeze point.. -r c

For microorganism control in industrial recirculating cooling water
towers, add NALCO WT-326 to the recirculating pump suction or
any other point where uniform mixing will occur.
Metering pumps and pipe lines must be made in polyethylene, PVC,
hypelon, viton, teflon, polypropilene, plexiglas.
NALCO Wf-326 can be diluted with water in any ratio. Before
dilution the compatibility of the product with the dilution water must
be ascertained. If it does not form a precipitation, dilution can be
made.
The product must be fed in pressurized lines.
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/J,"S'AVAILABLE Copy

1 Ph"l.

10 PPI"1.

LOG PPI'I •

51 PPM.

::'66 PPM.

4.:..3 FPI'I •

6'::-6 PPI'I.

6.5

: [J. 1 prl"l.

o. Oi, PPl'l.- FREE t\tl~lOIJIfl

- PH

- M/.NGAIJESE

BIC~,R80NAT[

- SULPHATE
- CHLOR1(I[

NITRATE

- SILICA

-. C(oLC ruM
- MAGNES lUl'l

- 80(l1UI'I

POTASSIUM

I R(iN - Te'T t"l FE

4-- I"IOTORS

- TOTAL ALKALINITY: 2GS PPM .

- FREE CARBON DIOXIDE: 2~ PPM_

,~

~J- ~flF\nt-\nT''r''; f'i-S ~;~[)l'.... :\T:':'~ ~':t··.r~~~(.::·i'; f~i~

- PEmlfllJGMUITE WilUE:

OPT 1 Cf,L I"JUISUdU1UJT (I.e- =0 O. 11 r'1 fl.

- TOTAL HAR~NESS : 706 PPM.
- ~lflFi ['I ·!E~c S {,L!,{'.L. 1rE , :.:. t.0 P PrJ.

~L~ r~')Tt."" TI"I,c,'!- ~_I.' '-,'

- IRON IN SOLUTION: lESS O.OS pp~_

, [)G:;'t 1

A11"

("H: REF
YR REF

H,HER •

ELECTRICAL SUBMERSIBLE l'i':·TOR (iF rlF;.:;~:;W {IS h.WT,

666 V(lL TS , 3 PH 50 CY. ;;;:,Rf(A8:"'E W HOT ~UI TER,
OR ~:ITH HEAT EXCHi\NGER (:; AROU:<) C.:..;~ 1'12 .

5- PRICE PRICE TO READ C+F OUR FAC~vRY.

6- DELIVERY PUj ItJ[dC/\TE SHORTEST PEeJ'I) f<,U (;[" hiE;;'''.
7-- VALIDITY OFfEn T,) 8E: V'fo.L_ID Flit{ 1 ,·,· .. Trl.

8-- PAY1"lENT PLS IN~;lCf-\Tt: PAr'tlEtH TL";.,,.

9- ~ATER QUALITY:
- TURBIDITY (NTVj ~1.4

- COLOUR-HAZEN LESS THAR 5.

- CONDUCTIVITY 2600 AT 25 DEG. c~~r.

2- CAPACITY
3- PUMP PARTS

f<E ~,BV SUB, REGRET TO II~F(lRr1 YQU THAT I)FF:::R Pur-:r" E .'WT SUITABLE

F0R INSTALLATI0'. IN OUR FACTORY DUE TO TECHNICAL R[~SONS . HOWEVER
YOU'RE REQUESTED TO QUOTE FOR A NEW ONE hS FOLL0~S:-

1- SUPPLY SUPPLY OF TWO COMPLETE SUBMERSiBLE PUMPS AND
TWO SEPERATE MOTORS AS S?~RE5.

20 M3/HR MIN AT 400M HE~~ .

T0 BE SUITt,BLE FOR HIGH LD.S Aj·'D i.::1DIC HiH
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ENGiNEER: " :O~V~ : ~__________ ' :EN~~? :OPERATER "'(j _ ~~---- :ENGINEER

/"'\." ~, ---------------------------------------------------------------------:

:PF:ESSPRE PSI :FLOW RATE M3/HR :T,D,S PPM :T~ST RESt1LTS
----:~--------:---------:---------:---------;---------:---------:---------:---------:---------i---------:---------:--------- ------
TIME:RLiECT :PRODUCT :FILTER IN:P.INLET :RECIRC. :PRODUCT :RE,7ECT :l-st M~!1.:2-nd MEH.:S,D.I :CLOFINE SILICIc :H(:~J

6f,~ : -,J>:z.a-- - -: --5'~----:- ~-}--- -- :- -0/'-)-- -- :---9~-c. - - :__ 4 __£'_ - : --.,/-0.--5-- - :------ -- :--- ....--- - :---- -- - - - :-~ - - ---~-- - -:~
tc..,/.;,- '_,<24 ' __ L'"-f?:---- '--~"1----'__'-f/'> 1 9'-=__ ,__ $ ... - __ ' __ -1....__<::1 __ ' ' -=-- , ,'--_---- ---.,.. ' """'--c'--:

p,f/ I I:>'.R:- I I --;:r- I I -0' I ~ I I· I I

IJ_~_ : _./.2.>:;> : -$ ----: -- y~---- :-~-J---- : - --c;.~-O-- _~_.o. __ : ---/-~'7--- : -- : ---"'-='"--- : ----...=-- -- :-~-- - - - --- - : _-- - :

!.iL:C:_: -,.i.~----: --7~----: ---V'-5----: --'¥;/----: ---9-<-0-- __ b.~_c-_: ---1- ..:;:'--: --------: ---.-----: ----.=----: --- --------:~:
~-;-~-------:---------:---------:---------:-------------~----:---------:---------:---------:---------:------------------;--~;--:

16./,.;,;._ : -I.:kS : --Ib"L-----: -JI-5-----: --CfJ,f....---- : -./p-- ~.;:l...---- _-/~s----: /- : ,,/-_ - __ :---~----: ~~- -/ :~ "'- - :
/~~ : .I.2..Jf----- : - .6..1... :--~5---- : --YJ1---- : _..L~ - - _~'...J5 - __b.5' : -- _-~-- __ : ---l""'"'----- : ---c.---- - :-~-- -- :-- -L_ - - - - : 2J~ 1
-lY-~,,-_: .1:1.-2 : __6f~ : __IJ"::- : -.JI-i/.-----: __ LO ~_.3£ L.5: : ,;" : ~ : , : ":'Z.~...<:L : --./-------; -~.o--

'lZw...:_: L-7:.~ : __ 6.2.. : __0.:> : _J..d1!-L : --10- 6...5:.... -"-·.!L : ----/----: ---7'----: ---r----: -~---:--..,;:.----- "~e...oro;;-;
~~~d-'------- __ :_---_----:----_----:----_----:----_--- : : : : : ----- :----- ~'

'~~=: =========: =========: =========: =========: =========: ========= =========: =========: =========.i =========: =========: =========: ===== =)TOTAL FR(lDUCTION M3 : TOTAL PPC:DllCTION r,2,: TOTAL PRODUCTION !13 J I
: -".,.J'~.J ~.:,~;1, : _.. ~ -r:...J \-'\1 i ..-.c;; ~/f

~, ), : - \... I :::;:;>-==== --=-:-:::-"C::::::-
// I

- I ,... \,"\-.

:~'-*-':"'-".-J~
,,
I,,,

v:.J );, ~ ~_ w . \J. '~F :"-A-f'.r! .~, t.-. ( (t:.-" ( J-

~>'~:; /"/ r-' ~. ~ /V"" /Y'~ ~ ~ e,...: y, ~
.' ~c-~0 ~G-"A1 ",1:1 G.;~ ::-~~ y

~ .. J;~ J~~

~~ JI ~.~y- ( ~.J/~ J~
'.j / 'I

iJ~~~ ;/ ~ ~~ "';"'. /'-"
/' ~ 0 I~

JL,\.v ~YU' l- i -' J /'/ ,
" /, C I,

, J'~~ L...---<' J'1 - /

--j

•

~

~)
•


