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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 (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).

This report provides the findings 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 m> 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 m’/day due to the RO reject and
membrane washing streams.
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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 m®/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 e Contact Cooling
¢ Scrubber Water ¢ C(Cleaning
¢ Product Stabilization

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
m®/day of fresh water, or about 7 percent of the total facility consumption. Water was used in the
saponification plant for the following purposes:

e Raw Material Dissolution ¢ Cooling and Steam
* Process ¢ C(leaning

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 m’/day, or 23 percent of the total facility water consumption. Water was used in the
sodium silicate plant for the following purposes:

Dust Control ¢ Filter Washing
¢ Contact Cooling ¢ C(leaning

¢ Product Dissolution

Sodium Toluene Sulfonate Production

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

e Raw Material Dissolution

e Process
* (leaning

ES-
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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 m’/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 m*/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 ¢ Scrubber Discharge
¢ Contact Cooling Water ¢ Dryer Condensate
* Cyclone Discharge ¢ (leaning Water

L]

ESP Discharge
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Saponification

The audit team determined that during normal 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 in the
generation of several wastestreams. The following discharges were identified:

e Contact Cooling Water ¢ Filtered Solids
* Storage Tank Sediment ¢ (leaning Water

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 ¢ (Cleaning Water
¢ Dryer Condensate e (Contaminated Cooling Water

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."

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

Oil Spill Clean-up

Cooling System Blowdown
Tanker Washing

Domestic Wastewater

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
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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, 1ts 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.

Ailr Emissions

The principal atmospheric discharge generated at the JSC facility, was the SO, wastestream from
the sulfonation plant. In addition to the SO, 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 SO,. '
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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

e 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.

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

e 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.

e Leak Control - The JSC facility should provide additional maintenance to minimize leaks
within this plant.
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2.

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 gbtaining 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 SO, 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.

e 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.

Saponification

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

* Jeak 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.

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.

e 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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5.

Sodium Toluene Sulfonate Production

e FElimination 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.

e 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.

e 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.

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.

I

2.

w

Concrete loading and unloading areas should be constructed utilizing containment berms and
rain covers to isolate spills, prevent soil contamination, and eliminate stormwater runofft.
Drummed and bagged raw materials, intermediates, products and wastes should be stored in
covered areas with concrete floors and spill containment berms.

The drainage hole cut in the wall of the sulfur melting room should be sealed.

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.

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.

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

e 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.

e 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.

e 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.

e 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.

e 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.

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.

e 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.

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

e 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.

e 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.

e Reduction of Steam I.osses - 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.

e 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.

e 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.



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
e 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.



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: -SO,0OH or -SO,H. Where the
substitution involves an inorganic ion (e.g., chlorine or fluorine) the general formula is represented
by X-SO,0H. Where the substitution involves an organic radical, the general formula is represented
by R-SO,0OH. 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
1s 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.



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; and
Palm Kernel Qil - 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 (Iye) 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 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 into lumps for subsequent dissolving
or can be drawn directly into a dissolving unit.



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-CONH,, 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 the 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 4.0.

2.2.1 Sulfonation/Sulfation
The sulfonation/sulfation 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 (SO5).
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 Bumning

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.

SO, and SO, Production

The combustion furnace combines the molten sulfur and dry air to produce SO, gas. The SO, 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 (V,0;) as the catalyst to convert the
SO, to SO,;. The temperature within the catalytic converter is controlled by a series of air heat
exchangers in order to maximize the conversion process. The SO; 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 SO, 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.



Exhaust Gas Treatment

The gas stripped from the liquid in the separator passes through a separating cyclone to remove
liquid droplets entrained in the 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 sulfonation/sulfation
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 exothermic 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 laury] 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.



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 (°C). The raw materials then react in
the kiln to produce molten sodium silicate with CO, 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.



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 JSC 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 100°C 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 JSC facility also indicated that alkanolamides are sometimes produced using fatty acid

methylesters. During this reaction, methanol is generated as a by-product. The methanol is
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 performed by
the Lead American Consultant prior to his visit to Jordan. The review included searches of the U.S.
EPA Pollution Prevention Information 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 Amman Chamber of Industry

Ms. Rania Abdul Khaleq Ministry of Water & Irrigation
Mr. Mohamad Lafi Water Authority of Jordan

Dr. Shawn Niaki Program Director, DAI (Harza)
Mr. David Hair Lead American Consultant (SAIC)
Dr. Riyad Musa Local Consultant (RSS)

Mr. Rafat Assi Local Consultant (RSS)

The representatives for the JSC facility included:

Dr. Marwan Muasher General Manager

Mr. Sami Dabas Administrative Manager
Mr. Hatem Abbas Technical Manager

Mr. Said Abdullah Process Engineer



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, wastewater
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, TKN, SO, 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 Assi, on September 29, and October 8§,
1994, in order to complete the facility water balance and to resolve 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 water 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 m*/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 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 m® per day of fresh water for all uses
except potable water. However, water from the JSC 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 m*/day due to the RO reject and membrane
washing streams. Table 4 presents a summary of the water consumption practices at the JSC 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 have the capacity to treat this stream.

The specific water uses for each of the major plant areas of the JSC 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 m*/day, or 11 percent of the total facility water consumption. Water was used
in the sulfonation/sulfation plant for the following purposes:



e 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 m*/day

of fresh water. This water was sprayed with the NaOH solution for control emission of SO,.

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

e 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.

o,

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
m’/day of fresh water, or about 7 percent of the total facility consumption. Water was used in the
saponification plant for the following purposes:

e Raw Materia] Dissolution - Water was used to produce chemical solutions of sodium chloride
(NaCl), ethylene diamine tetracetic acid (EDTA), 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.

e 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 m’/day of make-up water was required to replace the
contaminated steam and cooling water that was wasted to the collection basin.

e (leaning - 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 facility-

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 m*/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.

e (leaning - 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 STS manufacturing process flow diagram
in Figure 6. Water consumption in the STS plant was estimated to be 1.7 m’/day, or about 2
percent of the total facility consumption. Water was used in the STS 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 STS 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 STS 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 manufacturing 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 m® 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 m’/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 m’/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 m* 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
m?®/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 nr/day for domestic and 2 m*/day for irrigation, were
considered minimal and did not significantly effect water consumption.

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.

16



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 m*/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 m*/day), but contained some elemental sulfur.

Cyclone Discharge - Following separation of liquid product and waste SO,/SO; gas in the
separator, the off-gas wastestream, which contained SO;, SO,, 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 lauryl 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 SO, 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 final products that required drying, an
additional wastestream will be generated by the drying unit. Vapors collected during the
drying 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 SO, 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
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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 rock 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.

t

The aqueous phase contained from 0.2 to 1 percent product and was discharged
" taj oduct and was either drummed for storage 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-product.

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 m*/month (0.4 m*/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 m*/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 m*/day, and were discharged to the collection basin.

e 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 m*/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.

¢ Qil 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].
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Item 7

Item 8

Item 9

Item 10

Item 11

Item 12

Item 13

Item 14

Item 15

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].

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].

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.

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.

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].

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.

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].

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.

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 17 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
m’. 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 m’. Of the
approximately 3,400 m® 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, SO,, 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 SO, wastestream from the
sulfonation plant. The SO, in the combustion unit was converted to SO, in the catalytic converter at
a 98 percent efficiency. Following the sulfonation reactor, most of the residual SO, was removed by
the cyclone and the ESP unit, and the residual SO, was removed in the scrubber. The exhaust from
the scrubber contained trace amounts of SO, (reported as less than 5 ppm) and approximately 15 ppm
of SO;. 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 SO, 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 SO,. No
monitoring of this emission had been performed.

24



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 SO,. 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.

e 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.

e 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.
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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:

4.4

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.

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 JSC facility had not previously monitored influent or effluent flow to the
basin. Calculations performed using discharge data provided by JSC staff, indicated that
approximately 27 m®/day of wastes were sent to the basin. Assuming an evaporation rate of 10
mm/day (5.4 m*/day), and 300 day/yr operation, this would result in an annual net discharge to
the basin of over 6,000 m®. Since the capacity of the basin is only 4,350 m?, and it currently
holds over 3,400 m® 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 JSC 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.

e 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 SO,
waste that is removed by the ESP.

e 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.

e ]eak Control - The JSC facility could provide additional maintenance to minimize leaks within
this plant.

e 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 evaluate the operation of the catalytic
converter to optimize operation and reduce SO, emissions. Temperature control within the
converter could be carefully monitored and optimized in order to maximize SO; generation and
minimize the residual SO,.

Saponification

PP/WM opportunities identified for the saponification plant included:

e 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 condensate
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 m*/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 mgfl). Based o JSC 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 m?).

» 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 m’ 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 STORAGLE

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.

53 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




e 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 small 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.

e 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.

o 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 play a 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 m’/day of RO reject, which contained a TDS concentration
exceeding 7,000 mg/i, 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 Qil - 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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e ] eak 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 m*/yr. Because
the total capacity of the basin is only 4,350 m’, and because the basin has been in operation since
1990, a considerable volume of wastewater is unaccounted for.

e 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 wastestreams.
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 m*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 m*/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 m*/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 m*/day
and a discharge to the collection basin of about 7 m/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 m*/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 m*day of toluene contaminated process water. Recycling of this stream, therefore,
would eliminate the need for 0.07 m*/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 refilling
of the cooling system requires approximately 50 m® 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 m*/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 collection 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 m*/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:

6.3

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 m’/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 m*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 m*/day throughout the
facility. Assuming a 15 percent reduction due to improved maintenance, a savings of 5 m’/day
would be anticipated.

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 m?/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 m’/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 m*/truck, and washed approximately 120 trucks per
year. This resulted in a fresh water consumption of about 0.8 m*/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 m*/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 PP/WM 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 PP/WM 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:

e - Sulfonation/Sulfation Plant;
® Saponification Plant;
¢  Sodium Silicate Production Plant;
e 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 m*/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 m?/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.
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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: BODS, COD, TSS, TDS,
TKN, ABS, SO, 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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2.

. 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 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 SO, 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.

e 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.

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.

. 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.

2.

Concrete loading and unloading areas should be constructed utilizing containment berms and

rain covers to isolate spills, prevent soil contamination, and eliminate stormwater runoff.

Drummed and bagged raw materials, intermediates, products and wastes should be stored in

covered areas with concrete floors and spill containment berms.
. 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.

. 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 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 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
storm 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
replaced, if possible, by a non-contact system. Current practice results in evaporative loss of
about 7 m*/day and a discharge to the collection basin of about 7 m’/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 m*/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 m®/day throughout the
facility. Assuming a 15 percent reduction due to improved maintenance, a savings of 5 m*/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

FAZonic HAO1

Composition

Branched Sulfonic Acid

Manufacturing
Process

Sulfonation Plant -
Continuous Process

Production
Capacity

— e eeeeeee——
e e

22 tons/day

FAKZonic SAQ2

Linear Sulfonic Acid

Sulfonation Plant -
Continuous Process

22 tons/day

FAKZonate HNQ3500

Dodecylbenzene
Sulphonate, Sodium
Sait

Sulfonation Plant -
Continuous Process

35 tons/day

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

FAKZicate RNSO7 Neutral Rock Sodium Sodium Silicate - ND
Silicate Melting Plant

FAKZicate RAS 06 Alkaline Rock Sodium Sodium Silicate - ND
Silicate Melting Plant

FAKZicate LAS Alkaline Liquid Sodium Silicate - ND
Sodium Silicate Dissolution Plant

FAKZicate LNS 10 Neutral Liquid Sodium | Sodium Silicate - ND
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 ND
Sulfonate Sulfonate Plant

~Soap Soap Noodles Saponification ND

.

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

Wastewater Generating Process

Discharge Volume
(m*/day)®

Percent of Total

] 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 I 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 ﬂi 1.62 5.9
RO System 1.1 4.0
Tanker Truck Cleaning 0.8 2.9
Total 27.26 100
2 Based on information provided by the JSC Technical Manager
rm -




Table 3 - Waste Collection Basin Sampling Results

Parameter 202 Standards Waste Collection Basin®
(mg/l) (mg/l)

BODS B 50° 3,544
cop u

150° 6,856
TSS " 50 455
TDS “ 3,000° 9,277
TKN “ NA 17.5
50, I 500 88.4
ABS “ 25 3,200
Toluene Jl NA 0.45

2 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.



Table 4 - Water Consumption at the JSC Facility *°

l Location of Water Use

|

Tanker Water
(m’*/day)

Well - ‘Water
(m*/day)

All Process Water 38.9
Boiler Make-Up 36
Boiler Cleaning 0.8

Softener Regeneration 1.6
Cooling Tower Make-Up 6
Tanker Truck Cleaning 0.8
Domestic 3
Irrigation 2
RO Reject I - 21.3
Membrane Washing [ - 1
RO Filter Backwash and Sediment Flushing I - 0.7
Storage Tank Flushing - 0.4
Totals 89.1 112.5

2 Based on information provided by the JSC Technical Manager
® 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
(m*/day) (m’/day) (m*/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
: and Pressure Hoses
- Washing |
Total Savings l[ - - - 20.4 22.7
AN
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Assumed Production

LABSA and BABSA 5000 ton/yr
SLES (70%) 500 ton/yr 300 days/yr
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] —_——————
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@ g } sulfonic acids, | NazSos
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»iSeparator] s > Unit ‘W—’b " Stabllizer aAas?\ 3 8
ooin B 3
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ryer
~XX_5.: Water flow rate, : md | active matter with | Srcl;uoﬂ:n -\},— sté‘“sfs Paste Dry Prod.
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7] : Waste or Losses To Cooling sLS Dryer sLS X
LABSA: Linear Alky! Benzene Sulfonic Acid. *Waler Circuit Paste Dry Prod.

BABSA: Branched Alkyl Benzene Sulfonic Acid.
LESA: Lauryl Ether Sulfuric Acid {(Unstable)

LSA: Lauryl Sulfuric Acid (Unstable)

SLABS: Sodium Lineer Alkyl Benzene Sulfonate,
SBABS: Sodium Branched Alkyl Benzene Sulfonate.
SLES: Sodium Lauryl Ether Sulfate.

SLS: Sodium Lauryi Sulfate.

ESP: Electrostatic Precipitator.

Figure 1. Process Flow Diagram of Sulfonation Plant
Jordan Sulpho-Chemicals Company

Zarqa-Jordan.

NOTE '
All flows are estimated based on information provided by JSC staff.
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Gas Flow 3500 kg/ton product: >

SO2: 2500 ppm/wt

SO 2500 ppm/wt (as aerosol
and gas)

Sulfuric acid, sulfonic acid and

organic substances: 700ppm/wt

Gas temperature: =50C"

NOTE:

*Information from the unit supplier,

no gas monitoring.

Gaseous Effluent*:
SC2: 5 ppm/vol. at steady conditions.
20-30 ppm/vol. at start-up.
SOs: 15 ppm/vol.
Aerosol: 10 mg/n? (as sulfonic, sulfuric acids
and organic substances)

r—*m%———sw kg water/ ton product

€«————————55 kg NaOH (43%)/ton product

0.2 kg/ton product

Viscous Waste:

Sulfuric Acid 12%
Sulfonic Acid 78%
Organic Substances 8%
Water 2%

—\ >
>

Aqueous waste 10% concentration:

Y NazS0:/Na2S0x (ratio 30/70)
Naz2S0s: 112.5 kg 10% solution/ton product
NazS0s: 262.5 kg 10% solution/ton product

Figure 2. Sulfonation Exhaust Gas Treatment Unit

Jordan Sulpho-Chemicals Company (JSC).

Zarqa, Jordan
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Figure 3. Process Flow Diagram of Saponlfication Plant ’ ows are estimated based on information

provided by JSC staff.

Jordan Sulpho-Chemicals Company (JSC) « Basls: 7000 forvyr of product, 300 daysAT

Zarqa-Jordan.
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Zarga-~Jordan.
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Appendix A

Audit Questionnaire



WQICP WASTE MINIMIZATION AUDIT
Facility Name: Joedan Sulpho- Chewicds Auditor/Firm: SAC [/ RSS

ATTACHMENT A
_AUDIT QUESTIONAIRE

SITE DESCRIPTION

Date: ‘l!ggilgﬂﬂ

Facility Name: Jocdan Sulohachewmicals
Area:

v 4 , -
Address: Wadi Ao us\,  Zeeka. PO.Box 14642 = Awmman
Telephone: 09- Aq\(434 / ©Q=-8a\y3s

Major Products: Row wmakerials Qor  dekeveents .

Production Rate:

SIC Codes:

Major Sources of Wastewater Discharges:

—R|O qu‘e@\’ - Dewtohe  Wanik ':3:1,»\( .

- X nAushyi o ; o ‘ RS g

‘e
Ney

nax
‘\oc\L\Ca\)c\ s\

Major Processes:

gm\{'—o\r\n{-\‘(x»‘ . A\ R arien S newtyve 9 20 en S owsdation " Sodivw
S\ X meL-LC,\;.} o Sedlaw SAlcnle Aissaludien  aaQ se r\mrx(Q»\'(';‘i\*n.w

Facility/Equipment Adge: {4 uyears . ¢ xcept Aravra  awnl
N . N T =~ N J <3
%A%\r\\r\\‘ %xm-h(\.\ vy A élspnu\r




WQICP WASTE MINIMIZATION AUDIT
Facility Name: Jocdon Sulgho- Qnemicds Auditor/Firm: SHIC/ RSs
‘ Date: 9 /2o /1044

PROCESS INFORMATION

. * ; .
Operation Type: -- Continuous -- Discrete
~-- Batch or Semi-Batch -- Other
Document Complete? Current? Document
(Y/N) (Y/N§ Number
Process Flow Diagram Y Y
Material /Enerqy Balance Y* Y *
Design Yy Y¥
Operating - Ye Y
Flow/Amount Measurements+t e 4+
Stream ’
Analyses/Assavys YTt i
Stream

Plant Layout

Process Description

Operating Manuals

Equipment List/Age

Equipment Specifications

Piping & Instrument Diagrams

Plot and Elevation Plan(s)

Environmental Audit Report

Permit/Permit applications

Raw Material Inventory Records

Product Inventory Records

Management method practiced for
each wastewater stream

Wastewater treatment facilities

Waste management practice

Ancillary facilities

Annual cost for management of
the wastewalter discharqge

Photographic records durhg}

Consyruchisa .

*
<

‘F‘K:'DD

> KKK KKK
|+ %
L.<
+

KK

4

kiR

el £
>
| TKkPR| ¢ KKEL

¥ S\ rodkion [ Sutakicn Plevt ¢ Conlnawous .
Sa‘)cnl%{cu&\\e ot Discrate |
Gedium Silttebe weldia

AlCandlamide | Sarda .

Sedium Si\vcute Meludisn C»\r\&l

14

< i , . . ‘+
| [ Jarlable o e Ow\\&x
Ykz T C,omgq\“% IS \L-/_ Lud was ot W\O\&Q o

tewm |

+ 3 F\om/AMo»\v\‘F OQ‘ eunW) W\c\ﬁev\‘c\&s ~\S '\RSV\L\L\\O e gl '\AYC_(_Q \obd’

Y+: Poducts cvvxo\gv\,bﬁto Lo boley awd CQC\“'\% W aker O“V\""\")k”'

NeA s Not f\g@&»{ulﬂe.
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WQICP WASTE MINIMIZATION AUDIT
Facility Name: Jecdan Sudgho - Onemicals Auditor/Firm: SA\C [ RSS
Dalte: 4/20 /199 Y

INPUT MATERIALS SUMMARY"e

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®?

Shipping Container Size & Type?®
Storage Mode!

Transfer Mode?®

Empty Container Disposal /Management
Shelf Life

Supplier Would

- _accept expired material (Y/N)

- _accepkt shipping containers (Y/N)
Ncceptable Substitute({s), if any
Alternate Supplier(s)

Product Inventory Records

|
1. Stream number, 1f applicable, should correspond to those used on 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 suppller etc.

* T bcuw:m fable Sngws Y adailedle in Rremedion

R&w Md‘m“‘)\ ymﬂb"‘(‘}:b:;« {:Q(mcu\\gh QLM.) \\’\L\W ol w_»:j_\/_\b( LV\Q‘J(W*\OY\
| Elemeniad S 0o Beling @ Soc ¥y bags 1Scde (\5\ SR =L E
S icor bentene - N f\?)_\v\u»,, A T N
Bonciad bontone - | NA D R Blend Lot Ty 5\‘-\\}& 7;_*\1‘ Hi@j_%ﬁjé_
i Aol NA EOT e VT v
Lomyy) Nicenad ~oA e 28y pe %NM Lens
Pal m(ﬁ«.\ faby A | BaY or Aen Murva s Feel B ) v Cers,
Cz‘lz;v‘;& o Cﬂﬁj “QL\ h gw\t v \n"\, (L'ru.u.\s 1 7 C&«S e \r_cfc-n‘[ man by A
M,}:(Q_/JM;\ i;;s\-ef N ﬁ ?(\cg 6$ Tl e n
“‘M“;M %«no\ Amira | AR ‘ g




Do - WQICP WASTE MINIMIZATION AUDIT
Facility Name: Jovdan S\A\ebg—c.hgmm'(~!g Auditor/Firm: SA\C /RIS
: Date: 9/20 /\aay

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

{(page 1 of 4)

1. Waste Stream Name/1D: _ R.(0). Qe&c& __ Stream No.
2. Waste Characterization (attach additional sheets with composition
data, as necessary)
--- Gas 4>~ Liquid --- Solid ~--- Mixed phase
Density kg/M? High Heating Value Cal/kg
pH Flash Point % Water
3. Waste Leaves Process as:
-- air emission l/f/;astewater -~ solid waste
4. Occurrence:
{~~ continuous
~-- discrete .
discharge triggered by -- chemical analysis
-- other (describe)
Type -- periodic length of period
-~ sporadic
5. Generation Rate: 3
Annual 63“(‘) ™y yg per year
Maximum 25 w3 per _cdoauy
Average o e per _Qaoug
Frequency batches per
Batch Size average range




Fa0111ty Name : Jocdan Sulgho-Chewicls Auditor/Firm: SAC | RSS

WQICP WASTE MINIMIZATION AUDIT

Date: a/20 /\a%4

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

{(page 2 of 4)

Waste Origins/Sources

Fill out this worksheet to identify the origin 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.

11N &g\c,‘\\\\% c%rogm& wWo oy el Yes A Wi iy TS -

‘2‘(’3 God . vS vl Ao SresX | Vuwns  widdon (\)rfer o

o uwkd 1~ SWowm C?‘,ckarcC’U»cxn Ond O+ Wies .,

T aN
M X-O ?egn& Scenwn 7 A&rblu\.\g.\) _Q\Jﬂ.m,\ g

ﬁzi} WAt

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.

- TN TN TH e



WQICP WASTE MINIMIZATION AUDIT
Facility Name: Jor S[ulpho - Claewicds Auditor/Firm: SB\C,/QSQ
Date: 990 /\4qy4

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

A {page 3 of 4)
Waste Stream £l~()\ glfj((k

7. Management Method

Leaves site in 1L bulk
--- §5 gal drum
--- other (describe)

Disposal Frequency _ Cenbinanoud
Applicable Standards/Regs Tox Sorton Stvelod &0,

Managed --- onsite <7 offsite
--- other (describe)

Recycling th{* --- direct use/re-use
--- energy recovery
--- redistilled
--- other (describe)

reclaimed material returned to site?
~--- Yes --~ No --- used by others

residue yield

residue disposal
Treatment A’*ﬁ --- biological
--- oxidation/reduction
--- pH adjustment
--- precipitation
~-~ other (describe)

Final Disposition --- Dump
~--- pond
t~- other (describe) N (T

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

(page 4 of 4)




Facility Name:

WQICP WASTE MINIMIZATION AUDIT
Jocdan %u\\g\(\c-C\(\eQ;\u\\s Auditor/Firm: 3JALC ! RSS

Date: A )20 {lQqy

cost as of A}.]i (quarter and year)

Cost Element

Unit Price
JD per

Reference/Source

Onsite Storage & Handling

Pretreatment

Container

Transportation Fee

Disposal Fee

Taxes

Total disposmal Cost

N-A T Mot Prpplicable



'WQICP WASTE MINIMIZATION AUDIT
Facility Name: Jordan Sudgho - chewmaicgds Auditor/Firm:  SAIC / RSS

Date: ggggé! Q¢

“ WASTE STREAM INFORMATION “
(one form for each stream)

Stream ID:

1. Streamname: ¥1~C). QGLQCCY

(wastewater, waste oil, still bottoms, etc.)

2. Discharge Identification: R~O- UY\\"\‘
(Enter process or equipment from which stream is discharged)
3. Stream flow/quality:
minimum flow: L/min
maximum flow: L/min 2
average flow: 2\ Ifmdn v [AL
4. Is stream continuous orintermittent? C;C9A¥;V“kcmj -
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,
v etc.). Describe:
c. Operations = {operating rates, order of addition, etc.) Describe:

Tz RO erlc(k Nveoow v ;.e,%mmﬁ YNTEIE AT X
X K ah 05 Uddvz o

d. Maintenance = (leaks, spills, corrosion, etc.)
Describe:
1
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

C?}j <



WQICP WASTE MINIMIZATION AUDIT B
Facility Name: Jocdan Suloho - clatmicals Auditor/Firm: LA [ RSS

Date: élzggé !gg“

Component Conc Check One
Name {(mg/L) RM P 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:

Y TN %*a\‘&c\n“,\l g’.LOg[_,

10. Permits relevant to the waste stream disposition:
AR
11. Current cost of disposal and/or treatment for this waste stream:
A A
12. If stream is currently being treated, list: Ng ireatment i Pev%chLQA
a. Current treatment parameters (chemical consumption, treatment

conditions, etc.):

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

l\lc(' knbu,’,‘f\_ N o a.ucuilopb‘( Mx,hgh's
(\)O‘F IqH)Q,( u\)g\c

 Z

5@)



'WQICP WASTE MINIMIZATION AUDIT
.

Fac111ty Name : Jordan Sulgho- Clow icdsAuditor/Firm: S&\ng sSS
Date: Q& (20 423\;

Other pertinent information: _ Abng =

N



. WQICP WASTE MINIMIZATION AUDIT
‘acility Name: Jordan S“\eko-gbg!!a!'gzl‘ Auditor/Firm: SR\C [ RSS
Date: 99 | O

X Recycle Product
Y= ] [@sra“omﬂmm Wale-
Inlet** :
____________ - —————p Process/Equipment
mponent Name Name/Number
o Qrwd waker WU
. R.0O. Unit

:

y
Waste

Stream QO.R(;‘).QJ CH(QM —TDS.)

Name (mg/L)

'X'.Z Nown exsraw e

}¥

. T |’ T : T T T T



e WQICP WASTE MINIMIZATION AUDIT
Facility Name: Joedan Sulgho ~Cluwicds Auditor/Firm: SAINC /RSS
’ Date: (2o /\

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

(page 1 of 4)

1. Waste Stream Name/ID:_\nlwityriad uJﬁg&ZﬁQ;g Stream No.

2. Waste Characterization (attach additional sheets with composition
data, as necessary)

--- Gas e Liquid --- Solid --~- Mixed phase
Density kg/M’ High Heating Value Cal/kg
pH Flash Point t Water
3. Waste Leaves Process as:
-- air emission -- wastewater -- solid waste
e e
4. Occurrence:
<~ continuous
-~ discrete .
discharge triggered by -- chemical analysis
-- other (describe)
Type -- periodic length of period
-- sporadic
5. Generation Rate: 2
Annual . Booo ™M~ kg per year
Maximum kg per
Average 2T mS kg per oy
Frequency batches per
Batch Size average range

CTWE I T T



Facility Name: Feordgn Sulohe. Chawmiedd; Auditor/Firm: SAIC Z£§5

WQICP WASTE MINIMIZATION AUDIT

Date: a/30 /04y

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

(page 2 of 1)

6. Waste Origins/Sources

Fill out

this worksheet to identify the origin 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.

iy,

MeBy v cocimetinon  BAave  afh oedductten Lo 4o
\ F v A -

Oowd teMleded ta Mo et (oNecMon o a - AN Gadailas

Process

Waatewa oy, Wash walivy » c’j\u,;‘(‘)w»\i ;\Oa_vvjur\%\

Ol SwACK Ouly o) oA ntt el L Vg o

a\so

Cordoins  pWen oy %ngxmtaﬂ Yvn wea oackusash

QST‘ &in\r L\-‘\-Ag CM%CV\ Q)\\\*C’r Qk R-Q U'ﬂ:"‘; C.b(j\lr\% Coaxlana v

VN PV S PR VS I Vo0 S S (i =W, T2 Clemmiany

See

VWSMJQ . in Sy :¥fx§~.

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.



Facility Name: Jodlan Sulgho.Chemicyls Auditor/Firm: GA(C /RSS

WQICP WASTE MINIMIZATION AUDIT

Date: a/92n /laqy

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

{(page 3 of 4)
Waste Stream \v\&v\)}f\‘e& NM\'QNJ\O\n"’

Management Method

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

Disposal Frequency _ ( «nMaiaswd

— 0
Applicable Standards/Regs YN NERATN R

Managed --- onsite -~~- offsite

-g£ other (describe) Qc\\ukj ‘oo ConCvesk \Qw}n“r\
Recycling hJ*F* ~--- direct use/re-use

-~~~ energy recovery

--- redistilled

--- other (describe)

reclaimed material returned to site?
--~- Yes --- No --- used by others

residue yield
residue disposal

Treatment --- biological
. & T oxidation/reduction
No freajuntui > pH adjustment
?er~%f{ﬂth__ --- precipitation

--- other ({describe)

Final Disposition --- Dump
--- pond
¢<~- other (describe) Contreke Vafin . wWoate |

h 8 WaN o X

N A L Aot AQ@Q}QC@\Q

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

{page 4 of 4)




WQICP WASTE MINIMIZATION AUDIT

FaClllty Name : I¢(&Lgu\“)\\o,-mw;c¢.c)

Auditor/Firm: $SA\C / RS

Date: Af{20/\\qy

cost as of A)'}q

(quarter and year)

Cost Element

Unit Price
JD per

Reference/Source

Onsite Storage & Handling

Pretreatment

Container

Transportation Fee

Disposal Fee

Taxes

Total disposal Cost

AN Ntk (A\g@QXc.-\l)\e-




Facility Name: ~Toclan QWS&Q-CJ/\LW@,\SAuditor/Firm: SA\C {RSS

WQICP WASTE MINIMIZATION AUDIT

Date: 9/f20/10ay

l WASTE STREAM INFORMATION I

one form for each stream)

Stream ID:

Streamname : \\Amsxﬁ‘.& Werdenper -

(wastewater, waste oil, still bottoms, etc.)
a——— g

Discharge Identification: AW W\GV\ winyts W\§ OM\{bien

(Enter process or equipment from which stream is discharged)

Stream flow/quality:
minimum flow: L/min
maximum flow: L/min

average flow: _ QO Lfmin W\’5 /CL

Is stream continuous orintermittent? C)m‘\\’v\hm\@&

Which of following is the cause of the waste?

a. Process chemistry = {Reaction stoichiometry, kinetic, yield).
Describe:
_Satootearniay W {)n«\wu& A S adlum ;{,'&cw\t_ MW\\%
i v o 2P -8y oyt it A Can AL e U ..‘A; Ch—enaq

b. Engineering Design (capacity, pressure, temperature limitations,
v etc.). Describe: i}
Coml\.f\a wisdiy A Soliuews B A\Jcalo wmelbing \{)\M N
Fal A [y A . 3
2 _Conbch Waley o haw 2 Qext ¥ ~Uhws  WOg Koy
c. Operations = {(operating rates, order of addition, etc.) Describe:
d. Maintenance = (leaks, spills, corrosion, etc.)

Describe: Wedern  1n Wl %Fc \oak < oo x@{\\s gﬁ}qggou\ﬂ”
awﬁf Q_Q\W\PM C_Jm )
\ au |

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

Fer AMLO‘A’\\A See table@) in  san AMKE

(Attach analysis records if possible)

Fill out attached Figure 1 for each waste stream



WQICP WASTE MINIMIZATION AUDIT a
Facility Name: ZJedlow Sulphg-Chaameds Auditor/Firm: SHw / LSS
Date: q/20 /199y

Component Conc Check One
Name {mg/L) RM P UBP NBP S C I
7. Waste stream characteristics -- pH: TSS: TDS:
Color: Hardness: Odor: TOC : Other;
See dadle(2) 'n g Q@O‘(* —R ok
8. Current disposition of the stream:

C/D\\(’_L\“\ko‘-’\ ;(\ (4N C(ﬁV\Q'YQ/Q bb\&\‘/x

¢ e A

if\) fi; v RY ‘LQ.A S i Aéz\& ‘
9. Current effluent criteria and disposal limitation:

Soimatan  STonond &1 N2

10. Permits relevant to the waste stream disposition:

et Peplacalile
NQ

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

lj\ A A2 P
NJOHF ’*ﬁgglb\caja\g

12. If stream is currently being treated, list: f\}(} ‘H’Q:JNW& . QC‘W@MW\L‘&Q

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

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




shAtc / £ss “
[

__WQICP WASTE MINIMIZATION AUDIT
Facility Name: Sutoha- Cgneale Auditor/Firm:
, ’ Date:

Other pertinent information: A ‘)OY\'Q




o __WOQICP WASTE MINIMIZATION AUDIT
wcility Name: dgrﬁtg" SQ&Q.g:h!w&g&; Auditor/Firm: Sﬁ\C/QSS
Date:
a

- O Cpecs. makerids :&Mw(:\ S cadl
e Volunene Recycle Product 5\*—‘%'\0&0&3
.?M’( ol C-:d.ov\g . iukeeiteintetetaiate etk I H > c—cw\.gouw\
wW oo\ ° STS,. -
e Cott o8 Rodiam e CMEA® CDEA
%;\\.Q‘J«. %}N&
Inlet* ,
e e e e e e e e e > Process/Equipment
iponent Name Name/Number
See fat ok and waokon
Al Proé\uc}{an Onta oy Duilides
Eseful Byproducts
——————————————— ’.
‘V‘
Waste Stream
Yo dwal  wWoeskewaKey
Name (mg/L)




WQICP WASTE MINIMIZATION -AUDIT

Facility Name: (jaydas S pho- Uhne chAuditor/Firm: CRic /KRS
: Date:

INDIVIDUAL WASTE STREAM

CHARACTERIZATION
{page 1 of 4)
1. Waste Stream Name/ID: Dauroghc gqaxﬁtmmily Stream No.
2. Waste Characterization (attach additional sheets with composition
data, as necessary)
--- Gas —:f//Liquid --- Solid --- Mixed phase
Density kg/M’ High Heating Value Cal/kg
pH Flash Point t Water
3. Waste Leaves Process as:
-- air emission bf/wastewater -- solid waste
4. Occurrence:
o~ continuous
-~ discrete .
discharge triggered by -- chemical analysis
-- other (describe)
Type -- periodic length of period
-- sporadic
5. Generation Rate: 2
Annual Qoo m_ k& per year
Maximum kg per
Average 2 m> 3. per
Frequency batches per
Batch Size average range

NES



Fa0111ty Name : Joelan %m\Q\b AUnemic.Ss Auditor/Firm: SA1c /RS

WQICP WASTE MINIMIZATION AUDIT -

Date: 4/20 /198y

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

{page 2 of 4)

Waste Origins/Sources
Fill out this worksheet to 1dent1fy the orlglq 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.

- Y j\ O
Downtoh ¢ (\ (On e 6 DY o e Ay v {)ﬂslwuﬂ %%

Moi Coanteen , wisthvoosms oY sA'A ¢ \oca kel

Mo memanr WMo Ao \Whw
gy &y

@)

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.



WQICP WASTE_MINIMIZATION AUDIT

Facility Name: “dodan shgeggsggcmgc& Auditor/Firm: ¢fic /RSS

Date: gggg él§§§é .

CHARACTERIZATION
{page 3 of 4)

Waste Stream _ oot Woske waliy

INDIVIDUAL WASTE STREAM "

7. Management Method

Leaves site in +<Z bulk
~-~- §5 gal drum
~-- other (describe)

Disposal Frequency __ Cenlaungad

Applicable Standards/Regs Bl nson Sta~do) 893

Managed -&e<"onsite --- offsite
~-~ other (describe)

Recycling ﬁJ-f§ --- direct use/re-use
--- enerxgy recovery
--- redistilled
~-- other (describe)

reclaimed material returned to site?
--- Yes -~-- No --~ used by others

residue yield

residue disposal

Treatment --- biological
--- oxidation/reduction

--~ pH adjustment

--- precipitation

-~~~ other {(describe)

Final Disposition &£~ pump Disclha t,a.g nk Wn QA‘QQQ e XCora brow
--- pond

--- other {describe)

/\){-\ ot AQQQA\CG-&C'\Q

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

(page 4 of 4}

o ‘ - -



WOQICP WASTE MINIMIZATION AUDIT

Facility Name: Feydow SVJD\“‘CM,JS Auditor/Firm: Sfi¢ / KsS
)

Date: al20 /144y

cost as of J\)\ﬁ

{(quarter and year)

Cost Element

Unit Price Reference/Source
JD perxr

Onsite Storage & Handling

Pretreatment

Container

Transportation Fee

Disposal Fee

Taxes

Total disposal Cost

f\)-ﬁ T Aot F\C@QIQJAC—



WQICP WASTE MINIMIZATION AUDIT -

Facility Name: T[ocdan gnsehg-ghm;o&fmditor/l?irm:- S&gc /[ @(A

Date: ¢~

" WASTE STREAM INFORMATION “
(one form for each stream)

Stream ID:

1. Streamname : Domh'c C ¢ amitarny ) Wantmafonw -
{wastewater, waste oil, still bottoms, etc.)

2, Discharge Identification:
(Enter process or equipment from which stream is discharged)
3. Stream flow/quality:
minimum flow: L/min
maximum flow: L/min
average flow: é mi}ﬂm—i—a
4. Is stream continuous orintermittent? (., d\erugws
5. Which of following is the cause of the waste? 1\Du¥ (\Qer\ndy\Q
a. Process chemistry = {Reaction stoichiometry, kinetic, yield).
Describe:
b. Engineering Design (capacity, pressure, temperature limitations,
v etc.). Describe:
c. Operations = (operating rates, order of addition, etc.) Describe:
d. Maintenance = (leaks, spills, corrosion, etc.)
Describe:
1
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



WQICP WASTE MINIMIZATION AUDIT ~

Facility Name: “JNod. $MSQ\(\°—Q&M::‘&&-\ Auditor/Firm: SfH(c / ESS
Date: gézcgéggi

Component Conc Check One
Name (ma /L) RM P UBP _NBP S C I
7. Waste stream characteristics -- pH: TSS: TDS :
Color: Hardness: Odor: TOC: Other;
8. Current disposition of the stream: \)V\QAALSJ © XCavelioa
9. Current effluent criteria and disposal limitation:

PV S PO A PV WK o2 < o

10. Permits relevant to the waste stream disposition:

ST WACE

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

h:>0¥ ﬁ&&?ﬁA(;:ii?

12. If stream is currently being treated, list: /k)C>

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

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




'WQICP WASTE MINIMIZATION AUDIT
Facility Name: Jocdon Suiphe . e Auditor/Firm: Td NS

Date: g9/20 /(qqy

Other pertinent information: A )onq_




WQICP WASTE MINIMIZATION AUDIT

Facility Name:ﬁmw@mm(h Auditor/Firm: SALC / RSS

Date: Sf \AG L

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

{page 1 of 4)
Waste Stream Name/ID:SixmbLgr ?yhp e%%lwgﬁ[_stream No.

Waste Characterization (attach additional sheets with composition
data, as necessary)

l({/ Gas

--- Liquid --- Solid --- Mixed phase
Density kg/M’ High Heating Value Cal/kg
pH Flash Point t Water

Waste Leaves Process as:

L/{/éir emission -- wastewater -- solid waste

Occurrence:

-~ continuous

-- discrete .

discharge triggered by -- chemical analysis

-- other (describe)
Type -- periodic length of period
-- sporadic
Generation Rate:

Annual Aotk k;lcwgr\ kg per year
Maximum kg per
Average kg per
Frequency batches per
Batch Size average range

W TE (W



S WQICP WASTE MINIMIZATION AUDIT
Facility Name: Jnodo, ﬁs\g\:n—s‘!cg wed@duditor/Firm: S / @SL
Date:

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

{page 2 of 4)

Waste Origins/Sources

Fill out this worksheet to identify the origin 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 t7/{/No

Describe how the waste is generated.

22 W " Y¢

— L o i 'S
_ & oo d 2 Sveaked

o eledempsinte g‘x JCL%\MQL o Win n o
Covubboy v L ouwshic Sedon  SolwRiowm vy uxld Yo kax;(k
AN oF 302 vl Geaverhian W& wate TVarsez, RaaSey -
Houwituel o= Sn. YO NPT G VR TV \-‘—QO
DL = Py A XDoaay s @\x@fg

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.

NAl



WQICP WASTE MINIMIZATION AUDIT

Facility Name: Tordew %eb_d&“:@),z\uditor/virm: @/ £ss

Date: (2o \4

CHARACTERIZATION
(page 3 of 4)

Waste Stream 5;;‘1“‘)&)21 gm P ‘ge (TP | { Suld ﬁuhm Q&M)

Management Method

INDIVIDUAL WASTE STREAM "

Leaves site in --~ bulk
--- §5 gal drum

t~- other (describe) ﬁ«ngeb gzz—\Sﬂ;‘eM\- S*U\Qt—

Disposal Frequency Ceondrinatouns
A o, [}
Applicable Standards/Regs NJo _onr JTocdawnian So WAQ -

Managed --- onsite --- offsite
--~ other (describe)

Recycling --- direct use/re-use
. --- energy recovery
NS Pgglh cble- -~ redistilled

other (describe)

reclaimed material returmed to site?
~--- Yes --- No --- used by others

residue vyield
residue disposal
Treatment --- biological
--- oxidation/reduction
--- pH adjustment
-~-- precipitation .
—<- other (describe) Keichawn W Naoht
o éﬂim A qIAL AS eulu e o ]\J(\'LSC\;:; g ﬁﬂl

Final Disposition =--- Dump
-~~~ pond

/>~ other (describe) _;j::__4&£ﬁmn43€luuﬁﬂr————

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

(page 4 of 4)




WQICP WASTE MINIMIZATION AUDIT

Facility Name: Jecfon Sulgho-Chomicd, Auditor/Firm: Sfe [RSS

Date: 9 /20/ iaay

cost as of /\Lf {:\Q@ch_&') (quarter and year)

Cost Element

Unit Price
JD per

Reference/Source

Onsite Storage & Handling

Pretreatment

Container

Transportation Fee

Disposal Fee

Taxes

Total disposal Cost




_ WQICP WASTE MINIMIZATION AUDIT
Facility Name: Jocdow S\d‘egg Ohgaicds Auditor/Firm: SA\C [ Rss

Date: 20
H WASTE STREAM INFORMATION ,
(one form for each stream)

Stream ID:

1. Streamname: gCY‘\L\DM AN c.ocR\M CS‘AQ‘“&M ?\”"*5

(wastewater, wasteé& oil, still bottowms, etc.)

2. Discharge Identification: G(Go Scm\obof- Q%w\Mw P\M“\“)

(Enter process or equipment from which stream is discharged)

3. Stream flow/quality: Aot IChoomn-
minimum £low: L/min
maximum flow: L/min
average flow: L/min
4. Is stream continuous orintermittent? CASN¥CAMQMA&
5. Which of following is the cause of the waste?
a. Process chemistry = {Reaction stoichiometry, kinetic, yield).
Describe:
y o) 2 !

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:
1
6.. Are the components of the waste gtream 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



WQICP WASTE MINIMIZATION AUDIT
Facility Name: w.wuditorﬂ?irm: SN /€SS
Date: &/zo/laay

Component Conc Check One
Name $mafE) RM P UBP__NBP S _C X
’d —
So2. o PPm fw. v
SOS Igeem/‘foi- v
2
Avco sk IOM‘M v
Sl fenve , guyfune
JavoN s o) Ofacw\\'c
S bihiialee
7. Waste stream characteristics -- pH: TSS: TDS:
Color: Hardness: odor: TOC: Other;
8. Current disposition of the stream: o Ma (%kwxobgﬁbeﬁ
9. Current effluent criteria and disposal limitation:
Ao Jordawiton Stmpdacd o \'eod\AXg,XL O 1 4‘30\\ it en .
10. Permits relevant to the waste stream disposition:
Ao 2
ANot Neglacedle .
11. Current cost of disposal and/or treatment for this waste stream:
r et PNeplaicakle -
v
12. If stream is currently being treated, list:
a. Current treatment parameters (chemical consumption, treatment
conditions, etc.):
(\
See Hiawnr_ o,
- NI
b. Existing treatment equipment {(identify, size and type of

equipment) :

See  Buawwre S
N J




WQICP WASTE MINIMIZATION AUDIT

Facility Name: Zdodan &th-gb,ace,'dgAuditor/

Firm: SQ{C[ ESS
yZ) a

Date:

Other pertinent information: k;)Oh@




WOICP WASTE MINIMIZATION AUDIT

Facility Name: _lov _g\,\\o\\hgm\‘m&ﬁuditor/ﬁ‘irm: S&SC ZES_S
' ) Date:

Recycle Product
. L e - X
, Inlet*
e e e e e e e e e > Process/Equipment
Component Name Name/Number
RM.
S. : -
I. S0z, S0z, Sv\\%wf\'g, B\A\Q‘av\\‘& C?\OV) gcﬁwfﬁk@(‘ LS\L‘\Q_OV\&KL‘;/\
C. O&L/\\cx) O\N& W«\\‘\ MYM P\O\V\* Z
NaOH CY'&% ConC. ) ' .
Useful Byproducts
Lo s yprocue N

Waste Stream Gans 3¥Yﬁawn

Name (mg/L)

%Oz ’Sffm/\/c\. ok S\uu(lb PR\
éb—%oeem/wk aX &hw4~u€.

Son IS ppm [ue\.

ﬂ&mﬁyt:Q {o vy\f)\W;S (Ag %'\»(9‘0“\‘; ,

Slluric achs amd
G%«w{g %V\AOQ'L&V\CM)

xs Nane Qx{\\-rw\& .



o - WQICP WASTE MINIMIZATION AUDIT
Facility Name: "ggﬁga-&x\g\m_gL“,M\‘Q&Auditor/Firm: SALC [RSS

Date: QJ20/9y

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

{page 1 of 4)
1. Waste Stream Name/ID: Solid g;*iQM« wWagkt stream No.

2. Waste Characterization (attach additional sheets with composition
data, as necessary)

--- Gas --- Liquid t/{/Solid --~ Mixed phase
Density kg/M? High Heating Value Cal/kg
pH Flash Point ¥ Water
3. Waste Leaves Process as:
-- alr emission -- wastewater elfsolid waste
4. Occurrence:
&~ continuous
-- discrete R
discharge triggered by -- chemical analysis
-- other (describe)
Type -- periodic length of period
~- sporadic
5. Generation Rate:
Annual £“ﬂ$00 kg per year month
Maximum kg per _
Average A 4p0 0 kg per _Mpntf. .
Frequency batches per
Batch Size average range




— _WQICP WASTE MINIMIZATION AUDIT

: Dorda. S&Q€k0~gkgm:Q&Auditor/Firm: Sﬂ\C[UQSS
Date: 9/20/194y

Facility Name

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

(page 2 of 4)

6. Waste Origins/Sources
Fill out this worksheet to identify the origip of the waste. If
the waste is a mixture of waste streams, £ill -out a sheet for each
of the individual waste streams. :

Is the waste mixed with other wastes? ---- Yes 1><- No

Describe how the waste is generated.

. Pt ﬁ + faY
So\ld Sw'bur  wWoore LS o\ evinaky  AAY. - N M ralion
6 Wolten  elewandad  salov

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.



Date:

- __WQICP WASTE MINIMIZATION AUDIT
Facility Name: "lo¢ S - v ds Auditor/Firm: SA\C / g <
o/1q :

CHARACTERIZATION
(page 3 of 4)

Waste Stream ‘SO\\(A S\A.\gvu{ \I\’C\/J'\( LS“\W ?\0\*\\")

7. Management Method

INDIVIDUAL WASTE STREAM I’

Leaves site in --- bulk
--- 55 gal drum
-»- other (describe) <ipyed . te 5 So\d ro

Sfacmers o burned o N -

Disposal Frequency _ (Lon M wousS

Applicable Standards/Regs Nad ﬁ\{‘J@Q L Culole .

Managed «<~ onsite --- offsite
4+<- other (describe)

Recycling --- direct use/re-use B-,e RorventVs (Paxt ol +)
--- energy recovery
--~ redistilled

--- other (describe)

reclaimed material returned to site?
~-- Yes --- No --- used by others

residue yield

residue disposal

Treatment --- biological . .
+<~ oxidation/zeductien tott ¢l (1 bovrmd a5

--- pH adjustment

--~- precipitation

--- other (describe)

Final Disposition --~ Dump
--- pond I\
-< other (describe) o¥(€d  OA Rwie . Duarned

INDIVIDUAL WASTE STREMM
CHARACTERIZATION

{(page 4 of 4)




. WQICP WASTE MINIMIZATION AUDIT ‘
Facility Name: Jodan Qulone- Chowials Auditor/Firm: SAfe /KSS
) Date: g 20 /104y

Aobt @@@Mca)‘olc

cost as of

(quarter and year)

Cost Element Unit Price
JD per

Reference/Source

Onsite Storage & Handling

Pretreatment

Container

Transportation Fee

Disposal Fee

Taxes

Total disposal Cost

L _U



Facility Name: Auditor/Firm: -

WQICP WASTE _MINIMIZATION AUDIT

R T —

Date:

e WS

e

l WASTE STREAM INFORMATION '

one form for each stream)

Stream ID:

Streamname: %o\\'s 2\ Yo Woasde

(wastewater, waste oil, still bottoms, etc.)

Discharge Identification: AL "\d*('\a on-d ¥ bredion Unaio

{Enter process or equipment from which stream is discharged)

Stream fléw/quality:

minimum f£flow: L/min
maximum flow: L/min

average flow: _Aﬁ£4undk*mtn

Is stream continuous orintermittent? C ron i A gw &

Which of following is the cause of the waste?

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

. o R v 0
Sepaxukren oY 'xm\%\ul‘H{/) in e wio\ e v Twy

b. Engineering Design (capacity, pressure, temperature limitations,

v etc.). Describe:

c. . Operations = (operating rates, order of addition, etc.) Describe:
d. Maintenance = (leaks, spills, corrosion, etc.)

Describe:

t

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



WQICP WASTE MINIMIZATION AUDIT -
Facility Name: auditor/Firm:
Date:
Component Conc Check One
Name {ma/L) RM P UBP NBP S ¢ I
7. Waste stream characteristics -- pIH: TSS: TDS: NI \C*mubf\
Color: Hardness: Odor: TOC: Other;
8. Current disposition of the stream: S‘\ore& N ca\"\‘c. QO\]\ OQ ;* D
m wins OV'-Q gw("& g(; :#, )’q \‘_'duwrv\l’& e %;&-Q
9. Current effluent criteria and disposal limitation:
o
NJF PpeRaClle
10. Permits relevant to the waste stream disposition:
“ .y
LA Y*QSRA\CQAA@
11. Current cost of disposal and/or treatment for this waste stream:
LY A Y
Aot IﬂeQKACuLIQ
12. If gtream is currently being treated, list: ﬁ\)c>
a. Current treatment parameters (chemical consumption, treatment

conditions, etc.):

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




.VHJICP WASTE lﬁDﬂIMI]H&FION’Aﬂﬂ)IT
Facility Name: Auditor/Firm:
) Date:

e o
=—— - - ———

Other pertinent information: f\Jov\k”




. WOICP WASTE MINIMIZATION AUDIT
Facility Name: Auditor/Firm:
' Date:

Product
——— — s o .._..._._S_* MO l""(/f\
] Sy
) Inlet** .
e e e e e e e e e e e e > Process/Equipment
Component Name Name/Number

RM. Clemedad So\id SWl iy
S.

I.

C.

MQ\H“é M& a\*(o\kl.ov\ \Jv\:k OQ S\AQ“\r

[Eseful Byproducts

——————————————— >

A 4
Waste Stream
Zeltd 2ulur Wose
Name (mg/L)

X o Nane £ X STt



o - WQICP WASTE MINIMIZATION AUDIT
Facility Name: Gordow Sulghg-Chumicdt Auditor/Firm: Sfic /RSS
’ Date: ] 20 [ \day

INDIVIDUAL WASTE STREAM

|

CHARACTERIZATION
(page 1 of 4)
. ) Wagk
1. Waste Stream Name/ID: Spdium Su.l% Sarid S%?éarg—No
2. Waste Characterization (attach additional sheets with composition

data, as necessary)

--~- Gas --- Liquid '——- --- Mixed phase

Density kg/M’ e High Heating Value Cal/kg

pPH Flash Point %t Water
3. Waste Leaves Process as:
-- air emission -- wastewater -- solid waste
4. Occurrence:
-~ continuous
-- discrete .
discharge triggered by -- chemical analysis_
-- other (describe)
Type -- periodic length of period
-- sporadic
5. Generation Rate:
Annual [0 &W7Zﬁr kg per year
Maximum kg per
Average kg per
Freguency batches per
Batch Size average range




WQICP WASTE MINIMi:ZATION AUDIT

Facility Name: d ul —Chowmicals BAuditor/Firm: SA and R

A\C sS
Date: j2¢ }]944

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

{page 2 of 4)

Waste Origins/Sources :

Fill out this worksheet to identify the origin of the waste. If
the waste is a mixture of waste streams, £ill ‘out a sheet for each
of the individual waste streams. ’

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

Describe how the waste is generated.

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.



WQICP WASTE MINIMIZATION AUDIT

Facility Name:

N Auditor/Firm: SA|C and R3S

Date: 0

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

H

{page 3 of 4)

Waste Stream _Sadium ‘SuJAaéL jZﬁQZ hﬁw@&/

7. Management Method

Leaves site in

Disposal Frequency

bulk
55 gal drum
other (describe)

inbesmiffen b

L7317 $ag7 C5o13)

Applicable Standards/Regs

(stered) _ 0

Managed

Recycling -7~
-

S

¥ redistilled

Net :1%?&”62&65&

onsite --- offsite
other (describe)

direct use/re-use
energy recovery

other (describe)

reclaimed material returned to site?

Treatment - X

- o
- )=
v

Final Disposition ---

residue yield

residue disposal
biological
oxidation/reduction
pH adjustment
precipitation
other (describe)

Yes --- used by others

Dump
pond
other (describe)

Si2e baf?('

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

(page 4 of 4)



- WQICP WASTE MINIMIZATION AUDIT -
Facility Name: Jrdan.S u(pbg_g/m,;ca[; Auditor/Firm: SA(C gad RS
Date: 9/20[134y

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

* Not O\Pf{iaﬂc .



WQICP WASTE MINIMIZATION AUDIT
Facility Name: Jardan Sul phn—chm&d; Auditor/Firm: Sa|c amd BSS

Date: q]2¢0 “ggﬂ

| WASTE STREAM INFORMATION l

one form for each stream)

Stream ID:

1. streamname :_Sodinm Su!fﬂtz Solid wrike

(wastewater, waste o0il, still bottoms, etc.)

2, Discharge Identification: S/eyed onsile ;o large-$ize begs

(Enter process or equipment from which stream is discharged) ~

3. Stream flow/quality: A—nm,u\j Gesuesadion ket 10 b""/ftf
minimum flow: L/min
maximum flow: L/min
average flow: L/min

4. Is stream continuous orintermittent? fﬂ&mm;ﬁ&nf

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

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

TRe  reacliod of HoXOy and NaQU Tzad T
A oo ducBon 9 Wa, SOy

b. Engineering Design (capacity, pressure, temperature limitations,
v etc.). Describe:
c. Operations = (operating rates, order of addition, etc.) Describe:
d. Maintenance = (leaks, spills, corrosion, etc.)
Describe:
1
5. Are the components of the waste stream a raw material (RM), product (P},

useful byproduct , 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

,,
e

AW T T !



Facility Name: Jordas gujfh,,_cw Auditor/Firm: Syir and KSc¢

WQICP WASTE MINIMIZATION AUDIT

10.

11.

12.

Date: Ziggllﬁﬂﬂ

Component Conc Check One
Name (mg /L) RM P UBP NBP S C I
Waste stream characteristics -- pH: TSS: TDS:
Color: Hardness: Odor: TOC: Other;

Current disposition of the stream: ‘Sf%rﬂdr - Site  a Largig_SfZQ
Augs

Current effluent criteria and disposal limitation: Afgne

Permits relevant to the waste stream disposition: Aes71€-

Current cost of disposal and/or treatment for this waste stream:

Naf ﬁﬂplf&aéﬁe

If gtream is currently being treated, list: ta f af?/;CKEIC

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

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




Facility Name:

.WQICP WASTE MINIMIZATION AUDIT
- /e Auditor/Firm:
' Date:

SAHC 2nd RSS
20

Other pertinent information: Nane




_ WQICP WASTE MINIMIZATION AUDIT
Facility Name: Mﬂ:ﬂcwﬂuatoﬂ Firm: SAC and RSS

Date:
R 1 Product
X 1_._..'_..35!?._3 ————— ] [_ES_E——p Purﬁ %TS _Pm,

_ Inlet* _
————————————————————————————— > Process/Equipment
Component Name ST5 produed LAJ Name/Number
RM. So}lum Sul‘ca,t,

' STS Unit (Tnlarmudids Tenk)

C.

{Eseful Byproducts

’

Waste Stream

Sodinm ful FA,IZ

Name (mg/L)




WQICP WASTE MINIMIZATION AUDIT ~

Facility Name: des

s Auditor/Firm: SQ\C {QSS

Date: a/oo /\aaY¥
WASTE STREAM SUMMARY
Component of Concerns Str No! Stre No Stre N
eam am am o
Waste ID/Name R.0 Reject Nduitnd woleose Bnng
Source/Origin R.0 Unik 'P‘ﬂ;& Uart | D[orubber
" Annual Generation Rate (units___m,_;__) £33 0 000 Nat Kngwn
" Overall -
H Component (s) of Concern
Cost of Disposal NA N). A N A
Unit Cost (JD per )
Overall (per Year)
Method of Management? waoke Coll- | Waore CQ“: To
Bastn LDasy A Prmese here
Priority Rating Criteria’ ¥ W Rat | R*W Rat R Rati | R
ing ing *W ng *
(R) (R) (R) W
Reéulatory Compliance
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, 1f applicable, 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

feeting Format (e.g.,
leeting Coordinator

brainstorming,

Page 1 of 2

nominal group technique)

* ;Ww’f i.fw'ﬂﬁ‘lbcmn Y\eeﬂe/z_o-

N.A L Mot 6%9@\{o&kﬁ€



o _ ' WQICP WASTE MINIMIZATION AUDIT
Facility Name:mwds Auditor/Firm: SQ\C [ RSS
Date: a/9o f\aay

WASTE_STREAM SUMMARY

Component of Concerns Str  No! Stre No Stre N
eam am am (o)
Waste ID/Name Domestic WO [So\id S fun [MaoSou Waslie
Source/Origin Humgw Achvibesl Helima g Bl | STE Unik
U0
Annual Generation Rate (units mS ox *’W\) Yopn m’; 192 ton 40 ten
I : v
Overall
Component (s) of Concern
Cost of Disposal nN-A N A A A

Unit Cost (JD per )

Overall (per Year)

Method of Management? Un\.’ne,,o Srored on =i g’vxeg
: € X e Xiim gmﬂmsmr%Th& Tnhie_ .

Priority Rating Criteria’ W Rat R*W Rat R Rati | R
) ing ing *W ng *
(R) {R) (R) W

Reéulatory Compliance

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, 1f applicable, 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 Lo 10.
OPTION DEVELOPMENT
Page 1 of 2
Meeting Format (e.g., brainstorming, nominal group technigue)

Meeting Coordinator

D A et AQG\\“u}b\e :




WQICP WASTE MINIMIZATION AUDIT

Facility Name: Jdordown %m\@\\@—d\e.m\‘qmﬁs Auditor/Firm: QA\C [ RES

Date: Q20/\a3Y

OPTION DEVELOPMENT *
Page 2 of 2

Option Name :

Briefly describe the option !

Waste Stream(s) Affected;

Input Material (s) Affected:

Product (s) Affected:

Indicate Type;--- 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

* RC%M fo He Q;Qov\“,- CJ\G.I?P'(S Sy 6, + and Y

Y,



4 . WQICP WASTE MINIMIZATION AUDIT
Facility Name: Jordan Sulphe- Claemicads Auditor/Firm:
v Date:

SR /RSS “
920 /\%

OPTION EVALUATION BY
WEIGHTED SUM METHOD

TR T



Appendix B

Information Provided by the JSC Facility
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A NNEX 1

EXHAUST GAS TREATMENT

1.

PROCESS DESCRIPTION
Re Dwg. 020.00.405

The exhaust gas stream coming from sulphonation is
treated before being sent to the atmosphere in order to
remove any possible organic, unreacted S03 traces and
unconverted S02.

The organic and part of SO3 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 S02 is
treated in a packed scrubbing column, where water and
caustic soda solution are continuously added and
recycled.

The S02 reacts with the caustic soda to obtain an
agueous solution of sodium sulphite; part of the
sulphite is oxidated to sulphate in the column it self
by the oxygen contained in the exhaust gas.

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.

- THIW e TE



BALLESTRA S.p.A.

- AQUIPMENT LIST

Pag. |
42001PNENT LIST - Unit 014 SK.PLANT - EXHAUST GAS TREATMENT
DESCRIPTION POWER  PROCESS-SIDE WEIGHT CHARACTERISTICS
KW MATERIAL Kg
S02 SCRUBBER COLUMN EBONIZED C.S. 2500
ESP FLUSH AIR HEATER C.5s. 50
ELECTROSTATIC PRECIPITATOR 11,00 C.S. 12600
ESP FLUSH RIR FAN 1,10 C.S. 200
502 SCRUBBER RECIRCULATION PUMP 3,00 s.S. 316 250




PERFORMANCES

The characteristics of the gas stream (as your request)
sent to the exhaust gas treatment are the following:

Gas flow : 3500 Kg/h
Composition:
- 802 : 2500 ppm/wt
- S03 : 2500 ppm/wt (as aerosol and gas)
- Sulphuric, sulphonic and
organic substances: 700 ppm/wt
Gas temperature: (°C): 50 approx.

Liquid Effluents

Two liquid effluents are produced: the ESP acid waste
discharged from the electrostatic precipitator and the
solution from the S02 scrubbing.

ESP waste

The waste coming from the electrostatic precipitator is
a relatively viscous liquid composed of sulphonic acid,
sulphuric acid and free oil.

Characteristics, quality and composition in accordance
with the different raw materials are 1listed in the
attached table.



al

; BALLESTRA S.p.A. 2

TYPE OF RAW MATERIALS

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 o0il
content 5-15% 5-40% 5-40%
Color 200-500°K 200-500°K 200-500°K
Dioxane
content - - 1000-10000 ppm wt
Quantity per
1 ton of 100%
active matter 1-2 Kg. 1-3 Kg 1-3 Kg

IrTHTH i
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Discharge solution of S02 scrubbing column

The unconverted SO02 is treated in the scrubbing column
with NaOH and transformed into Na2S03; part of the
Na2S03 is then oxydated to Na2S504 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); 4its quantity is
directly proportional to the sulphur burnt and to the
unconverted SO02.

When 100 Kg/h of sulphur are burnt and the conversion
yield is 98%, the 802 column will discharge approx 80
Kg/h of solution containing 62.5 moles/h of
Na2S03/Na2S04 (Na2S03/Na2S804 typical ratio is 60/40 but
when SO0O3 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)



j’ ﬁ BALLESTRA S.p.A.

3.2 Gaseous Effluents

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:

- 802 : 5 ppm by vol. at steady condition (20-30 ppm
r 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 SO2 in the gas stream can
‘ be reached also during start-up, if it is done in the
H best possible way and with an over-dimensioned S02
scrubber column. )

\
\é\
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CONSUMPTIONS

The following estimated consumptions based on max normal

operating conditions are foreseen:

Raw-materials

caustic soda (as 100%):

process water:

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

oV
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PROCESS DESCRIPTION ‘

See dwg. 1171.10,002 Aif drying
1171.10.003 S03 production
1171.10.004 GCas-scrubbing
1171.10.005 Film sulph(on)htion and ageing
. and hydrolysis
1171.10.006 Film neutralization
1171.10.007 Alpha olefine hydrolysis
1171.10.008 STS and Alkanolamides production
1171.10.009 Liquid raw materials storage
1171}10.010 Hot water. production
1171.:0.012 Cooling water system
1171.10.013  Steam production
1171.10.014 Compressed air
1171.10.015 Bench scale sulphonation
1171.10.017 Process & utilities
interconnecting
1171.10.018 Sulphurex plant - zone "A" - "R"

1171,10,019 S7TS Plant - Zone "F©"

The Ballestra sulphonation/sulphation plant based on the
film reactor is a continuous automatic plant by which it
is possible te sulphonate or sulphate all Lhév raw
materials utilized in the field of deterpgency, such as:

dodecylbenzene, linear allkylbenzene, alrha-olefines,
natural and synthetic fatty alcohols and ethoxylated

alcohol, methylesters, ectc.



The process is ‘based on the sulphonation or sulphation

by means of gaseous S023 obtained by burning sulphur.

The p‘ant'is compased of the following sections:

- air drying

- sulphur burning .

- SC2 and S03 oroduction

-~ sulphonation or sulphation

- ageing and hydrolyeis

- exhaust gas scrubbing - 503 absorption and sulphite
oxidation

- neutralization

The general term "Sulphonation" will be used throughout,

to  mean both sulphonation and  sulphation. When

sulphation only is concerned the specific term wili be

used. - ’

b/“(jl'l

Air drving

The air requested for sulphur combustion and S02
production is filtered, blown by a low nressure blower
and cooled in order to condense the moisture, obtaining
a constant air "low which is conveyed to ore of the two

silicagel driers connected in parallel, while the other

3 . ¢
one 1s uncer regeneration, '

The silicagel regeneration is accomplished by

circulation of hot air, coming {rom

302/S03 generation

coolins system or by steam.

T [ T
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AND S0 PRODUCTION
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The sulphur combustion furnace has been designed for

this special service.

In the furnace, the sulphur is fed through a pipe and

falls on a surface of refractory balls, while the

combustion air is =supplied in countercurrent, thus

obtaining the complete combhustion of sulphur without its

spraying through a nozzle, which might often clog owing

to the sulphur impurities.

This system is quite simple, it does not reguire any

maintenance, and the pgas corposition does not change.

The temperature of ‘the gas at the burner outlet 1is

around 700°C {1300°F)} {corresponding approximately to a
—

S02 concentration of 7% by volume) thereaflter a heat

exchanger ccols the pgas  so thax 1t  reaches the

conversion tower at the required temnerature,

The conversion tower is composed of three lavers of

vanadium pentoxide catalyst.

The gas, passing from a layer to the next one, crosses a

heat exchanger to ftake the gas temperature to ootimum

conversion values on every stage,

In order to allow a guick start-up, a preheating system

has been provided.

The main chaeructeristics of Ballestra pre-heating svsten

has bheaen nrovided,

!
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The main characteristics of Ballestra pre-heating system
is that no electric preheater is required, because if it
were used, being in presence of SO03, it woulcd be
corrodcd very quickly.
Morcover, with Ballestra system there 1s no necd to
either cut-off or regulation valves in the circuit of
conversion lines, which shouid opcrate at temperature of
about 500°C in presence of S02/503, thus being easily
corroded.
The gas temperature is of course too high to be suitavie
for sulphonation, therefore somc heat exchangers in
seriecs are used to cool the gas down the proper
suiphonation temperature.

QThe hot air coming from S03 coolers, is utiiized for

‘silicagel regeneration.

SULPHONATTON AND SULPHATTON

This group is composed by a film reactor, muititube
type, having dimensiens and number of tubes proportional
to the plant capacity.

The suivhonation gas is automaticaliy fed on the reacior
top and distributed in part strictly equal on cach of
the pipes composing the reactor.

The raw material to be suiphonated is fed in co-curreni

with the gas. .

T I
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OQutside the reaction tubes, in the reactor jacket the
cooling water circulates in co-current with the film,
thus allowing a control of the reaction temperature by
heat removing. .

The distribution of the gas and the product to be
sulnhonated is designed in order to assure a constant
ratio between the two phases, inside each reaction tube.
The sulphonated or sulphate product, coming out -of the
reactor 1is suitably degassed, (and aged and stabilized
according to the fed raw material); then it is fed to
the neutralization unit,

Tn this connection the Ballestra sulphonation/sulphation
system by film reactor has great advantages towards the

other existing systems on the market since in case of

nower failure an emergency system, included in the
supply, avoids any damage to the product and the

necessity of cleaning the reactor hefore resuming the
oneration.

This system can be also used during plant start-up: the
material to be sulphonated is fed and recycled to the

reactor until the optimum S02-503 conversion is reached.

e



A great care must be taken when handling and keeping

this substance.
if it contacts the skin or the eyes, wash abudantily

with 10% boric solution and when the case is
e e e
Lmportant, undergo a medical inspection.

e T m———
it is advisable to use protective glasses and gicves W

and eventually antigas masks with proper fiiter for

|
|
|
|

$03 if this gas happens to leak in the atmosphere.

Caust.ic soda

It is a product available in the markel{ ceither as a
solid or as a liquid.

In our plants, causiic soda s usec in 40~435%
aqueous solution.

This product is highly agressive and when contactiag
the skin may cause scalds long to ve cured.

When handling this product use protective giloves and
glasses; in case of accidental contact with the skin

wash abudantly with water and with a 10% boric acid

dermic soiution. {; !
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PROCESS TECHNICAL DESCRIPTION

Air treatment (see dwg. 1171.10.002)

The air required for sulphur combustion and for the SO03

production is filtered and dehumidified to a dew point

arouﬁd -60°C.

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 température of f}jﬁ'

The process air compressors operates at a pressure of
Time oG

This pressure is however quite sufficient to convey the

air not only through the S03 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 0°C (range -6° to -2°C).

This wunit 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.

W
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From the cooling unit the air gets to the final silicagl
dehumidifier which is composed of two drying units
connected 1in 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.
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S02/S03 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 S02 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.

The sulphur proportioning 1is always at controlled
temperature in order to keep constant and optimum values
of viscosity: §.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 1is
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 sulphur combustion furnace, 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 SO03.

- ! YT
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The catalysis tower consists of different layers of
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, }Q’gggggﬁgl, 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.

45
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SULPHATION/SULPHONATION

(See dwg. 1171.10.005)

The sulphation section consists of a tubular reactor, a
raw material proportioning group, a partial exhaust gas
treatment and an acid transfer pump to the
neutralization (owing to the need to neutralize
immediately the acids produced by alcohols, alcohol
ethers, alpha-olefins etc.).

The raw material is sulphate& 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 1liquid
coming into <contact with the gas (which is also
regulated automatically in stoichiometric quantity).
Along the reaction tube the sulphation reaction 1is
accomplished and the acid coming out of the reactor
passes through a f%gst liquid-gas separator from which,
through a pump with a motor-variator, is conveyed

directly to the neutralization, or for DDB is conveyed

TrIw T f
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to the ageing and stabilization section and than to the

neutralization.

The gas stripped from the liquid passes into a
separating cyclone (to eliminate the drops of 1liquid
entrained by the gaseous flow) before flowing to the
exhaust gas treatment section.

The liquid coming from the cyclone 1is 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.

T T T
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EXHAUST GAS SCRUBBING

Scrubbing of the exhaust sulphonation gases

The exhaust gas stream coming from sulphonation, is
treated before getting to the atmosphere in order to
separate any possible organic tfaces, and to eliminate
the non-converted ?92 and %93 traces.

The organic and S03 traces, that are eventually pr¢sent
in form of aerosol, are separated and eliminated in the
electrostatic precipitator.

In this unit a potential difference originates between
the electrodes and discharge pipes, which charges with
the electricity the impurities contained in the gas
stream.

Being the electric charge of the impurities opposite in
sign to the one of the pipes, the impurities are
attracted and run along the pipe walls, then discharging
from the bottom of the electrostatic precipitator.

The gaseous stream containing>mhe non-converted S02 is
absorbed in a fill-up scrubbing column, in which a water
and soda solution is continuously recycled.

In this column the residual S02 is fully absorbed (to

less than 5 ppm S02) and the exhaust gas stream is

saturated with water is discharged to atmosphere.

Liquid solution 1is continuously discharged from the

column.

o T T T ol

48



AGEING AND HYDROLYSIS /

(See dwg. 1171.10.005)

Description

This section is used to stabilize the sulphonated DDB;
it is composed by an ageing unit and a stabilizer.

The prdduct after beeing sulphonated, overflows into the
bottom of the ageing unit.

It is then conve;éd into the stabilizer, togheter with
water addgd by means of a dosing pump. -

Afterwards it is transferred, by means of a pump, to the

neutralization unit.

49
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FILM NEUTRALIZATION

(See dwg. 1171.10.006)

The acid produced by the sulphaﬁion plant is pumped to
the new double-step neutralization circﬁit; 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 Moqo 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 gquantity 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
quite neutralized paste and constant pH, ready to be

utilized.

TIm
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ANNEX "1"

CONTINUQUS FATTY ACIDS

SAPONIFICATION AND DRYING PLANT
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BASIC INFORMATION

1.1 Scope of the proposal

1.2 Ambient conditions and
utilities characteristics
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SCOPE OF THE PROPOSAL
—eem = YF ik YROPOSAL

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
=== 2o SAYUNIFICATION

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)

It is designed +to process a wide range of fatt




£ BALLESTRA S.p.A.

.. 2 AMBIENT CONDITIONS AND UTILITIES CHRRACTERISTICS

In the design and selection of the materials it has been

taken into consideration the following climatic

conditions and utilities characteristics:

Ambient air

- relative humidity: 50% max at 30°C

- temperature min 0°C/max 40°C

Height above sea level 0-500m

Electric power: phases, 380 V - 50 Hz

Saturated steam: pressure 7 Kg/cm2

Service air: dry and oil free

' min. pressure 7 Kg/cm2

Instrument air: dry and oil free

dew point - 20°C

min. pressure 7 Kg/cm2

Cooling water:

- Temperature: 25°C

- Pressure: 3 kg/cm2

Hot water:

- Temperature (in/out) 70/60°C

- Pressure: 2 Kg/cm2

Process water:

- Pressure: 2 Kg/cm2 min.

i92068/0ft
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SECTION 2

PROCESS UNITS

Plant capacity

Raw materials and products
characteristics

Consumptions
Process description

Equipment and machinery
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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).

2.1.2 Multipurpose drying unit ~

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).

i92068/0oft
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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

Titre (°C) 37-40 38-43 22-26

A.v. (mg. KOH/g) 210-215 200-206 264-274

Sap. value

(mg. KOH/g) 211-216 201-206 265-275

J2 Value

(g. J2/100 g.) 45-54 50-58 8-11

Colour Loviband 2.5Y+0.6R 5.0Y+1.0R 8Y+1.5R
Blend 75/25 Tallow Coco/PK
Tallow/Coco

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

i92068/0ft
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T 104

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.

The neat soap will have the following main
characteristics:

- TFA content 72 min
- Free alkalinity as NaOH 0.07%

- Sodium chloride (1) 1.1%

- Unsaponified matter (2) 0.11% max
- Specific additives 1.0% max
NOTES:

1) According to the required characteristics of the
final soap bars.

2) Referred to the saponifiable matter.

i92068/0ft
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'.2.2 Multipurpose drying unit

Product characteristics:

Physical aspect: free flowing flakes/chips.

- Thickness: 1 - 2 mm

- Water content: 5% for LABSNa
10% for STS
5% for SLS

10% for SOAP

- Max. Hydrolisis (*): 0,5% (0% expected when

(expressed as fed solution free alkali
free o0il is 0,5% min.)
increase)

- Colour: no more than 20 °Klett

higher than °Klett colour
in the feedstock

(*) referred only to SLS product

i92068/0ft
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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).

- Fatty Acids 786 Kg

- Caustic soda (100%) 122 Kg

Utilities consumptions

The consumptions referred to 1 ton of neat soap are:
- Steam (1) 30 kg

- Electric power 16 kw

2.3.2 Multipurpose drying unit

Utilities consumption

- Steam (2 bar pressure) Kg/h 100
- Cooling water (30°C

inlet temperature, 3 bar

pressure) m3/h 60
- Instrument air ,

(-20°C dew point, 6 bar

pressure) Nm3/h 10

- Installed power (estimated) Kw 100

192068/0ft
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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 (socap)
characteristics.

The process water is dosed according to the desired
content of fatty acids and the relevant operating
conditions.

The saponification loop 1is constituted by the reactor
75MX1, the heat exchanger 75El, the recycling pump 75P2.

The ingredients are mixed in the reactor 75MX1l 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 1is controlled by pH meter
located at the outlet of the 2nd reactor.

192068/0ft
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14

A pressure countrol valve keeps the whole plant in
pressure in order to avoid the evaporation of the water
contained.

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 .

T [
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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.

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.

J68/oft
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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 BRBSNa (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 feedstucks
- Drying of soap
Other applications are also under investigation

(preliminary tests already performed with positive
results), including:

- Concentration/drying of methylester sulphonates

- Drying/flaking of tallow alcohol sulphates

168/0ft
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The main advantages of this technology are the
following:

~ High efficiency in concentration/drying with minimum
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 finished product (typical
values of 5% and in same case, when required, less

than 2% residual moisture)

- Easy operation (start-up/shut down/change over in few
minutes thanks to minimized process residence time)

- High efficiency and reliability of mechanical
equipment and process control

- Optimized thermal/energy efficiency

- Substantially no process losses (and possibility of
partial/total reprocessing of condensed water)

192068/0ft
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SUMMARY

1l - SOLID RAW MATERIALS FEED SYSTEMS

2 - LIQUID RAW MATERIALS AND UTILITIES FEED SYSTEMS

3 - MANUFACTURING SECTION
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1l — SOLID RAW MATERIALS FEED SYSTEMS

(diagram A0 40054 000 S 003)

The solid raw materials are : sand and soda ash.

1.1. Sand section

The product reaches the silo S3 via the general feed
circuit

- feed hopper B2
- conveyor belt M1
- elevator M2
- silo S1
- vibrating extractor M18
- conveyor belt M3
- elevatar M4
- silo S3

The loop can be decomposed in two parts

The first one will permit the loading of the silo S1
the secand will permit the loading of the hopper S3.

.
’

1.1.1. Loading of the silo S1

The limit is fed from the raw materials storage by means of
a mechanical shower.

This silo is fitted with

- one filter F1,

- one high level indicator LI 201,

- one high level alarm, consisting of the sensing element
LSH 201 and of the alarm device LAH 201,

- one electrical heater SH S1,

- one vibrator VBR1,

- one register RE1l.

-
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The output of the silo is fitted with & vibrating extractor
M18 fitted with its vibrator, feeding the belt conveyor M3.

The control chain for the feeding of this silo consists aof
the following devices :

- M1 : Belt ronveyor
- M2 : Elevator

During normal output operation, you don't use the vibrator
VBR1 and the electrical heater SH Sl.

You will start manually this vibrator VBR1 only if you have
difficulties for the output of the sand.

You will stsrt manually this electrical heater only if you
have difficulties for the output and if the humidity of the
sand is too much important.

The register RE1l is only used if you have to isolate the
silo from the vibrating extractor M18.

These equipments are used anly for particular and
exreptional conditions.

During normal operation, it is better to stop the feeding
before you attain the high level.

This alarm is only a security.

If you unlock the signal, the loop will instantaneously
stap.

o T ' ITTE T i ’ -
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l.1.2. Loading of the hopper S3

This hopper is fitted with :

- one high level alarm consisting of the sensing element
LSH 203 and of the alarm device LAH 203,

- one low level alarm consisting of the sensing element
LSL 204 and of the alarm device LAL 204,

- one vibrator VBR3,

- one register RE3.

The output of this hopper is fitted with a vibrating
extractor M5 fitted with its vibretor feeding the weighing
silo S55.

The control chain for the feeding of this hopper consists of
the following devices :

- M18 : Vibrating extractor
- M3 : Belt conveyor
- M4 : Elevator

The register RE3 is only used if you have to isolate the
hopper from the vibrating extractor M5.

This equipment is used only 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 the hopper when the
product is located between the high and low levels.
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l1.2. Soda ash section

The product reaches the silo 54 via the general feed
circuit

- big bags opener PDE 10

- screw conveyor SC10
~ elevator M 13
- silo 52

- redler M 14
- elevator M 15

The loop can be decomposed in two parts :

The first one will permit the loeding of the sila S2
the second will permit the loasding of the hopper S4.

1.2.1. Loading of the silo 52

The unit is fed from the raw matérisls starage by means of a
mechanical shovel.

The storage of the soda ash is realized into big bags.

After taking the big bags to the storage, the mechanical
shover will bring them up to the big bags openers PDE 10.

This silo is fitted with

- one filter F2,

- one high level indicator LI 202,

- one high level alarm consisting of the sensing element
LSH 202 and of the alarm device LAH 202,

~ ane vibrator VBR2Z2,

- one register REZ2.
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The output of the silo is fitted with the redler Ml4.

The control chein for the feeding of this silo consists of
the following devices :

- SC 10 : Screw conveyor
- M 13 : Elevator

During normal operation you start manually the vibrator
VBR6 before you begin the feeding of the big bag opener
PDE 10.

When yau decide 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 M 14.

During normal output operation, you don't use the vibrator
VBR2.

You will start manually this vibrator VBR2 only if you have

difficulties for the output of the soda ash.

During narmal operation it is better to stop the feeding
before you attain the high level.

This alarm is only a security.

1.2.2. Loading of the hopper S4

This hopper is fitted with

- one high level alarm consisting of the sensing element
LSH 205 and of the alarm device LAH 205,

- one low level alarm consisting of the sensing element
LSL 206 and of the alarm device LAL 206,

- one register RE4.

The output of this hopper is fitted with g vibrating
extractor M6 fitted with its vibrator feeding the weighing
silo S5.
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The control chain for the feeding of this hopper consists of
the following devices :

- M 14 : Redler
- M 15 : Elevator

The register RE4 is only used if you have to isolate the
hopper from the vibrating extractor Mé6.

This equipment is only used for particular and exceptional
conditions.

The high level alarm stops the loop.
The low level slarm 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 S 003)

2.1. Filtered water

Reaches the battery limits at a pressure of 3 bar and
notably feeds the following :

-~ blender BL1
- solidification belt M1l

A small part of this water is to damp down dust during the
blending.

The most important part is used for the forced cooling of
the solidification belt.

The pressure gauge PI 410 indicates the pressure of the
line.

The valve at the battery limit makes it possible to cut off
this feed line.

2.2. Compressed air

Reaches the battery limits at a pressure of 5 bar and
notably feeds the following :

- shutter box BVl

- vibrator VBR 6

- casque CS1

- pneumatiec valve EV BL1
- burner GT1

Refer to the pressure gauge Pl 411 far the pressure of the
line.

The valve at the battery limit makes it possible to cut off
this feed line.

Q;
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2.3.

Fuel o0il

Coming from the factory pipe, the fuel o0il enters the plant
to the storege tank Bl from the general storage plant via
the pump Pl.

The temperature of this fuel o0il is about 50-60°C and the
pressure 3 bar (effective).

This pipe will be fitted with tracing and heat insulation.

The storage tank Bl is fitted with :

one
one
LSH
one
LSL
one
one
one

outside level indicator LI 210,

high level alarm consisting of the sensing element
207 and of the alarm device LAH 207,

low level alarm consisting of the sensing element
208 and of the alarm device LAH 208,

electrical heater SHB 1,

temperature indicator TI 107,

thermostat TS 106.

The high level alarm stops the pump Pl.

The law level alarm starts it again.

So, it is necessary to maintain the tracing to the feeding
pipe.
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You can start the feeding of this tank when the
liquid is located between the high and low levels.

The electrical heater will maintain the temperature
between 50 and 60 degrees.
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3 — MANUFACTURING SECTION

3.1. Mixture conditioning and storage section

This section includes :
- the weighing,
- the blending,

- the storage of the mixture.

3.1.1. Description of the installation

T TS s e e e T — —— — i —— ———— w— - = — - ——— ——

The weighing system is designed to weigh bateches of raw
materials soda ash and sand.

After selecting the weight ratio, the two raw materials are
successively weighed automatically by the two extracting
vibrators M6 and M5.

The weighing silo S5 receive, at first the sada ash, and
then the sand.

When a batch is weighed, the products fall down into the
blender BL1 where they are mixed.

After a few minutes of blender rotation, the blender changes
its direction of rotation and the mixture come off the
blender.

The mixture is then conveyed by the handling line to the
blend silos S6A or SéB.

|
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3.1.2. Functioning of the installations

In normal operation select the blend silo with the slide
box BVl before starting the weighing system.

The weighing silo S5 is fitted with one cask CSl1.

When the vibrating extractors are in operation, the cask is
closed.

At first the soda ash vibrating extractor M6 starts. When it
stops, after a time delay, the sand vibrating

extractor M5 starts. When it stops, the weighing is
finished.

After the blender BL1 starts in the blending rotation
direction the rask will be apen.

All these operations are made automatically.

The weight ratio is made with the two coding wheels an the
board of the control room.

The blender BL1 is fitted with :

- two rotation way,

- ane vibrator VBR4 on the inlet chute,

- one spraying system for water,

- one grill to the lumps output.

At first the blender starts for the mixture rotation way
- the cask CS1 opens,

- the spraying system starts,

- the vibrator VBR4 starts.

When the weighing silo 55 is empty, the weighing section
gives the order for the cask closing. The vibrator

VBR4 stops also.

The weighing system can start again.
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The blending made, after a time delay, the blender will
start in the discharge rotation direction.

The mixture is rehandled by elevator M8 and conveyor M7 to
the blender silos S6A or S6B.

These two silos S6A and S6B are fitted with :

5ilo S6A : - one high level alarm, consisting of the sensing
element WIQSH 702 and of the alarm device
WIQAH 702.

- one very high level alarm, consisting of the
sensing element WIQSHH 702 and of the alarm
device WIQAHH 702

- one register RES.

Silo S6B : one high level alarm consisting of the sensing
element WIQSH 703 and of the alarm device

HIQAH 703

- one very high level alarm consisting of the
sensing element WIQSHH 703 and of the alarm
device WIQAHH 703

- one register RE6

The output of these two silos are fitted respectively with a
vibrating extractor M9A and M9B each one fitted with its
vibrator, loading the feeding machine M10.

The control chain for the feeding of these silos consists of
the following devices. '

- BV]1 slide box

- WIQ 701 weighing system

- M6 soda ash vibrating extractor with VBR3 vibratar
- M5 sand vibrating extractor

- CS]1 cask

- BL1 blender

- VBR4 vibrator

- EV BL1 water electrovalve

- M8 elevator -

- M7 belt conveyor
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The complete cycle wear is about seven (7) minutes. After
the first cycle, the weighing is done in the same time than
the mixting and the discharge.

For detsils of the working, refer to the electricity
technical specification 40054 B EL 801 MP 001.

In permanence you have in the control room the weight of
mixture contained in the silos S6A and Sé6B.

S0, before you start a new melting cycle, you must check you
have enough mixture.

The registers RE5 and RE6 are only used if you have to
isolate the blender silos 56A or S6B respectively from the
vibrating extractor M9A or M9B.

The level control and safeties are as follow :

- the light of the signal high level in control room
forestalls the operator he has to stop the feeding saon,




B.P.

3.2. Manufacturing section e

s

(P & 1 AO 40054 000 S 003) -~

3.2.1. General data

f
The \HOECHS roqggé)for the manufarturing sodium silicate
can be summed up by the equation :

n5i0z + NapCO03—— nSily, Naz0 + CO2

This reaction teskes place in the rotary kiln VT1.

The neutralization ratio is given by the weight ratio :

5i07

Nago0
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A = Heavy fuel o0il loop, with elcecctrical tracing
. P2A&B = Booster pumps, fuel-o0il circuit and filtration
““PSV1l = Taring valve, fuel o0il eircuit

B = Filtration and electric heater

C = Pressure reducing unit and fuel o0il metering -

compressed air injeection and scavenging (PC 407)

D = Burner on trolley (GT1)

E = Casting line (M11)

F = Rotary kiln (VT1)

G = Feeding machine (M10) -

H = Vibrating chutes (M3A & M9B)

I = Loading hoppers (S6A & Sé6B)
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3.2.3. Rotary kiln VTl

The furnace receives :

the blender from the feeding machine in one side

the hot gas from the burner GT1l in the other side.

3.2.3.1. Description of the rotary kiln

diameter : 2.6 m
length : 10.6 m
rotation speed : 0.55 rpm

For more technical characteristiecs, refer to the technical
specification 40054 GC 801 ST 001.

It is fitted with :

- internal equipment composed of refractory concrete and
bricks (see technical specification 40054 GC 801 ST 110)

- four casting holes for the discharge of silicate
production

- one reinforeing plate for receiving the burner

- one smoke box fitted with a chimney an with an air blast
requlator.

This regulator allows to obtain a lower smoke temperature
(about 400°C).

The driving system is designed use the two rotation way.

Remark : An emergency manual drive is mounted on a available
shaft of the reducer.
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Stand-by manual device for the kiln rotation

Diagram

(1) Kiln driving roller
(2) Coupling

(3) Reduecing gear

(4) Coupling

(5) Reducer

(6) Motor

(7) Crank

Should an incident occur, it rould be necessary to change
the kiln, as follows :

1) Switeh off the driving motor

2) Insert the tappet of the crank

3) Turn the crank

4) Disengage the crank as the kiln is positioned.

The temperature of the smoke bax (TI 101) and of the stack
(TI 102) are given in the control 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 used as screen in the casting areas.,
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qep. : Correchous of e
24 wards 18146

3.2.3.2. Dperating process

- Duration of the cyecle : 4
- Tonnage of mixture load

burs
into the kiln :

SILICATE W.R 2.15 3.35
- tonnage of toatal .
mixture/24 h 42 40
- tonnage per 4 h :
cyecle 7 6.7

Above-indircated values have been round up.

Melting Process :

Fuel-o0il flowrate Burner igfunﬁ{
EVENT Time (in 1/hr)
Fuel-ai Air

Loading //////
. Mini burner 0! 4.25 2

2
. Average burnerj 10' 5.5 3.25
Maxi burner 20! 6.7 4.25
End of loading 45!
Casting 2h30
. average burner|2h40 5.5 3.25
4.25 2

. mini burner iﬂ;p/

Loading 4h

Times indicated can be subject to changes. They depend on
the kind of mixture, of the viscosity of the bath, of the
viscosity of the rasting chain and of the general state of
the kiln during the casting. -
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- Fuel-0il pressure in burner : approximately Q.5—bar"
- Shape of the flame : lang
- Air inlet throttle (V4) : totel opening
- Burner positioning : 1.5 toa 2 em of rotary throat
-~ Casting holes : diameter 60 to 45 for Na 2.15
80 to 65 for Na 3.35

* Data concerning AIR and FUEL-0IL index are simply given as
indication and corresponds to the burner operation under
some conditions : viz. - internal clearance movable
nose/statiaonary nose
- fuel-0il feed pressure as a
function of its quality

3.2.3.3. Loading of the rotary kiln

The feeding machine M10 is designed to load batches of
blending.

The moving cup, of the feeding machine, collects the blend
at the outlet of the blending silo S6A and S6B via the
vibrating extractor M9A or M9B.

Then the cup introduces the mixture into the rotary kiln,
(the lilting will ocecur on the last meter of its stoke), and
after will come back to the loading position for a new
cycle.

For the technical characteristics of this feeding machine,
refer to the technical specification 40054 GC 801 ST 103,

All these operations are made automatically.
The starting is given from a local control board TB 04.

The control chain for the loading of the furnace VT1
consists of the following devices :

- MJA or M9B Vibrating extractors
- VBR5 Vibrator
- M10 Feeding machine

Remark : In case of immobilization of the loading cup inside
the kiln, it will be neressary to remove it
manually.
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Arrangement for extraction by hand of the loading arm of the
feeding machine

Diagram

M
. T
\-/c/da/mj drm / / _ s 7
—— YT IFyl e
& £ =2

(1) Main pulley

(2) Belt

(3) Brake motor

(4) Driving pulley

(5) Trolley

(6) Trolley driving chain
(7) Link Chain/Trolley !
(8) Pinion - belt tension/return

For doing this :

1) Switeh off the motor (3)
2) Remove the casing protecting the main pulley (1).

Note : This casing must be simply fastened so as ta be very
quickly remavable without any tool.

3) Remove the belts
4) By means of a bar engaged in the spokes of the pulley
(1), cause the backward move of the loading arm.
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3.2.3.4. Discharge of the rotary kiln

Once correct melting of the blend, is obtained,open ane or
two casting hole on the rotary kiln.

The melted sodium silicate falls an the M1l solidification
belt which is cooled by means of water.

This water cods the solidification belt and allows good
solidification of the silicate.

In fact, the cooling of the solidification belt ensures that
the temperature of the silicate will fall under the setting
point.

Description of the solidification belt

- length = 16.8 m
- linear speed = 4.4 m/min.

For more technical characteristics, refer to the technical
specification 40054 GC 801 ST 112.

This solidification belt is fitted with

- lubrification box on each driving chain

- spraying nozzles on the return strand (each spraying lin
will be fitted with its shut off valve)

- two systems of fixation

- one steel plate at the silicate output

At the output, the glass fragments are picked up by the
mechanical shovel and brought to the storage area.

The cooling water is collected in a sump. The vertical pump
P3 allows this water to be discharged to the battery limit
of the plant.

Remark : - Near to the driving system, the salidification
belt has a local panel fitted with a speed
variator.

If necessary, use it for adjusting the linear
speed of the solidification belt during the
silicate casting.
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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 gas generator GT1l

353.1. General data

The hot gas generator GT1l is fed with heavy fuel o0il N°2 via
the pumps P2A and P2B (one in operation, one in stand by) at
the praper conditions of pressure and temperature and with
ambient air coming via the blower V1.

3.3.2. Burner

Proportioning burner STEIN consist of the burner with :

- furnace mounting plate

-~ mounting bracket

- protecting shutter

- induced air control sleeve

- air shut off valve

- micrometering o0il regulating valve
- control level connectian

- 0il pressure gauge

- 0il pressure regulator

For more details, refer to STEIN operating instructions.

With this kind of burner, it's possible to obtain a turndown
ratio of 5 to 1 in fixing capacity, and maintain perfectly
the oil atomization over this entire range.

The fuel flow rate is controlled with the automatic valve
SV 901.

The feeding lines of the burner are fitted with two safety
devices, which can close this valve.
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They consist of the following instruments

- PSL 401 Pressure control switeh on the fuel line
- PSL 402 Pressure control switeh on the air circuit.

If the air pressure is too low (for example with current
failure) :

The instrument PSL 402 Pressure control switch :

- close the valve SV 901
- open the air automatic valve SV 902
for the cleaning of the fuel line.

Remark : The burner is connected with the fuel feeding line
with a flexible hose FL1 . Between the furnace and
the burner, we find two refractory blocks,
one Gl is associate with the burner the other G2
with the rotary kiln (refer to the diagram of the
fuel preparating unit).

’

3.3.2.1. Fuel conditioning

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 case the fuel oil pressure would be too low, a safety set
up consisting of the pressure controller PSL 401 would
closed the valve SV 901.

The manometer PI 403 show the pump discharge pressure.

Further along the line there is the preheating system.

It consists of the electrical heaters R1,R2 and R3 where the
following set up adjusts the fuel oil temperature

- TS 103 Temperature switch
- TW 103 Thermometer

The local indicetor TI 405 gives the temperature.
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The fuel o0il viscosity must be maintained constant as much
as possible from 2.4 to 2.6° Engler, that will require ta
regulate the temperature of the fuel-o0il between 100 and
125°C depending on its quality.

The temperature of the fuel o0il is consequently an important
characteristics of the proper operation of the burner, as
regards the constancy of flow rates and of the injectian,
therefore of the cambustion.

This line is also fitted with

(- Filters F3,F4,F5 7y

- Safety valves PSV 1 and PSV 2

- Air treap B4

~ One pressure reducer PC 407

~ One flow meter FQI 301

- One air inlet line fitted with the solenoid valve SY %02
- One fuel o0il solenoid valve SV 901

- One reecycled fuel line to the storage tank.

The fuel preparating line is fitted as follow

The temperature of the line is maintained by the electrical
tracing.

A signalisatian in the control roonm prevent if
insufficiency.

|
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B4
P2A & P2B
F3A & F3B
F4A & F4B
Gl

G2

GT1
R1-R2-R3
vl

V2

V3

7

V5

PSV 1
"PSV 2

PC 407

Sv 901

5V 902
FQI 301
FL1
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Air trap

Fuel pumps

Filters

Filters K

Filter //

Refractory bloeck (with the burner)
Refrectory block (with the rotary kiln)
Burner

Fuel hesters

Ventilator blaower

Shut off valve

Valve with drilled orifice
Butterfly valve

Non return valve

Pressure relief valve

Pressure relief valve

Pressure reducer

Fuel oil Solenald valve

Air Solenoid valve

Flow meter

Flexible hose
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3.3.2.2. Air circuit

Refer to the preceding diagram.
It's composed with :

- one blower fan V1
- one throttle valve Va.

This line is fitted with :

PSL 402 Pressure control switeh

PI

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 can move forwards and
backwards.

The fuel storage tank Bl is fitted with :

one
LSH

one
LSH

one
ane

ane

The temperature regulation is made with the temperature
switeh TS 106.

404 Pressure indicatar.

high level alarm consisting of the sensing element
207 and of the alarm device LAH 207

low level alarm consisting of the sensing element
208 and of the alarm device LAL 208

electrical heater SHB 1
temperature indicator TI 107

level indicator LI 210
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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
beltM19 and the belt M1lé6.

This silo is fitted with :

- one high level alarm consisting of the sensing element
LSH 209 and of the aslarm device LAH 209

- one register RE7

The output of the silo is fitted with a vibrating extractor
M20 fitted with its vibrator feeding the bag feeder weigher
SF1.

When the woven bags are full, they fall down on the belt
conveyor M17 on which they are sewed by the sewing machine
SM1.

After the bags are sent to the storage ares.
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Appendix C

Overview of the Regulations Applicable to the JSC Discharge



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 (JEA) 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 of water pollution standards and regulations in Jordan vary
according to sources. Industrial wastewater discharges are regulated by the
Jordanian standard specification number 202 (Table C-1) 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 permitting
mechanism and therefore is self-implementing.

Drinking water quality is regulated by the Jordanian standard number 286.
Tables C-2a - C-2¢ 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 1rrigation, 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



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
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Table C-1
Summary of requirements of Jordan Standard 202/1991 for disposal of industrial effluents.

Maximum Allowable Limit, (mg/l)+

Parameter Disposal To
Wadis & Rivers| Sea | Groundwater Recharge | Reuse for Irrigation**

BOD3 50M - S0M -
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 -
NO3-N 12 (4) - 12 (4) 30
NH3 5 12 5 5
T-N - 125 - 50
PO4-P 15 - - -
Cl 500 - 500 350 (3)
SO4 500 - 500 400
F 1.5 - 1.5 -
HCO3 - - - 500
Na - - 400 -
Mg - - - -
Ca - - - -
SAR - - - 9
Al 5 - 03 5
As 0.05 0.1 0.05 0.1
B 1 - 1 1(5)
Cr 0.1 03 0.05 0.1
Cu 2 0.1 2 0.2
Fe 1 2 1 5
Mn 0.2 02 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/100ml 5000 - -
TFCC MPN/100ml 1000(6) - 1000 (6) 1000 (6)
Nematodes <1 - - <1

(+) All units are in mg/
(*) 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 except where noted.

(1) TDS allowable limit is subject to the TDS concentration in the water supply and the water basin affectd.

(2) Allowable limits of wastewater reuse determine the degree of restriction (none, slight to moderate, or severe).
(3) Method of irrigation is determined by wastewater quality being used.
(4) Nitrate concentrations-allowed are determined by its concentrations in the affected water basin.

(5) Could reach 3 mg/l.
(6) Geometric mean.

Ty



Table C-2a

Jordanian Drinking Water Standards
A: Physical characterstics

Parameter

Permissible Limit

Max. allowable conc. in case
no better source is available

Taste
Odor
Color
Turbidity
pH

Temperature

aesthetically acceptable
aesthetically acceptable
10 units
1 unit (JCU)
6.5<pH<9

8-25¢

15 units

5 units
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Table C-2b

Jordanian Drinking Water Standards

B: Chemical Charecterstics

Parameter Mazx. Allowable Conc.
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




Table C-2¢

Jordanian Drinking Water Standards

C: Health related

Mazx. allowable conc. in case

Effects within max.

Parameter | Permissible Limit no better source is avialable allowable limits
mg/l

TDS 500 1500 aesthetic
TH( CaCO3) 100 500 aesthetic
ABS 0.5 1 indicator
Al 0.2 0.3 aesthetic
Fe 0.3 1 aesthetic
Mn 0.1 02 aesthetic
Cu 1 1.5 aesthetic
Zn 5 15 aesthetic
Na 200 400 aesthetic
Ni 0.05 0.1 health

Cl 200 500 aesthetic
F 1 1.5 health

SO4 200 500 aesthetic
NO3. 45 70 health
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Table C-2d

Jordanian Drinking Water Standards

D: Radiation

Parameter Maximum limit
Bq/l
Alpha-emitters (except for Radon) 0.1

Beta-emitters

TE N & T

X
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Table C-2e

Jordanian Drinking Water Standards
E: Organic pollutants*

- Parameter Max. Permissible Conc.
mg/l

A) Chlorinted

Hydrocarbons

Endrin 0.0002

Lindane 0.004

Methoxychlor 0.1

Toxaphene 0.005
B) Chlorophenoxys

2.4-D 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-3

Guideclines for interpretations of water quality for irrigation (1)

Degree of restriction on usc

None Slight to Severe
Poteatial irrigation problems Units moderate
Salinity (affects crop water
availability) (2)
EC,, (o) dS/m < 0.7 0.7 -30 >30
TDS mg/l < 450 450 - 2000 > 2000
Infiltration {affects infiltration
rate of water into the soil.
Evaluate using (EC,, and SAR together) (3)

SAR =03 and EC,, = >0.7 0.7-02 <02
=3-6 = >1.2 12-03 <03
=6-12 = > 1.9 1.9-035 <05
=12-20 = >29 29-13 <13
=20-40 = >S50 50-2.9 <29

Specific ion toxicity (affects

sensitive crops)

Sodium (Na) (4)
Surface irrigation SAR <3 3-9 >9
Sprinkler irrigation me/l <3 >3

Chloride (Cl)(4)
Surface irrigation mefl <4 4-10 > 10
Sprinkler irrigation me/l <3 >3

Boron (B) (S} mg/l < 0.7 0.7 -30 > 3.0
Trace elements(see table E4)

Miscellaneous effects

(affects susceptible crops)
Nitrogen (NO3-N) (6) mg/l <5 5-3%0 > 30

Bicarbonate (HCO3)

(Overhead sprinkling only) mefl <15 1.5-85 > 8.5

pH Normal range 6.5 - 8.4

(1) Adapted from University of California Commitiee of Consultants 1974,
(2)  ECw means electrical conductivity, a measure of the water salinity, reported in deciSicmens per metre at 25C0 (dS/m) or it units millimhos per centimeter (mmho/cm). Both
are equivalent. TD® means total dissolved solids, reported 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 Lo sodium and chloride; use the values shown. Most annual crops are not sensitive. With overhead sprinkler
irrigation and low humidity (<30 percent), sodium and chloride may
be absorbed through the leaves of sensitive crops.

3 For borm tolerances, see Tables 16 and 17.

(6)  NO3-N means nitrate nitrogen reported in terms of elemental nitrogen (NH4-N and Organic-N should be included when wastewater is being tested).

Assumptions in the Guidelines

The water quality guidelines in Table 1 are intended to cover the wide range of conditions cncountered in imigated agriculture. Several basic assumptions have been used to define their
range of usability. If the water is used under greatly different conditions, the guidelines may need 1o be adjusted. Wide deveations from the assumptions might result in wrong judgements
on the usability of a particular water supply, especially if it is a borderline case. Where sufficient experience, field trials, research or observations are available, the guidelines may be
modified 1o fit local conditions more closely.

Yield Porential: Full production capability of all crops, without the use of special practices, is assumed when the guidelines indicate no restrictions on use. A "restriction on usc”
indicates that there many be a limitation in choice of crop, or special management may be nceded to maintain full production capability. A "restriction on use” does pot indicate that the
water is unsuitable for use.

Site Conditions: Soil texure ranges from sandy-loam to clay-loam with good internal drainage. The climate is semi-arid to arid and rainfall is low. Rainfall does not play a significant
role in meeting crop water demand or leaching requirement. (In a monsoon climate or areas where precipitation is high for pant or all of the year, the guideline restrictions are oo 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.

Methods and Timing of Irrigations: Normal surface or sprinkier irrigation methods are used. Waler s applied infrequently, as needed, and the crop utilizes a considerable portion of the
available stored soil-water (50 percent or more) before the next irrigation. At least 15 percent of the applied water percolates below the root zone (leaching fraction [LF} 2 15 percent). ‘The
guidelines are 100 restrictive for specialized irrigation mcthods, such as localized drip wrigation, which results in near daily or frequent irrigations, but arc applicable for subsurface
irmigation if surface apptied leaching satisfies the leaching requirements.

Water Uptake by Crops: Different crops have different water uptake paterns, but all take water from wherever it is most readily available within the rooting depth. On average about 40
percent is assumed to be taken from the upper quarter of the rooting depth, 30 percent quarter, 20 percent from the third quarter, and 10 percent from the lowest quarter. Each urigation
leaches the upper root zone and maintains it at a relatively low salinity. Salinity increases with depth and i1s greatest in the lower part of the root zone. The average salinity of the soil-
walter is three Limes that of the applied waler and is representative of the average root zone salinity 10 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 watered at all times.

Salts leached from the upper root zone accumulate to some extent in the lower part but a salt balance is achicved as salts are moved below the root zone by sufficient leaching. The higher
salinity in the lower root zone becomes less important if adequale moisture is maintained in the upper, "more active” part of the root zone and long-term leaching is accomplished.

Restriction on Use: The "Restriction on Use" shown in Table 1 is divided into three degrees of severity: none, slight to moderate, and severe. The divisions are somewhat arbitrary since
change occurs gradually and there is no clear-cut breaking point. A change of 10 10 20 percentabove or below a guideline value has little 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
applicable under normal field conditions prevailing in most imgated areas in the arid and semi-arid regions of the world.

BEST AVAILABLE COPY
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Table C-4
Recommended maximum concentrations of
trace elements in irrigation water (1)

Rccommended
maximum
concentration(2)
Element (mg/L) Remarks
Al (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 mg/L for rice.
Be (beryllium) 0.10 Toxicity to plants varies widly, raning from 5 mg/L for kale to 0.5 mg/L
for bush beans.
Cd (cadmium) © 001 Toxic to beans beets and tumips 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 10 concentrations that may be harmful to humans.
Co (cobalt) 0.05 T'oxic 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 loss of availability of essential phosphorus and molybdenum.
Overhead sprinkling may result in unsightly deposits on plants, equipment and buildings.
Li (lithiumn) 2.5 Tolerated by most crops to 5 mg/L, 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 1o a few mg/L, but usually only in acid soils.
Mo (molybdenum 0.01 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 0.5-1.0mg/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 mg/L 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 planis; 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 toxicily 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 (10000 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 10 000 m3/ha per year. The values given are for water used
on a continuous basis at one site.
Source: FAO Guidelines, R.S. Ayers & D.w. Westcot (1985).

BEST AVAILABLE COPY
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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) () 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, for 8-10 days or equivalent
fodder crops, helminth and faecal coliform
Pasture and trees (e) removal
Localized irrigation None Not Not Pretreatment as required by
- of crops in category applicable applicable the irrigation technology,
C B if exposure of but not less than primary
workers and the public sedimentation.

does not occur

(2) 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 appropriate 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.

|
||
J

Sprinkler irrigation should not be used.

Source: Scientific group on health aspects of use of treated wastewater for agricultural and aquaculture-W . H.O.- Geneva 18-23 Nov. 1987.
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Table C-6

Chloride tolerance of some fruit crop cultivars and rootstocks.(a)

Maximum permissible
Cl in water
without leaf injury (b),(c)

Crop Rootstock or cultivar (mg/L)
Rootstocks

Avocado West indian 180

(Persea americana) Guatemalan 145
Mexican 110

Citrus

(Citrus spp.) Sunki mandarin, grapefruit
Cleopatra mandarin, Rangpur lime 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 Salt Creek, 1613-3 960
(Vitis spp.) Dog ridge 710
Stone fruit Marianna 600
(Prunus spp.) Lovell, Shalil 250
Yunnan 180
Cultivars
Berries Boysenberry 250
(Rubus spp.) Olallie blackberry 250
Indian Summer raspberry 110
Grape Thompson seedless, Perletie 460
(vitis spp.) Cardinal, black rose 250
Strawberry Lassen 180
(Fragaria spp.) Shasta 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.

(¢) The maximum permissible values apply only to surface irrigated crops. Sprinkler irrigation may cause excessive
leaf burn at values far below these, (see Table 3-10).

Source : FAO Guidelines, R.S. Ayers & D.W. Wesicot (1985).
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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 - 27 > 2.7

Toxicity (Specific ions which affect growth of crop)

Sodium (N a+)4 me/l <20 - -

Chloride (CIN)* me/l <4 4-15 > 15

Boron (B) mg/l <1 1-3 >3
Miscellaneous

Bicarbonate (HC03')5 me/l < 1.5 1.5-175 > 7.5

Nitrate-nitrogen (NO3-N) mg/l <5 5-30 > 30

Adapted from Neja et al. 1978.

Special management practices and favorable soil conditions are required for successful production.

Assumes that rainfall and extra water applied owing to inefficiencies of normal irrigation will supply the

crop need plus about 15 percent extra for salinity control.

4.  With overhead sprinkler irrigation, sodium or chloride in excess of 3 me/l 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 (HCO3) 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.

LI N -

Table C-8
PELATIVE SALT TOLERANCE OF VARIOUS CROPS AT GERMINATION!

Crop 50 percent
Emergence reduction
(ECe in dS/m)

Barley (Hordeum vulgare) 16 - 24
Cotton (Gossypium hirsutum) 15.5
Sugarbeet (Beta vulgaris) 6-12.5
Sorghum (Sorghum bicolor) 13
Safflower (Carthomus tinctorius) 12.3
Wheat (Triticum aestivum) 14 - 16
Beet, red (Beta vulgaris) 13.8
Alfalfa (Medicago sativa) 82 -134
Tomato {Lycopersicon Lycopersicum) 7.6
Rice (Oryza sativa) 18
Cabbage (Brassica oleracea capitata) 13
Muskmelon (Cucumis melo) 10.4
Maize (Zea mays) 21 - 24
Lettuce (Lactuca sativa) 11.4
Onion (Allium cepa) 56-75
Bean (Phaseolus vulgaris) 8.0

! Data taken from Maas (1984).

by
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Table C-9

Relative boron tolerance of agricultural crops (1), (2)

Very Sensitive (<0.5 mg/L)

Lemon Citrus Limon

" Blackberry Rubus spp.

nsitiv -0.75 mg/L

Avocado Persea americana
Grapefruit Citrus X paradisi
Orange Citrus sinensis
Apricot Prunus armeniaca
Peach Prunus persica
Cherry Prunus avium
Plum Prunus domestica
Persimmon Diospyros Kaki
Fig, Kadota Ficus carica
Grape Vitis vinifera
Walnut Juglans regia
Pecan Carya illnoiensis
Cowpea Vigna unguiculata
Onion Allium cepa
Sensiti (0.75-1.0 /L)
Garlic Allium sativum
Sweet potato Ipomoea batatas
Wheat Triticum castivum
Barley Hordeum vulgare
Sunflower Helianthus anraius
Bean, mung Vigna radiata
Sesame Sesamum indicum
Lupine Lupinus hartwegit
Strawberry Fragaria spp.
Artichoke, Jerusalem Helianthus tuberosus
Bean, Kidney Phaseolus vulgaris
Bean, lima Phaseolus lunatus
Groundnut/Peanut Arachis hypogaea

Moderately Sensitive (1.0-2.0 mg/L)

Pepper, red
Pea

Carrot
Radish
Potato
Cucumber

Capsicum crucum
Pisum sativa
Daucus carota
Raphanus sativus
Solanum tuberosum
Cucumis sativus

Moderately Tolerant (2.0-4.0 mg/L)

Lettuce
Cabbage
Celery

Turnip
Bluegrass, Kentucky
Oats

Maize
Artichoke
Tobacco
Mustard
Clover, sweet
Squash
Muskmelon

Tolerant (4.0-6.0

Lactuca sativa

Brassica oleracea capitata
Apium graveolens
Brassica rapa

Poa pratensis

Avena sativa

Zea mays

Cynara scolymus
Nicotiana tabacum
Brassica juncea
Melilotus indica
Cucurbita pepo
Cucumis melo

myg/L)

Sorghum
Tomato
Alfalfa
Vetch, purple
Parsley

Beet, red
Sugarbeet

Sorghum bicolor

Lycopersicon Lycopersic

Medicago sativa

Vicia benghalensis
Petroselinum crispum
Beta vulgaris

Beta vulgaris

Very Tolerant (6.0-15.0 mg/L)

Cotton
Asparagus

Gossypium hirsutum
Asparagus officinalis

um

(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, sotl 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. Wesicot (1985).



Table C-10

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 paradist)
Orange

(Citrus sinensis)
Peach

(Prunus persica)
Tangerine

(Citrus reticulata)
Mung

(Phaseolus aurus)
Mash

(Phaseolus mungo)
Lentil

(Lens culinaris)
Groundnut (peanut)
(Arachis hypogaea)
Cram

(Cicer arietirum)
Cowpeas

(Vigna sinensis)

Semi-tolerant(2)

Carrot

(Daucus carota)
Clover, Ladino
(Trifolium repens)
Dallisgrass
(Paspalum dilatatum)
Fescue, tall

(Festuca arundinacea)
Lettuce

(Lactuca sativa)
Bajara

(Pennisetum typhoides)
Sugarcane
(Saccharum officinarum)
Berseem

(Trifolium alexandrinum)
Benji

(Melilotus parviflora)
Raya

(Brassica juncea)

Oat

(Avena sativa)

Onion

(Allium cepa)

Radish

(Raphanus sativus)
Rice

(Oryza sativus)

Ryc

(Secale cereale)
Ryegrass, Italian
{Lolium multiflorum)
Sorghum

(Sorghum vulgare)
Spinach

(Spinacia oleracea)
Tomato

(Lycopersicon esculentum)

Velch

(Vicia sativa)
Wheat

{(Triticum vulgare)

Tolerant(2)

Alfalfa

(Medicago sativa)
Barley

(Hordeum vulgare)
Beet, garden

(Beta vulgaris)

Beet, sugar

(Beta vulgaris)
Bermuda grass
(Cynodon dactylon)
Cotton

(cossypium hirsutum)
Paragrass

(Brachicria mutica)
Rhodes grass

(Chloris gayana)
Wheatgrass, crested
(Agropyron cristatum)
Wheatgrass, fairway
(Agropyron cristatum)
Wheatgrass, fairway tall
(Agropyron slongatum)
Karnal grass
(Diplachra fusca)

Adapted from data of FAO-Unesco (1973); Pearson (1960); and Abrol (1982).

Source: FAO Guidelines, R.S. Ayers & D.W. Westcot (1985).
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Table C-11

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/1 0 - 2000 mg/l
Cations and Anions
Calcium Catt me/l 0-20 me/l
Magnesium Mgt+ me/l 0-5 me/l
Sodium Na*t me/l 0 - 40 me/l
Carbonate CO3-- me/l 0-.1 me/]
Bicarbonate HCO3" me/1 0-10 me/]
Chloride Cl- me/l 0-30 me/l
Sulphate SO04°- me/l 0-20 me/l
NUTRIENTS?
Nitrate - Nitrogen NO3 - N mg/t 0-10 mg/l
Ammonium - Nitrogen NH4 - N mg 0-5 mg
Phosphate - Phosphorus PO4 - P mg/l 0-2 mg
Potassium K+ mg/l 0-2 mg/l
MISCELIANEQUS
Boron B mg/l 0-2 mg/1
Acid / Basicity pH 1-14 6.0 - 8.5
Sodium Adsorption Ratio3 SAR (me/1)'2 0 - 15
1.  dS/m = desiSiemen/meter in S.1. units (equivalent 1o 1 mmho / cm - 1 millimmho / centimeter)

mg/l = milligram per litre ~ parts per million (ppm).

me/l = milliequivalent per litre (mg/l + equivalent weight = me/1); in SI units, 1 me/l = 1 millimol /
litre adjusted for electron charge.

NO3-N means the laboratory will analyse for NO3 but will report the NO3 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.

SAR is calculated from the Na, Ca and Mg reported in me/l.
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Table C-12

Crop tolerence and yield potential of selected crops as influenced by
irrigation water salinity (ECw) or soil salinity (ECe)

Yield potential (2)

100% 90% 15% 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 87 18 12 28 19
Cotton (Gossypium hirsutum) 7.7 5.1 9.6 6.4 13 84 17 12 27 18
Sugarbeet (Beta vilgaris) (5) 7.0 4.7 8.7 5.8 11 175 15 10 24 16
Sorghum (Sorghum bicolor) 6.8 4.5 7.4 5.0 84 S6 99 6.7 13 87
Wheat (Triticum aestivum) (4), (6) 6.0 4.0 7.4 4.9 9.5 63 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 33 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 47 9.1 6.0 13 8.8
Groundnut (peanut) 32 2.1 3.5 2.4 4.1 2.7 49 33 6.6 4.4
(Arachis hypogaea)
Rice (paddy) (Oriza sativa) . 0 3.8 2.6 5.1 4 72 4.8 11 76
Sugarcane 1.7 1.1 3 23 9 4.0 10 6.8 19 12
(Saccharum officinarum)
Com (maize) (Zea mays) 1.7 1.1 2.5 1.7 38 2.5 5.9 3.9 10 6.7
Flax (Linum usitatissimum) 1.7 1.1 2.5 1.7 3.8 25 5.9 3.9 10 6.7
Broadbean (Vicia faba) 1.5 1.1 2.6 1.8 42 2.0 6.8 4.5 12 8.0
Bean (phaseolus vulgaris) 1.0 0.7 1.5 1.0 23 1.3 3.6 2.4 63 42
Vegetable crops
Squash zucchini {courgette) 4.7 3.1 5.8 3.8 74 49 10 6.7 15 10
(Cucurbita pepo melopepo)
Beet, red (Beta vulgaris)(5) 4.0 2.7 5.1 3.4 6.8 4.5 9.6 6.4 15 10
Squash, scallop 3.2 2.1 3.8 2.6 4.8 3.2 6.3 4.2 9.4 63
(Cucurbita pepo melopepo)
Broccoli 2.8 1.9 3.9 2.6 5.5 3.7 8.2 5.5 14 9.1
(Brassica oleracea botrytis)
Tomato 2.5 1.7 3.5 2.3 5.0 3.4 7.6 5.0 13 8.4
(Laycopersicon esculentum)
Cucumber (Cucumis sativus) 2.5 1.7 33 2.2 44 29 6.3 4.2 10 68
Spinach (Spinacia olerucea) 2.0 1.3 33 2.2 53 35 8.6 57 15 10
Celery (Apium graveolens) 1.8 1.2 34 2.3 58 39 9.9 66 18 12
Cabbage 1.8 1.2 2.8 1.9 44 29 7.0 4.6 12 8.1

(Brassica oleracca capiiata)

Potato (Solanum tuberosum) 1.7 1.1 2.5 1.7 38 25 5.9 3.9 10 6.7
Com, sweet (maize) (Zea mays) 1.7 1.1 2.5 1.7 38 25 5.9 3.9 10 6.7
Sweet potato (Impomoea batatas) 1.5 1.0 2.4 1.6 3.8 25 6.0 4.0 11 7.1
Pepper (Capsicum annuum) 1.5 1.0 2 1.5 33 22 5.1 3.4 8.6 5.8
Lettuce (Lactuca sativa) 1.3 0.9 2.1 1.4 32 21 5.1 3.4 9.0 6.0
Radish (Raphanus sativus) 1.2 038 2.0 1.3 3.1 21 5.0 3.4 89 59
Onion (Allium cepa) 1.2 0.8 1.8 1.2 2.8 1.8 4.3 2.9 7.4 5.0
Carrol (Daucus carota) 1.0 0.7 1.7 1.1 28 19 4.6 3.0 8.1 54
Bean (Phaseolus vulgaris) 1.0 07 1.5 1.0 23 153 3.6 24 6.3 4.2
Tumip (Phaseolus vulgaris) 0.9 0.6 2.0 1.3 37 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 elongatum)

Wheatgrass, fairway crested 7.5 5.0 9.0 6.0 11 7.4 15 9.8 22 15
(Agropyron oristatum)

Bemuda grass 6.9 46 8.5 56 11 72 15 9.8 23 15
(Cynodon dactylon) (1)

Barley (forage) 6.0 4.0 7.4 4.9 9.5 6.4 13 8.7 20 13
(Hordeum vulgare) (4)

Ryegrass. perennral 5.6 37 69 46 8.9 59 12 8.1 19 13
(Lolium perenne)

Trefoil, narrowleaf birdsfoot (8) 5.0 33 6.0 4.0 7.5 5.0 10 6.7 15 10

(Lotus corniculatus tenuifolium)
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Table C-12 Continued

Yield potential

100% 90% 75% 50% 0%maximum (3)
ECe ECw [ECe ECw ECe ECw ECe ECw Ece ECw
Harding grass (Phalaris tuberosa) 4.6 3.1 59 3.9 7.9 5.3 11 7.4 18 12
Fescue, tall (Festuca elatior) 39 26 55 36 7.8 5.2 12 7.8 20 13
_Wheatgrass, standard crested 3.5 2.3 6.0 4.0 98 6.5 16 11 28 19

(Agropyron sibiricum)
Vetch, common 3.0 2.0 3.9 2.6 53 3.5 7.6 5.0 12 8.1
(Vicia angustifolia)

Sudan grass (Sorghwn sudanense) 2.
Wildrye, beardless 2

1.9 S.1 3.4 86 5.7 14 9.6 26 17
1.8 4.4 29 6.9 4.6 11 7.4 19 13

(Elymus truicoides)
Cowpea (forage) 25 1.7 3.4 23 48 3.2 7.1 4.8 12 78
(Vigna unguiculata)

Trefoll, big (Lotus uliginosus) 23 1.5 2.8 1.9 36 2.4 4.9 33 7.6 5.0
Sesbania (Sesbania exaltata) 23 1.5 3.7 2.5 5.9 39 9.4 6.3 17 11
Sphaerophysa 22 15 3.6 2.4 5.8 3.8 93 6.2 16 11
(Sphaerophysa salsula)
Alfalfa (Medicago sativa) 20 13 34 2.2 54 3.6 8.8 5.9 6 10
Lovegrass (Eragrostis sp.) (9) 2.0 1.3 3.2 2.1 50 33 8.0 5.3 14 93
Com (forage) (maize) (Zea mays) 1.8 1.2 3.2 2.1 52 3.5 8.6 5.7 15 10
Clover, berseem 1.5 1.0 3.2 2.2 59 39 10 6.8 19 13
(Trifolium alexundrinum)
Orchard grass 1.5 1.0 3.1 2.1 55 3.7 9.6 6.4 18 12
(Dactylis glomerata)
Foxtail, meadow 1.5 1.0 2.5 1.7 4.1 27 6.7 45 1279
(Alopecurus pratenis)
Clover, red (Trifolium pratense) 1.5 1.0 2.3 1.6 36 2.4 57 38 9.8 6.6
Clover, alsika 1.5 1.0 2.3 1.6 36 24 5.7 3.8 98 66
(Trifolium hybridum)
Clover, ladino (Trifoltum repens) 1.5 1.0 2.3 1.6 3.6 24 57 3.8 9.8 6.6
Clover, strawberry .5 1.0 2.3 1.6 36 24 5.7 38 9.8 66
(Trifolium fragiferum)
_Fruit crops (10)
Date palm (Phoenix dactylifera) 4.0 2.7 6.8 4.5 11 7.3 18 12 32 21
Grapefruit (Citrus paradisi) (11) 1.8 1.2 2.4 1.6 3.4 2.2 49 33 8.0 54
Orange (Citrus sinensis) 1.7 1.1 2.3 1.6 3.3 2.2 4.8 32 8.0 5.3
Peach (Prunus persica) L7 11 22 1.5 2.9 1.9 4.1 2.7 65 43
Apricol (Prunus armemaca) (11) 1.6 1.1 2.0 1.3 2.6 1.8 3.7 2.5 5.8 3.8
Grape (Vines sp.) (11) 1.5 1.0 2.5 1.7 4.1 2.7 67 45 12 7.9
Almond (Prunus dulcis) (11) 1.5 1.0 2.0 1.4 2.8 1.9 4.1 2.8 6.8 4.5
Plum, prunc (Prunus domestica) (11y 1.5 1.0 2.1 1.4 2.9 1.9 4.3 29 7.1 4.7
Blackberry (Rubus sp.) 1.5 1.0 20 13 206 1.8 38 23 6.0 4.0
Boysenberry (Rubus ursinus) 1.5 1.0 2.0 1.3 2.6 1.8 3.8 25 6.0 40
Strawherry {Fragaru sp.) 1.0 0.7 1.3 09 1.8 1.2 2.5 1.7 4.0 27

N
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Adapted from Maas and Hotiman (1977) and Maas (1984). These data should only serve as a guide to relauve
tolerances among crops. Absolute tolerances vary 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.

ECe means average root zone salinity as measured by electrical conductivity of the saturation extract

of the soil, reported in decisiemens per meter (ds/m) at 25C. ECw means clectical conductivity of the
irrigalion water in deci 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% water use pattern for the upper to
lower quarters of the root zone.

The zero yield potential or maximum ECe indicates the theoretical soil sahinity (IiCe) at which crop growth
ceases.

Barley and wheat are less tolerant during gennination and seedling stage : 1:Ce should not exceed 4 - 5 dS/m
in the upper sotl during this period.

Beets are more sensitive during genmination : [:Ce should not exceed 3 ds/in in the scedling area for garden
beets and sugar beets.

Semi-dwart, short cultivars may be less tolerant.

Tolerance given is an average of several varieties : Suwannce and Coastal Benmuda grass are about

20% more tolerant, while common and Greenfield Bermuda grass are about 20% less tolerant.

Broadleaf Birdsfoot Trefoil scems less tolerant than Narrowleaf Birdsfoot Trefoil.

Tolerance given is an average for boer. Wilman, Sand and Weeping lovegrass ; LLehman Lovegrass

seems about 50% more tolerant.

These dala are applicable when rootstocks are used that do not accumulate Na* and CI- rapidly or

when these ions do not predominate in the soil.

Tolerance evaluation is based on tree growth and not on yeild.

Source: FAO Guidelines, R.S. Ayers & D.W. Westcot (1983).



Table C-13
Summary of requirements of Jordanian
Standard 893/1994 for treated domestic wastewater.

Maximum allowable limit (mg/L)*
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 -
Cl2 0.5 (5) -
Phenol 0.5 -
TFCC MPN/100mL <1000 <1000 (6)
Intestinal nematodes <1 <1 (6)

* All units are in mg/L except where noted.

1
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Depends on degree of restriction (none, slight to moderate, or severe).

Depends on method of irrigation.

Conventional wastewater treatment plants.

Waste stabilization ponds.

This is a minimum limit of residual chlorine and it should be linked with total faecal coliform count.
FAQO and WHO guidelines and their amendments should be taken into consideration.

—- T T T



Y T T ™

Appendix D

Site Visit Photographs
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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.



Photo 6 - Loading area with spills on bare
ground.

Photo 5 - Loading area with spills on bare
ground.




Photo 7 -Spills in sulfonation plant. Drains
lead to waste collection basin.

Photo 8 - Sulfur debris and condensate in
sulfur melting room.
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Photo 10 - Open bags of sodium carbonate stroed outside on bare ground.
Area drains to wadi.



Photo 12 - Waste collection basin.



Photo 13 - Waste collection basin.

Photo 14 - Autoclave used to dissolve rock sodium silicate.
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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 (ES) 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 PP/WM 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 PP/WM 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 PP/WM, wastewater clean-up, and water conservation techniques that are
appropriate for the study facility. Audit documentation will consist of a background PP/WM
assessment paper and an audit evaluation report. This document is intended to serve as the
PP/WM 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 PP/WM 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 PP/WM 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.
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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 material 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 1 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 ot 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.

§]
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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 and/or 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: -
SO,0OH or -SO,H. Where the substitution involves an inorganic ion (e.g., chlorine or
fluorine) the general formula is represented by X-SO,OH. Where the substitution involves an
organic radical, the general formula is represented by R-SO,0H. 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.
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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:

e 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 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
(Kirk-Othmer 1983).
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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 ot a fatty acid with a ammonia
or an amine and have the chemical formula: R-CONH,, 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 slightlv 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.
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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.

e (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.

e 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 ot water.
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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
2080 1/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 1/sec. 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 1s 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 1/kkg 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 (TOC)

- 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.
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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.

l Pollutant | Reported Concentration

Oils and greases 0-3,400 mg/1
Suspended organics 0-30,000 mg/1
Dissolved and colloidal organics 100-12,000 mg/1
Surfactant organics 0-1,700 mg/]
Boron and borates less than 1 mg/l
Phosphates 25-1,000 mg/1
Dissolved inorganics 0-250,000 mg/1
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)
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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 tollowing 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

e 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.
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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, many 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 recvcled 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 ennhanced by the installation of
chemically assisted flocculation systems.

Glycerine removal can also be achieved by installation of surrace condensers and vacuum
extraction equipment. While this the initial capital cost for this tvpe of system is high,
glycerine recovery of up to 90 percent can be achieved. The pav back period for this system
1s 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 capital costs would
include construction of an accumulator tank for material storage and treatment for fat
recovery. 'These systems can achieve a reduction in raw waste .0ad 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 vary widely depending on
the type of waste being treated. A complete review of the tvpes of technologies used by the
industry is, therefore, beyond the scope of this paper. A brief overview 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 studies are provided below.

Chemical manufacturing facilities often utilize phvsical/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. [n plant trearment can include:
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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 settling 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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Pollutants Treatments

Free and emulsified 1. Gravity separation

oils and greases 2. Coagulation and sedimentation
3. cCarbon adsorption
4. Mixed media filtration
5. PFlotation

Suspended Solids 1. Plain sedimentation
2. Coagulation-sedimentation
3. Mixed media filtration

. Dispersed Organics 1. Bioconversion
2. Carbon adsorption
Dissolved Solids 1. Reverse osmosis
(Inorganic) 2. Ion exchange

3. Sedimentation
4. Evaporation

Unacceptable Acidity

or Alkalinity 1. Neutralization
Sludge obtained from 1. Digestion

or produced in 2. Incineration
process . 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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Pellutant and Methed

04l _and ¢rease
APl type separation
Carbon adsorption

Flotation

Mixed media filtration

Coagulation-sedimentation
with iron, alum or solid
phase (bentonite, etc.)

Sugpepded Solids
Mixed media filtration

Coagulation-sedimentation

C o] e d

Bioconversions (with final
clarifier)

Carbon adsorption
du Su d ds

sand or mixed media filtration

Risgolved solids

Efficiency (Percentage of Pollutant Removed)

Up to 90 percent of free oils and greases.
Variable on emulsified oil.

Up to 95 percent of both free and
emulsified oils.

Without the addition of solid

phase, alum or iron, 70-80 percent of
both free and emulsified oil.

With the addition of chemicals,

90 percent

Up to 95 percent of free oils. Effi-
clency in removing esmulsified
0ils unknown.

Up to 95 percent of free oil. Up to
90 percent of emulsified oil.

70-80 percent
50-80 percent

60-95 percent or more

Up to 90 percent

50-95 percent

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.

e T

&



TO REGENERATION

|

CARBON

¥ ADSORPTION
w
-
L
z
[+ 4
v
3
EQUALIZA- OIL & GREASE . | COAGULATION ] BIOCONVERSION SEDIMEN-
TioN REMOVAL SEDIMENTATION TATION
w
Q SLUDGE - RECYCLE
SLUDGE & 2
oIL ouUT SLUDGE .
SLUDGE CONDITIONING | '
X > AND IL
DISPOSAL

!

GREASE & OIL RECOVERY

~Nd
BRINE 3
FROM g
REGENERATION s
REVERSE ﬁ
OSMOSIS FINAL °
— ————
ION EFFLUENT m
EXCHANGE =
S
Qo
B
FFLUENT &
E =
77
SAND OR -3
MIXED MEDIA =]
FILTRATION =
Q
=
wn
[=3
9
e
@)
WASTE
0
w)
=
3
e
=

(From: USEPA. Development Document for Soap and Detergent Manufacturing. 1974)

5-8

21



NS

ol

8-S

]

3ASVYM - 390NTS

AHIA0D3IH NO ¥ ISY3YO

NOILVYHLS
YIQIN GIXIN <€ .zu“-_w(w%
HO AONVS
AN3N443

TIVYsSOdsia
ANV — dﬂ
ONINOILIONOD 39aNTS
» N0 1o
m 7 390Nn1s
370A234 - 390N1S 3
NOILVAN3IWNIAQIS NOIL
. TYAONIY 1svm
NOISHIANODOIE NOLLTIOVEO 25vaus ¥ 110 vzivnos - e
i

(PL61 "Surmpvfruvpy madia1aq puv dpo§ 10f 1uaundo(q mMawdojaAdq "YJdAS WoL)
JUAUI)BIL], ISEAA 0] J93YS MOL] ansodwio) ¢-g NqMxy

IONVHIX3
AN3N1443 NOI NOILdYOSAY
v SISONSO NOBYYD
ISUIAIY
NOILYHINIDIY
f Wou4

NOLLYHINIDIN OL

JLVNYHILTVY



6.0 BIBLIOGRAPHY

General Pollution Prevention and Waste Minimization:

U.S. EPA. Guidance Manual for Developing Best Management Practices (BMP). Office of
Water, United States Environmental Protection Agency. EPA 833-B-93-004. 1993.

U.S. EPA. 1993 Reference Guide to Poliution Prevention Resources. Office of Pollution

Prevention and Toxics, United States Environmental Protection Agency. EPA/742/B-93-001.

1993.

U.S. EPA. Facility Pollution Prevention Guide. Office of Solid Waste and Risk Reduction
Engineering Laboratory, United States Environmental Protection Agency. 1991.

U.S. EPA. Waste Minimization Opportunity Assessment Manual. Hazardous Waste
Engineering Research Laboratory, United States Environmental Protection Agency.

EPA/625/7-88/003. 1988.

Overcash, M.R. Techniques for Industrial Pollution Prevention. Lewis Publishers.,
Chelsea, MI. 1986.

Chemical Manufacturing Industry:

Dorfman, M.H., et al. Environmental Dividends - Cutting More Chemical Wastes. Inform,
Inc., New York. 1992.

Tillman, J.W. Achievements in Source Reduction and Recycling for Ten Industries in the
United States. SAIC Report prepared for Risk Reduction Engineering Laboratory. United
States Environmental Protection Agency. 1991.

U.S. EPA. Development Document for Effluent Limitations Guidelines. New Source
Performance Standards and Pretreatment Standards for the Organic Chemicals and the
Plastics and Synthetic Fibers Point Source Category - Vols. I and II. Industrial Technology
Division, United States Environmental Protection Agency. October 1987.

Sittig, M. Organic and Polymer Waste Reclaiming Encyclopedia. Noyes Data Corporation,
Park Ridge, NJ. 1981.

U.S. EPA. Development Document for Proposed Effluent Limitations Guidelines, New
Source Performance Standards, and Pretreatment Standards for the Inorganic Chemicals
Manufacturing Point Source Category. Office of Water and Waste Management. United
States Environmental Protection Agency. June 1980.

Ia—— ] D i o - e -



Cavaseno, V. Process Technology and Flowsheets. Prepared for Chemical Engineering,
McGraw-Hill, New York. Undated.

Sulfur Chemical Industry:

Kirk-Othmer Encyclopedia of Chemical Technology. Third Edition. Vols. 2, 20, 22. John
Wiley and Sons, New York. 1983.

U.S. EPA. Development Document for Effluent Limitations Guidelines and New Source

Performance Standards - Soaps and Detergents Manufacturing Point Source Category.
United States Environmental Protection Agency. EPA Report No. 440/1-74/018-A. April

1974.

T T - -

1V



Appendix F

PP/WM Background Report



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:

CH3
+ H2S04 + H20
~S03H
+ NaOH — g + H20
S03Na

The process is 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
FQOS 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 weight 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 21E1, and the liquid is settled in 21V2; the upper-

phase, toluene, is recycled into the reactor while the reaction

water is 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
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while the toluene is collected into V102,

The neutralization takes place in the same reactor 21R1.

The caustic soda solution, stdchiometric required, is slowly
fed into 21R1, 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 ageing time, the product is cooled and dis -
charged into 21V1; then it is continuously fed by 21P1 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.

<o
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B - DRYING SECTION (see Dwg.1171.10.008)

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 aqueous solution, into the
surge tank 21V1 and it is fed, by means of the high pres-
sure pump 21P1, into the drying tower 21AT1, 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
H201, where its temperature is controlled diluting the
combustion gases, coming from the burner, with fresh air,

blown into the heater by the fan 21K1.

The combustion air, fed by the fan 21K2, and the fuel
0oil are sent to the burner 21H1 at fuel/air ratio, ma -

nually controlled.

../5



The dry product, carried by the air, leaves the tower
from the bottom and is sent into the cyclone 21S1 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

BLL AL ot uaunl



the exact weight.

The bag is then discharged on a belt conveyor and

seamed.

EXM/Process Department
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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

( CH30Na
R - ¢ _ OH + NH2-CH2-CH2-OH4 - R-C-NH-CH2-CH2-0H + H20

ii) = via methylester

;9 CH3ONa
R - (- OCH3 + NH2-CH2-CH2-OH 4 » R-C-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.
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The reaction is carried out batchwise into the reactor 21R1.

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 evéporation of the
by-product of reaction, is performed by the liquid ring

pump 21P4.

The water evolved, is condensed in 21El1 with cooling water
and collected into 21V4.

When methylesters are processed;, methanol is evolved, conden-
sed with low temperature brine, collected into 2i1V4, and sent

to the b.l1. by the 21P3 pump.

When the reaction has taken place, the product is discharged
into 21V1, and it is transformed by the 21P1 pump to the fee-
der of the flacking machine 21X2; the produét 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 21NT1 to the bagging unit.

If the product discharged from the reactor is liquid atroom

temperature, it is sent directly to the storage.

ENM/Process Department
pl1/30/8/84
DOC.168/84
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Customer: JORDAN SULPHOCHEMICALS CO.
Project: 1171
Job: 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 21P1 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
furnaée 21H1.

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 21V8, 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 combinéd 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 21H1 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 m3 tank for gasoil
in the same area as that for heavy fuel.

The burner will be supplied for 250000 Cal/h.

The maximum estimated consumption is 20 kg/h of gasoil.

GR/gez/cf .
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NALCO WT-326

Microorganism Control Chemical

PRODUCT BENEFITS

PRINCIPAL USES

DESCRIPTION

FEEDING

Exp.Mki-11.91 (Pac-WIE)

Effective slime and algae control- works in hard-to-control systems.
Penetrating dispersing formulation - penetrates and removes slime
deposits.

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 WT-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-326isa water soluble, low

cationicity biocide. It is unique in that it does not interfere with /

anionic dispersants. W/
NALCO WT-326 is biodegradable and does not contain heavy metals.

160070 SO colorless
Density at 20 °C....... 0.97-0.98 g/cc (spec)
Viscosity at 20° C................... 10 mPas
pHassuch........ooooeeeiiiiiiiiin, 7.2
Flash point........cccoevevnienennnnen. 33° C
Freeze point.........ccococveninenenn. -7° 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 WT-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 tor this product are not tn be considered as quality control specifications
unless indicated. -

Cont'd
NALCO ITALIANA S.p.A.
VIALE DELL'ESPERANTO, 71 -.00144 ROMA
NALCO TEL. (06} 55471 - TELEX 610663 NALCO | Mod. BTE 7 04-91
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PRINCIPAL USES

TYPICAL DATA

FEEDING

HANDLING

DOSAGE

CONTROLS

SHIPPING

STORAGE

EXP.MKT. 05.92 (Pac-WOB)

NALCO ITALIANA S.p.A.
ISO 8001 Quality Certified Company for products and services

NALCOBWT-S127TNL _ ___ \/
( Speczﬁc Muquunctwnal ﬁeaMemfor Low Pressure Bode\m/\

i
1
!

- NALCO BWT-5127-N.L is a liquid product for the treatment of low

pressure boilers.

- NALCO BWT-5127-N.I. is wal formulation of organic anti-
scale agents (Patented) together with_specific oxygen smvengers and
antifoams. i

_antifoan

NALCO BWT-5127-N.I. assures a high standard of cleanlmess on heat

exchanging on surfaces, a complete corrosion inhibiting action in the

/Fmﬂer’and*avmds carryover of boiler water into the steam.

[600) [+ S N none (spec)
101 1) IS .none
2063 1 11 DN liquid
Specific weight at 20°C............. 1.08-1.09 (spec)
Viscosity at 20° C.....oovveernenienninnnens 4.0 mPas
PH as SUCh ..cvveniniiiiiiiiiiiiiniiienciieinenes 5.5
Flash point........... ieesrenenesanns ST > 65°C

NALCO BWT-5127-N.1. 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-BWT-5127-N.I. present in the
boiler water can be analized through the NALCO BWT CONTROL
TEST KIT available through Nalco Italiana.

BWT-5127-N.1. is normally shipped in non returnable plashc drums
containing 50 kgs net.

Properly stored in the original drums the product has a sheff life of
more than one year.

Physical data reported are notlo be considered as quality control specifications unless indicated.

NALCO ITALIANA S.p.A.

,l VIALE DELLU'ESPERANTO, 71 - 00144 ROMA
TEL. (39) 6 54207.1 - TELEX 610683 NALCO |

NALCO FAX (39) 6 54287300 Uad OTT snC DD

IR N W T

1
¥
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NALCO TRI-ACT 1820
CONDENSATE CORROSION INHIBITOR

PRODUCT BENEFITS -

PRINCIPAL USES

GENERAL
DESCRIPTION

HANDLING

STORAGE

Exp.Mkt-05.92 Pac-2F, WOB
Replaces Ed. 10.91

Provides effective neutralization of acid-forming gases, such as C02

in initial, middle, and extended areas of a oomplex condensate

system.

Effecnvely reduces condensate system mamtcnance costs and
minimizes the potential for boiler tube failures caused by metallic
corrosion products in the returned condensate. :

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 hght yellow (spec)

pH (as such) ............... 12.0-13.0 (spec)
Freeze point........cccocvvevinennnne. -2°C
Flash point............... ereereneaen 55°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

Physica! data reported for this product are no: to be considered as quality control specifications
unless indicated

,I NALCO ITALIANA S.p.A.

VIALE DEL ESPERANTO, 71 - 00144 RIMA
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TYPICAL DATA
EESDING

HANDLIN

SHIBRING

for ‘inaustrial =ocling waters fcrmulated with.

polymer-type dispersant. agents, = scale

inhibiters and sarrosion inhibitors. By .

centrelli:ng . salts deposition, NALCO .'D-4660
maintains the designed water floaws and the

proper Heat transfer co-eff1c1ents in the heat

sxchangers.

Appearance...|a f.ooo.oollA.ICQOIOQ.Qa]e ]TQU"Q
Spegitic gnav1t/ ~{ao" Yeovvtnasseraraasne st 080

Viscps1ty {20* CJ.,....................... cps

pH l00.00looit..ll.llqlc-hbod0....-0-000..2!0

Freezo POINT..cierviressrtonansnirnrses 3

h]ash "J]ntclnaolvovtllll.l'otoool..l!"O'l.none

NALSO 5-4660 can be ted neat dirécc]y from <he
arum, <=r can be water dilutad—ar dilutions up,

Yo =

Stainless steel or equivalent corresion-
resistane  eguipment ohould Bo ucod in pumpxng_‘

. NALCO D-4660 as neauv proguct. '~ .

No SDGC!&] precaut'ons ar= nBCGSS&FY. Avoid

prolongsd contact ‘with skin and .zlothing, In
casg oF contact. flush with planty of watsr,

09. |ncn  raks interna 1yl This aroduct 13”'

nccndcc Sar 1nduatr1al app11cat'"n onlj.
L
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: f
cT FITS - NAL»O 0-4560 js-"effectiva in preventing all .-
: i types of scaling salts. dep051tlon and 1in
. i-eentrolling vorrosuon..‘ & ’
= NALCC 0-4660 i r351stant -t time,.- .-,
;;.temperature. .hlorine and pH- fluctuat1ons.
i .
PRINCIPAL USES 1‘NALw0 J-4660 is a mu1t1functlonal stabili.cr

) pgnds ypeon ‘he - va )t/ of the prcblem. ,
1Eo "apresentat ve Wil hg]a ‘se!g?t the .
cpher doaage, - ,!Ar;i_ _ q .Lf

'
~D-4660 is hﬁb'ac tn“ aon- Pt rnapls
:-;?;u Jdrums. ,chf RS nat, -
Fp”OmmEﬁ“a“ r-fﬁan s?rrsga Cime s EﬂF_’earf,
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Bulletin

NALCO
,l WT-326
‘ Microorganism Control Chemical

NALCO

R

PRODUCT BENEFITS - Effective slime and algae control- works in hard-to-control systems.
* : - Penetrating dispersing formulation - penetrates and removes slime
deposits.

PRINCIPAL USES 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 WT-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.

DESCRIPTION NALCO WT-326isa 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.

L600) () SO colorless
Density at 20 °C....... 0.97-0.98 g/cc (spec)
Viscosity at 20° C................... 10 mPas
il & pHassuch.................ooili. 7.2
Flashpoint.................oiil. 33° C
Freeze point............cc.cooeienene. -7° C
FEEDING 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 WT-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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GUR REF ¢ 1/S/Gal DT D, A/

YR REF : YR OFFER DT 18/E/9Z

SUL SUFFLY OF SUGHERSIBLE PuMe. -

RE ABV SUB,

REGRET TO
FOR INSTALLATION IN OQUR FACTORY QUE TO TECHNICAL RIASONS

INFORM YQU THAT OFFEZR Pusis IZ

YOU’' RE REQUESTED TO QUOTE FOR A NEW ONE AS FOLLOWE:-

2 SUPPLY OF TWO COMPLETE SUSMERSIBLE PUMPS AND
Twa SEPERATE MOTORS AS S7nRES.

NOT SUITABLE
- HOWEVER

1~ SUPPLY
22— CAPACITY
3- PUMP PARTS

20 M3/7HR MIN AT 400r HEAD |

4-- MOTORS

5- PRICE

&— DELIVERY
7 VALIDITY
&- PAYMENT

: To BE SUITABLE FOR HIGH T.D.S AND 7.210IC HOT
HA&TER .
ELECTRICAL SUBMERSIBLE toTOR OF ARCUND 45 E.WT,
E46 VOLTS 4 3 PH 50 CY. GORKABLE In HOT WATER,
OR WITH HEAT EXCHANGER ©O ARGUND C.37 HMZI.

: PRICE T0O READ C+F GUR FAITURY.

:oPLS INDICATE SHORTEST PEAIGD FOil BOUIVERY.

OFFER To BE

¢ PLE INDICATE

VAELTD FOR L 5 dTH.
PAYEENT TEwoL.

9- WATER QUALITY: ’
- TURBLDITY (NTV) i «1.4
~ COLOUR-HAZEN LESS THAR 5.
~ CONDUCTIVITY : 2600 AT 25 DEG. Cind ‘
- PH 2 6.5 :
- TOTAL ALBALINITY: 255 POM. |
- FREE CARBON LIGXIDE: 26 PEM. 3

~ BICARBONATL

- SULPHATE
~ CHLORIDE

2686 PPHL
443 FPM.
656 PPH.

- NITRATE 1 PPM.
- SILICA 13 PRM.
- CALCIUM L4 PPM.
- MAGNESIUM Ta4 FPM.
- 50DIlun 08 PPM.
POTASSIUM 51 FPM.
= IRIN - TGYAL FE 10 PPHM.
~ IRON IN SGLUTIOM : LESS D.05 PPRE.
= MANGANESE : DL PPl
= FREE AMMONIA ¢ 0.04 PAM.
= PERMANGANATE VALUE:
OPTICAL MEASUAREMINT 02 = Q.11 Piti.
= TOTAL HaRLHESS 708 PP,
= MARLUESS Alwaclos IeS PR
HARGNESS Nor AutaLiin 0 4490 .
FLLHOTE THAT Lo v UE o0 o 15 cul T G folnoThE
“aTER,
HITOWARRANTY ¢ PO LLULOATED alsadie Pr 3 ) =
DT el o ia T bl Tl i
WITH WATOR SPOCiilCcaTion . L il
T T

i
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