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EXECUTIVE SUMMARY

Development Alternatives, Inc (DAI) under contract with the Umted States Agency for
International Development (USAID) 1s performung an Industrial Wastewater Discharge
Prevention Program (IWDPP) in Amman, Jordan This Program 1s one of the four
components of the Water Quality Improvement and Conservation Project (WQICP) funded
by USAID The program 1s being performed by DAI with full coordination between the
Munsstry of Water and Irmgation (MWI) and the Amman Chamber of Industry (Chamber)
Harza Consulting Engineers and Scientists (Harza), Chicago, United States (U S), was
retained by DAI to lead the IWDPP Royal Scienufic Society (RSS) of Amman, Jordan was
selected as a local consultant to assist Harza with the IWDPP This program includes
conducting the Pollution Prevention/Waste Mimmzation (PP/WM) audits, Feasibility
Studies (FS), and designing demonstration umts at selected industrial facilities

Based on a ranking methodology, the PP/WM commuttee selected ten industnes with
potential needs for PP/WM audits One of these industries 1s the potash industry The
Harza/RSS team conducted an audit of Arab Potash Company (APC), representing the

potash mdustry, as the first step of the INDPP This report summarnizes the results of the
audit

POTASH MANUFACTURING PROCESSES.

The umt operations for potash production at the APC facihty are prnmanly solar
evaporation, sodium chloride deposition, and carnaliite harvesting followed by potash
refining The refinery process consists of removing magnesium chlonde and sodium chlonde

to produce potash followed by crystalhzation, dewatering and drying of the final potash
product.

The APC has recently developed a new process to produce potash through extensive
research and pilot studies High quality carnallite 15 produced and 1s directly used to
produce potash by the cold crystalhzation process This process 1s operated under ambient
temperature and requires considerably less energy compared to the hot brine leaching
process currently used by the company

AUDIT

The facihity aundit was conducted on August 13th and 14th of 1994 The APC staff and audit
team members toured and inspected the faciity Due to the complexity of the overall
process and water management, several speafic details remained unanswered during this
two-day audit visit To assist APC staff, the audit team developed a supplemental
questionnawre, and Dr Musa visited the facilify again on August 21st and 22nd
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AUDIT FINLINGS

The information collected dunng the APC facihity audit through extensive personnel
mterviews, meetings and discussions with APC staff, site observations, and technical data
provided by APC staff was compiled and thoroughly reviewed Our findings are as follows

Water Usage and Balance

The faciity uses fresh water for two purposes the first as a raw matenal to produce potash
(process water), the second as non-process related water for domestic purposes, including

washing, equipment flushing, pump seals, umigation, and makeup water 1n the power plant
and cooling tower

The fresh water 1s obtamned from groundwater wells and surface water The surface water
1s collected 1n the form of run-off from the areas m the viciuty of the APC facility

The key feature of the overall water usage is that the major portion of the fresh water 1s
used for the potash production and lost through evaporation About 73 9 percent of the
total fresh water 15 consumed for process purposes The remaimng 26 1 percent of the total
fresh water 1s used for non-process purposes

The major non-process related water consuming sources are

In-Plant Floor Drains and Washwater,

Pipes and Pump Packing Flushing 1n the Carnalhite Area,
Township Water Supply, and

Power House Makeup Water

Wastewater Discharges

The following discharges from the APC facility are considered wastewater discharges

Intake Pump Station Flushing Water 8 m*/hr
Facility Floor Drains, Washwater, etc. 70 m*/hr
Sewage Treatment Plant Effluent 30 m*/hr

The intake flushing water 1s discharged to the Dead Sea. All facility floor drams,
washwaters, leaks and spills, are discharged to the Truce Line Flood Channel (TLFC)
through a sewer The sewage treatment plant effluent, after biological treatment, 1s
discharged to a nearby dry creek where 1t 1s partially evaporated, partially used by natural
vegetation and partially percolated through the subsurface soil



Arr Emssions

The potential for particulate emussions exists durnng drying, screeming, and bagging
operations All other processes are carried out 1 hiquud phase Particulate emussions
therefore, should be mimmal

Samtary lagoons and the sewage treatment facihity are other sources of air emissions from
which certain orgamic compounds can be volatilized and odor could be a problem
However, due to 1solated locations of both of these facilities, the and environment, open

atmosphere, and their relatively small size, volatile organic emussions and odor may not be
a problem

Solid Wastes
The sources of solid wastes are

o Sodium chlonde salt pile (tailings),

L Sludge 1n the samitary lagoons,

® Shudge from the sewage treatment facility, and

L Sludge accumulated in the on-site run-off and spill storage pond

Storm Water Management

On-site storm water 1s collected 1n a poad which 1s also used to store accidental pipe line
leaks and spills Apparently, the water 1s not reused, but gets evaporated and sludge
accumulates 1n the pond. For the on-site storm water, there techmcally 1s zero discharge

Data Gaps

Data gaps exist in water quality and water quantity measurements No data are available
on wastewater and sludges quality or quantity Fresh water 1s momtored primanly where
used for processing purposes Non-process related water usages are not momtored

PP/WM AND WATER CONSERVATION OPPORTUNITIES

Based on the audit findings, several PP/WM and water conservation opportunities were
identified They are bnefly presented below

PP/WM Opportumties

Floor Drams. These high volume discharges appeared to be resulting from not properly
controiling washing, cleaning and wrrigation operations Good housekeeping and employee
awareness of the importance of PP/WM and water conservation play an important role in
reducing water consumption in areas where no controls exist Developing protocols, traiming
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employees to use less water, and providing incentives for those '/ho follow water
conservation measures are some of the key factors i reducing waste generation, water
consumption, and pollution The key to common sense PP/WM 1s getting people to pay
attention to reducing waste generation when and where 1t first occurs

Other options are

Reduce spills, overflows, and leakages, by good housekeeping and planned
preventive maintenance

Collect all floor drains, pump flushing water, and floor washings 1 a tank(s)
and momtor the flow after each application Let the employee responsible for
cleaning also be responsible for momtoring how much water 1s used per event

Install flow meters to monitor each water usage and record water volume for
each application

The APC has a dry vacuum system 1n place They should maximize use of
this system

Eliminate the caunse of spillage

Sweep up dnied matenal

Use tumer controlled valves for controlling washwater

Utihze water saving equipment as much as possible Different types of water
saving equipment mclude flow regulating device, flow shut-off valves, nozzles,
overflow preventors, etc.

Provide dikes, berms and secondary containment for all storage facihities and
operating areas Collect all floor dramns by implementing properly designed
drain collection system.

Provide additional capacity to store floor drains and leaks, if necessary

Recycle and reuse all wash water efficiently as many times as possible before
1t 1s finally discharged to the flood channel in the form of hmmted blow down

The above measures should reduce drainage wastes volume discharged to the flood channel

To further reduce the pollution load to the TLFC, the dramage wastewater would probably

require treatment to remove suspended soils, possibly adjust pH and remove metals
Occasionally floor drains could contain oils and organics

E4
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Sewage Treatment Plant Sludge and Effluent To control the water use, meters should be
installed for all water users to 1dentify heavy water users The water use can be minimized
using aerated shower heads, devices that control the water flow but provide the same pleasure
of high flow shower heads Toilets can be modified to control the flush water volume by
providing a partittion and adjusting the float height Drip or trickle irrigation techniques can be
used to urngate gardens All plumbing, faucets, and other outlets can be checked routinely and
repaired to prevent leaky pipes, valves, and faucets

The sewage treatment influent and effluent must be momitored for their quality and quantity by
installing metering and sampling devices

In addition, APC should design and construct a properly lined containment area with leachate
and gas collection systems for sewage treatment plant sludge  Alternatively, the sludge can be
dried using sludge beds, and dried sludge can be used as fertilizer if 1t meets appropnate
standards for smtable applications

The APC should also imnstall groundwater momitoring wells at the effluent and sludge disposal
locations to monitor underlying aquifers currently used to supply potable water to determine 1f
they are impacted by the sewage treatment plant effluent discharge or leachates from buried
sludge Such monitoring should continue as long as facilities are 1n operation

The available maps show that the drinking water supply for the Township 1s provided by wells
located withm 2,500 meters of the Township location It s, therefore, important that the sewage
treatment plant effluent disposal 1s managed carefully and prudently to prevent groundwater
contamination Remediating contaminated aquifer can be costly

Samitary Lagoons & Storm Water Pond: Increase dike heights for storm water pond and
sanitary lagoons to prevent washouts during heavy storms

Tailing and Waste Brine: The APC should explore and mstall tailings and waste brine
processing facilities to manufacture other chemicals, if profitable

Evaluation of Local Hydrogeology As part of the overall PP/WM strategy, APC should
conduct studies to evaluate and understand local hydrogeology 1n the Lisan formations A better
understanding of the local hydrogeology will assist APC in the long term to manage wastewater
discharges prudently by using appropriate treatment, storage, and disposal methods while
monitoring underlying aquifers

Water Conservation Potential
Water conservation opportunities, mn addition to those currently practiced by the APC facility,
still exist These opportunities are discussed below It should be noted, however, that any

aspect of water conservation should be weighed against 1ts benefits and associated costs Any
water conservation measure which results 1n cost savings and directly affects pollution, (1 e ,
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prevents it from occurring) should be implemented first to protect the environment The
measures discussed below should be reviewed bearing in mind the above philosophy In
addition, further engineering studies will need to be performed to determine the feasibility of the
measures prior to implementation

Process Water Category

1 The APC should explore the feasibility of replacing the whole or portion of the current
hot leach process by the cold crystallization process to reduce fresh water requirements

2 The APC should continue to look for innovative process approaches to reduce the water
consumption without affecting the product quality

3 Addinonal thickeners should be used to manage increased water and recoverable potash
flow from carnallite ponds, thus reducing water wasted to the sewer

4 The APC staff should carefully momitor and evaluate all process water usages and
optimize them to attain additional water savings, 1if feasible

Non-Process Water Category: It should be noted that APC currently reclaims and recycles
about 140 m’/hr of water from boiler makeup water treatment system wastes, scrubber water,
and other non-process related water However, additional opportunities exist to conserve non-
process water The primary areas are

1 Floor drains and wastewaters Follow the PP/WM measures as described for
floor dramns and domestic water supply

2- Pipe flushimmg water To reduce water consumption for pipe flushing, explore
opttons such as double walled pipes with heating mechanism to avoid
crystallization, early warning device installation, use of mobile tanker truck,
mstallation of mechamcal scrapper device and increasing brine velocity Any
combination of such options will be more effective

3 Pump packing flushing water Pump packing flushing water can be reduced by
changing the pump type, heating packing material or switching to brackish water

4 Domestic water supply to the Township The domestic water usage can be
reduced as discussed earlier by reducing water usage for shower, toilets, and
gardening and preventing leaky pipes, faucets, etc
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5 Sewage Treatment Plant Effluent The treated sewage treatment plant effluent
can be further treated as necessary and recycled and reused to flush intake pump
station, to makeup cooling water losses and for irrigation thus reducing fresh
water usage

6 Power house makeup water Power house makeup water can be reduced by
modifying reverse osmosis (RO) process to a 2 or 3 stage RO process

7 Brackish water and storm water The APC has invested about 20
million dollars 1n 1nvestigating and installing wells to recover
brackish water to replace current fresh water use The prject 1s
nearing completion When complete, resulting brackish water will
replace about 85 percent of the fresh water In addition, storm
water can be collected and used with suitable treatment, if
necessary According to APC staff, as much as 85% of the fresh
water can be replaced with the brackish water

With the current brackish water project near completion, the APC anticipates saving as much
as 628 m’/hr or 62 8 percent of the total current fresh water usage of 1,000 m*hr Iff
recommended PP/WM and water conservation measures are evaluated and implemented, if found
to be feasible and cost effective, the APC should be able to save an additional 196 m>/hr fresh
water The attached table summarizes the suggested operation changes and water conservation
opportunities with and without the current brackish water project

RECOMMENDATIONS

To achieve PP/WM and water conservation objective, our recommendations are

1

2

Implement PP/WM and water conservation measures discussed above

Study and evaluate aquifers for a long term supply of brackish water to replace fresh
water Consult with MWI and WAJ staff Cooperative efforts will result i findmg
brackish water supply locatiens which are economically attractive to APC

Develop a PP/WM and water conservation policy as part of the APC management
operating philosophy and distribute 1t to all departments

Implement the policy through specific goals and targets

Make 1t each person’s responsibility to identify PP/WM and water conservation
opportunities

Designate a PP/WM and water conservation coordinator to effectively implement this
program
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5 Sewage Treatment Plant Effluent The treated sewage treatment plant effluent
can be further treated as necessary and recycled and reused to flush intake pump
station, to makeup cooling water losses and for mumgation thus reducing fresh
water usage

6 Power house makeup water Power house makeup water can be reduced by
modifying reverse osmosis (RO) process to a 2 or 3 stage RO process

7 Brackish water and storm water The APC has invested about 20
million dollars in investigating and installing wells to recover
brackish water to replace current fresh water use The prject 1s
nearing completion When complete, resulting brackish water will
replace about 85 percent of the fresh water According to APC
staff, as much as 85% of the fresh water can be replaced with the
brackish water In addition, storm water can be collected and used
with suitable treatment, 1f necessary

With the current brackish water project near completion, the APC anticipates saving as much
as 628 m*/hr or 62 8 percent of the total current fresh water usage of 1,000 m*hr Iff
recommended PP/WM and water conservation measures are evaluated and implemented, 1f found
to be feasible and cost effective, the APC should be able to save an additional 196 m>*/hr fresh

water

The attached table summarizes the suggested operation changes and water conservation

opportunities with and without the current brackish water project

RECOMMENDATIONS

To achieve PP/WM and water conservation objective, our recommendations are

1

2.

Implement PP/WM and water conservation measures discussed above

Study and evaluate aquifers for a long term supply of brackish water to replace fresh
water Consult with MWI and WAJ staff  Cooperative efforts will result in finding
brackish water supply locations which are economically attractive to APC

Develop a PP/WM and water conservation policy as part of the APC management
operating philosophy and distribute 1t to all departments

Implement the pohicy through specific goals and targets

Make 1t each person’s responsibility to identify PP/WM and water conservation
opportunities

Designate a PP/WM and water conservation coordinator to effectively implement this
program
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7 Publicize success stories and reward employees that identify cost-effective PP/WM

opportunites
8 Train employees on aspects of PP/WM and water conservation that relate to their jobs
9 Perform a periodic assessment of PP/WM and water conservation by key management

personnel, coordinator, and independent experts

10 Show management commitment through above actions and remforce the policy through
meetings and company functions

11 Let the company "Mission Statement” include "Better Product through Environmental
Protection and Water Conservation”

RECOMMENDATIONS FOR ITEMS FOR FEASIBILITY STUDIES
We recommend that the following items be considered for feasibility level studies

. Sewage treatment plant effluent treatment and reuse for cooling tower
makeup and intake pumping station flushing

. Installation of selective flow monitoring and controlling devices at some
critical process water application locations and at selected Township
residents to evaluate their impact

® Installation of double walled heated pipe with early warning system and
mobile trailer truck system for pipe cleaning

Data developed through the feasibility studies can be used for designing demonstration units for
field testing

E-8




Summary of Suggested Options Changes and Water Conservation Opportunities

Currant Frash Potantial for Projected Fresh
Item Water Use Conservation Water use Suggested Measures
m?/hr m3/br (1) m?3/hr
1 Washwater, 70 63 7 1 Good housekeeping
Drains 2 Tighter controls
3 Use brackish water
4 Recycle and reuse
5 Use of water saver equipment
2 Pump Packing 60 60 0 1 Use of brackish water
Flushing
3 Township 30 15 15 1 Better management
2 New techniques
3 Tighter controls
4 Pipe Cleaning 30 24 6 1 New techniques
2 Better management
5 Power House 2b 14 i 1 Process modification
Makeup 2 Better preventative maintenance
6 Irnigation 3 2 1 1 Reuse of treated domestic waste-water
7 Process 739 628 (0)* 111 1 Use of brackish water
8 Potable Water 10 0 10 None
9 Sanitary 10 3 7 1 Use of water saver equipment
2 Public awareness
3 Tighter cantrol
10 Intake Cleaning 8 8 0 1 Use recycled treated domestic
wastewater
11 Cooling Tower 15 7 8 1 Use recycled treated domestic
Makeup wastewater
1,000 824 (196)* 176
Note (1) The figures are based on engineering judgement If suggested measures can be implemented successfully The APC can

achieve this goal If suggested measures are proven technically and economically feasible
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(2)

The APC 1s currently investing $20 million to mstall additional wells to recover brackish water The figures in parentheses {}
represent the fresh water usage upon completion of the current project, for supplying brackish water
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10 INTRODUCTION

Thus report presents the findings of an audit conducted for pollution prevention and waste
mmmization (PP/WM) for a potash manufacturing facihty owned and operated by the Arab
Potash Company (APC), Amman, Jordan The report also includes project background and
objectives, brief process descnptions, audit process details, potential for PP/WM and water
conservation, conclusions, recommendations, and follow-up actions

1.1 Background

Development Alternatives, Inc (DAI) under contract with the United States Agency for
International Development (USAID) 1s performing an Industrial Wastewater Discharge
Prevention Program (IWDPP) in Amman, Jordan This Program 1s one of the four
components of the Water Quality Improvement and Conservation Project (WQICP) funded
by USAID The program is bemng performed by DAI with full coordination between the
Mimstry of Water and Irmgation (MWI) and the Amman Chamber of Industry (Chamber)
Harza Consulting Engineers and Scientists (Harza), Chicago, Umnted States (U S ), was
retained by DAI to lead the IWDPP Royal Scientific Society (RSS) of Amman, Jordan was
selected as a local consultant to assist Harza with the IWDPP This program includes

conducting the PP/WM audits, Feasibility Studies (FS), and designing demonstration units
at selected 1ndustnal facilities

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

Based on a ranking methodology, the PP/WM committee selected ten industries with
potential needs for PP/WM audits One of these industnes 1s the potash industry The
Harza/RSS team conducted an audit of Arab Potash Company representing the potash
industry as the first step of the IWDPP This report summarizes the results of the andit.

12 Objective

The objectives of conducting a PP/WM audit were to understand the water and wastewater
management practices currently employed by APC, to 1dentify waste sources, and to assess
opportunities for PP/WM and water conservation that may exist at the facility

The findings of the audit were used to develop recommendations and follow up actions to
assist APC 1n assessing the extent of pollution Suggested approaches for water conservation
and process modifications to achieve additional PP/WM and wastewater treatment were
provided

HOOQSHD 941019 1
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13 Report

Thus report contains APC’s potash process description, audit procedures, audit findings, and
conclusions denved from the audit findngs Recommendations and follow-up actions
necessary to assess the extent of pollution as well as to implement PP/WM and water
conservation measures at the APC facility are also included

Appendices A, B, and C of the report contamn information collected dunng the audit, an
additional questionnaire prepared to collect the water use information and the process and
water balance mformation provided by APC, respectively A copy of the Background
Matenal Report 1s included, as Appendix D  Applicable regulatory standards for water
quality are included as Appendix E  Appendix F contains photographs of the potash
manufactuning facihity The reference matenal collected by Harza in the U S, as part of this
audit program is presented 1n a separate binder
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20 PROCESS OVERVIEW

Potash 15 a valuable component in the agriculture industry It 1s the product of various
chemical and industnal processes that extract it from very concentrated brine solutions
Potash 1s produced 1 three chemical forms munate of potash (KCl), sulfate of
potash-magnesia (K,SO,2MgSO,), and sulfate of potash (K,SO,) 1Its use mn crop
fertihization has made the agriculture industry much more productive and efficient It has
also aided 1n the advancement of the chemical industry

The potash mineral industry converts naturally occurring munerals into forms suitable for use
m chemical and fertihzer production The conversion of naturally occurring minerals into
fertilizers involves both surface and underground mimng and many beneficiation steps
Current processing methods are discussed 1n the following sections

2.1 Typical Processes

Potash 1s primanly denived from two sources ore and brine In conjunction with one of
these two sources, water 1s the only other sigmificant raw matenal

Potash ore (as KCl) 1s generally classified into one of two categonies carnallite or sylvinite
These classifications are based upon the chemcal composition of the ore, which 1s largely
a function of the ore’s geographic ongin  Processes used to convert these ores mto potash
are described below, along with the processes used to convert brine to potash

Potash (as K,S0,.2MgSO, or K,SO,) 1s produced through the mining of an ore known as
langbemmte Langbemmte was not considered further because processing operations only
indirectly correlate with the processes used by APC

2.11 Carnallite Processing

Carnallite 1s a mineral, with the chemical formula KCl MgCl, 6H,O Carnallite can
be decomposed by using a regulated amount of water to dissolve the magnesum
chlonde (MgCl,) without dissolving the potassium chlonde (KCl) Sodmum chlonde
(Na(l) is also left undissolved 1n most cases, so a sylvinite separation process (refer
to Section 2 1.2) must follow

To handle fluctuations 1 ore qualty, the MgCl, leachung step 1s normally a
multistage, countercurrent operation To mmmmize KC] losses, a bleed stream from
the sylvimite process instead of fresh water 1s used for leaching

2.12 Syivinite Processing

Sylvimite ore 1s a mixture, 1n varying proportions, of KCl and NaCl crystals Several
processes are used to separate potash from the ore Following 1s a discussion of
some of these methods

HES 3335KVMDa26
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Pr ?his process takes advantage of the different solubilities of
K(Cl and Na(l at varying temperatures The KCl 1s more soluble 1 hot water than
mn cold, NaCl’s solubility vanies only shightly within the temperature range of 20° C
to 100° C In solutions saturated with respect to both KCl and NaCl, the solubility
of NaCl further decreases at the higher temperatures The crushed ore i1s mixed with
recycled brine, heated almost to boiling, 1n sufficient quantities to dissolve the KCl
This brine 15 nearly saturated with NaCl and KCl After saturation with KCl, the
brne 18 cooled by vacuum evaporation, resulting in KCl crystallization Brine
saturated with NaCl 1s either recycled or subjected to evaporaton and crystallizaton.

Flotation Process Most of the potash of Canada and the U S 1s recovered from the
ore by flotation process methods The essentials of this process are to treat the ore
with a hydrophobic matenal, which will selectively coat one of the constituents
(typically the KCI) of the ore Pressunzed air 1s then bubbled through an ore slurry
The air bubbles attach themselves to the coated particles and float them to the
surface, while the uncoated particles sink Some plants have been built in which the
NaCl 1s floated away from the KCl, but generally the reverse 1s the more desirable
process On a large scale, and particularly with high-analysis ores, the flotation
process 18 much cheaper than one mvolving dissolution and crystallization

OQther Methods Several other methods for separating KCl crystals from NaCl crystals
have been used or proposed These imnclude tabling and electrostatic separation.
None are presently of commercial 1mportance, however

Combmation Methods Depending on factors such as quality and fuel cost, many
vanations of the aforementioned methods are used, including combinations of
methods It 1s common to combine flotation with leaching

New Cold Crystallization Process

Thus process was developed by APC through extensive research and pilot studies since 1989
High quality carnallite 1s produced and 1s directly used to produce potash by the cold
crystallization process This process 1s operated under ambient temperature and requires
considerably less energy compared to the hot brine leaching process currently used by the
company The key features of this process are

° Separating coarse high punty fraction,

. Concentrating finer lower punty fraction by selecting proper brine to
carnallite ratio, using propnetary reagent for flotation process, and
ennnching carnallite by maximizing removal of NaCl crystals,

] Effectively removing NaCl salt crystals during carnallite beneficiation,
and

HOOSHRD 941019 4
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b Using high qualty carnallite to produce potash by cold crystallization
process )

Crude potash 1s then wet screened prior to leaching, washing and dewatenng to remove
associated NaCl crystals and MgCl, nich bnne

Specific details for the Cold Crystalhization process are presented in Section 232 Figure 1
shows a cold crystalhzation process block flow diagram

23 Potash Manufacturing Processes at the APC Facility

The APC commenced production of potash in 1982 at a location 187 kilometers south of
Amman 1n Ghor Al Safi on the shores of the Dead Sea. The early production of potash (as
KCl) at this refinery was approximately 12 million tons annually However, six years later
in 1988, production 1ncreased to 14 mullion tons, and according to estimates, should reach
18 mullion tons in 1994 with the aid of the recently developed and installed cold
crystallization process

2.31 Existing Process

The umt operations for potash production that APC uses are primanly solar
evaporation, washing, clanfication, centrifuging, and crystallization Specific details
of the process and unit operations are discussed below A potash manufactuning

process block flow diagram 15 presented in Figure 2, and detailed refiming processes
are shown 1n Figure 3

Solar Evaporation. The process commences at the brine intake pumping station
located on the Lisan Penmnsula Four intake pumps (total capacity of 14 m*/second)
deliver approximately 200 milhon tons of brine per year to a gravity flow brine canal
through a 1-kilometer pipeline The brine then flows 10 6 kilometers through the
canal and eventually reaches the salt pond (SP1/SP2/SP3), which 1s the largest pond
and has the highest evaporation rate m the system.

Deposition The salt pond, considered to be the most sigmficant part of the process,
1s designed to perform the mmitial concentration of Dead Sea brine (density of 1235
gfcc) Since the solar evaporation pond has such a high evaporation rate, most of the
NaCl 1s rendered 1nsoluble and 1s precipitated The reduction of water content of
the bnine brings the density to 1298 g/cc

After evaporation 1n the salt pond, the brine 1s transferred to the pre-carnallite pond
(PC-2) by grawity flow The pre-carnaliite pond, acting as a control measure,
mamtains the brine composition at the carnalhte point This 1s the pomnt at which
the brine 1s saturated with carnallite but no carnallite has yet precipitated The
density 1s further increased to 1303 g/cc  The bnne at this point contains 2 percent
KCl
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The last six carnallite ponds complete the evaporation process by precipitating the
double salt carnallte Brine flows from Pond PC-2 to C-3 to C-2to C-1to C-5 to
C-6, and finally to C-7 Brne from Pond C-7, winch now contains hittle KCl and has
a density of 1340 g/cc, 1s discharged mto the Truce Line Flood Channel (TLFC),
and flows back to the Dead Sea

Carnallite Harvesting The precipitated carnalhite 1 Ponds C-3, C-2, C-1, C-5, C-6
and C-7 contains 84% carnalite and 16% NaCl The average carnalhte deposit
thickness is 40-60 centimeter (cm) The carnallite bed 1s harvested in a slurry form
from beneath the brine by six floating tracked harvesters, which are propelled by a
four track system For optimum carnalhite recovery, the harvesters are provided with
control equipment, which allows for precise movement

After harvesting, the carnallite slurry 1s conveyed through floating lines to a set of
booster pumps, which pump 1t to the refinery through steel pipes The refinery
processes are described below (refer to Figure 3)

Refinery Processes The refinery processes consist of carnallite processing to remove
MgCl, and sylvimte processing to remove NaCl This 1s folowed by crystalhization,
dewatenng, and drying of the final KCl product

Camnallite Processing As previously stated, carnallite 1s a muineral It can be
decomposed by using an appropriate stochiomeric amount of water to dissolve
the MgCl, without dissolving much of the KCl The carnallite 1s decomposed
i two stages The resulting solids from decomposition are KCl and NaCl
This muxture is known as sylvimte After decomposition, sylvinite 1s
precipitated and waste brine, contaimng MgCl,, 1s discharged from the process
and returned to the pre-carnallite pond (PC-2) The sylvinite 1s dewatered
and washed, and the resulting cake 1s taken to the sylvimte processing stage

Sylvinite Procgssing The sylvimite cake 1s leached using four agitated tanks
1 a two-stage process The leaching process takes advantage of the solubihty
differential between KClI and NaCl as previously descnibed

Heated brine returned from the crystallization process 1s used to extract the
KCl from the sylvimte cake The KCl 1s dissolved, leaving NaCl sohds
Saturated with KCl, the hot brine 15 clanfied in a thickener The thickener
overflow 15 pumped to the crystalhization process and the underflow brine,
contaiming NaCl crystals, 1s dewatered, repulped with waste brine, and

pumped to a taihngs pile

Crystallization The hot brine from the thickener overflow, saturated with
NaCl and K(l, 1s cooled successively 1 a five-stage draft tube baffle vacuum
crystalhizer system from 93°C to 49°C  When cooled, under controlled

HES 21300 dadt
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conditions, KCl ioses its solubiity and crystallizes The trystalhzed KCl forms
2 potash slurry, which must be dewatered and dried The remaining brine 1s
recycled back to the sylvimte extraction.

Product Dewatening and Drying The potash shurry from the crystalhizer 1s
taken to the product hydro-cyclones where partial dewatening occurs The
underflow of the cyclones 1s transported to centrifuges for further dewatering,
while the overflow 1s returned back for leaching purposes along with the
crystallizer brine

The caked potash from centrifuges 1s moved to an oil-fired concurrent rotary
dryer to remove any moisture left in the product The dned product 1s sent
10 a fluidized bed cooler and then to the screeming system. Dust 1s gathered
using dry cyclones and a wet scrubber system.

Screeming and Compaction The dried and cooled product, in the screening
process, 1s separated mto two grades standard and fine Parts of the fine and
standard grades are taken to the compaction plant where they are converted
into granular product An anti-caking agent 1s introduced into all products
n carefully controlled amounts to mimimize the tendency of potash to amass
duning storage and shipment

Storage and Transportation The final product 1s stored at the plant product
storage warehouse with a capacaty of 60,000 tons, or 1t 1s placed in shipping
bmns from where 1t i1s loaded into bottom-dump trucks for dehvery to a
warehouse at the port of Aqaba.

2 3.2 New Cold Crystallization Process

This new process was developed to produce purer quality carnallite, pror to its
decomposition, to produce KCl with guaranteed purty equal to or greater than 95
percent ‘The umit operations mvolved m this process are briefly described below
The block process flow diagram 1s presented in Figure 1

Carnaliite Receiving Crude carnallite slurry 1s first bemficiated by wet screeming to
separate the high-grade carnalhte fraction, which 1s about one-quarter of the sohds
The high-grade carnallite (coarse carnallite) 1s fed directly to the cold crystalhizers.
Wet screen undersize slurry 1s mixed with brine discharge from the cold crystallizers
overflow, which 1s at or near saturation, 1n a draft tube reactor When solar pond
brine mixes with crystalhizer brine m the reactor, crystallization of carnallite occurs
as the brmne muxture equilibrates Slurry from the reactor 1s densified in the
carnallite thickener The overflow 1s returned to the evaporation ponds

Flotatiopn Carnallite thickener underflow 1s bemficiated by the flotation technique
in which NaCl 1s floated and pumped to the tailings area. The denser fraction of the
slurry 1s settled 1n a thickener Flotation thickener overflow is used as make-up brine

HES 315K VM doks
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to the flotation cells and the excess pumped to the tvaporation ponds Thickener
underflow 1s dewatered i scroll/screen centrifuges Centnfuge cake (fine carnallite)
1s conveyed to the cold crystallizers and effluent s recycled to the flotation thickener
feed

Crystallization  Coarse and fine carnallites are decomposed mn a two-stage
crystalhizer i the presence of water The KCl crystals are formed 1n the crystalhizers.
Crystallizer discharge slurry 18 wet screened to remove large particles Screen
oversize 1s pumped to the tailings area along with flotation overflow slurry Screen
undersize 1s directed to the leaching area

Leaching Processing In order to remove adhenng high MgCl, brine from the
crystallizer product, two-stage leaching and dewatenng centrifuges are used to ensure
the required 0 5% maximum MgCl, content i the dry product

Drying Centnifuge cake 1s dnied to 0 1% moisture content 1n a concurrent rotary
dryer fired with No 6 fuel o1l The product 1s then cooled 1n a rotary cooler by a
counter-current stream of atmospheric air

Screeming Dry product 1s separated into two fractions, standard and fine, in the
screening area

HES 213SD0008alk
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30 AUDIT PROCESS

The objective of the audit was to identify the potential for PP/WM, wastewater cleanup, and
opportunities for water conservation appropnate for APC The following subtasks were
conducted to complete the audit report

° Aundit Coordination,

e PP/WM Background Matenal Preparation,
] L Pre-Inspection Meeting,
: L Audit,

° Post-Inspection Meeting, and
A L] Audit Evaluation Report

Activities completed under each of the subtasks are brefly descnibed below
j 31 Audit Coordination

. The Chamber informed APC about the mntent and schedule of the audit An audit
questionnaire, specifically developed for this PP/WM project (Appendix A), was included
with the request to APC to fill out the questionnaire prior to the audit Because it was not
1 possible for APC to supply requested information 1n a timely fashion, APC was requested
to furmsh at least an overall flow balance, process flow diagram and facility layout This
information was furnished to the audit team dunng the audit visit of the facility

] 32 PP/WM Background Material Preparation

The objective of prepanng the background matenal report was to 1dentify the currently
available techmiques and clean technologies bemg practiced for PP/WM in the potash
mdustry in the US and elsewhere 1n the world This objective was achieved by performing
a comprehensive hiterature review

b B

The hterature review included the following sources pubhshed hiterature, personal contacts

with the US Environmental Protection Agency (EPA), and conversations with personnel
i within the U S potash industry The hterature consisted of PP/WM related articles, journal
= articles, conference proceedings, EPA documents and commumcations, and books on
} pollution and controls

As part of this task, Harza contacted several national and international potash
; manufacturing companies to determune if they have implemented any State-of-the-Art
. PP/WM techmques or water conservation measures As expected, the response was not very
positive Harza, however, 15 contimung the search on these 1ssues and will forward to the
PP/WM committee any new mformation that becomes available

At i

Based on the information of the facility operation that was made available to us and the
information gathered through the available hterature, Harza prepared the background

} material report (Appendix D) The background matenal report included general
HES 11110 Vid O
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mformation on the potash p1 acessing as well as speafic information on the process used by
APC Since all APC process details were not available at the time of preparation of this
report 1 the US, accuracy of specific details was questionable The mntent, however, was
to collect as much information as possible prior to conducting the audit

The report also contains prehminary suggestions for PP/WM and water conservation based
on the limited information available at the time of preparmng the report

Harza also prepared a report containing appropnate reference matenal gathered during our
hiterature search This 1s submutted separately This reference matenal contains processes
and waste management practices used 1n the similar facillities, pnimanly in the U S

The knowledge gained through the extensive hiterature search and process information
provided by the PP/WM commuttee allowed Harza engineers to develop a good process
understanding and to 1dentify problems associated with water and waste management,
including air emussions and solid wastes at typical potash manufactuning facilities

33 Pre-inspection Meeting

The APC facility audit, including the pre-mnspection meeting, was conducted on August 13
and 14, 1994 The mmtial andit team consisted of the following personnel

Mr Hamed Abu Obeid  Water Authority of Jordan
Ms Rama Abdul Khaleq Mimstry of Water & Irngation

Dr Shawn Niaki Program Director, DAI (Harza)
Mr Knshna Mayenkar Lead Amencan Consultant (Harza)
Dr Ruyad Musa - Local Consultant (RSS)

Mr Rafat Ass1 Local Consultant (RSS)

The pre-mspection meeting was held at the APC facility on August 13, 1994 The intent of
this meeting was to mform APC staff about the conduct and objective of the audit and to
understand process details as they relate to the fresh water utihzation, wastewater
generation, treatment and disposal, water recychng and reuse and the overall water
management at the facihity The audit team explained to APC staff the purpose of the audit
The APC staff, then furmshed to the audit team the following

] A report on the potash manufacturing;
L A schematic process flow diagram of the refinery process,
. A facility location map,
] A flow balance across the facility,
e A flow balance across the refinery, and
. A sewage treatment plant design imnformation
HES 31335X (M b -
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Copues of the above matenals are included in Appendix

A general discussion was held on water usage within the faciity The APC staff explained
to the audit team major water consuming sources at the facithty Since water 1s one of the
raw materials used 1n selectively leaching potash from concentrated Dead Sea brine, the
amount of water required mn carrying out physical reactions such as dissolution and
crystallization is crnitical The non-process related water usages including water requirements

for equipment operation and maintenance were also discussed durnng this pre-inspection
meeting.

34 Audt

The facility audit was conducted on August 14th The APC staff and audit team members
toured and mspected the facihity starting from the pumping station at the Dead Sea, and
following the process through the solar evaporation pond, pre-carnallite pond, carnallite
ponds, camnallite slurry booster pump station, and refinery faciity The storm water
collection and evaporation pond, sanitary waste lagoons, and sewage treatment facility for
the Township (employee residential area) were also visited and general operations observed

Upon completion of the facihity tour, the discussion continued on overall water usage and
wastewater management practices currently employed Due to the complexity of the overall
process and water management, several specific details remained unanswered during this
two-day audit visit.

The audit team requested APC staff to provide specific details on certain water usages, and
they agreed to it. To assist APC staff, the audit team developed a supplemental

questionnaire (included in Appendix B), and Dr Musa visited the facility again on August
21st and 22nd

Dunng the second visit, several unanswered questions were resolved Dr Musa also
attempted to complete the audit questionnaire as appropnate and applicable to the APC
facihty The completed audit questionnaire 1s included mn Appendix A.

3.5 Post-inspection Meeting

Due to process complexaty, the audit efforts had to be extended from one to three days
The post-inspection meeting, however, was held on August 14th. The APC staff and audit

team members reviewed and discussed the preliminary findings based on the facility tour
and mformation provided by APC staff Although specific details were not available, the
audit team 1dentified the following areas with potential for PP/WM or water conservation.

L High quantity floor washings, flood drains and other flows discharging to the

SEWer,
. High quantity water usage by the Township,
® High quanuty water usage as makeup water for boilers,
L Usage of storm water for operation,
HO0OSHD 941019 11
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L Usage of sewage treatment plant effluent for irnigation,
° Usage of MgCl, brine and NaCl for producing
other chemucals, and
] Usage of other techmques to dissolve salt bwlt up in pipes

A copy of the background matenal was given to APC staff for review They reviewed the
document and provided the audit team with their comments Instead of updating the
background matenal report, which was prepared in the U § with hmited facility information,
the audit team decided to mcorporate their comments 1n this audit report

The information and waste management analyses presented in the subsequent sections of
this report are based on the knowledge gained through the audit achvities and techmecal
support provided by APC staff
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40 AUDIT FINDINGS

The 1nformation collected during the APC facihty audit through extensive personnel
mterviews, meetings and discussions with APC staff, site observations, and technical data

provided by APC staff was compiled and thoroughly reviewed Our findings are presented
below

41 Water Usage and Balance

The facility uses fresh water for two purposes the first as a raw matenal to produce potash
(process water), the second as non-process related water for domestic purposes, mcluding

washing, equpment flushing, pump seals, 1rngation, and makeup water 1n the power plant
and cooling tower

The fresh water 15 obtamed from groundwater wells and surface water The surface water
1s collected m the form of run-off from the areas in the vicimty of the APC facihity The
overall fresh water balance 1s presented 1n Table 1 and details are shown 1n Figure 4

The key feature of the overall water usage 1s that the major portion of the fresh water is
used and lost through the carnallite and sylvinite processing areas About 619 m*/hr water
1s required for carnallite processing  An additional 120 m’/hr water 1s required for product
(KCI) crystallization Thus 73 9 percent of the total fresh water 1s consumed for process
purposes The remaiming 26 1 percent of the total fresh water 1s used for non-process
purposes

Based on the descending order of percentage of water usage, ten (10) water consuming
sources were 1dentified They are presented in Table 1

The major non-process related water consuming sources are

] In-Plant Floor Drains and Washwater,

L Pipes and Pump Packing Flushing in the Carnallite Area,
. Township Water Supply, and

. Power House Makeup Water

Together, these sources account for 21.5 percent of the total fresh water usage

The remammg five (5) water consuming sources together account for 4 6 percent of the total

water consumption. Individually, each source consumes 15 percent or less of the fresh
water

42 Wastewater Discharges

The operation at the APC faciity 1s umque by its nature The Dead Sea, TLFC, and
evaporation ponds can be considered a closed loop system where highly concentrated brine
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15 taken from the Dead Sea, NaCl and KCL are removed m evaporation ponds, and brine

with magnesum salts 1s returned to the Dead Sea through the TLFC The TLFC and Dead
Sea, however, are not assumed to be a part of APC property

The fresh water, on the contrary, becomes wastewater when discharged from the system
after its speafic use After its specific use, the water contains other contaminants which
affect its charactenistics Such water may or may not be suitable for its onginal apphication
or buman consumption unless treated appropnately Accordingly, the following discharges
from the APC facility are considered wastewater discharges

Intake Pump Station Flushing Water 8 m*/hr
Faality Drains, Washwater, etc. 70 m?®/hr
Sewage Treatment Plant Effluent 30 m’/hr

The ntake flushing water 1s discharged to the Dead Sea. All facihity floor drains,
washwaters, leaks and spills, are discharged to the TLFC through a sewer The sewage
treatment plant effluent, after biological treatment, 1s discharged to a nearby dry creek
where 1t 15 partially evaporated, partially used by natural vegetation and partally percolated
through the subsurface soil

The mtake flushing water contains the same dissolved salts present in the Dead Sea. Its
quality, however, 1s expected to be better than the Dead Sea water because 1t 1s used only
once to clean mtake pipes

A similar argument can be made for floor washings and floor drains, which are discharged
to the TLFC. The floor dramns are expected to contain far less dissolved solids than the
flood channel water They can, however, contain higher suspended sohds, dissolved
morganic chemzcals present at the site due to acadental spills and leaks, and oils and grease
from cars and equipment leaks Expected contarmnants of concern are pH, suspended
solids, total dissolved solids, oils and grease, and possibly metals Considering the site
specific environment and designated usage of water in the TFLC, the environmental 1mpact
of these discharges appears to be mumal.

Since no data for either influent or effluent quahty are maintained, 1t was not possible to
determne whether the wastewater treatment facihity operates as intended. The effluent,
however, will contain biodegradable residnal orgamics, suspended solids, ammoma mitrogen,
and possibly nitrates and phosphates The sewage treatment plant effluent discharged to
a dry creek can percolate throngh the subsurface soil and impact underlying aquifers Since
some vegetation 1s growing as a result of this wastewater discharge, 1t appears that the soil
must be retamng moisture It was also brought to our attention that certain vegetation did
not survive when the wastewater effluent was apphed, indicating that ecologically the treated
wastewater may not be safe for all vegetation.

HOOCSHD 541019 14



4.3 Air Emissions

The potential for particulate emissions exists durng drying, screemng, and bagging
operations All other processes are carried out in hqud phase Particulate emissions
therefore, should be mmmal The APC also discontinued use of electrostatic precipitators
and currently 1s using wet scrubbers to wash gases from the rotary dryers The scrubber
water 15 recycled to the reclaam water tank. Durnng our wisit, however, two particulate

plumes were visible from the faciity At the time of audit, six out of eight stacks were
operating

Samitary lagoons and the sewage treatment facility are other sources of air emissions from
which certain organic compounds can be volatihzed and odor could be a problem.
However, due to 1solated locations of both of these facilities, the and environment, open
atmosphere, and their relatively small size, volatile organic emissions and odor may not be
a problem Dunng our visit no odor was expenenced

4.4 Solid Wastes
The sources of sohd wastes are

Sodium chlonde salt pile (tailings),

Sludge m the samitary lagoons,

Sludge from the sewage treatment facihity, and

Sludge accumulated 1n the on-site run-off and spill storage pond

These sources are bnefly described below
4.4.1 Sah Pile (Tailings)

The Dead Sea brine contains 7.8% NaCl and 121% KC! This ratio suggests that
for every ton of potash produced, 6 4 tons of sodium chlonde salts are generated as
a by-product For a yearly production of 14 to 18 milhon tons of potash, about 10
milhon tons of sodum chlonde salt will be produced Assuming 95 percent 1s
recovered m the solar evaporation pond, about 0.5 million tons (5%) 1s wasted as
talhings every year Thus, if this salt 1s not used for any other apphcation, 1t could
be considered sohd waste and 1t will continue to accumulate as long as the facility
operates

4.4.2 Sludge from Sanitary Lagoons

Our discussion with APC staff revealed that apparently these lagoons have never
been cleaned through their entire 16 years of operating hfe Since 1t 1s not possible
to have samtary wastes without any sohds, one explanation could be that dunng
storm events sohds are washed out All water gets evaporated The transportation
of samtary siudge mn the environment in an uncontrolled way 1s hygienically not a safe
and acceptable practice, especially in an area with human activities

HOGHSHD Pe101S 15
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4.5

The washout car. be considered an uncontrolled wastewater discharge into the
environment Occasional washouts may not have a long term 1mpact, but pathogens
and bactenia present 1n the wastewater can be transported to nearby surface water
bodies or to subsurface shallow groundwater, which if ingested by humans, could
adversely affect human health

4 4.3 Sludge from the Sewage Treatment Facility

The sludge from the sewage treatment facility 1s disposed by burying it 1n the ground
m the Lisan area It 1s not known if the disposal area 1s approved and permitted by
the regulatory agency Any waste disposal facilities must be properly designed and
require groundwater momtoring to ensure that leachate generated from the facilities
does not contamuinate underlying aquifers In each facility, a leachate collection
system 1s generally installed to collect leachates The soil cover also must meet
certain specifications so that gases such as methane, which 1s generated by sludge
decomposition, are properly routed and vented or flared For safety, all such
facilities are fenced and secured The sludge burying techmques followed by APC
may not meet acceptable standards

4 4 4 Sludge Accumulated in the Storm Water Storage Pond

Durning the audit, a large amount of reddish browmsh sludge in the pond was
observed Due to the lack of specific analytical data, 1t was difficult to ascertain the
quality of sludge and what 1s causing the red deposit. It could be an iron oxide or
bromine compounds based on the input provided by APC staff

As discussed above for samtary sludge, dunng heavy storms, this sludge may get
washed out and contaminate nearby soils, and surface water bodies

Storm Water Management

On-site storm water 15 collected 1n a pond which 1s also used to store accidental pipe hine
leaks and spills Apparently, the water 1s not reused, but gets evaporated and sludge
accumnulates mn the pond For the on-site storm water, there technically 15 zero discharge

4.6

Data Gaps

Data gaps exist in water quahty and water quantity measurements They are presented in
the following sections

4 6 1 Water Quality

No data are available for

1 Sewage treatment plant influent
2 Sewage treatment plant effluent
&m 41015 16
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Facility drains and washings discaarged to the flood channel via sewer
Influent to samtary lagoons

Lagoon sludge

Storm water pond sludge

[= L I

462 Water Quantity

The APC measures water flows throughout the facihity at several locations as noted

below
1 Fresh water flow to fresh water reservoir
2 Fresh water flow to the carnallite decomposing operation
3 Fresh water flow to the crystallizers
4 Fresh water flow in the reclaim tank.
5 Fresh water flow to the carnallite thickener to washout potash solhid

particles
Flows not monitored are

Fresh water flow for pipe cleaning

Fresh water flow to pump packing

Fresh water used for washing and cleaming
Fresh water to the Township

Fresh water to Hussein Camp

Inplant potable water

Fresh water to irrigation.

CR - W R N

Basically, water required for processing 1s carefully momtored while water used for
non-process related activities 1s not momtored

To mmprove water and wastewater management, several water flows need to be
monitored so that wastewater sources can be 1dentified, quantified and controlled
Simularly, all wastewater discharges and solid wastes periodically need to be analyzed
to momtor and control the quality of wastes managed or discharged
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50 POLLUTION PREVENTION/WASTE MINIMIZATION POTENTIAL

The pollution prevention and waste mmimization terms are sometimes used imterchangeably
But each term has a different meaming Pollution prevention means to prevent the pollution
to occur 1n the first place It costs 10 to 100 ttmes more to treat pollution once 1t 1s created
than to avoid generating it By employing waste minimization techmques, less pollution 15

created thus reducing the treatment cost At the APC facihity, the following PP/WM
opportunities exist

51 Pollution Prevention/Waste Minimization Potential

The PP/WM opportunuties exist for floor drains, the sewage treatment facility, samitary
lagoons, storm water pond operations, sodum chlonde tailings storage, and sewage
treatment sludge disposal

511 Floor Drains

A flow of 70 m®/hr constitutes about 7 percent of the total fresh water usage at the
facility (1,000 m*/hr) This amount appears to be relatively high particularly when
most operations are carried out in iqmd phase

During our site visit, several pipe leaks and uncontrolled water discharges through
hoses (25 cm to 75 cm 1n diameter) were noted across the manufactuning areas
These mgh volume discharges appeared to be resulting from not properly controlling
washing, cleamng and wrngation operations Good housekeeping and employee
awareness of the importance of PP/WM and water conservation play an important
role 1n reducing water consumption 1n areas where no controls exist Developing
protocols, traiming employees to use less water, and providing mcentives for those
who follow water conservation measures are some of the key factors 1n reducing
waste generation, water consumption, and pollution. The key to common sense
PP/WM 1s getting people to pay attention to reducing waste generation when and
where 1t first occurs

Other options are

L Reduce spills, overflows, and leakages by good housekeeping and
planned preventive maintenance

L] Collect all floor drains, pump flushing water, and floor washings m a
tank(s) and momtor the flow after each apphcation. Let the employee
responsible for cleaning also be responsible for momitoring how much
water 15 used per event Install flow meters to momtor each water
usage and record water volume for each applhication

L] The APC has a dry vacuum system in place They should maximize
use of this system

e A ———— s
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® E.aminate the cause of spillage Do not wash it down the drain
L Sweep up dned material Do not flush to dramn

o Use timer controlled valves for controling washwater This will help
control the amount of water used for each washing

L Uthize water saving equpment as much as possible Different types
of water saving equipment include

- Flow Regulation Devices When these devices are inserted into
a water line, increasing pressure restricts flow to a constant
needed rate

- Flow Shut-Off Devices The most useful devices are finger
operated shut-off valves, or guns, with nozzles on the ends of
cleanup hoses When finger pressure 1s released, water flow
stops

- Nozzles Nozzles use less water than dnlled pipe sprays For
faster, more efficient cleaning, a "Vee" type nozzle 1s preferred

- Overflow Preventors These devices are employed to prevent
overflowing of containers, tanks, or reservours, thus mimmzing
spills Most of these devices are usually float or electronic
probe operated

L Provide dikes, berms and secondary contamnment for all storage
facilities and operating areas Collect all floor drains by implementing
properly designed drain collection system.

° Provide additional capacity to store floor drains and leaks, 1f necessary

L Recycle and reuse all wash water efficiently as many times as possible
before 1t 1s finally discharged to the flood channel n the form of
hmited blow down.

The above measures should reduce drainage wastes volume discharged to the flood
channel

To further reduce the pollution load to the TLFC, the floor drain wastewater would
probably require treatment to remove suspended soils, possibly adjust pH and
remove metals Occasionally floor drains could contain oils and orgamcs

There are numerous proven technologies to remove suspended solids, metals, oils
(petroleum hydrocarbons), and other orgamics For solids, metals, and minor
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amounts of oil, the treatments are coagulat.on, clanfication, filtration, hydroxide
precipitation, and neutrahzation. If water analysis shows the presence of organics or
petroleum hydrocarbons, carbon absorption treatment can be added based on the
level of contaminants present

To allow routine momtoring of floor drain wastewater, all floor dramns can be
diverted through a single outfall to the sewer A parshall flume can be designed and
mnstalled to momtor the flow as well as to sample wastewater

512 Sewage Treatment Plant Effluent

The sewage treatment plant effluent 1s currently discharged into a dry unnamed creek
(Wadi) As discussed under the audit findings, a contimious flow of sewage
treatment plant effluent could result in a portion of water percolating through the
underlymng soil and eventually contaminating subsurface aquifer(s) If the aquifer(s)
water 15 used for dnnking purposes, the water quality could adversely affect human
health The constituents of primary concern are pathogens and nitrates Both have
an adverse effect on human health

If an option to use the effluent for irmgation or facihity operation 1s considered
feasible, an additional treatment such as multimedia filtration followed by carbon
absorption and/or reverse osmosis may be required to meet the wrngation standards
or cntena estabhshed by APC for an operational use The treated water can be
transported to the facility through new p.pehines currently being installed If the
water quality 1s suitable for irngation, then 1t can be used to wrnigate nearby farms
and gardens with proper controls The applicable standards for rngating different
crops are cluded 1n Appendix E

Further PP/WM can be achieved by reducing the domestic wastewater flow The
reported figure of 30 m’/hr of domestic wastewater, generated from a commumity of
2,000 population at the Township, seems to be excessively high In the US, the
water consumption per capita 1s about 100 gallons per day (0.38 m*/day) The
wastewater, considering 80 percent of the water consumption, 1s about 0.3 m’/day
per capita. Based on this rate, the total domestic wastewater flow from the Township
1s expected to be about 600 m®/day or 25 m*/hr The water consumption per capita
m Jordan, however, as we understand, 1s about 0 1 m*/day Translating this into
wastewater flow, the total domestic wastewater at the Township should not exceed
160 m’/day (0 8x0 1x2,000) or 66 m*/hr If the reported figure of 30 m®/hr 1s
assumed to be correct, 1t 1s 4 to 5 times higher than what 1s normally anticipated.
This indicates that a large amount of water 1s wasted through leaks, carelessness, or
misuse It therefore appears that a savings of about 50 percent of water usage (Le
15 m®/hr ) 1s feasible This may also assist in improving treatment plant efficiency
by converting the system with 100 percent effluent recycle Such a system will
operate at the design flow of 30 m’/hr but at a higher efficiency
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To control the water use, meters should be installed for all water users o 1dentify

heavy water users The water use can be mummized using acrated shower heads,

devices that control the water flow but provide the same pleasure of high flow

shower heads Toilets can be modified to control the flush water volume by

providing a partition and adjusting the float height Drp or tnickle irmgation
| techmques can be used to wrrigate gardens All plumbing, faucets, and other outlets
i can be checked routinely and repaired to prevent leaky pipes, valves, and faucets

; The APC has instituted a policy of charging metered customers for the water
consumption above 35 m’ per month These Limits can be reviewed and further
' lowered if they appear to be high based on the above discussion

To prevent groundwater contamination, APC should imtiate momtonng the effluent
\ quahty, immediately If the sewage treatment plant effluent quality indicates that the
i facihity 15 not performing as intended, an appropnate upgrading will be required to
control the effluent quahity

* The APC should also start momtonng groundwater quahty by installing a couple of
wells at the disposal area and one background well Quarterly momtoring over a
peniod of two years will indicate whether the groundwater has been impacted by the

i existing disposal practices The parameters to be momtored will be pH, nitrates,
total dissolved solids, phosphates, and total orgamics Chlondes and sulfates can also

E be monitored on an annual basis An increasing trend 1n concentrations will indicate

| a possible impact on the groundwater

'r The available maps show that the drinking water supply for the Township 1s provided
; by wells located within 2,500 meters of the Township location. It 1s, therefore,
important that the sewage treatment plant effluent disposal 1s managed carefully and
prudently to prevent groundwater contamination Remediating contaminated aquifer
i can be costly

5.1.3 Sanitary Lagoons

Another aspect of pollution prevention 1s to prevent pollution of other media by
proper waste management. At the APC facility, an overflow or washout from
samtary lagoons could contaminate nearby soil, surface water bodies, or subsurface
waters during heavy storm events This can be prevented by mcreasing the dike
height to contain storm water resulting from a 100-year storm event

5.1.4 Storm Water Pond

A situation similar to the one described above could develop for the storm water
storage pond Sludge or water overflow or washout during heavy storms events can
be prevented by increasing the dike height to contain storm water resulting from a
l 100-year storm event
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515 Sodiuin Chioride Tallings

Sodium chlonide tailings from sylvimite processing operations provide another
opportunity for pollution prevention. We understand that APC has plans to expand
its operations to produce sodium and magnesium compounds as well as bromine
Use of tatlings i the production of chemicals would ehminate generation of this
sohd waste Figures 6 through 8 show typical processes for the production of sodium
metal, sodmum chlorate, sodium hydroxide, and chlonnne The APC should also
explore use of this salt to produce 10n exchange regemeration grade salt for
regeneration application.

As an example, 1 the production of sodium hydroxide and chlomne by the
electrolytic process, NaCl bnne, granular NaCl, and crushed rock salt are used and
punfied prior to electrolysis Similarly sodium chlonde salt precipitated 1n the solar
pond, although purer and better raw matenal to produce other chemicals, can be
combmed with tailings to manufacture other compounds This may result 1n
recavering 100 percent of the salt and eliminating taihngs

We also understand that APC has plans to use taillings to line the proposed C-4 Pond
1n the carnallite area as well as to sell 1t to the Azrag Society for manufacturing table
salt.

5§16 Magnesium Chioride Brine

The magnesium chlonide brine, although of a better quahity than the Dead Sea brne,
1s considered a waste byproduct since 1t 1s discharged as a non-usable process stream
to the TLFC.

During the audit wisit, APC staff informed us about 1ts future expansion plans to
produce magnesium oxide, bromine, and possibly other magnesmum, sodium, and
potassum compounds The APC also should contact the Georgia Pacific
Corporation, U.S., to pursue manufacturing de-icing matenal from MgCl, brine

Utihzng this waste byproduct stream to manufacture other products will mnimize
the volume of brine returned to the Dead Sea. However, the processes implemented
to manufacture other products will also generate waste streams, which may be of
better quality and lower quantity

517 Sewage Treatment Sludge Disposal

The current sewage treatment sludge disposal practice, as we understand 1t, 1s to bury
the sludge mn the ground 1f the sludge disposal facility 1s not properly designed, then
leachate generated from buned sludge duning wet seasons can percolate through soil
and could contamnate groundwater If the sludge cover 1s not properly designed,
then gases such as methane generated through anaerobic sludge decomposition could
escape to the atmosphere Methane gas generally 1s collected and flared From

MES 2150 Ak
HODOSHD 941019 22

V!



R

b & Gl

- M aiimalid by o d

Wirke rrosdast Harinnd " R rmnind et h " Wit e Wbt Eipmin s e

Wismvimicl

§2

human safety and ecological pomnt of viev, the sludge covers are designed with a
certain thickness and compaction so that pets and ammals do not disturb the cover
and expose the sludge to the atmosphere

A properly designed sludge disposal facility with hiners, leachate collection and
momitoring system, gas collection and discharge, soil cover, vegetation or gravel to
control erosion, run-off and run-on controls, secunty fences, and groundwater
monitoring system will prevent contamination of subsurface soil and groundwater as
well as air pollution caused by methane and other gases

Another alternative 1s to utihze abundant solar energy to dry the sludge using
properly designed sludge drying beds, and use dned sludge as fertibzer for a vanety
of crops if 1t meets apphcable standards This approach 1s more cost effective and
commonly used

Evaluation of Local Hydrogeology

As part of the overall PP/WM strategy, APC should conduct studies to evaluate and
understand local hydrogeology mn the Lisan formations A better understanding of the local
hydrogeology will assist APC 1n the long term to manage wastewater discharges prudently
by using appropnate treatment, storage, and disposal methods while momtoring underlying
aquifers
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60 WATER CONSERVATION POTENTIAL

The total water consumption at the APC facility, as discussed 1n Section 4 0, can be broadly
categorized as

L Process Water, and
e Non-Process Water

The process water consumes about 73 9 percent of the incoming fresh water while the

remaining 26 1 percent 1s consumed by the non-process related activities as discussed
previously

Water conservation opportumties, n addition to those currently practiced by the APC
facility, still exast. These opportunities are discussed below It should be noted, however,
that any aspect of water conservation should be weighed against its benefits and associated
costs Any water conservation measure which results 1n cost savings and directly affects
pollution, (1e, prevents 1t from occurring) should be implemented first to protect the
environment The measures discussed below should be reviewed beanng in mund the above
philosophy In addition, further engineenng studies will need to be performed to determne
the feasibihty of the measures prior to implementation

6.1 Process Water Category

The process water 1s one of the two raw matenals required to produce potash Its needs
are, therefore, dictated by the process chemistry and conditions that need to be maintamned
to produce the required potash quality Any deviations n water supply can directly and
adversely impact the production quantity and quahty Water conservation measures n the
process water category can only be implemented by process modifications and apphcation
of mnovative technologies such as the cold crystalhization process

6.1.1 Process Change

Based on the mformation made available to us, the cold crystallization process
requires approximately 2 m’ less water per ton of potash produced compared to the
existing hot leach process If the hot leach processes are entirely replaced by the
cold crystalhzation process at the end of the existing system life penod, an
approximate savings of 320 m*/hr can be realized That constitutes about 32 percent
of the current water use of 1,000 m®/hr

The APC should continue to look for innovative process approaches to reduce the
water consumption without affecting the product quality

6 1.2 Addition of Thickeners

Dunng auditing, 1t was brought to our attention that the recent installation of two
additional floating carnallite harvesters has overloaded the carnallite washing and
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processing hickeners This situation sometimes results 1 excess overflow, which can
not be handled by the system, bemng discharged to the sewer and ultimately to the
TLFC Ths 1s accounted for in 70 m’/hr drainage flows 1dentified 1n the flow
balance

The APC staff also informed us that corrective measures are being taken to rectify
this situation We believe that these measures may involve nstallation of additional
thickeners or possibly using cold crystallization thickeners as a backup, if feasible
Either way, addiional thickeners should be used to manage mcreased water and
recoverable potash flow from carnalbite ponds, thus reducing water wasted to the
sewer

613 Process Water Use Optionization

The APC staff should carefully momtor and evaluate all process water usages and
optimize them to attamn additional water savings, if feasible

6.2 Non-Process Water Category

It should be noted that APC currently reclaims and recycles about 140 m®/hr of water from
boiler makeup water treatment system wastes, scrubber water, and other non-process related
water However, additional opportumties exist to conserve non-process water The prnimary
areas are

Floor drains and wastewaters,

Pipe flushing water,

Pump packing flushing water,

Domestic water supply to the Township,
Power house makeup water, and

Storm water

The suggested water conservation options are presented below
6 2.1 Floor Drains and Washwaters

The water conservation measures are the same as PP/WM measures described 1n
Section 50 of this report They are

. Management leadership to enforce PP/WM measures and good
housekeeping by employee awareness, incentives, and rewards,

° Collecting all floor drains, washwaters, and overflows and reusing them
as many tumes as possible, thus discharging only blowdown from the
system The APC 1s collecting a portion of such flows including
reverse osmosis (RO) rejects, 10n exchange regeneration wastewater,
and scrubber wastewater,
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o Monitoning and logging washwater and floor drams Meters can be
installed to all fresh water outlets used for washing and cleamng,

® Installing timer-controlled valves so that each wash operation will
consume defined quantity of water,

. Use of vacuum to dry clean areas where possible to avoid using water;
° Sweeping up dnied matenal and ehmnating the cause of spillage, and

® Building berms and dikes around tanks and operating areas to contamn
all drains and leaks

It should be noted that the water balance shows that about 200 m*/hr fresh water 1s
pumped to the reclaim tank while 70 m®/hr water 1s wasted and about 140 m*/hr
water 1s reclaimed Our recommendation 1s that if 1t does not affect the process
drrectly, no fresh water should be delivered to the reclaimed water tank This tank
should collect only the recoverable and reusable water for continued recycling
Fresh water requirements should be met by using water directly from the fresh water
tank. Thus will force the operator to use less water

622 Pipe Flushing Water

The followmng suggested options are for brine transfer pipes installed between the six
carnallite ponds only The estimated water used for pipe flushing 15 30 m®/hr, winch
1s about 3 percent of the total fresh water consumed The salts are deposited on
pipe surfaces due to supersaturation conditions of the brme The existing practice
of using water to flush and solubilize as much sait as possible and then remove the
remamng salts manually by hammenng 1t out appears to be successful and very

economical. Suggestions presented here may not prove to be economically attractive
over the present methods

The approaches suggested below are based on preventing the salt bmit up 1n the first
place as well as 1mproving the cleamng techmques to save water and labor by

Pproactive actions
Prevent Crystallizaton. As we understand, the crystallization occurs due to

supersaturation of brine  Pipe surfaces prowide a place to form salt crystal nucler
Once the seeds are formed, crystal growth occurs at a rapid rate It 15 quite possible
that after each cleaming, the pipe surfaces not properly cleaned have some salt
crystals attached to them. These attached crystals will continue to provide a base
for new crystal growth, which will continue

To avoid such crystal growth, one option is to mamtan a clean pipe surface m
contact with water and at a temperature 5°C to 10°C higher than the temperature
of flowmng brne This wall result in formation of a thin film of brine, say 4-5
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mihimeters, at the pipe surfaces with a temperature 5°C to 6°C lngher than the bulk
of the brine flowing through the pipe

It 1s also known that the velocity of a water molecule 15 lower at the pipe surface and
maximum at the center of the pipe A thin film at a ligher temperature at the pipe
surface will constantly maintain saturated or subsaturated conditions and will prevent
forming any crystal nucle1 Any nucler formed above thus film will be carned away
by water flowing at a relatively higher velocity

A double walled pipe with embedded electncal coils (only at the wetted surface) and
outside msulated matenal can serve this purpose Allowing for continuous heat loss
due to convection, the pipe can be heated a few degrees mgher than the temperature
of the required water film.

Early Warning Device  All pipes can be furmshed with a photoelectnic or similar
other techmques which wall detect higher turbadity due to salt crystal formation Such
a device will allow the APC operator to flush and clean pipes at an early stage of salt
formation. The turbidity signals can be sent back to the central control room from
where a decision can be made as to which pipe 1s ready for flushing

We believe that flushing pipes at an early stage of salt formation will resuit 1n a
better cleaning efficiency and reduce salt attached to the pipe surfaces which
provides nucle1 for continned crystallization.

Use_of Mobile Tanker Truck to Flush Pipe In heu of using once through water, a
mobile tanker truck can be used to carry fresh water and hoses All pipes can be
provided with an mlet and outlet nozzles The truck operator can close the pipe,
drain brine 1nto the pond, connect hoses to pipes with quick disconnect couphngs and
circulate the fresh water through the pipe

This option can be combined with the Early Warmng Device option. As the fresh
water 1S circulated 1n the pipe, the monitor will signal clean conditions The central
control room operator will ask the truck operator to discontinue cleamng

With this option the same water can be used to clean possibly several pipes until 1t
become fully saturated at which time 1t can be discharged to one of the ponds

The combimation of early warming device with the mobile tanker use can resuit in
saving of a considerable amount of water

Installation of a Scraper Device Each pipe can be equipped with a slow moving
surface scraper which will continually remove sohds formed on the pipe surface A
possible problem could be that the scraper blade surface, 1tself may be subject to the
crystal growth But it may not be an insurmountable problem
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Increasing Brine Veloaity Brine velocity can be increased to scour the deposited
crystals, thus effectively washing the pipe, by installing smaller diameter pipes or
nstalling systems for frequent circulation of the water in each pipe at a high veloaty
This may, however, require more hydrostatic head to counter the additional head
loss It may create problems for manual cleaning if 1t becomes necessary

Agam this option can be combined with any other options suggested to improve the
combined effect 1n water conservation.

6.2 3 Pump Packing Flushing Water

For water pumping apphications such as those mvolving saturated brne, salt
precpitation in pumps and pipes 1s wnevitable To conserve water for such
applications, the primary option available 1s to change the type or model of pump to
one which may need less flushing For example, changing aboveground pumps with
negative suction head to submerged pumps with positive discharge head The higher
pressure at the discharge end would increase the vapor pressure of brine resulting
1n higher solubility and lower precipitation at the pump head and packing The APC
1s currently using high flow low head pumps We do not beheve that 1t can
completely be avoided

The other option 1s to look for ways to maintain packing and other pump parts at
4°C to 6°C elevated temperature to ehminate crystallization

The APC also can explore installing sealless pumps to avoid the packing flushing
problem. However, currently available sealless pumps have a maxamum pumping
capaaity of 5,000 gpm (1,136 m’/hr.)

A cost effective alternative to conserve fresh water for this application 1s to switch
to use of brackish water

6.2 4 Domestic Water Supply

Thus 1ssue 1s discussed 1 detail under section 50 Mimmizing domestic water use
will not only generate less wastewater but will also conserve more than 50 percent
of the water currently used by the Township

625 Power House Makeup Water

Water required for the power piants 1s used to makeup for water losses occurring
within the system. Typically, water losses are due to direct steam losses, condensate
loss, and other losses due to system leaks Such losses can be mimmized by
mamtaming a leak proof system, recovering maximum condensate (at least 95

percent), and mimmizing steam losses through leaky valves, pressure relief valves,
and other leaks through pipes and joints
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Another area worth looking mto 1s the RO operation used for water treatment The
reject flow from the RO process 1s about 25 m’®/hr for an inlet flow of 55 m®/hr (45
percent) This seems relatively high Generally, 20 percent of the inlet flow 1s
rejected, which 1n this case could be about 11 m?/hr

We do not have details for the RO process It may be possible that by increasing the
onumber of RO stages, the reject flow can be reduced A savings of 14 m’/hr
constitutes about 14 percent of the total flow

6.3 Irrigation

The available information indicates that only a small portion of fresh water (03 percent)
1s used for irmgation In lieu of using fresh water, the sewage treatment plant effluent could
be considered for irngation, if it meets the appropnate standards (Appendix E) for crops
to be irngated

6.4 Other Opportunities

L] The APC should also explore the possibility of recycling the sewage treatment plant
effluent and utithzing it for the following purposes

- Cooling tower makeup (15 m’/hr), and
- Pipe and pump flushing at the ntake pump station (8 m?/hr)

Together the above operations require about 23 m®/hr of fresh water If the sewage
treatment plant effluent i1s further treated by filteration, carbon adsorption, and
chlorination, 1t may be suitable for these apphicatons

Use of the treated domestic water for 1rmgation, coohng tower makeup and hne
flushing wall result 1n conserving about 26 m’/hr of fresh water (1¢, 2 6 percent of
the total fresh water intake)

. In-plant domestic water use of 10 m*/hr also can be reduced by employee awareness,
careful use of fresh water, installation of aerated shower heads, modified toilets, etc
The samtation water usage can be reduced by 20 to 30 percent to about 7 m’/hr

6.5 Use of Brackish Water to Replace Fresh Water

Replacing fresh water with brackish water may not be 1n a strict techmeal sense water
conservation. It, however, will save millions of cubic meters of fresh water, which can be
used for agnculture or other development. The APC staff reported that up to 85 percent
of the fresh water supply can be replaced by brackish water The APC should replace fresh
process water with brackish water wherever 1t does not adversely affect the final product

quality or quantity In addition, non-process water can be replaced with brackish water 1n
areas of
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L Pipe flushing (intake and carnalhite areas),
® Pump packing flushing (intake and carnallite areas), and
L Washing and cleaning operations

If 85 percent of the 739 m’/hr process water, the 90 m*/hr pipe and pump flushing water,
and the 70 m*/hr of water used for washing and cleaning 1s replaced wath brackish water,
the total amount of fresh water available for the other uses would be about 790 m®/hr

With water conservation and PP/WM measures i place, the current fresh water
requrement will be reduced proportionally With the use of brackish water, the remaining
fresh water requirement will be further reduced

It 1s our understanding that APC 1s striving to obtain brackish water from the Zarqa aquifer
The complex geology with steep sloping geological formations and presence of numerous
faults 1n the area, however, makes intercepting the brackish water aquifer difficult

Our preliminary discussions with the Water Authonty of Jordan (WAJ) staff indicated that
the steep sloping formations extend laterally about 40 to 42 kilometers from the Dead Sea
boundaries The closer one moves towards the Dead Sea wathin this transitional zone, the
deeper borings will have to be to intercept desired formations It 1s, therefore, prudent for
the APC to perform exploration for brackish water beyond this transitional zone The areas
which are eroded and expose subsurface formations would further aid in reducing the borng
depth to intercept the brackish aqufer Cooperative efforts with the WAJ staff n
developing a brackish water well field would benefit APC n reducing investment cost

6.6 Use of Run-Off Water

Currently, the facility stores run-off m a pond where 1t 1s evaporated The sludge,
reddish-brown 1 color, 1s contaned in the pond

‘We beheve that consideration should be given to utilizing this water for non-process related
purposes The fresh run-off water quality should be momtored to ascertain its useful
applications If necessary, simple treatment such as coagulation followed by clanfication
and/or filtration can be 1mplemented to improve the run-off qualty for in-plant apphcations
Ths will contribute to conserving fresh water

The estimated savings 1n water usages if the above conservation measures are successfully
implemented are summarized m Table 3

S S5l
HOOSHD MI101% 30



7 0 CONCLUSIONS AND RECOMMENDATIONS

Water plays a critical role 1n the potash production as one of the raw materials and as a major
COomponent in equipment maintenance, equipment cleaning, washing, steam production, cooling
tower operation, domestic water supply, and irrigatton  Approximately 73 9 percent of the fresh
water 1s used directly for potash processing, while the remaming 26 1 percent 1s used for
non-process related matters

Based on audit findings, the following conclusions can be reached

1
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The APC 1s currently recycling about 140 m/hr of water (1 e , about 14 percent
of the total water intake) In addition, the current brackish water project 1s
supposed o replace approximately 628 m’/hr of fresh water use when the
recovery wells are put 1n operation and brackish water 1s supplied The APC can
still explore additional water conservation opportunities through good
housekeeping, new operating techniques, tghter controls, and improved water
management  The suggested operational changes and water conservauon
opportunities are summarized in Table 3

Sanitary wastewater and storm water ponds have zero discharge during an average
day of operation During heavy storms, these ponds can overflow resulting 1n
contamination of other surface water bodies as well as shallow groundwater and
subsurface so1l

The washwater and other floor drains may constitute a wastewater requng
proper collection, monitoring, and possibly treatment prior to disposal into the
environment

Intake cleaning and flushing water also constitutes a wastewater discharge

There exist several PP/WM opportunities for APC as discussed m Section 5 0 of
this report The APC staff should review and evaluate alternatives suggested and
mplement those which are economically achievable  Certam measures of
wastewater monitoring should be implemented immediately to allow APC to take
approprate pollution prevention measures and prevent future adverse impacts, if
any, on the environment

The sewage treatment plant effluent 1s discharged to an unnamed creek Part of
1t evaporates and part of 1t percolates through subsurface so1ll There exists a
great potential for subsurface soil and groundwater contamination

The sewage treatment plant sludge 1s buried underground on APC property The
APC property 1s not a permitted or authorized facility to dispose of the sewage
sludge The burying of sludge 1s not an acceptable practice The APC needs to
design a proper sludge containment facility with liners and leachate collecnon
system and proper gas ventilation and flaring As an acceptable alternanve,
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installation of sludge drying beds and use of dried sludge for fertilization should
be considered

Due to largely liquud phase operations, there does not seem to be any visible
particulate emissions

No odor was experienced at the samitary lagoons or sewage treatment facility
mdicating that organic emissions may not be a problem

7 1 Recommendations

To achieve the PP/WM and water conservation objective, the following recommendations are

made

1
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Implement water conservation measures first by installing flow monitoring devices
for fresh water used for

Pipe cleaning,

Pump packing flushing,

All operational requirements,

Reclaimed Water Tank Feed, and

All fresh water supply outlets not currently monitored

Review water usage data to reduce water consumption and optimize process water
requirement without affecting product quality

Undertake studies to determine feasibility of several water conservation measures
proposed Implement those measures which are economically feasible

Evaluate and mstall flow control devices as discussed

Continue to implement mnovative processes such as cold crystallization to reduce
fresh water requirements for process purposes

Investigate use of other pumps not requinng flushing water

Utilize sewage treatment plant effluent for irrigation, cooling water make-up, and
intake pump station flushing, 1f it meets the desired quality If not, then upgrade
the facihity as required

The WAJ and MWI should continue to assist the APC 1n 1ts current efforts of
extracting brackish water to replace fresh water If necessary, WAJ and MWI
should mtiate additional exploration Due to complex geology, the presence of
faults, and natural erosion taken place over the years, it may be more cost
effecuve to nstall wells at locations where brackish water aquifer 15 available
within a few hundred meters from the ground surface The APC should continue
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to work closely with WAJ and MWI to optimize brackish water extraction and
reduce pumping costs

9 The current project of extracting brackish water should be completed as
expeditiously as possible The current policy of replacing as much fresh water
as possible with brackish water and/or strom runoff water with suitable treatment
should continue

10 Davert all facility floor drains and washwater through a single outfall to the sewer
so that this outfall can be routinely momtored for flow and sampled to monior
its quality A parshall flume can be 1nstalled to monitor the flow

11 Explore and 1nstall tailings and brine processing facilities to produce sodium and
magnesium compounds, if profitable

12 Construct secondary containment, berms, and dikes as appropriate for storage
tanks and operating faciities to contamn washwater, leaks, spills, and run-off
water This water then can be reused

13 Increase dike heights for storm pond lagoon and samitary lagoons to prevent
washouts during heavy storms

14 The sewage treatment influent and effluent must be momitored for their quality
and quantity by installing metering and sampling devices Both flows should be
monttored for

Chemical Oxygen Demand (COD),
Biological Oxygen Demand (BOD),
Total Suspended Sohds (TSS),

pH,

Ammonia Nitrogen (NH,-N),
Nitrate Nitrogen (NO,-N),
Phosphates,

Total Dissolved Solids (TDS),
Chlorides, and

Flow, m*minute

i5 Design and construct properly hned contammment area with leachate and gas
collection systems for sewage treatment plant sludge Alternatively, the sludge
can be dried using sludge beds and dried sludge can be used as fertilizer, f 1t
meets appropriate standards for suitable applications

16 Install groundwater monitoring wells at the effluent and sludge disposal locations
to monitor underlying aquifers currently used to supply potable water to
determime if they are impacted by the sewage treatment plant effluent discharge
or leachates from buried sludge Such monitoring should continue as long as

HES 33D KVM/ob6
HOOLHD 931618 33
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facilities are 1 operation

17 Finally, we recommend that the following 1tems be considered for feasibility level

studies
e Sewage treatment plant effluent treatment and reuse for cooling
tower makeup and intake pumping station flushing
. Installation of selective flow monitoring and controlling devices at
some critical process water application locations and at selected
Township residents to evaluate their impact
° Installation of double walled heated pipe with early warning system

and mobile trailer truck system for pipe cleaning

Data developed through the feasibility studies can be used for designing
demonstration units for field testing

HES 13,%KVMAsb6 -
HOOGSHD 941019 34 2



8 0 FOLLOW-UP ACTIONS

This section contains our recommendations to APC concerning follow-up actions required to
meet the PP/WM and water conservation objective The PP/WM 1s generally given prionity
over water conservation For APC, however, attempts should be made to achieve both goals
concurrently With this philosophy, the following actions are recommended n order of their

priority

1

10

HES 333 KVMsbs
HOOOSHD 941019

Install flow monitoring and sample collection devices to monitor mfluent and
effluent of the sewage treatment plant

Install flow monttoring devices at all key locations to monitor fresh water usage
Study, evaluate, and implement options recommended to conserve water

Imitiate monitormng sewage treatment plant influent and effluent qualities on a
monthly basis for the first year and on a quarterly basis thereafter Flows should
be recorded daily

The APC should complete the current brackish water project and continue its
policy of replacing fresh water with brackish water and/or storm water working
closely with WAJ and MWTI staff

Design and implement a floor drain collection system and a single outfall to allow
discharge to the sewer The system should have a flow monitoring device A
parshall flume would be a good device for monitoring flow and collecting
samples

Desuin and construct sludge drying beds for sewage sludge

As necessary, mcrease the height of dikes of storm water storage ponds and
sanitary lagoouns to prevent solids washouts during heavy storms

Concurrent with action No 1 study hydrogeology underlymg the sewage
treatment facility, effluent discharge site, and sludge disposal site Install two
momitoring wells, downstream of the effluent discharge site and the sludge
disposal site and one monitoring well upstream to monitor background water
quality Each well or cluster of wells, if necessary, should monitor the fresh
water aquifers Start monitoring these aquifers on a quarterly basis for the first
two years and biannually thereafter

If the sewage treatment plant effluent quahty does not meet the stringent standards
for groundwater recharge, wrigation (based on applications), and possibly
drinking water standards, and 1f the results of action No 9 above shows that it
percolates through the fresh water aquifer, then APC must take immediate actions
to upgrade the facility as required
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13
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15

16

17

18

19

BES 3337 KVMAsHs
HOOO HD 941019

Develop a PP/WM and water conservation policy as part of the APC management
operating philosophy and distribute 1t to all departments

Implement the policy through specific goals and targets

Make 1t each person’s responsibility to 1dentify PP/WM and water conservation
opportunities

Designate a PP/WM and water conservation coordmator to effectively implement
this program

Publicize success stories and reward employees that identify cost-effechve
PP/WM opportunities

Train employees on aspects of PP/WM and water conservation that relate to their
jobs

Perform a periodic assessment of PP/WM and water conservation by key
management personnel, the coordinator, and independent experts

Show management commitment through above actions and reinforce the policy
through meetings and company functions

Let the company "Mission Statement" include "Better Product through
Environmental Protection and Water Conservation”

36
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TABLE 1 Percentages of Fresh Water Usage at the APC Facility

Approximate
Source Percentage of
Fresh Water Usage
A———_———————_—-—J——*——
1 Process 739
2 Pipes and Pump Packing Flushing in S0
Carnallte Area
3 Dranage, Washwater, Overflows 70
4 Township 30
5 Powerhouse Makeup 25
6 Cooling Tower Makeup 15
7 Potable Water 10
8 Sanitation 10
9 Pipe and Pump Packing Flushing at the 08
Intake Station
10 Irmgation 03
Total 1000
AR RSN Mttt
HOOQSHD 41019
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TABLE 2 Fresh Water Balance, Arab Potash Company

Water In Water Out
Source Rate M*/Hr Source Rate M*/Hr

Groundwater Wells 850 Intake and pump packing flushing 8

Surface Water 150 Santtary Lagoons 10
Imgation 3
Township 30
Maisture to atmosphere through drying 8
Drains 70
Discharge to Flood Channel through C-7 100
Power Plant Steam Losses _ 25
Cadling tower losses 15
Potable water 10
Salt pile discharge 65
Evaporation through camallite ponds 656

Total 1,000 1,000

Note

Y The water balance presented above corresponds to 1 4 million metnic tons of potash production per
year

HEY 2335XARAMdg
HOOSHD 941019
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Table 3

Summary of Suggested Options Changes and Water Conservation Opportunities

Current ?Tesh *Fotentlal for Projected Fresh
item Water Use Conservation Water use Suggested Measures
m?/hr mPfhr (1) m/hr
1 Washwater, 70 63 7 1 Good housekeeping
Drains 2 Tighter controls
3 Use brackish water
4 Recycle and reuse
5 Use of water saver equipment
2 Pump Packing 60 60 0 1 Use of brackish water
Flushing
3 Township 30 15 15 1 Better management
2 New techniques
3 Tighter controls
4 Pipe Cleaning 30 24 6 1 New techniques
2 Better management
5 Power House 25 14 11 1 Process modification
Makeup 2 Better preventative maintenance
6 Irrigation 3 2 1 1 Reuse of treated domestic waste-water
7 Process 739 628 (0)* 11 1 Use of brackish water
8 Potable Water 10 0 10 None
9 Sanitary 10 3 7 1 Use of water saver equipment
2 Public awareness
3 Tighter control
10 Intake Cleaning 8 8 0 1 Use recycled treated domestic
wastewatar
11 Cooling Tower 15 7 8 1 Use recycled treated domestic
Makeup wastewater
1,000 824 (196)* 176
Note (1) The figures are based on engmeering judgement If suggested measures can be implemented successfully The APC can
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(2)

achieve this goal if suggested measures are proven technically and economically feasible
The APC i1s currently investing $20 million to install additional wells to recover brackish water The figures in parentheses ()
represent the fresh water usage upon completion of the current project, for supplying brackish water
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WQICP WASTE MINIMIZATION AUDIT
Facility Name ARAR POTSY COMPANY Auditor/Firm HARZA snd RSS
A Date 3/Z[198

ATTACHMENT A
AUDIT QUESTIONAIRE

SITE DESCRIPTION

Facility Name ARAR POTASH COMPANY (CAPC)

Area- 4200600 m?*

Address (%a[ Al - SAFL Iomlan

Telephone 442 — &- 84816, 633291 942 -3 -377121

Major Products PATASH a» KCI

Production Rate Y mE/Y
SIC Codes® 474

Major Sources of Wastewater Discharges

i Domenlic. ANRS

3 Stnrm _Sewsrs

3 Flushing of takuke Pumps Fackmgs

Major Processes

V. Cernallife Procens

3 S;)dvz nrte Protesn

Procenn
—4.Deying  Plocern

4..5&’@2:1.9 RroCenn

Facility/Equipment Age Tvedve Years

; UsA Classi fhcabion
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WQICP WASTE MINIMIZATION AUDIT
Facilaity Name AP Auditor/Firm

HARZA and RSS
Date Slilliuﬂﬁq

PROCESS INFORMATION
v~ Continuous

Operation Type

-- Discrete
-- Batch or Semi-Batch -~- Other
Document Complete> Current? Document
(Y/N) {Y/N) Number
Process Flow Diagram Y ¥
Material /Enerqgy Balance rN Y
Design Vi Y
Operatang ) '
Flow/Amount Measurements N N
Stream
i
Analvses/Assays
Stream
—Sform Sewer e{flucnt andynts Y Y
Plant layout/Flow Diagrams v Y
Process Degscriptaion 4 Y
Operating Manuals ';{r -
Equipment_ List/Age 4 -
Eguipment Specifications Nl —
Piping & Instrument Diagrams Y —_
Plot and Elevation Plan(s) ?!T —
Environmental Audit Report N N
Permit/Permit applications % A, NA
Raw Materaial Inventory Records W*
Product Inventory Records o7 il
_Management method practiced for N N
each wastewater stream
Wastewater treatment facilities 4
Waste management practice ¥}
Ancillary facilities pad el
Annual cost for management of N N
the wastewater discharge
Photoaraphic records N

¥ The C““PMT has bt} but was not fu-rf/ad to kg
NA not AW&)&LQ
— . not krgin
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Facility Name

WQICP WASTE MINIMIZATION AUDIT

ApC Auditor/Firm HARZA and RSS

Date 3&5@!!11&

INPUT MATERIALg*SUMMARY

Material Stream No Stream No Stream No

DESCRIPTION!

YRR

Annual Consumption Rate 350 £/Y

Overall

Component{s} of Concern

Purchase Price,

$ _per ggf knhogwa

Overall Annual Cost  s/al Kaswn

Delivery Mode? ¥

Shaipping Container Size & Type’

Storage Mode*
Transfer Mode®

ARir

Empty Container Disposal/Management

Shelf Life

Mot Knewn

Supplier Would

- _accept expired material (¥/N)

- accept shipping containers (Y/N}

I Acceptable Substitute({s), 1f any

Alternate Supplier(s)

Product Inventory Records

% Based o wfsmation povided by Company

Stream number,
flow diagram
paipeline, tank truck etc

drum, paper bag, tank, etc

outdoor, warehouse, underground, aboveground,
pump, forklaft, conveyor, etc

crush and dump, clean and recycle return to supplier etc

feaonah, he oy Mpul walisial fwdww\

dPOoO0O®
wuuQuaQ

1f applicable, should correspond to those used on process

etc

by APC which durectly tlafid bo Potorhs Brodueion 15 an anticakbing ent The,
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Facility Name AP(C Auditor/F.rm HARZAand RSS

WQICP WASTE MINIMIZATION AUDIT

Date gfi3,/¢[199Y

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

{page 1 of 4)
Waste Stream Name/ID St‘orm ﬁw"f.ég/‘(&dt’ Stream No

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

--- Gas -—-- --- Sclid -~- Mixed phase

Density kg/M’ = !3 {Lana /ﬁ{lgh Heating Value Caleg [! £ Knpwn

PE Flash Point % Water 80

Waste Leaves Process as

-- d1r emission -~ m -- solid waste

QOccurrence
continuous
-- dascrete
discharge triggered by -- chemical ana.vsis
-- other (descrike)
Type -- periodic lengtn of period
-- sporadic
Generation Rate
Annual 1 rg per year
Max1mum j?ljn#hr rg-per
Average ¥g per
Frequency batches per
Batch Size average range
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Facility Name APC

WQICP WASTE MINIMIZATION AUDIT

Auditor/Firm HARZA _a_ﬂdRSS
Date 9/13,14/(1%4

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

{page 2 of 4]

Waste Origins/Sources

F1ll out this worksheet to identify the origin of the waste If
the waste 1s a mixture of waste streams, fill out a sheet for each
of the individual waste streams

Is the waste mixed with other wastes® -V/- Yes ---- No

Descraibe how the waste 1s generated

T OIF Fora Bhickeners (< gdls)

4_._E1&L$!‘.L'Ag ) Dimp Palkinas
v 7 7 [Y)

T leaks and toshwales

Example Formation and removal of an uncssirable compound
removal of an unconverted input material depletion of
a key component, equipment cleaning waste, obsolete
input material, spoiled batch ard production run
sp1ll or leak cleanup evaporat. e loss venting
losses etc

11
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WQICP WASTE MINIMIZATION AUDIT

Facility Name APC Auditor/T.r" HARZA and RSS
A3 101994

..J.\.‘_

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

(page 3 of 4)

P

Waste Stream ngfM Sﬁw&( C’FF/JA&M&

Management Method

W E:
<

L.eaves site in --- bulk
--- 55 gal drum

--- other (describe) DtSDd'k;f b the Truce tane

”
% pDisposal Frequency (smbaausg FL“WJ Chantel
E Applacable Standards/Regs AMene
5 Managed -X- onsite --- offsite
-¥- other {(describe)
B Recycling 2% - direct uses/re-use
-X- energy recovery

-X- redistilled
-%- otnher (aescripe)

|

reclaimed material retur—a3 tc s.te?
~-~ Yes ---{No} --- .sez dvy cthers

residue yield

residue disposal

Treatment -X- biological
-¥- p<idation/reauctio~

-X- pH adjustTent

-4- precipitation

-» other (aescribe) _

Final Disposition --< Dump ke e Truce Lne "m t,mrmé[
--- pond
--- other {describe)

el kg Sy Gdedd

K rar apslitanle
Al

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

)

(page 4 of 4)

% + ] | T

Nl L )
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WQICP WASTE MINIMIZATION AUDIT

Facility Name APC Auditor,F.rm HARZA and RSS
Tate 8/13,14( (934

Xost as of KO étabment (quarter and year)

Cost Element Unit Price Reference/Source
JD per
Onsite Storage & Handling -
Pretreatment [Lg +TE) | Tp/m? APC  Enginens
Container e
Transportation Fee Not Kdsin
Disposal Fee Nob IKvipwn
Taxes ~
Total disposal Cost s
/S - net Frovrn
(& dellacs

* ':-Hf, WM\T ?MannC, A rMJM M | &on ‘Ig Pph—&/L\ PRJACLJ %h

Howeven, e codt VZ 6%3 Hily wale sAr€am (Shrm fewer) ig naﬁm,\s
w /
The, wte Srtam o J‘Jﬂﬂ‘/""[‘” Ha Hood Clannel wnthont e of frtokment
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WQICP WASTE MINIMIZATION AUDIT
Facility Name & PpC Auditor/Firm

HARZA and RS
Date /13 14/ 1994

WASTE STREAM INFORMATION
(one form for each stream)

Stream ID -

Streamname _52’077" Sé»m 59{'&&»&

(wastewater, waste oi1l, still bottoms etc )

Discharge Identafication S\urga Wt;,ﬂuc,éwr, Puuvtp;

(Enter process or equipment from which stream 1s discharged)

Stream flow/quality
minimum flow L/min
maximum flow L/min
average flow ZZZE é L/min

Is stream continuocus orintermittent? C<rnhrukou$

Which of following is the cause of the waste®

a Process chemistry = {Reaction stoichiometry kinetic vyield)
Describe

!"5-1! Engineering Design (capacity pressure, temperature limitations
etc ) Describe [dewd

£<]
i:_’Du.A(l[)x l)AIA‘! ref_uu-e. afat Of ﬁtui_lé rt‘?

.é Operations = {operating rates, order of addition, etc ) Descr.ce
Qrarlenct 70 pluas
g1 v
a Maintenance = (leaks, spills, corrosion etc )
Describe
Are the components of the waste stream a raw material (51} product (F)

useful byproduct (UPB) nonuseful byproduct (NBP] solvent (S) catalyst
{C)}, or an aimpuraty (I) in the raw material?

{Attach analysis records 1f possiole!

Fi1ll out attached Figure 1 for each waste s:tireza~m



Facility Name APC Auditor/Firm HARZA anf RS
23,149(1994

10

11

12

WQICP WASTE MINIMIZATION AUDIT

Date

Component Conc Check One

Name (mg/L) RM_ P UBP__NBP S C 1
35

Kc i ”

Mg Cl, 4
Ca Clz 12

Waste stream characteristics -- pH TSS TDS

Color

Current

Hardness Odor TOC Other,

disposition of the stream D:S(/W mlu the 77!4(1. é)tﬁ F{a?,/CA:zthLf
TV

Current

effluent criteria and disposal limitation :l-:"-‘_f wen Stander] 202

Permits

relevant to the waste stream disposition Npage

Current

cost of disposal and/or treatment for this waste stream Mone

If stream 1s currently being treated, list NL

a Current treatment parameters (chemical consumption treatment
conditions etc )}

b. Exaisting treatment equipment (identify size and type of

equipment)
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WQICP WASTE MINIMIZATION AUDIT

Facility Name APC

Aud.tor/Firm H'MMRSS
Date g3 {11994

Other pertinent information _Alsne
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WQLCP WASILC MINIMIZATION AUDIT
Il une. }“_\?C Auditor /Tirm

_ L L Date

HARZA and R3S

INDIVIDUAL WASTE STREAM
CHARACTCRIZATION

1}

(paye 1 ol

Charactzarization (aLtach additional sheets with composilion
as necas.ary)

--- --- Solid

ooty bg/rtt
Pt

o --- Mixed phase

flash Pownc * Wale:

813,14 1394____

N

Stream Uwne/ID Hggéﬁ; gE/m‘lkl &3& Ex&n’; Stream Mo

High lleating Value Cal/ly_

lacrte laearve Drocese

-- aixr emission --[wastewater]) -- solid waste .

Occurrence

- - Ccant inuous]

discicte
discliarge triggered by

as

-- chemical analysais
-- other (describe)

lype -- perodic length of period
-- sporadic
Gz2netation Rate
Annual kg per vyear
Mo 1mum kg per
Lvelage X nifh, kag-per
Frequenc / batches per

Batch Size

average

range
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WQICP WASTE MINIMIZATION AUDIT
Fvatity e ARC Auditor/Firm  HARZA .ad RSS
e Date g3 ,14114

CHARACTERIZATICH
(page 2 of 1)

INDIVIDUAL WASTE STREAM ||

6 Waste OrigiLus/Sources
m111 out thi¢ rorlsheet to i1dentify the origin of the waste I

the vaste 18 a miiture of waste streams, Ei1ll out a sheet for each
of the i1ndividual w~aste streams
Is the xsaste mived with other wastes? ---- Yes --u(,No

Describe how Lh2 waste 15 generated

Loy rtaldB borm bresh coalin pred 0 flush the JnFaER

iuﬂ'ﬂl . _

toawpl [ armation and removal of A undestiablz compound
1 mosal of an unconvetrled nput material deplction |
v}, component eguipmant cleaning ste ob ol
nput material spoiled batch and productron run
c1ll or leal cleanup ~raporitive lu o v o nlang
Iy 2 e
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WQICP WASTLE MINIMIZATION AUDIT

1ty Hame ArPC_

|
Audstor/Uitm HARZA and RS S ¢E
Date gli3, 14 113449 |

IMDIVIDUAL UASTE S1REAM
CHARACTERIZATION

(page 3 ol 1)

Maite oLroum -F/u,_;;yﬂﬁf @ [nfrée Pu«m@; Lt fluent

tiinagement Mot hod

feaves cle 1n ---

bullk
55 gal drum ., . P
other {(desciibe) /3 n T .

Dispcsal FrLequency Conhnvgus

Applicable Standards/Regs Non% ~
tnaged A onsiie -- ofE_.1te
X other (describe) e
1 _,~ling X direet wofrew e T )
-%- enzrgy rtecovely L
-X% - redistillad _
- > other {desciibe)

reclaimed malLerial returned to site?

Treat ment -5

--X ovidation/reduction
-% pH adjustment

X oot QPP(I\CA-@(C

{es --- --- used by otheirr

residue yield
residue disposal
biological

precipitation
other (describe)

Dump A H M .QPA -

pond
other (dcscraibe)

INDIVIDUAL UAS1E STREAM
CHARACTERIZATION

{page 1 ot 1)
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Loy Hame A PC

WQICP WASTE MINIUWIZATION AUDIT

Auditor/I"1i1m &jﬁd&&ﬂjugiﬁ&;sg
. Date &N13,44| 1994

1
|
|

= :i}

X o~1 ac of _ -

feprtreter 1nd yeqr)

e -

C1 t I'lement

Unil Praice
JD per

Reference/Source

fn .'«o Srorage & Handling

"1t hratment

. ntavner

g
E
!
!
|

arinn pyrtation Fre

T 1L L

——

Tot1l disposal Cost

4 Nai~ _af'fl*Ca»H&

LS



WQICP WASTE MINIMIZATION AUDIT

ApPC Auditor/Ciim Eé RZA and RSS
Date 8li3NY flay |

HWAS1E S1REAM IMNMFORMATION J
{(one formm for each stream)

Stream ID

Streamname FTLgSB;ﬂﬂ_QP ’nt’nke ?MM?S Pac/dnff gf/a%f

(wa.tewater, wasté o1l sLidl bottoms, etc )
WdoLeWate

I.scharge Identification J);thﬁd nfe e J)e&éj;epL

fFnter process or equipment {rom ~hich stream 1s discharged)

str oan Lloe/ uaty
minimun £low i/min
masimum Llow L/min

average flow [Z2.@ L/min
[s stream continuous HSrintermitbent? CZZﬂiiﬂj&&&ki__ﬁ__ e

“hirh of following 1- the cause of the wa<Le?

1 rroce s chmi-ti1y = {Reaction stoirchiomerry linrtic  yireld)
Deccribe

eLc ) bescribe

[:] Fngineering Design [CafaCLCY pres<ure  temperatuwie limitation
! ! hY

dded t Ophrize Prisvure

N

Cperations = (operaling rates order of addition etc ) DescuLil<

! vtintenance = {leaks spalls cowrrosion ete )
B, cribe

1 » the components of th2 vaste stieam a rav mater:iil (RM) product (P
1. ful b,product (UPB) nonuseful byproduct (HBP) solvent (S) cataly-t
i) or an wmpurity (I} in the riw materaial?

{AtLtach anilyris records 1f poooible)

Fill out ttached Figure 1 for each waste Lieam

BEST AvaILABLE copy

o
Y



WQICP WASTL MINIMIZALTION AUDI1 }

Lt ont g e A-EC:_ e Auditor /t e HARZA and RSS |
] . AN /I YT [CUC N

Compon~nt Lone Checl One
e tmg/t) RN _P oBe  Hpp S C 1

S‘LMC then

An Deug Seon Nofi €
B(.qc, Mhﬂ’
lean dil

’ It ta2 gtieam characterisbices -- plt 1SS rDs
lor Haidneos, __ Odor roc Other

o et dicpocition of the ctresam Zlq_fp_#\f_M&a__

a cmrent efFfluent crikterra and disposal limtation JQJMM_S_@:&_!X 202

11 P ormits r1elevant to the waste stieam di.position 4!023{/ o

11 ‘urrent cost of disposal and/or treatment for this waste stream /\/07112,
12 It LLizam 1s curren!ly being tireated list ,‘/‘0
1 Curt_nt treatm>2nt pairameters {chemical consumption Lreatwment

condition, etc )

b r~isting treatment equipment {identify size and type of
equpment)

pEST AVAILABLE COPY

7



WQICP WASTE MINIMIZATION AUDIT

Facility Name: _APC Auditor/Firm- HARZA gﬂd RSS
Date.gugdgj (99

Recycle Product
Bﬁnc ) Sy( vinlke
To C-7
1@3‘31@* "
3506m
" Carnalli e Frocons
Inlet
— Process/Equipment
Component Name Name/Number
ERII Contentrated Bane fom Salt Ponds
I.
C.
Useful Byproducts
>
Waste Stream (£ fwm Sewers?
Name {mg/L)
RM
A//a
C
-
S
I
- 7
UBP
] MqCl A
NBP ')
Ca (/ z !/
Bl ke 257
where.
C = Catalyst RM = Raw material
I = Impurity in the raw material S = Solvent
NBP = Non-useful by product UBP= Useful byproduct
P = Product

*+ Tf UBP, P, or NBP appears in the inlet/feed to a unit operation, then it
was formed in the previous piece of equipment Trace 1t back to the unit in

which 1t was formed
Figure 1

11
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Facility Name

WQICP WASTE MINIMIZATION AUDIT

Auditor/Firm HARZA s RSS

APC

Date ¢[(3, 14 {(4a4

WASTE STREAM SUMMARY

fake fomps

Desd %,

b e
“ Component of Concerns Str  No! Stre No Stre N
eam am am o
I Wagte ID/Name Stam Stwves | Domedee Houth:
Source/Origin S’pﬁfs’.b/u’lo»b hurmaw acfingy | £
Annual Generation Rate {units__ ) ?am‘/‘" 30 n-!”:/ ' 8;“'“»'
Overall
Component (s) of Concern
Cost of Disposal -~ -~ -
Unit Cost (JD per )
Overall ([per Year)
Method of Management? %Fﬂ‘“{"\ the | Biploy reated Duppsed 1ty
Firrd chaanel e Ligae) v aheic
Pricrity Rating Criteria’® w¥ | rat | rew | Rat R | Ratr |R
ing ing *W | ng *
(R} {R) {R) | W
Regulatory Compliance N A NA N A
Treatment fDisposal Cost AMA N A AN
Waste Quantity Generated 701;\‘//1’ Z,,p%]/" gnfllw
Waste Hazard No ij_&!h'&” Mo
Safety Hazard NO Duf I, Mg
Minimization Potential x;b W 5 Yes
Potential Byproduct Recovery )’ES rfJ d No
Sum of Praioraty Ranking Scores
Priority Rank

1

2
3

Meeting Coordinator

Stream number, if applicable,
process flow diagrams

should correspond to those used on

% furfle, fn\!a/»tujahm needed

For example, sanitary dump, onsite recycle, dewatering etc
Rate each stream (W) 1n each category on a scale from O to 10
OPTION DEVELOPMENT
Page 1 of 2
Meeting Format (e g , brainstorming, nominal group techniqus)
RESTAVM&ABLECOPV

a0



WQICP WASTE MINIMIZATION AUDIT
Facility Name APC Auditor/Firm HARDA . l RSS

Date g/13,1y | 449

Meeting Particapants C )

- w tHambd  HAloa Lad o AN
£ B and Mr krichna Mnfe‘.k."-

Quk

Liana= el

List Suggested Options Rationale/Remark on Option

| These O?fm Are cﬂtd.(%. o(.L!znd

| tq Chaplers 6,7 end X O fha avdts
et




s TR O - -

WQICP WASTE MINIMIZATION AUDIT
Facilaty Name APC Auditor/Firm HARZA and RSS

Date g/13 1yl 199y

¥

OPTION DEVELOPMENT
Page 2 of 2

Option Name

Braiefly describe the option

Waste Stream(s} Affected,

Input Material(s) Affected

Product(s) Affected

Indicate Type,--- Source Reduction
--- Eguilpment-Related Change
--- Personal/Procedure-Related Change
--- Material-Related Change

--- Recyclaing/Reuse
--- Onsite --- Material reused for original Purpose
--- Offsite --- Material used for lower-qualaty Purp

--- Material sold
--- Material burned for heat recovery

£ Suggated OPBoNS ace Jistummad in He it repet (Eh 67,5



WQICP WASTLC MINIMIZATION \UDII

Auditer/Tim HARZA aad RS’S

i, ane APC

Date gN3,14[1q9¢

yher pertinent information " alme

BEST AVAILABLE COPY



f WQICP WASILD MINIMIZATION AUDI1
[ Lowadary thaee APC o hnuditor/rinn HARZA aed RSS

o . Dale 8113, t4iRay

L:_;——'_'—"

u

IHDIVIDUAL WASTL STREAM
CUARACTCRIZATION

{(pwge 1 ol 4)

Viste Stream Uame/ID ngﬂq a.Md Domente Emeam tio _

Inste Characterization (alttach additional sheets with compositio
data a°c necessary)

- -t --- -- Solaid --- Mixed phase

oLy g/ttt - fligh Healing Value Cal/tyg_ -~
pll [lash Point * Yater

la tx fevve firLoLess as

-- air emlis.,ion ——lwastewateri -- solid waste :

Occutrernce

=~ cont inuous
-- discicte
discharge triggered by -- chemical analysas o

-- other (describe)_ =~

fype -- periodic length of period

-- sporadic
Ganeration Pate

Annual kg per year

Ma < 1mum . kg per

Lvetrage 20 m*hr Zg—pTr

Frequenc/ batches per

Batch Size average range

BEST AVAILABLE COPY

[



WQICP WASTL MINIMIZATION AUDIT

Auditor/Firm

Lo atioy Hame  APC HARZA _and RSS
e o Date @liz, 11199y
INDIVIDUAL WASTE STREAM
CHARACTERIZATION
{page 2 of 4} )
3 Waste Origins/Sources

i1ll out thais

the

/aste 1s

Ly rhe waste

wrksheet to i1dentify Lhe origin of the waste If

a mixture of waste sireams f1ll out a sheet for ea:ch
of the 1ndividual waste strieams

mived with other waste,? ---- Yes

Describe how the waste 1s generated

¢

frampl -

I vmition ind removal of wm undasig
r mural of an unconvetrted input mat
t .y ccmponent  aquipnent cleaning

bl 2 compound

erral  deplction ot

Iste  obfoletl 2

tnpul. materril  sporled batch and production run

ol or leal cleanup evaporatisc
s e elc

lo o vent e

~



HWQICP WUASTE MINIMIZATION AUDIT

1ty tame  APC Auditorslitm HARZA and R<S
e Date @12,y 11994 |

THDIVIDUAI WASTE S1TRENMN(
CHARACTERIZATION

{fpage ¥y ol 1)

ot CLleun _:_S,@Mﬁﬂ"/ d'ﬂd jm m EYCF/“-%(-

Hanageme nt Mot hod

[eives sible 1n --- bulk
-- 55 g1l deum

--- other (desctibe) Dg_)g;‘;.:/r‘—o Trtetmend /%C:Jl%
Disposal Crequency Continuens

Applicable Standards/Regs Nane

Jdwnged v onoite - off 1Le
- - other (lescribe)

1, ling ¥ dircct uol/re u 2
X- rN21Yy 1o c0r,
K- rediLtiliad
->~ other (describe)

reclaimed material returned to site?

--_- fes __- --- used by others

residue yield

residue disposal

Tieatment —L/blologlcal
-- ovidation/reduction

-- pH adjustment

--- precipitation

-- olher (duscribe)

Final Dispo<ition --- Dump Ato an wnna ch Crea (’WA_Q_L,')
--- pond
--~- other (describe}

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

(page 1 of 4}

e



e b o A N

WQICP WASIE MINIMIZAIION AUDIT

A Loy ttame  ADC Auditor/riim HARZA amd RSS
S Date @fiz w139y
cot e ot - _ fgnuarter and yeaur)
LosL klement % Unit Price Reference/Source
JD per

On i1re Storage & Handling

Pr t1 aatment

Container

[y wr poctation Fee

DL nosal ree

| S

Fatal disposal Cost

£NJot q{)ﬁh‘a,b [e



WQICP WASTE MINIMIZATION AUDIT
Thectlvty tlame APC

Auditor/Cirm H&R and RSS
e Date ZN3,M4[lasy

VINSTE SIREAM INFORMATION

(one torm for each stream)

Stream ID

Streamname &ML&MJ WM% Pﬁ:{l\ ; wnIhI«P
(Vastewater waste oil, still bottoms etc

Discharge Identification ':DISPoS-CJ iy an un

{rnt2r process or equipment {rom which stieam i1s diccharged)

an Llav/qualain

[

)

FANN]

manimum flow L/min
ma-cimum [low

__L/mn
average flow Boeo  L/min
i a3

I: stieam continuous orintermittent? C’o‘w{fw\nu:s

Ihich >f follouing is the cause of the waste? Jp

v Proce &

chemi-try =
Descyibe

{Reaction storchiometry Finelie  jield)

b tnyinearing Design (capacity preccure temperature limitation
ate ) Lescribe

Operations =

{operating rates order of addition

etc ) Desct s he

Jdrintentine2 = {le2aks
U2 cribe

spills coirroLron etou )

v th~ compouzxnts of the

t. _ful b,product {UPB)
+)  or an wmpurity (T)

vaste sticam a rav materaial
nonuseful byproduct (1BP)

(R} product (P)
1in the 1aw materinl?

solvent (S) cataly

(ALt h anily=is records LE poosstble)

F1ll out attiched Figure 1 for each wvaste <Lream

# The Dameslec webomlos s svratadid sdb human acinty

BEST AVAILABLE COPY



| S L TR I R

WQICP WASIL

HINIMIZALION AUDII ‘
Auditor /Earm
NDale

[lwne

f ompon-nt Conc Check Oune
Nane {mq /L) RI1T P uBer  Hgp S C 1
R‘?“L[ 1 Mane
Wb&-/
! v te stream characLteristics -- pll 1SS rDs
et __ Hardne-c. Odotr rocC OtLher

7 Carren

t dicposiLion

of the stream Yo ean nBraom G&—Cu/C_(‘Wa/z)

19 formil

11 Curren

t cost of disposal and/or treatment for this waste stream

Mot fcrewn

12 It sue

1

bH

list

Lurrent treatment parameters {chemical consumption Ureatment

conditions eLc ) ,!'2!5 See atached Dot Shek ?qui_?_(lA_ by
fUI;gﬁwgyEL&ihh41aati£_$mganéin_ﬁﬁmuﬁx4;_lin_ i

czam 1s currently be;ng treated

I'risting treatment equipment (identify size and type of
equpment)

i Tank V= 3073 m, (enlrele
“Sélf:(;n}'_i';ﬂi_ TTSA = BOmS T o
) -, .2 - .
‘Chlinaeer _Tank V= 1875 m

BEST AVAILABLE COPY

a1



1 " ame Q Auditor/Ciwm ‘HA@ZA MRSS

( — s e

l ICP VASTLE MININMIZATION AUDII

1 1
3 e __ o DalLe

Orher portinznt infoimation »_S_Q‘Q aH'AqMJ D@SM" f_‘ege,.t“;‘
L Aqpaadin € Pl

=




WQICP WASTE MINIMIZATION AUDIT
Facility Name: APC Auditor/Firm: HARZA and RSS
Date- €/1214 | 199y

4 ‘ Recycle Product
Edo < _—————->£&il
¥5 AR i Product

Beaompesilin
b (gl Cagsfilibakiom

— Process/Equipment

Component Name Name /Number
[ KCl a5 Boas

S

Inlet'

I
C.
Useful Byproducts
> X
I
Waste Stream
4
Name (mg/L)
RM
c
S
I
- UBP
NBP
P
where
C = Catalyst RM = Raw material
I = Impurity in the raw material S = Solvent
NBP = Non-useful by product UBP= Useful byproduct
P = Product

** 1f UBP, P, or NBP appears in the inlet/feed to a unit operation, then 1t
was formed i1n the previous piece of equipment Trace 1t back to the unit in
which 1t was formed

Figure 1

11

)( ldoﬁQJ



A b nen sk 7o

U

POTASH INDUSTRY

ADDITIONAL QUESTIONNAIRE
1 How much steam 1s used to heat brine solution in sylvinite process? Is condensate
100% recycled?
2 How much steam 1s used to mamntain vacuum i crystallizer? Is 100% condensate
collected 1n the reclaim tank? If not, where 1t 1s discharged?
3 How much water 1s reclasmed daily?
4 How much reclaimed water 1s used daily?
5 How much water 1s discharged to tailling pile?
6 How much water 1s used 1 electrostatic precipitator dust handling? Where 1t 1s
discharged?
7 What kind of water treatment used for treating boiler make up water? What 1s the
treatment capacity?
8 What happens to the wastewater generated due to water treatment process?
How much is generated daily?
9 Provide a histing of water flow meters currently mstalled
10 Provide a listing of water flow meters planned to be installed m the near future
11 (TDS), salmty, sodum, potassium, magneswum, calcium, pH etc
12 How much brine 1s discharged through C-7 pond to Truce Line Flood Channel?
13 What water conservation measures are currently being taken?
14 What water conservation measures are planned to be taken m the future?
15 What are plans for future facility expansion?
16 Would these expansion plans result m
. Utilization of MgCl, brine to produce magnesmm compounds, bromine
etc, and
. NaCl unlization 1n generating sodmum compounds, chlorine etc
i Jaasrinens

HOOOSHD 91019 t 0%
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This should eliminate MgCl, brine discharging to the Dead Sea and storage of crude
NaC1

17 When will these plans will be implemented?
18 Are there any specific plans for replacing fresh water with brackish water?
19 How much water can be saved by the cold crystalhization process?
20 For the cold crystallization process, please clarify the followmg
. How much of 460m’/hr water used for cammallite decomposition wiil
be diverted to the cold crystallization process?
. How much of 120m’/hr water used for vacuum crystallization will be
diverted to the cold crystallization process?
. Water diverted to the cold crystallization process in addition to the
existing demand
. Will the net effect be reduction 1n the total water usage for carnalhite
process and crystallization {1 ¢ , 1n relation to the new facihity if it were
designed using the hot leach process)?
. How much water will be requred for the centrifuge wash cycle?
Where will this water come from?
. Please complete the following
Water In Water Out
Brine Moisture to Atmosphere
Fresh water Slurry to Tailings
Wash water Return Brine to Pond
21 Are there any analytical reports for
. Sewage treatment plant mfluent
. Sewage treatment plant effluent
. Water discharged to sewer
. Water discharged to flood channel
. Water discharged to lagoons
. Fresh water
If available, can we have a copy of the report?
RS JBCLIL Srale
HOOOSHD 41019
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22 Confirm the following water demand

AILE IR AL
HOOGSHD 941019

MMT/Yr MM /Yr
14 75
18 95
22 114
with other chemical 210
procduction
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WATER CONSUMPTION RATES

Ik ARAB POTASH COMPAN

FOR THE

YEAR 1993

| TOT4L CONSUMPIION =

7,508,758 m3 |

835 % — RETURN BRINE
—9p{ REFINERY [—WSEWER
6,269,812 93 m3 —— W LAGOON
715 73 CMAT
112 %
PiSOLAR PONDS |——-LVAPORATION
838,728 27 in3
9575 CM/AT
P> SEWAGE TREATMENT
465 % TOWNSIIIP P IRRIGATION
349,157 25 m3 & INTAKE
3936 CAI'H Dead Sea
018 % b AQABA >Cln SCHERSIS
13,515 76 m3 TERMINAL
154 CMAT
a5 2 HUSSEIN l RCF LAGOOVNS
37,543 79 m3 CANMP
429 C\H

I CRI3 XLS/DSK-2

o3 LM
5,604,052 93 63973
61320000 ~000
2,56000 600
m3 LM
25016925 2856
2896800 330
Teesonn 800

Z
89 38
9°8
084

71 6%
8§28

200°



THE ARAB POTASH COMPANY
WATER CONSUMPTION RATES
FOR THE YEAR 1993

[T [ S— | S Coiinsd e Welariiotie &

A |

L

| REFINERY CONSUMPTION = 6,217,253 m3 ]
648 % CARNALLITE
—_—P AREA
4,029,600 m3
460 CM/H
16.9 % CRYSTALLIZER
——P AREA
1,051,200 m3
20 CMH
OPERATIONAL
704 % > REQUIREMENTS
438,000 m3 (FLUSHING WASHING
50 CM/H PUMP SEAL)

1127 % ) POWER
PLANT
700,800 m3
80 CM/H



BASIS O [DESIGN

Applicaticn Foul Sewage o0o-1

Persons Residential 300C

BOD load g 55 grms BOD/person/

day 165 kg BOD/day
DWFJé 240 litres/person/day 720m3/day
Average flow rate g DWF over
24 hrs/day 30m3/hour
Peak flow rate @ 3 x average 90m3/hour
Total BOD {all sources) 165 kg/day
Peak flow rate (all sources) 90m3/hour

Aeration tank loading

Plant Configuration

Two stream plant, each for 153C bpopulation
Loncrete tanks, mainly below grsund

Gravity {eed

Mechanical rotating screen plus standby hand rz ¢
Chaittenden 4 Howard Limited [ z2csrator with was~ -
Duty and standby sludge recirculat:ion pumps for e
plant szTream

O B WN =

Capitox Model - Below ground grasity teed
Electrical Supply 380V 3pH 50Hz

Effluent discharge standard
L)

20mg/1 80D

30mg/l S.S~
Smg/1 Ammonical Nitrogen
2mg/1 Dissolved Oxygen

For each stream - 82 kg BOD/Zav
45m~/hour - cea% flow
3

Seltlement Lank surface area = 7 = SOm3

"

o

Aeration tznk cupaciiy - 77 = 317 3m3

"2 75 kg02/hour

13 75 -

Aeracor shz-"L cover -z ' anafh

-

0 26 kg BOD/m>/czy



Sludge Recirzulation

Recirculation rate @ pzak hourly flow
rate of raw sewage witn max of 3 x average
flow rate = 45m3/haur

Sludge Assessment (for each plant stream)

Daxly BOO 82 5 kg BOD/day
\

Sludge growth index for 0 5
sludge produced/1 0 BOD removed

Dry solaids 41 3 kg/oay
Estxmated surplus sludge 4 13m3/day
g8 1% dry solids

Aeration tank capacity 317 3m3

MLSS concentration 2250 to 5000 mg/1

Surplus sludge capacity of aeration

tank g 2750 mg/1 317 3m3

Thus dry sal.d 875 kg

Daily dry solids produced 41 3kg/deay
Theoretical surplus sludge . 875 - 21 ¢
capacity Of aeration tank 1n days 41 3 £l cays

Each eeration tank to be desludged every 14 czys
Dai1ly volume of sludpe produced in each aerat.or tank
1s 4 13m3

.. 14 «~ 4 13 = 58m3/14 days surplus sludgs

3418m3
3 3m

Each aceration tank

Depth .
of 96m-/m depth of tank

[l

For each desludging (every 14 days], level in zerat.on tank
to be lowered by 0.6m

Sludge Storage tanks (2 off)

Each tank = 5 Om dia x 4 Om water depth
Capacity of each tank = 78m3 (or 20m3/m depzal
Assume 50% supernatent warer after 24 hcurs ccns._derztion

Total sludge storage capacity x 2 x /78 = 15Em

1



PLANT L1LMS
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1 Screening and Maceration

Peak flow rate of raw sewage = 30m3/-our

Screen base B6mm thick x 40mm wide

Bar spacings 20mm {approx)

Cpenings Screen width ratio 0 77 1 00

Design Tor velocaity of 0 3m/sec along screen channel

For flow of 90m3/hour -

Cross section of flow = ag = 0 08mZ
60 x 60 x 0 3

Depih of flow 1in screen channel at 90m3/hour at velocity
of 0 30 m/s

= = 0 16m deep

Phesed operalion by process timer

Variabhle 0 - 60 minutes operation
Variable 0 - 60 minutes of period

Opz-~ation refer to CHITTENDEN & HO'/ARD _IrZTEZ
instruction manual

Aeration lank

Designed hydraulically, for full plant pssk “lc ' through
gach aeration tank

Fuli plant peak sewage flow = SDmé}hP
Full planl sludge reciculation = 90m2/hr
Total flow to aeration tank = 180m3/hr

Fitlaings
1} Concrele aeration tank (rectangular: (2 2F¥2) N
Design vol = 317 3m3
Actual vol = 326 7m3
Water depth = 3 3m
Width = 9 Om
Length = 71 Om
Freeboard = 0 Bm

11) Simcar SAI. asrator (2 off) 1080mm CZ.=

83 rom
0,870 gzzz—z0-
11 &' zzo



111) Aeralur osupport tripod witn flew inducer (Z oF7)

111v) Walkwov, Oecking, Handrails (2 off each)

i

v) Weir outlet box, Screen outlet pipe 900mm vaair
(2 off each).

vi) Sludge removal pipe with valve (2 off)

3. Settling Tank and Accessor:ies

Peak flow through one tank = 90m3/hr
Sludge draw off -

Recirculation based on 50% of total plant recirculation
for each plant stream

Recirculation rate per tank = 45m3/hr
Fittings ;

1) Concrete settlemenit tank {eircular) (2 o™7F)

Surface Area S A (design) = 50m?
S A lactual) = 50 28507
Water depth = 2 2m
diameiter = 8 Om
free board = 0 3m
11) Fixed bridge secraper mechanism (2 off) ¢ In c.z plus
scum sweep
111} Daistribution box, inlet paipe and coupl:ing 2 2FF)
1v) Peripheral weir plates/scum baffle witn c.T.2T pipe

(2 off each)
v) Sludge draw-off outlet of 150mm dia

vi) Scum removal device with discharge piping c

4., Sludge Recairculatian

Duty and standby pumps for each settling tar , r2guiring
50% of total plant recirculation per tank

1e Each Lank 45m3/hre

Typ2 ABS AFP-003
at

T
J:_
53
3
&%)
~
-
3
()
w
)
3
-
®
o
{1
)
N
~
3
0
ot
8]
~
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111} Pump delivery piping lo aeration tank 13Cr - zZ.3 plus
delivery pipincg to sludye storage tenk 10C~- 2213
1v) Sludge paiping with valve - Settlement tank %2 sludge
chamber Sludpe chamber to pump suction
v) LiTting davit, chain and pully block
5. Re-Aeration

111) Dewater support tripod with flow inducer "7 =

Based on 30 minutes retention 1n re-aeration t=nk at

42% of peak flow = 90 = 18 75m3
2 x 24
Peak flow = g0m3/h
Dissolved oxygen .,
required = 2mg/1 ~F
41
Oxygen required at peak {low rate = 50 » 1_32 x 2 . 0 18kg/hr
50
For short period retention and ellowing & factc~ 2F 5
Then oxygen admitted = 5 » 0 18 = 0 80kg Z5 '-»
Fltifngs
1) Concrete acration tank (rectanvular) (' o°°7
design volume = 18 7Eﬁ§
actual volume = 18 0Cm~
water depth = 2 0Cm
widlh = 3 0Cm
length = 3 00m
iree board = 0 &Cm
11) Samcar SAM aerator (1 off)
440mm diameter
154 rpm
00 227 HD gearbox
1 1 kW motor ~

max 0, transfer 0 95 kg/-r

1v) Walkway, Decking, Handrails (1 off eacn)
v] Outlet
6 Chlorinzzzon

Chlorine reaction tank -

~

30 miautes —2.2ntion at 42% of peak +_o
S0

&

Z

~

y
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Chlorine dosing tunh should not k2 less Lhan 15 g/1

. 90 x 1030 . 7C

. Chlorine dose at peak tlow = = 1 35
108
90 x 1000 x 15 = 375 mg/sec
or 60 x 60
Fittings

1) Reacltion tank of concrete construction (1 off)

design volume = 18 75m=
actual volume = 18 0om3
water depth = 2 00m
width = 3 00m
length = 3 00m
freesboard = 0 60m

11} Vacuum pattern chlarinator
i11) Cylinder fitilings and pipework
av} Pump and pipework

7 Control Panel

1) M.S5 weatherproof cubicle for ~zcunting standard
istarter and controls

11) Remote emergency stop stations
B. Spares
1) Electric spares

11) Mechanical Spares

kg/hr
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THE ARAB POTASH COMPANY

PROCESS DESCRIPTION

INTRODUCTION

The Arao Potash Companv 1s located at the south end of the Dead Sea in
Jordan at 178km south of the Jordaman capital of Amman the company atilizes
two of Jordan's most abundant natural resources solar energy and the mineru
rich brine of the Dead Sea

Camallte s a muneral of the following cnemical tormuia
MgCly KCI 6H>O which exists in the natural state i manv countries ot the
world 1t mav exust more or less pure mixed with Sodium Chloride 1nd other
narurai salts The essential interest of Carnallite resides 1n the potassium Chloride
that it vontains with a theoretical content of 26 83 % in the puie product

Chemicai content of the Dead Sea pnne which has a densi of 230 or o0
holds a unique assemblage of salts It 1s rics m Calcium Magnesium  Potassium
Sodium and Bromine with an average salmt of 330 grams >t salt pe, k&.logrin
of water the estimated total amount ot these salts 15 over 43 bilhon ton The
t pical composition by wt 1s

Sodwm Chlonde 783 %
Potassium Chionde 121%
Magnesium Chloride 14 48 %
Magnesium Bromide 048 %
Calcium Chlonde 3753%
Water 72289

In solar exaporation syvstem (*vhuch .s the most .mporiant) Deac Se brine
15 numped mto 1 series of large ponds (1 total ot 100 m=) enclosea by man-made
avhes The resulting Potash rich ore (which precipitated as Camalliter i the o
nonds ss then harvested by soohisticated floating hanvesters

When a1 s desred to extract Potasstum Chlonds the Carpallire
subiected to 1 selective dissolution nn 1 well determined quanuo or water n oruce
o ~emove Vagnesium Chlonide by making use of he eguy orum vadh 2w
berseen Camallite Potissium Chlonide and Sodism Chiorde in s ~atdrateu
S0l Lon a >o-ailed vperition oI Jdecomposition’
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The decomposition of Carnallite 15 an example of neongruent wissolution
When water 1s brought wnto contact with the Carnallite the rhombic rvstals
dissolve and bechwuse of the common 10n effect small cuoic Potassiumr Chloride
crivstals form 1o a vicimty of the dissolving Camallite

The resulting solids trom the decomposition are Potassium Chloride anu
Sodium Chloride the mixture being called Svivinite

Two processes are mdustnally applied m order to obtain pure Potassium
Chloride from Svlvinite

1 ) The process of Hot Leacning. which emplovs the difference in
solubility hot and cold of the Potassium Chloride consists in treating the twe
munerals (KCl and NaCl) n a hot mother tiquor and m cooling 1t During the first
phase only the Potasstum Chloride dissolves Jduring the second phise atter
filtration of the undissolved NaCl onlv the Potassium Chlonde crvstatlizes trom
the solution 1t 15 consequently easv to obtain 1t .n a satistactory state of pur.ty
ind wath a granularity complving with current standaras

2 ) The process of Flotation n which the choice of ppropriate reagents
prompts the arfinmity of the crvstals of Potassium Chioriae vith the ar bubbles
injected mto a suspension of KCl anu ot NaCl wn saturated water ‘hese air
buobtes selectivelv entrain the Potassium Chlonide towards the surrace of the
liquid where 1t can then be separated bur this process can vield onkv a Potassium
Chloride wih fme granulann besides a supplementars stage of washig s
necessarv to obtam higher purnit

Hot leaching process which 18 the mam process m the Arab Potast
Companv although vields Potassium Chlonde with standard granulonity ana
satisfactory state of punty 1s not without drawbacks Hot leaching requires
compiex mstallations allowing m particular ervstalhization by cooling
crystallizers where the water is evaporited under vacuum besides that the
consumption of heat energy remamns very high as weil as the consurption o
“ater necessary for cooling the last stages of crvstallization

This » why the best process consists in enriching the Carnallite i priont
to remove theretrom the maximum NaCl that 1t contains by Jotation and then m
decomposing this Carnallite under conaitions where the size of the grans of XC'
produced 1s artifically enlarged Consequentls  a product 1s obtarred which
complies with the required standards concerning both the conten -~nd the
aranulant

\\



This 1s actually the new process to produce KCl in Arab Potash Company
expansion a so-called "Cold Crvstallization Plant”

The crvstallization ot Potassium Chloride proceeds in two separate steps
1 e . dissolution of Camallite and crvstallization of the Potassium Chlonde and 15
theretore difficult to control When the Camnallite crivstals are small. dissolution 1s
taster than crvstallization On the other hand when the Camallite crnvstals are
large dissolution 15 slower than crvstallization Thus the decomposition of small
Carnallite crvstals usually gives rise to higher supersaturation and consequentls
to more nucleation and finer Potassium Chloride cristals Because ot both
mechanical and marketing reasons Potassium Chlonide cryvstals obtained by the
decomposition of large slowly dissolving Carnallite urvstals are preferred

SOLAR EVAPORATION METHOD

The Salt Ponds are conswered to be the iev element in the Potash
recovery orocess Due to high evaporation rate most of the Sodium Chloride 1s
deposited and the water content of the brine reduced bringing the densitv ro 1 290
gr/ce

At the end of the Salt Ponds the bnine 1s transterred to the Pre-Carnallite
Pan (PC2) bv gravity flow This Pond acfing as a control measure facumates the
control of the brine composition at the 'Carnallite Point® This 1s the
concentration at which the bnine 1s saturated with Camailite but no Carnailite has
vet precipitated The density of the brine 1s further ncreased 1t this stage reaching
1295101310 gr/ce in PC2 -

The last six Ponds finalize the evaporation vrocess bs the preciprtation of
the Carnallite double Sait, through series flow trom Pond C-3 ro Pond C-2 to
Pond C-1 to Pond C-5 to Pond C-6 and finallv to Pond C-7 .refer to fig 1)

Brine from Pond C-7 which now contains .tle Potassium Chlonde and
has a aensity of 1 340 gr/cc 1s then discharged inte the iflood channel and flows
back to the Dead Sea

The preciprtated Camallite in these Poncs wnich .ontams 84% pure
Carnailite and 16% Sodium Chioride 1s harvestea 1 1 slur from beneath the
brine bv six floating trackea harvesters nd delivered "¢ booster pumps on the
dvkes v11 a floating line The Camallite siurry 15 hen ourrped ro the Refiners
through steel pipes



EXISTING HOT LEACHING REFINERY

The APC's plant 1s now operating at a production rate equivalent to 1 4
MMTPY utihizing the hot leach process as described below

The Carnallite slurry 1s recerved dewatered and decomoosed with water 1n
two stages of agitated tanks (refer to fig2) The resulting solids from the
decomposition are Potassium Chlornide and Sodium Chlornide the mixture being
called Svlvinite The Syvlvinite 1s dewatered and wasned The resulting Svivinite
cake 1s leached using four agitated tanks m a two stage process Heated brme
returned from the crystallization process s used for leaching Potassium Chloride
from the Svlvimite. The Potassium Chlonde 1s dissolved leaving the Sodium
Chlonide as solids The hot brine now saturated with Potassium Chlonde. 1s
clanfied in a thickener

The Hot Thickener unaerflow siurry containirg Sodium Chlorige crvstals
1s dewatered repulped with waste brine and pumpeu o tailmg

The hot brine from the Hot Thickener overriow which 15 saturated wiih
Sodmum and Potasswum Chlorides 1s cooled successivery n a fve-stage draft tube
batfle vacuum crystallizer svstem from 93°C to 43¢C Upon cooling Potassium
Chlonnde (KC!) decreases m solubility  and orstailizes under conrtrolled
conditions Potash slurry from the last stage crvstallizer 1s directed to the product
avarocvclones where partial dewatering takes place " ie underflow of the cyclone
1s sent to centnfuges for turther dewatering

The cake trom the centrifuges 1s conveved 0 n oil-fired cocurrent rotars
drver to remove the last traces of moisture entrained with e crnvstals Produce
fromr the drver 1s sent to the screer ag system whi'e the dust 1s collected using
>yclones and an electrostatic preciprtator

The product discharged by the drver goes 10 wie screening section where J
15 segregated mto two product grades stanaard ard fine Granular product is
obtained by compaction ot fine 1nd/or standard fract:on

An ann-caking agent 1s aadea fo all proaucts i .aretulls controllec
amounts to mmmize the natural tendency of Pniash to 1gglomerate during
storage and shipment Fiee flowimng vroperties 2 thus nsured to facilitare
handhing of these prouucts by the customer



COLD CRYSTALLIZ {TION PROCESS

The present mvention employs a process of beneficiation applied to the
Carnallite itself which gnes it before the decomposition phase the required
puritv to guarantee for the Potassium Chlonde obtamed bv the subsequent
composition a purity equal to or greater than 95% of KCI To that end the punity
required for the Carnallite must be no less then $3% with a balance ot 5% at the
most of NaCl

The invenuon consists in engaging the crude Camallite portion contaming
the naturallsy present proportion of Sodium Chloride i a orocess of purification
bv flotation mn order 1o remove therefrom a conswderable part of the Sodium
Chloride that 1t contamns

The puninv ot the granulometric fraction of Camallite above 23 or 3
mullimeters 1s sutfictently high m order not to require a punitication In the first
stage 1 1s consequenth sufficient to separate the higher granulometric fraction oy
sieving the cruce Camallite with a mesh of chosen cut to have a granutarits  vhich
lenas .sett well o the flotation operation this granularity 1s ueterminec by “he
nature ot the Camnllite to oe reated currently withm the range ot 0 o 3
millimeters

The second stage of the process consists in subjecting the undersize
Camallite thus prepared to an operation of flotation bv using an appiopriate
reagent tor the purpose ot separnting a so-called 'floiting” traction (vwhich will be
entramed to the surtace of the reaction meaium thanks 1o the selective catening of
air bubbles and whrca contairs major part of the Sodium Chloriae present) rom
a second so-called sunken' fraction which remains at the bottom of the reaction
medium and which contams the major part of the Carnailite A brine/Camallite
ratio judiciouslv chosen as 1 tunction of the qualin ot the Camrallite the
vonfiguration of the tlotation cells and the nature ot the reagent emploved should
be applied .u order best to premote phvsical operation of the flotation

In the thira stage the oversize from serving besides the enriched Camallite
obtamed trom tlotation which contams minimum amount of NaCl s then
vom eved towards the decomposition phase which mav dvantageousin ce _arried
out by the process vith artificiat growth of the gramns of XCI produced and thus
lead arrecth ¢ a Putssium Caloride of commercial qualin satistacters
content ind p zrulirt



Decomposition and Cryvstallization are taking place m crvsta’ zers under
ambient pressure and temperature Crvstallizers product 1s then trans‘erred to the
two stage leaching process in which water 1s added to remove partially the MgCl12
and NaCl The Potash product 1s then dewatered bv product thickerer product
centrifuges and finallv dried in the cocurrent rotarv drver Potash preauct 1s then
cooled n the counter current rotarv cooler The product is then screened to fine

and standard products

A pilot plant was designed by Wellman-England and MDPA-France and
constructed bv APC 1n 1989 at the site to determune the parameters necessary for
the design of a commercial plant The pilot plant was operated for two vears
During this time a suitable method was developed to upgrade the Camallite teed
to acceptable Carnallite purity and a drait tube crystallizer was designed to
decompose Carnallite with water and form KCl crystals of suntable grade and size
(refer to fig 3) The commercial plant was then designed and constructed based
on the knowledge gained trom the pilot plant operation
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1.0 INTRODUCTION

This document presents the matenals collected as background information for a poliution
prevention, waste minimization, and water conservation audit of the Jordan potash
industry

11 BACKGROUND

Development Alternatives, inc (DAl) under a contract with the United States Agency for
international Development (USAID) 1s performing an Industnal Wastewater Discharge
Prevention Program in Amman, Jordan This Program 1s one of the four components of
the Water Quality Improvement and Conservation project, funded by the USAID The
Program is being performed by DAl with full coordination between the Ministry of Water
and Irmgation and the Amman Chamber of Industry This Program includes conducting
the PP/WM audits, feasibility studies, and designing for demonstration activities at
selected industnal facilities

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

Based on a ranking methodology, the PP/WM Committee has selected ten industries with
potential needs for PP/WM audits One of these industnes is the “potash industry "
Harza Consuiting Engineers and Scientists (Harza), Chicago/USA, has been retained by
DAl to lead the PPAWM audit for this industry

The purpose of these audits is to assist the industnes in the Amman-Zarga Basin to
assess poliution problems and the alternative solutions to achieve deswed levels of

pollution prevention, water conservation, and wastewater treatment under the following
subtasks

Subtask 1 1 - Audit Coordination,

Subtask 1 2 - PPAWM Background Matenals Preparation,
Subtask 1 3 - Pre-Investigation Meeting,

Subtask 1 4 - Audtt,

Subtask 1 5 - Post-Inspection Meeting, and

Subtask 1 6 - Audit Evaluation Report

0000QOO

12 OBJECTIVES

In this document, background information has been assembled by performing a
comprehensive literature review The purpose of the literature review was to identify the
available techniques and clean technologies being practiced for PPAWM for the industry
under Subtask 1 2 The objective of this document is to present the results of this review
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with a focus on the techmigues and technologies being practiced for PP/AWM for the
potash industry

The Iterature review included the following sources published literature, personal
contacts with the Unted States (U S ) Environmental Protection Agency (EPA), and
conversations with personnel within the United States potash industry The literature
consisted of PP/WM related articles, journal articles, conference proceedings, U S EPA
documents and communications, and books on pollution and controls

Section 2 0 of this report provides an world-wide overview of the potash industry, while
section 3 0 details potash processing from Dead Sea bnine Section 4 0 describes areas
for potential improvement in regards to pollution prevention, waste minimization, and
water conservation Finally, section 5 0 lists the main references consulted during the
lterature copies of the appropnate sections of these references are provided under a
separate cover

iwh
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2.0 INDUSTRIAL OVERVIEW

Potash i1s a valuable component in the agncuiture industry 1t 1s the product of vanous
chemical and industnal processes that gamer 1t from very concentrated bnne solutions
Potash is produced n three chemical forms munate of potash (KCl), sulfate of potash-
magnesia (K,S0, x 2 MgS0,), and sulfate of potash (K,SO,) Its use in crop fertilization
has made the agnculture industry much more productive and efficient It has aiso aided
in the advancement of the chemical industry

The potash mineral industry converts naturally occurnng minerals into forms suitable for
use In chemucal and fertiizer production The conversion of naturally occumng minerals
into fertiizers involves both surface and underground mining and many beneficiation
steps Wastes or by-products are generated by mining, processing, and transfer
activites, as discussed later in this document

21 TYPICAL PROCESSES

Potash is pnmanly denved from two sources ore and bnne In conjunction with one of
these two sources, water is the only other significant raw matenai

Potash (as KCI) yielding ore 1s generally classified into one of two categones sylvinite
or camallite These classifications are based upon the chemical composttion of the ore,
which 1s largely a function of the ore's geographic ongin  Processes used to convert
these ores into potash are described below, along with the processes used to convert
bnne to potash

Potash (as K,SO, x 2 MgSO, or K,SO,) 1s produced through the mining of an ore known
as langbemnite Langbeinite processing was not further considered dunng the generation

of this report its unit operations only indirectly correlate with the processes used by the
Arab Potash Company

2.1.1 Sylvinite Processing

Sylvinite 1s a mixture, in varying proportions, of potassium chlonde and sodium chlonde
crystals It is the easiest ore fo process Geographic sources of sylvinite include
Saskatchewan, Canada and New Mexico, United States Several processes are used to
separate potash from the ore

Hot Leaching. This process takes advantage of the different solubilities of
potassium chionde as compared to sodium chlonde at varying temperatures
Potassium chionde 1s more soluble in hot water than in cold, sodium chlornde's
solubilty vanes only slightly within the temperature range of 20C to 100°C, and
1n solutions saturated with respect to both potassium chlonde and sodium chlonde

3
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its solubility further decreases at the higher temperatures

The ore 1s first crushed and then mixed with recycled brine heated almost to boiling
in sufficient quantities to dissoive the potassium chlonde This bnne 1s nearly
saturated with sodium chlonde and potassium chlonde After saturation with
potassum chlonde, the brine 1s cooled by vacuum evaporation resulting in
potassium chionde crystalization Brine saturated with sodium chlonde is either
recycied or subjected to evaporation to crystallize the sait

Flotation Processing Most of the potash of Canada and the United States 1s
recovered from the ore by flotation methods The essentials of this process are
to treat the ore with a hydrophobic matenal which will selectively coat one of the
constituents (typically the potassium chlonde) of the ore Pressunzed arr is then
bubbled through an ore slurry The air bubbles attach themselves to the coated
particles and float them to the surface, while the uncoated particles sink Some
plants have been built in which the sodium chlonde 1s floated away from the
potassium chionde, but generally the reverse Is the more desirable process On
a large scale and parhcularly with high-analysis ores, the flotation process 1s much
cheaper than one involving dissolution and crystallization

Other Methods Several other methods for separating potassium chioride crystals
from sodium chlonde crystals have been used or proposed These include tabling
and electrostatic separation None are presently of commercial importance,
however

Combination Methods Depending on factors such as ore quality and fuel cost,
many vanations of the aforementioned "basic" methods are employed, including
combinations of methods it ts common to combine fiotation with leaching

2.1.2 Carnallite Processing

Most potash ores that are mined contain varying quantities of camalite Camalite
appears as a minor impunty in North Amencan sylvinite ores, while it is a major potash-
beanng ore in some European countres, and &t is produced by crystallization in solar
evaporation of some natural bnnes Camnallite 1s a definte mineral, KCI x MgCl, x 6H,0
The camallite can be decomposed by using a regulated amount of water to dissolve the
magnesium chlonde without dissolving the potassium chlonde Sodwum chlonde 1s also
left undissolved in most cases, so a sylvinite separation process must follow

To handle fluctuations in ore quality, the magnesium chionde leach step is normally a
muitistage, countercurrent operation To minimize potassium chlonde losses, a bleed
stream from the sylvinite separation process i1s used for leaching instead of fresh water
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213 Potash Recovery from Brines

In addrtion to being processed from ore, potash can be converted from certain naturally-
occurmng bnnes Processing operations have been constructed to perform these brine
conversion operations in the United States in Utah (Bonneville and the Great Salt Lake)
and California (Searles Lake), in Israel (the Dead Sea) and in Jordan (also the Dead
Sea) Processes used in the United States are described briefly below, and the process
used by Jordan i1s covered in detail in section 3 0 of this report

Bonneville and the Great Salt Lake At these two locations, the brine (which is
contained in the soil structure) is collected in drainage ditches or pumped from
relatively porous strata and solar-evaporated in three groups of ponds in the first
sodium chlonde s precipitated, in the second sylvinite, and in the third, among
other things, camallite The third precipitate, after removal of the residual brine
1s water washed in place and the resulting solution, containing considerable
potassium chlonde, i1s recycled to one of the first two groups of ponds The
syivinite from the second step Is harvested and the potassium chionde 1s separated
by flotation

Searles Lake This operation was the pioneering production of potash n the
United States The bnne 1s withdrawn from a large crystal mass forming a "dry"
lake in the California desert and potassium chionde and KSO, are produced along
with a number of other chemicals, including boron, sodium, bromine, and hithium
Unfortunately, the process I1s extremely sophisticated and cannot be adequately
descnbed in this report simply stated, the process involves the concentration of
potassium chlonde and borax in hot brine and the simultaneous separation of salts
and other compounds

2.2 WASTES, EMISSIONS AND DISCHARGES

in the United States, potash production typically results in residual clays (if the source
was ore) and salts (most prevalently sodium chionde) While it 1s unclear what the final
disposttion of these wastes is if there 1s no market, they are often sold as a by-product
of the potash manufactunng process It is also documented that unwanted sodium
chlonde obtained from Searles Lake 1s washed back nto the iake if no other use exists

The potash manufactunng processes typically emit particulate into the atmosphere during
drying, screening, and bagging operations Some data reported for the United States
potash manufactunng facilities indicates particulate or dust emissions can vary from 0 4
grams per kilogram (g/kg) of potash produced to 1 8 g/kg The technologies currently
used to control these dust emissions are dry cyclonic separators and electrostatic
precipitators but other control technologies, such as wet scrubbing, are currently being
evaluated
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In most potash production operations, very liftie water discharge exists the residual brine
is discharged to tailing ponds where It 1s evaporated and the solids settled In some
cases, underground injection wells are ailso used to dispose of unwanted brine
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3 0 POTASH INDUSTRY IN JORDAN

The Arab Potash Company (APC) commenced production of potash in 1982 at a location
187 kilometers south of Amman in Ghor Al Safi on the shores of the Dead Sea The
early production of potash (as KCI) at this refinery was approximately 1 2 million tons
annually However, six years later in 1988, production increased to 1 4 million tons and
according to estimates, should reach 1 8 million tons in 1994 with the aid of an innovative
cold crystallization process

3.1 POTASH CONVERSION PROCESS

The unit operations for potash production that Jordan uses are pnmarniy evaporation and

crystalization Specific details of the processes and unit operations are discussed below
A "Generalized Process Schematic”" is presented in Figure 1
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Solar Evaporation

The salts in the Dead Sea are gamered by the use of evaporation incorporating
the sun's energy dunng the summertime An evaporation area of 100 square
kilometers 1s surrounded by 85 kilometers of earth dikes

At the bnine intake pumping station located on the Lisan Peninsula, four intake
pumps (total capacty of 16 m*/second) deliver approximately 200 million tons of
bnne per year to a gravity flow bnne canal through a 1 kilometer pipeline The
brnne flows 10 kilometers through the canal and eventually reaches the soiar
evaporation pan, which_is the largest pan in the system

Deposition.

The solar evaporation pan, considered to be the most significant part of the
process, Is designed {o perform the initial concentration of Dead Sea brine (density
of 1 235 gr/ce) Since the solar evaporation pan has such a high evaporation rate,
most of the sodium chlonde is rendered insoluble and is precipitated, reducing the
water content of the brine and bnnging the density to 1 298 gr/cc

After evaporation in the solar evaporation pan, the bnne 1s moved to the pre-
camallite pan by gravity flow The pre-camalite pan, in acting as a control
measure, maintains the brnine composition at the carnallite point  This Is the point
at which the ore 1s nch in potassium chionde The brine density i1s further
increased to 1 303 gricc

The last six pans complete the evaporation process by precipitating the camallite
The bnine left after evaporation in the last pan is discharged into the flood channel

7
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and flows back to the Dead Sea
Carnallite Harvesting

The precipitated carnallite left over from the "Deposition” subprocess contains 84%
camallte and 16% sodium chionde The carnallite bed 1s harvested from beneath
the brine by four floating harvesters which are propelled by a four-track system
For the greatest carnalite recovery, the harvesters are provided with high
technology control equipment which allows for precise movement

After harvesting, the carnallite slurry 1s conveyed through floating lines to a set of
booster pumps which send it to the refinery The brine 1s transported to the
refinery first through a 1 km pipeline and then through a 10 km gravity flow canal
The refinery processes are descrnbed below

Refinery Processes

The refinery processes consist of carnallite processing to separate out magnesium
chlonde and sylvintte processing to separate out sodium chionde, followed by
crystalization, dewatering, and drying of the final potassium chionde product

Carnallite Processing

As stated previously, carnaiite 1s a definite mineral (KCI x MgCl, x 6H,Q
It can be broken down by using water to dissolve the magnesium chionde
without dissolving much of the potassium chionde The camalite 1s
received and 1s dewatered and decomposed with water in two stages of
agitated tanks After decomposition, sylvinite 1s precipitated and waste
brine, containing magnesium chionde, 1s discharged from the process The
sylvinite 1s dewatered and washed, and the resulting cake I1s taken to the
next stage

Sylvinite Processing

The sylvinite cake i1s leached using four agitated tanks in a two-stage
process The leaching process takes advantage of the solubility differential
of potassium chlonde as opposed to that of sodium chlonde descrnibed
previously in this report

Heated brine is used to extract the potassium chionde from the sylvinite
cake The potassium chionde i1s dissoived, leaving sodium chlonde solids
Saturated with potassium chiornide, the hot brine 1s clanfied in a thickener
The thickener overflow 1s pumped to the crystallization process and the
underflow bnne, containing sodium chlonde crystals, 1s dewatered, repulped

8
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with waste brine, and transported back to the Dead Sea
Crystallization

The hot brine from the thickener overflow, containing primarily potassium chlonde,
is cooled In a five-stage vacuum crystallizer system from 93C to 49°C When
cooled, potassium chloride loses its solubility and thus crystallizes The brine 1s
recycled back to the sylvinite extraction operation

Product Dewatering and Drying

The potash slurry from the crystallizer 1s taken to the product hydro-cyclones where
partial dewatering occurs The underflow of the cyclones i1s transported to
centnfuges for further dewatenng

The caked potash from the centrifuges 1s moved to an oil-fired concurrent rotary
dryer to remove any moisture left in the product The product of the dryer i1s taken
to the screening system Dust is gathered using dry cyclones and an electrostatic
precipitator

Screening and Compaction
The product from the dryer 1s separated into four grades granular, coarse,
standard, and fine The product s first screened to separate the coarse, standard

and fine grades

Parts of the fine and standard grades are taken to the compaction plant where they
are converted Into granular and coarse grades

An anti-caking agent i1s introduced into all products i controlled amounts to
minimize the tendency of potash to amass dunng storage and shipment

Storage and Transportation
The final product either goes to the plant product storage warehouse with a

capacity of 60,000 tons, or it i1s moved to shipping bins where it 1s loaded into
bottom-dump trucks for delivery to the warehouse at the port of Aqaba

3.2 WATER USE

Water for the potash conversion process is cbtained from two sources deep wells and
surface water The average water consumption has been reported to be 7 88 million m®

-—
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in 1992 at the APC Water 1s pnmarily consumed for the following operations

. To pump salty water from the Dead Sea to the solar evaporation ponds (8-
10 m’fhr),

. To harvest camallite from pans and to pump 1t to the refinery (100 m¥hr)

. To decompose carnallite (flow rate unknown),
. To wash sylvintte (flow rate unknown), and
. For domestic purposes (35 mhr)

33 WASTEWATER DISCHARGES

it 1s documented that overflow from the final carnallite pan 1s discharged into a flood
channel which flows back to the Dead Sea Several other brnine discharge streams are

anticipated to exist, but therr final disposition is unclear These streams include, but are
not mited to

. Overflow from the carnallite slurry dewatenng process,
. Wastewater from the carnallite decomposition process,

Wastewater from sylvinite washing, leaching and thickening operations, and
Domestic uses

34 WASTES AND BY-PRODUCTS

The unit operations used in potash manufactunng from Dead Sea brine are (see Figure
1)

Transportation

Evaporation

Precipitation (Crystallization and Clanfication)
Filtration (Centnfugation)

Drying

Packaging

The major wastes or by-products generated through these operations are bnnes
containing salts of magnesium and sodium These brines, If used for manufactunng any
other marketable commodities, can be considered as by-products If they are wasted in
tallings ponds or otherwise discharged, they could be considered wastes because they
have no further commercial use and must be disposed

10
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If the bnnes are discharged in the ponds for complete evaporation, there will not be any
effluent discharges but the dried salts will still be considered as solid waste and wils
require proper storage and handling

Finally, the solids captured by the facility's air pollution control equipment must be handled

as wastes unless they are somehow reintroduced into the process or sold as a
commercial product

11
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40 AREAS FOR POTENTIAL IMPROVEMENT

Beyond assembling background information regarding potash conversion processes used
worldwide, the prnimary purpose of this document is to present information gathered from
the Iterature search regarding the latest advances in pollution prevention, waste
minimization, and water use conservation

Unfortunately, potash processing i1s an extremely mature industry in the United States few
recent literature sources regarding "state-of-the-art" technologies were discovered
Attempts to contact environmental engineers and process engineers were made by Harza,
but these attempts usually yielded Iittle information or no replies Additionally, potash
conversion from Dead Sea bnne is a process very specific to Jordan, and any information
gathered from United States sources I1s applicable only in the broadest of terms

Harza has spent a significant amount of time studying the Jordanian potash conversion
processes, however, and has developed the following areas for potential improvement
based on that study and the information obtained dunng the hterature review These
areas for improvement are broken into the three categores of pnmary concemn poilution
prevention, waste minimization, and water conservation in cases where an improvement
potential may fall into more than one category, it was listed in the category where it would
have the greatest impact

The areas for improvement listed below are only suggestons During the field
investigation portion of the industnal audit, the Harza representative will determine the
applicability of the suggestions to the industry and the net benefit as well as identifying
additional areas for potential improvement

41 POLLUTION PREVENTION

Poliution prevention can be defined as reducing the concentration of potentially harmful
compounds in the air, water, and solid waste discharges from a facility For the Jordanian
potash industry, however, no true pollution prevention opportunities have been identified
From an arr emissions standpoint, pollution control equipment is in place The bnines
recycled to the Dead Sea pose little threat to human health and the environment if
anything, they are cleaner than when the process began And, since the waste bnines
are not subjected to evaporation pror to discharge, little solid waste 1s generated

With this information in mind, Harza focused on potential areas for improvement regarding
waste minimization and water conservation

12
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further processing

4.3 WATER CONSERVATION

Water conservation can be defined as reducing the process, clean-up, and domestic
water use requirements of a facility It 1s understood that a substantial problem facing
the APC s the significant water demand required to flush sait blockages from the brine

transport piping While it 1s unknown exactly where in the process this causes the
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greatest impact, it 1s expected that the one-kilometer line from the Dead Sea to the brine
canal I1s the biggest problem The first set of potential water conservation opportuntties
presented below are aimed at addressing this specific issue

Increase Brine Velocity Although a simplistic solution, this suggestion provides
two fronts to address the issue To begin with, an increased velocity reduces the
time necessary to transport the brine from the Dead Sea to the brine channel |f
the salt i1s crystalizing due to temperature loss, this shortened time may get the
brine to the channel prior to the salts precipitating out  Additionally, the increased
velocity could create a "scounng” effect in the line and aid in removing any salt
build-ups which may form

The increased velocity could be realized by decreasing the line diameter or
increasing the pumping head Harza would suggest increasing the pumping head
a decreased diameter may facilitate a faster "block-off” in the event that a deposit
did form

Prevent Crystallization As stated previously, Harza anticipates that
crystallization 1s occurmnng due to a temperature drop durning brine fransport if this
temperature drop could be prevented, the deposits may not form

Suggestions to prevent this temperature drop are both active and passive in
nature Active solutions include developing a "heating jacket” for the hne, which
would circulate a warm heat-transfer fluid around the pipe to mamtain its
temperature or actually heating the brine prior to its introduction into the line A
surge tank could be used at the beginning of the line to accompiish the latter
suggestion, with heat being provided from an oil-burner or, potentially, solar
energy Depending on tts size, a surge tank could also provide a substantial heat
sink to minimize temperature fluctuations that may occur throughout the day or due
to seasonal vanatons The "heating jacket’ solution is conceptually shown in
Figure 2(A)

Passive suggestions are mainly focused on keeping the line and its contents warm
they include insulating the line or simply painting the line black to maximize its
solar absorption capacity Another option could be burying the pipeline to aid n
retaining its heat content

14
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The more capital-intensive svggestions provided above do not necessarily need
to be implemented for the entire line  If the APC can define a point after which salt
deposttion typically has been observed, these solutions could be implemented
starting from this point or slightly upstream

Improve Line Flushing Efficiency In the United States, a wide vanety of tools
have been developed to maximize the cleaning efficiency of flush water by
increasing its pressure and cleaning range These tools are typically inserted in
a hne and flush water pumped through them Their use in Jordan could reduce the
amount of flush water necessary to remove a blockage Or, the tools could be
used in a preventive capacity to eliminate salt deposits prior to their becoming an
actual blockage This solution is conceptually shown in Figure 2(B)

Purge the Transport Line It is unknown if bnine i1s constantly pumped through
the transport ine or if it is only pumped during certain portions of the day If the
pumping 1s not constant, it may be beneficial to rinse the line with fresh water and
drain it rather than letting the brnine remain 1f the bnne remains static in the hne for
a significant penod of time, 1t could cool to the point of precipitating solids which
may start deposits

In prepanng this document, Harza bnefly discussed the possibility of exploring chemical
'} additives to the bnine which would inhibit crystal formation This 1dea was quickly
i dismussed, however the additive’'s impact on the final product's punty couild not be

predicted

2 The remaining water conservation suggestions descnbed below focus on the potash
conversion process, not the brnine transport

Magnesium Chlonde Reclamation The reclamation of magnesium chlonde using
mechanical evaporators and condensors, as descrnibed above, could provide a
clear water stream for use as process or brine dilution water

Avoid Sodium Chloride Repulping. It is unclear why the underflow from the
thickener associated with the syivinte processing step 1s dewatered and
subsequently repulped Dunng the filed investigation, the Harza representative will
determine if water use at this step can be mimimized by recycling residual brine
directly into the first solar pan

Water Recycling It 1s known that some brine and process water recycling 1s
performed at the APC During the field investigation the Harza representative will
search for other potential recycle opportunities Besides reducing water use, these
recycling opportunities will minimize the amount of wastewater discharged from the
facility

19
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APPLICABLLE REGULATORY CRITERIA

Current Status of Environmental Regulations in Jordan

-

In order to assess the Arab Potash Company (APC) compliance with apphcable
Jordaman standards and regulations, it 1s of importance at this stage to present an
overview of Jordan's environmental protection control laws standards and
regulanons Interestingly, Jordan has no comprehensive law to control water, arr,
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 1s currently awaiting approval from
the Parhament

In general, the nature of water pollunion standards and regulations 1n Jordan vary
according to sources Industnal wastewater discharges are regulated bv the
Jordaman standard specificanon number 202 (Table E-1) adopted in 1981 by the
Department of Standards and Specifications (DSS) and revised in 1990 Standard
202 regulates industrnal wastewater discharges to nvers wadis groundwater the
sed and reuse tor imgation  This standard covers 37 pollutant parameters and
sets maximumn allowable concentration himits ot pollutants in the discharged
industrial wastewater effluents Moreover, the standard also contains narrative
conditions to protect public health, aquatic hife, worker health, and groundwater

quality The standard 1s not associated with a permitting mechanism and therefore
1s self-implementing

Drninking water quality 15 regulated by the Jordaman standard number 286
Tables E-2a - E-2e present quantitative requirements of pertinent characteristics
including physical, chemical , radiation , and health related 1ssues With regards to
regulations related to the quality of treated domestic wastewater to be reused
umigaton, Jordan has neither standards nor guidelines However, 1t 1s a common
practice to use the Food and Agnculture Orgamization (FAQ) and World Health
Orgamzanon (WHO) Guidelines as a reference Tables E-3 through E-5 are
related to the quality of treated domestic wastewater effluents to be reused 1n
irngaung agricultural crops The remaining tables E-6 - E-12 present the tolerance
and sensitivity of crops to salinity and other specific 1ons like Sodium, Boron and
Chlonide These are adapted from the FAO Guidelines (1985) Treated domestic
wastewater 1s regulated by the Jordaman Standard 893 (Table E-13) adopted 1n
1994 by DSS Regarding air pollution, Jordan does not have any exisung
standards or regulations to control air pollution

Regulations Applicable to the APC Discharges

During the course of conducting an environmental pollution prevention/ waste
minimization audit of the APC, the audit team identified three conunually
discharged effluents Two of these discharges are industrial wastewater etfluents
disposed 1n the Dead Sea and the Truce Line Flood Channel

E



These effluents correspond to wastewaters produced from the intake pumps

packings and lhine tlushing and wastewater generated through tacility drains,
washings, and overflows

The third wastewater discharge, however, ongmates from the Potash Township
wastewater treatment plant effluent This effluent 1s discharged into an unnamed
neighboring wad: The Township admimistrauon has no monitoring program
instituted and theretore no analyses were performed on the etfluent since start-
up The sludge produced in the treatment facility 1s being hauled and buried 1n
the hisan area near The Dead Sea Sludge generated during the course ot

municipal or industrial wastewater treatment has no detailed standards regulating
its disposal

Pertinent Jordanian standards regulating disposition into the Flood Channel and
the Dead Sea are governed by the Jordaman standard 202 discussed before
However, 1t 1s worth noung that the most relevant parameter in this case
(disposition 1nto the Sea) 1s the total dissolved solids (TDS) TDS 1s not defined by
the Jordaman standard 202 Simularly regulations to control and prevent 1lhicit
disposal to storm sewers, underground injection, or marine dumping do not exist

It 1s highly recommended that APC institutes a monitoring program in order to
test for the quality ot their wastewater effluents This action, 1t adopted, will
enable APC to be prepared when the new JEA will be passed

| bf
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Summary of requircments of Jordan Standard 2021991 tor disposaf of industrial flucnts

AT

Maximum Allowable Limit, (mg/l)+

Parameter Disposal To
Wadns & Rivers Sea Groundwater Recharge Reuse tor Irngation**

BODs SOM 50M
COD 150M 200 150M
1110) 1* 5* 1* 1*
TDS 3000(1) 1500 (1) 2000 (2)
TSS 50 100 (3)
pH (su) 6590 5590 6590 6584
Color (unit) 15 75 15
TC - 4 -
FOG S 10 Absent 5
Phenol 0002 1 0002 0002
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)
504 500 500 400
F 15 15
HCO3 500
Na - 100
Mg -
Ca
SAR )
Al 5 013 5
As 05 01 005 01
B 1 I 1 (3)
Cr 01 03 005 01
Cu 2 0t 2 02
Fe | 2 1 5
Mn 02 02 02 02
N1 02 002 01 02
Pb 01 01 01 1
Se 002 002 005 002
Cd 001 007 002 001
Zn 15 13 2
CN 01 1 01 01
Hg 0001 0001 0001 0001
TCC MPN/100ml 5000 -
TFCC MPN/100ml 1000(6) 1000 (6) 1000 (6)
Nematodes <1 - - <1

(+) All umts are 1 mg/l except where noted

(*) Mmimum value.

(**) Dcpends upon type and quanuty of crops wmgation methods seil type chimate & groundwater 1n the area concerned

() Undetermaned
(M) Monthly average

“votes

1) TDS allowable lirrit 15 subject 1o the TDS concentration n the water supply and the waler basin affectd

(2) Allowable Limts of wastewaler reuse determne the degree of restncuen (nane shight to moderate or scvere)
13) Method of mngation is determincd by w istuwater quality beng used
t4) Murate concentratons allowed are deiermmed by its concentrattons in the affecied watcr basin

5) Could reach 3 mygft
16} Geomelnic mean

2



Table E-2a

Jordaman Drinking Water Standards
A Phvsical characterstics

Parameter Permissible Limut Max allowable conc n case
no better source 1s available
Taste aesthencally acceptable
Odor desthetcallv acceptable
Color 10 units 1S units
Turbidity 1 unit (JCU) S umts
pH 65<pH<?9
Temperature 8-25¢

16>
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Table E-2b

Jordanmian Drinking Water Standards
B Chemical Charecterstics

Parameter Max Allowable Conc
mg/l
Pb 005
Se 001
As 005
Cr 005
CN 01
Cd 0005
Hg 000
Sb oM
Ag (01
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Table E-2¢

Jordanian Drinking Water Standards

C Health related

Max allowable conc 1n case Effects within max
Parameter | Permissible Limt no better source 1s avialable allowable lmuts
mg/i
TDS 500 1500 aesthenc
TH( CaCQO3) 100 500 desthenc
ABS 05 1 indicator
Al 02 03 aesthetic
Fe 03 1 desthenc
Mn 01 02 desthenc
Cu 1 15 desthetic
Zn 5 15 aesthetic
Na 200 400 1esthenc
N1 05 01 health
Ci 200 500 aesthetic
F ] 15 health
SO4 200 500 aesthetic
NO3 45 70 health
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Table E-2d

Jordanian Drinking Water Standards

D Radation

Parameter

Maxmimum hmit
Bqg/l

Alpha-emutters (except for Ridon)

Beta-emuitters

01
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Table E-2e

Jordaman Drinking Water Standards
E Organic pollutants*

Parameter

Max Permussible Conc
mg/l

A) Chloninted
Hydrocarbons
Endrin
Lindane
Methoxychlor
Toxaphene

B} Chlorophenoxss
2,4-D
2,4,5-TP

(Trichiorophenoxv propionic acid )

00002
() 004
01
0 005

01
001

* Qther organic pollulants should not cxceed the max allowable

limit set by WHO

,(a/l
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1 wmdelines for interpretations of water quahits Tor irrigation (1)

BEST AVAILABLE COPY

Degree of restncuon on use

one 51gnt to Severe
Potentaal imgation proolems Units moderate
Saliony (affects crop water
avaiablity) (2}
EC, (o) dSAn <07 07 30 >30
TDS mpi <450 450 2000 > 2000
Infikration {affects wfiltation
rate of water mio the soil
Evalumte uming (EC,, and SAR wogether) (3)

SAR =0-3 ana EC, = >P7 " 02 <¢2
= >1o 2 03 <03
= >19 19 05 <05
= >29 29 13 <1t3
= >50 50 29 <19

Speafic 10n wxiary (affects

senmbive crops)

Sodsam (Na){4)
Surface imgmion SAR <3 39 >9
Spruokler imgaton mef} <3 >3

Chilonde (C1} (4)
Surface mgasocn mefl <3 4 10 > 10
Sprmiler imgauon me/l <3 >3

Boron{B){5) mgi <07 07 30 > 30
Trace elements{see able E4)

Miscellancous efecs

{affects suscepuble crops)
Narrogen (NO3-N) (6) mgfl <9 30 > 30

Bicarbomate (HCO3

Cverhead sprink 1ng oniv) meil ~1. 83 >83
pHi Normal range 65 X4

{1} AdapedfromLl y of Calift C of C I 1974

2) ECw means ciectncal conductiviy a measure of the water saluuty reponied m deciSicmens o metre at 25CY (d5/1) or in unns millimhos per tenumeter {mmhojcm) Both
are equi 2ient. TDS means tota] dissolved solids reported i mlligrams per liter (mg/L)
(3) SAR means sodium adsorpuon rauw SAR is sometunes reported by the symbol RNa At a given SAR mfiltrauon rate increase as
water salinity mcreases Evaluate the potential snfilirstion problem by SAR as modified by ECw
{4y For surface imganon, most ree crops and woadv plants are sensiive to sndium and chioride se the values shown Mast annual crops are not sensitive With overhead sprnkler
urigauon and low humidity (<30 percent) sodium and chloride mav
be absorted hrough the leaves of sensitive crops
(5)  For borm laances see Tables 16and 17

(6) NO3-N means nanate s P tn terms of el 1 mtrogen (NH4-N and Orgamic N should be included when wastewater 1s being lested)

Assumplions i1n (he Guidelines

The waier quality guidclnes m Table 1 are micnded 0 cover the wide range of condiuons encountered in 1mgated agnculture Scveral basic assumptions have been used to define ther
range of usabehty If the water 13 used under greatly dulferent conditions the guidehines may need w be adjusied Wide d from the p might resull 1n wrong judgesnents
on the usabihity of a particular water supply especaally if 1t 1s 2 borderhne case Whese sufficient expenence ficld tnals rescarch ar observauions arc a amilable the guidchines may be
modificd w0 fit local condivoas more closely

The basic mssuroplions in the pwideines are,

Yicid Potcpual, Full production capanlity of all crops without the use of special practices 1s assumed when the guidelmes indicale no restncuions on use A “resricuon on use

indicates thst there many be a hmitation 1 chotce of crop or special management may be needed 1o maintam full production capability A restnclion on use  does nok indicate that the
water 13 unsuntable for use.

Site Condiitions, Sout mnn;u fmn sandy loam t clay loam with good internal dramnage. The climaic 15 semi-and to and and rainfall 1s low Ramfall does not play a signuficam

role m meetmg cop water & o ork (na clmaie or areas where precipitation 15 high for pant ar all of the year the guidelme restrictions are (00 severe
Under the higher runfal! situaticas nﬁhrued wnxu from ranfall s effective ;n mecung all or part of the leaching requirement ) Dramage 15 assumed to be good with no unconyolied
shallow water table present within 2 metres of the surface.

» Nomal surface or sprinkler umigatton methods are used Water s applied infrequently as needed and the crop utilizes a considerable portion of the

avlihbk stored sodl water (S0 p:mmlwmon:) before the next urigauon At least 15 percent of the applied water pereolates below the root zone (leaching fraction {LF] 2 15 percent) The
4} are 1o for lized wrigation hods such as localized dnp imgauon which resulis in near daily or frequent wmgations but are apphcable for subsurface
u'nptm 1f surface apphied leu:hmg smfies the lesching requirements

Wi

Dnfferent crops have different water uptake patiemns bul all take water from wherever it Is most readily avaslable within the rooung depth On average about 40
percent 1$ assumed W be taken from the upper quartes of the rooung depth 30 percent quarnter 20 percent from the thard quaner and 10 percent from the lowest quarter Each imganas
lcaches the upper oot zone and mamtams 1t at a relatively low salinny Salnny increases with depth and 15 greatest in the lower part of the root zone The average satnty of the sou

water 18 three trmes that of the appl:ed water and 15 representauve of the average root zone salinity to which the crop responds These conditions result from a leaching fraction of 15 26
percent and urigatons that are umed 1o kecp the crop adequately watered at all umes

Salts leached from the upper root zone sccumulate to some extent 1n the lower part but a salt balance 15 achieved as salts are moved below the root zonc by sufficieat teachmng. The higher
salinity i the lower root zone becomes less important 1f ad 15 ed in the upper  more active  pant of the root zone and long term Icaching 1 accomplished

Restnction on Lsg, The Restricuonon Use shown in Table 1 1s divided 1nto three degrees of seventy none shght to moderate, and severe The divisions are somewhat arbitrary sunce
change occurs gradually and there 15 no clear-cut breaking pownt. A change of 10 ta 20 percent above or below a guideline valuc has linle significance if considered n proper perspective
with other factors aifectng yreld Field studies resesrch tnals and observaaons have led to these divisions bul management skill of the water user can alier them  Values shown are
apphcable under normal Gield conditions prevailing in most ingated areas in the and and semi and regions of the world

@EST AUAILABLE COPY
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Table E 4
Recommended maximum concentrations of
trace elements i wrrigation water (1)

Recommended
maximum
concentration(2}
Flement {mysL)} Remarks
Al {aluminium) >0

Can cause non productivity i acid soils (pll < 55) but morc alkaline soils at
pH > 70 will preciputate the ton and eliminate any toxicity

As (arseric) 019 Toxicity to plants varies widely ranging from 12 mg/L for Sudan grass to less

than 0 05 mg/L for nce.
Be (berylhium) 010 Toxteny 10 plants varies widly raning from 5 mg/L [or kale to 0 5 mg/L

for bush beans
Cd (cadmium) on Toxic 1o beans beets and turmips at concentrations as low as 0 | mg/L

in nutrtent soluttons Conservalive hmits recommended duc to 1ls potential for

accumnulalion in plants and souls to concentrations thal may be hannful to humans
Co (cobait) 005 Toxic 10 tomato plants at 0 1 mg/L. in nutnient solution

‘Tcnds 10 be inacuivated by neutral and alkahine soils
Cr {chromium) 010 ot gencrally recognized as an ussential growth element € vnservative bmits reecommended

due to lack of knowledge on 1ts Loxicity 1o plants
Cu (copper) 020 loxic o a number of plants at 0 1 1 0 mg/L. in nutrient solutions
F {fluonde) 10 Inacuivated by neutral and alkaline soils
Fe (iron) 50 ot toxic to plants in zerated soils but can contribute 10 soil actdification

and loss of avaitability of essential phosphorus and molybdenum

Overhead sprinkling may result in unsightly deposits on plants equipment and buildings
Lz (hthium) 25 Tolerated by most crops 1o 5 mg/L. mobile in soil Toxic 1o citrus at low concentrations

(<0 075 mg/L) Acts sumularly 10 boron
Mn (manganeses) 020 7oxic 1o a number of crops at 4 few tenths to a few mg/l. but usually only in acid soils
Mo (molybdenum 001 ol loxic 1o plants at nonmal concentrations 1n stol and water Can be toxic to hivestock

if forage 1s grown n s10ls with high concentrations of available molybdenum
Nz (mckel) 020 Toxic 1o a number of plants at ¢ 5 1 Omg/L. reduced toxicity at neutral or alkaline pH
Pd (lcad) 50 Can infubit plant cell growth at very high concentrations
Se (selemurmn) 002 Toxic to plants at concentrauions as low as 0 025 mg/L and toxic 1o hivestock

if forage 1s grown n soils with relauvely high levels of added selenium

An essential element to amimals but 1n very low concentrations
Sn (un)
T (titanram) Effectively excluded by plants speaific tolerance unknown
'W (tungsten)
V (vanadium) 01 Toxic 1o many plants at relatively low concentrations
Zn (zinc) 20 Toxic to many plants atwidely varying concentrations

reduced 1oxicity at pH > 6 0 and in fine textured or organic solls

1- Adapted from Nauonal Academy of Sciences (1972) and Prau (1972)

2 The maximum concentrauon is based on a waler application rate which 1s consisient
with good wrigauon pracuces (10000 m3/ha per years) [f the water application rate greatly exceeds this
the maximum concentrauons should be adpusted downward accordingly o adjustment should

be made for application rates lease than 10000 m3/ha per year The values given are for water used
on a continuous basis at one site.

Source FAO Guidehnes R S Ayers & Dw Westcot (1985)

BEST AVAILABLE COPY
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i

Recommended microbiological qulity gmdelines for wastewater use
in agriculture (a)

Catcgory Reuse I xpased Intestinal Facedd Wastewater
conditions group nem Hodes {b) wohiforms treatment expected
(withmdtic (gcometric e an to whicve the
mean no of eggs per no per required microbiological
litre (0)) 100m1) () quality
limgnon of Warkers | < 1000 () A series of sthibehiz son
crops likely to Consumcer ponds designed Lo achieve
A be citen uncooked public the mucrobiological
sports Niclds quality indicated or
public parks (d) equivalent treatment
imgauon of Workcrs <l No stand ird Retention in
cerenl erops reccommended  {stabilizaon ponds
13 ndustrial crops for 8 10 days or cquivalent
fodder crops, helminth and faecal coliform
Pasture and trees (e) removal
Loc ihzed wrigtion Nonc Not Not Pretreatment as required by
of crops in catcgory ppheable pplicble the imigation technology,
( B 1f exposure of but not less th pnmary
workers ind the public sedimentation
does not oceur

(0 Inspeaihic cises Jocd eprdemiologieal sociwocuttunl ind covuonmental Fictors should be tikonimto weonnt ind the gmdelines modified accordingly
(b) Ascans and | nchuns species and hookwarms
(«) Duning the irnmgation penod
(d) A more stringent gurdehine (< 200 faecal coliforms per 100:m!) is appropriate for public lawns such as hotel lawns
With which the public may come o dircet contact
() In the case of fruit uees terigation should cease two weeks bfore frint s prekad and no frint should be picked off the ground
Sprinkler irmigation should not be used
Source Saentihic group on health aspects of usce of treated wastew ater for igriculturdl and aqu auliure W IEO - Geneva 18 23 Nov 1987

P

REST AVAILABLE COPY
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Chloride tolerance of some truit «rop cultivars and rootstochks {a)

Vaamum permissible

Ci in water

without leaf injury (b),(c)

Crop Rootstock or cultivar (mg/L)
Rootstocks
Avocado West indian 150
{Persea americana) Guatemalan 145
Mexican 110
Citrus
(Crus spp ) Sunk: mandarin, grapefruit
Cleopara mandann Rangpur lime 600
Sampson tangelo rough lemon sour orange 355
Ponkan mandarin
Citrumelo 4475 infolate orange
Cuban shaddock Calamondmm
Swect orange Savage citrange
Rusk cuirange Troser curange 250
Grape Salt Creck 1613 3 260
(Vins spp) Dog ndge 710
Stone fraig Mananna &0
(Prunus spp ) Lovelt Shalil 250
Yunnan 150
Cultivars
Bermies Boysenberry 250
(Rubus spp) Olallie blackberry 250
fndian Summer raspberry 110
Grape Thompson seediess Perletic 160
{vius spp ) Cardinal black rose 230
Sirawberry Lassen 180-
{Fragana spp ) Shasta 110

{a) Dataare adapted from Haas (13)

(k) Forsome crops the concenirations given may cxceed Lhe overall sahimity 1olerance of that crop and cause some yield
reduction before chloride 1on toxiciies Values given arc for the maximum concentration i the imganon water The
values were denved from sawrauon extract data (ECe) by the following relauonship

concentration = 1.5 water concentration

(c) The maximum pernusstble values apply only to surface wmigated crops Sprinkler irigauon may cause excessive

leaf bum at values far below these (see Table 3-10)

Source FAQO Guidelimes RS Avers £ DW Wesicot (1985)

BEST AVAILABLE COPY
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|



P

e

Qo

e S e

ark

rd

|\ —

~ ] - -~ P B wbe wa P
e b e i e e " - -

Table F 7

GUIDLINUS TOR INTPRPRETING LABORATORY DAL A ON WATER SUITABILITY
FOR GRAPES

Degree of Restriction on Use

Potential Irrigation Problem Unita None shight to Moderate Severel
Salimty 3¢ affects water avatlability to crops)
ECw dS/m <1 10-27 >27
Toxicity (Specific tons which affect growth of crop)
Sodium (Na*)* me/l <20 - -
Chlonde (C1)* mel <4 4-15 > 15
Boron (B) mg/l <1 1-3 >3
Miscellaneous
Bicarbonate (HCO3 )5 me/l <15 15-75 >75
Nitrate-nitrogen (NO3-N) mg/l <3 5-30 > 30

1 Adapted trom Neja etal 1978

2 Special management practices and favorable soil condiuons are required tor successtul producuon

3 Assumes that rainfall and extra waler applied owing to metficiencies ot normal 1rngauon will supply the
crop need plus about 15 percent cxtra for salinity control

4 With overhead spankler irngation sodium or chlonde 1n excess ot 3 me/! under extreme drying conditions
may result tn excessive lcaf absorption leaf burn and crop damage [t overhead sprinklers are used tor
cooling bv frequunt on ol f cycling damage may occur even at lower concenirations

5  Bicarbonaie (HCO3) in water apphed by overhead sprinklers may cause white deposits on truit and leaves
which reduces market acceptability but 1s not toxic to the plant

Table E-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) 155
Sugarbeet (Beta vulgaris) 6-125
Sorghum (Sorghum bicolor) 13
Safflower {Carthomus tinctorius) 123
Wheat (Triticum aestivum) 14 - 16
Beet, red {Beta vulgaris) 138
Alfalfa {Medicago sativa) 82-134
Tomato (Lycopersicon Lycopersicum) 76
Rice (Oryza sativa) 18
Cabbage (Brassica oleracea capiiata) 13
Muskmelon (Cucurns melo) 10 4
Maize (Zea mays) 21 24
Lettuce (Lactuca sativa) 114
Onion (Alium cepa) 56 75
Bean tPhascolus vulgaris) 80

1 Data taken from Maas (1984) BEST AVAILABLE COPY
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lable L-9

Relative boron tolerance of agricultural crops (1) ()

Very Sensitive (<05 mg/L}

Lemon Curus Limon
Blackberry Rubus spp

nsitiv 75
Avocado Persena amencana
Grapefust Curus X parad:st
Orange Curus sinensts
Apricot Prunus armenzaca
Peach Prunus persica
Chenry Prunus avium
Plum Prunus domestica
Persimmon Diospyros Kaki
Fig Kadota Ficus canca
Grape Vius vinifera
Walnut luglans regia
Pecan Curya dinotenss
Cowpea Vigna unguculata
Onion Alliwum cepa
Sepsitive (0.75-1.0 mg/L)
Garlic Allwum satrvum
Sweet polato Ipomoea batatas
Wheat Triticum eastivum
Barley Hordeum vulgare
Sunflower Hehanthus anratus
Bean, mung Vigna radiata
Sesame Sesamum indicum
Lupmne Lupinus hartwegu
Stawberry Fragaria spp
Artichoke, Jerusalem Helianthus tuberosus
Bean, Kidney Phaseolus vulgaris
Bean, hma Phaseolus lunatus
Groundnut/Peanut Arachis hypogaea

Moderately Sensifave (10-20 mg/L)
Pepper red Capsicum crucum
Pea Pisum sativa
Carrot Daucus carota
Radsh Raphanus sasivus
Potato Solanum tuberosum
Cucumber Cucumus sativus

Mﬂdﬂ[alﬁlx Tolerang (2 0-4.9 mg“l

Letiuce
Cabbage
Celery
Tumip
Bluegrass Kentucky
Qats

Maize
Artichoke
Tobacco
Mustard
Clover sweet
Squash
Muskmelon

Tolerant (4.0-

Sorghum
Tomato
Alfalfa
Veich, purple
Parsley

Beet red
Sugarbeet

v Toleran -1

Cotton
Asparagus

Lactuca sativa

Brassica oferacea capuata
Apium graveolens
Brassica rapa

Poa pratensis

dvena sativa

Lea mays

Cyvnura scolymus

N uconana tabacum
Brassica juncea
Melilotus tndica
Cucurbua pepo
Cucurus melo

L

Sorghum bicolor
Lycopersicon Lycopersicum
Medicago sativa

Vicia benghalensis
Petroselinum crispum

Beta vulganis

Beta vulgans

mg/L

Gossypuwim hursutum
Asparagus officinalts

{1) Data taken from Maas (1984)

(2) Maamum concentratons tolerated 1n soil water without yield or vegetative growth reductions Boron iolerances

vary depending upon chimate soil conditions and crop vaneties Maximum concentrauons n the imigauon water
are approximately equal to these values or shightly less

Source FAQ Guidelines, RS Ayers & D W Wesicot (1985)

BEST AVAILABLE COPY
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lable E-10

Relative tolerance of selected crops to exchangeable sodium (1)

Sensihive (2)

Avocado

(Persea americana)
Deciduous Fruits
Nuts

Bean green
(Phaseolus vulary)
Cotton (af germunauon)
(Gossyprum hursutum)
Marze

{Zea mays;

Peas

{Prsum sanvum)
Grapefrun

(Curus paradist)
Orange

(Curus sinensts;
Peach

{Prunus persica)
Tangenne

{Cutrus renculaw)
Mung

(Phaseolus aurus)
Mash

{Phaseolus mungo)
Lentil

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

{Cicer aneurum)
Cowpeas

(Vigna sunensts)

Semi-tolerant(2)

Carrot

(Daucus carota)
Clover Ladino
(I'rifolium repens)
Dallisgrass
(Paspalum dilatatum)
Fescue tall

(Festuca arundinacea)
Lettuce

(Laciuca sativa)

Bajara

{Pennisetum typhotdes)
Sugarcane
{Saccharum officinarum)
Berseem

{{ rifoluum alexandrinum)
Benyt

{Melliotus parviflora)
Raya

(Brassica juncea)

Oat

(Avena sativa)

Onion

(Allium cepa)

Radish

(Raphanus sattvus)
Rice

(Oryza sattvus)

Rye

{Secale cereale}
Ryegrass ltalian
(Lolium multiflorum)
Sorghum

(Sorghum vulgare)
Spinach

(Spinacia oleracea)
Tomato

(Lycopersicon esculentum)

Vetch

(Vicia sauva)
Wheat

{Trizcum vulgare)

JTolerant(2)

Alfalfa

{Medicago sauva)
Barley

(Hordeum vulgare)
Beet, garden

(Beta vuigaris)

Beet, sugar

(Beta vuigaris)
Bermuda grass
(Cynodon dactylon)
Cotton

{cossypium hirsutum)
Paragrass

{Brachicria mutica)
Rhodes grass

(Chloris gayana)
Wheatgrass crested
(Agropyron cristatum)
Wheatgrass farway
(Agropyron cristatum)
Whealtgrass farway tall
{Agropyron slongatum)
Karnal grass
(Diplachra fusca)

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

Source FAQ Guidelmes RS Ayers & D W Westcot (1985)
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Table E-11

LABORATORY DETERMINATIONS NEEDED TO EVALUATE COMMON IRRIGATION

WATER QUALITY PROBLEMS

Water parameter Symbol Umit! Usual range 1n
irrigation water

SALINITY

Il nten

Electrical Conductivity ECw dS/m 0-3 dS /m

(on)
Total Dissolved Sohds TDS mg/l 0 - 2000 mg/l
Canons and Anions

Calcium Catt mefl 0-20 me/l

Magnesium Mgt+ me/l 0-5 me/l

Sodium Nat mefl 0 - 40 me/l

Carbonate CQO3-- me/l 0-1 me/l

Bicarbonate HCO3" me/l 0-10 mefi

Chlonde CI- me/l 0-30 me/l

Sulphate S04 me/] 0-20 me/l
NUTRIENTS?

Nitrate - Nitrogen NO3 - N mgfl 0-10 mg/l

Ammonmum - Nitrogen NH4-N mg/l 0-5 mg/l

Phosphate - Phosphorus PO4 -P mgA 0-2 mgl

Potassium K* mg/l 0-2 mg/l
MISCELIANEQUS

Boron B m 0-2 mg/l

Acid / Basicity pH 1-14 60-85

Sodium Adsorption Ratio3 SAR (me/1)!2 0-15

1 dS/m = desiSiemen/meter in S I umits (equivalent to 1 mmho / cm - 1 millimmbho / centimeter)
mg/l = milhgram per litre ~ parts per million (ppm)
me/l = miliequivalent per hire (mg/l  + equivalent weight = me/l}) in SI units 1 me/l = 1 nullimot /

htre adjusted for electron charge

2 NO3-N means the laboratory will analyse for NO3 but will report the NO3 n terms of chemically
equivalent mrogen Similarly for NH4-N  the laboratory will analyse for NH4 but report 1n terms of
chemucally equivalent elemental nitrogen The total mtrogen available to the plant will be the sum ot

the equivalen elemental nirogen

The same reporung method s used for phosphorus

3 SAR 15 calculated from the Na Ca and Mg reported 1n me/l



lable F 12

Crop tolerence and vield potential of selected crops as influenced
irrigation water sahmity (I Cw) or soil sahnuy (FCey

Yield potenual (2)

100% W% 5% 50% 0% maximum(3)
ECe ECw ECe ECw [Ce ECw [Ce ECw ECe LCCw

ke e S T T

e

Lo - R . ———

Field crops

Barley (Hordeum Vulgare) (4) 80 53 10 67 13 87 18 12 28 19
Couon (Gossypuem hirsutum) 77 51 26 64 13 84 17 12 27 18
Sugarbeet (Beta vulgar:s) (5) 70 47 87 58 |3 B 15 10 24 16
Sorghum (Sorghum becolor) 68 45 74 S50 84 56 99 67 13 87
Wheat (Triticum aestivum) (4) (6) 60 40 74 49 95 63 13 87 20 13
Wheat durum (Truicum turgidum) 57 38 76 50 10 69 15 10 24 16
Soyabean (Glycine max) 50 33 55 317 63 42 75 SO 10 &7
Cowpea (Vigna wnguacslata) 49 33 57 38 70 47 91 60 13 88
Groundnat (peamua) 32 21 35 24 41 27 49 33 66 44
{Araclus hypogaea)
Ryce (paddy) (Oniza sativa) 30 20 38 26 51 34 72 438 i1 76
117 11 34 23 59 40 10 68 19 1n
{Sacdhanmn offianarum)
Com (maize) (Zea mays) 17 11 25 17 38 25 S9 39 10 67
Flax (Linum usuanssumum) 17 11 25 17 38 25 59 39 10 67
Broadbean (Vicua faba) 15 11 26 18 42 20 638 45 2 30
Bean (phaseolus vuigars) 10 07 15 10 23 I1> 36 24 63 42
Vegetable crops
Squash zucclum (courgete) 41 31 58 38 74 49 10 67 15 10
{Cucurbua pepo melopepo)
Bees, red (Beta vulgaris(5) 40 27 5t 34 68 45 96 64 15 10
Squash scallop 32 21 38 26 48 32 63 42 94 63
{Cucurbua pepo melopepo)
Broceoh 28 19 39 26 55 37 82 55 14 91
{Brassica oleracea botrytis)
Tomato 25 17 35 23 50 34 76 50 13 84
(Laycopersicon esculentum)
Cucumber {Cucurus sauvus) 25 17 33 22 44 29 63 42 10 68
Spmach (Spiacia olerucea) 20 13 33 22 53 35 86 57 IS 10
Celesy {(Apwum graveolens) I8 12 34 23 58 39 99 66 18 12
Cabbage 18 12 28 19 44 29 70 46 12 81
(B a oleracca capuzia)
Potato (Solanum tuberasum) 17 11 25 17 38 235 59 39 10 67
Com sweet {marze) (Zea mays) 17 11 25 7 38 25 59 39 10 67
Sweel potato (fmpomoea batatas) 15 10 24 16 38 25 60 40 11 71
Pepper (Capsicum annuwmn) 15 10 22 15 33 22 51 34 86 58
Lettuce (Lactuca satva) 13 09 21 14 32 21 51 34 9.0 60
Radush (Raphanus sativus) 12 o8 20 13 31 21 S0 34 89 59
Onton (Al cepa) 12 08 18 12 28 18 43 29 74 50
Carrot (Daucus caroka) 10 07 17 11 28 19 46 30 81 54
Bean (Phaseolus vulgans) to 07 15 10 23 15 36 24 63 42
Turmp (Phasealus vulgar:s) 09 06 20 13 37 25 65 43 12 80
Forage crops
Wheaigrass tail 75 50 99 66 13 90 19 13 1 21
(Agropyron elongatumn}
crested 75 50 90 60 1 74 15 98 2 15
{Agropyron orisiatum)
grass 69 46 85 56 i 72 15 98 23 15
(Cynadon dactylon) (T)
Barley {forage; 60 40 74 49 95 64 13 87 20 13
{Hordewmn vulgare} (4)
Ryegrass. perenaral 56 37 69 46 89 59 12 81 19 13
(Lolwm perenne)
Trefoil, narrowleaf birdsfoot (8) 50 33 60 40 75 50 10 67 15 10
(Lotus cormwculatus tenwfolsan)



table ¥ 12 Continued

Y 1eld pownual

100% V0% 15% 0% U%maximum (3)
ECe ECw [Ce ICw ECc [ICw FCe I'Cw Lece LCw
Harding grass (Phalaris tuberosa) 46 31 59 39 79 53 11 74 18 12
Fescue, wall (Festuca elanor) 39 26 55 36 78 52 12 78 20 13
_Wheaigrass sandard cresied 35 23 60 40 98 65 16 1 28 19
(Agrapyron siburicuen)
Vetch common 30 20 39 26 53 35 76 50 12 81
(Vicia angustifolia)

Sudan grass {Sorghum sudarense) 28 19 51 34 86 57 14 96 2 17

Wildrye, beardiess 27 18 44 29 69 46 11 74 19 13
(Elymus trucoides)

Cawpea (forage) 25 17 34 23 48 32 71 48 12 78
{Vigna ungusculata)

Treforl big (Lotus ubhigmasus) 23 15 28 19 36 24 49 33 76 50

Sesbann (Sesbean exaltata) 23 15 37 25 59 39 94 63 17 1

Sphaerophysa 22 15 36 24 58 38 93 62 16 1
(Sphaeroplpsa salsida)

Alfalfa (Medicago satrva) 20 13 34 22 54 36 88 59 i6 10

Lovegrass (Eragrostis sp } (9) 20 13 32 21 50 33 80 353 14 93

Com (forage} (mmze} (Zeamays) 18 12 32 21 52 35 86 57 15 10

Clover, bersoem 15 10 32 22 59 39 10 68 19 13
(Trifolnan alexundrinum)

Orchand grass 15 10 31 21 55 37 96 64 18 R

{Dactylis glomerota)

Foxtadl meadow 15 10 25§ 17 41 27 67 45 12 79

{Alopecurus pratents)

Clover red (Trnfolum pratense) 15 10 23 16 36 24 57 38 98 66

Clover alsiks 15 10 23 16 36 24 57 38 98 66
{Trifolumum kybredun)

Clover, ladmofTrifolunrepens) 15 10 23 16 36 24 57 38 98 66

Clover stawbesty 15 10 23 16 36 24 57 38 98 66

(Trifolsum fragfencm)

_Fruit creps (10)
Date palm {Phoenx dactylifera) 40 27 68 45 11 73 18 12 32 21
Gripefnt (Curuesparadis) (11) 1.8 12 24 16 34 22 49 33 80 54

Orange (Cutrus sinernsis) 17 11 23 16 33 22 48 32 80 53
Peach (Prunus persica) 17 11 22 15 29 19 41 27 65 43
Apncol (Prunus.ormemaca) (11) 1 6 [ 20 13 26 18 37 25 58 38
Grape (Vitus sp } (11) I1s 10 25 17 41 27 67 45 12 79
Almond (Prumes dulcis) (11) 15 10 20 14 28 19 41 28 68 45
Plum prune (Frunus domestica) (11)15 10 21 14 29 19 43 29 71 47
Blackbernty (Rubus sp ) 15 10 20 13 26 18 3g 25 60 40
Boysenbeny {Rubus wrsinus) 15 10 20 13 26 18 18 25 60 40
Stawbernry (Fraganasp ) 10 07 I3 09 18 12 25 17 40 27
{1} Adapted from Maas and Hottman (1977) and Maas (1984) These data should only serve as a guide 1o refauve
tolerances among crops  Absolute tolerances vary depending upon chimate soil condittons and cultural
pracuces. In gypsitcrous sals plants will tolerate about 2ds/m higher sail salinity (ECe) than indicated
but the water sahnity (ECw) will remam the same as shown 1n this tabel
@) ECcmeans average root zone sahnity as measured by electncal conducuwaty of the saturation extract
of the saul, reported 1n decasiemens per meter (ds/m) at 25C. ECw means clectical conductivity of the
wrigation waker In deca Siemens per meter (ds/m) The relanonship between soul sabnity and water saliruty
(ECe=15 ECw) assumes a 15-20 leaching fraction and a 40-30-20-10% water use pattem for the upper to
lower quarters of the root zone.
() Thezero wield potential or maximum ECe indicates the theoretical soul sality (ECe) at whach crop growth
ceases.
4 Barky and wheat are less tolerant durmg germination and seedhing stage  ECe should not exceed 4 5dS/m
m the vpper soil dunng this peniod
(5) Bects are more sensiuve dunng gemmnation  ECe should not exceed 3 dsfm in the seedling area for garden
beets and sugar beets,
) Sems-dwass, shon culuvars may be less wolerant.
(7) Tolerance given 11 an average of several vancties  Suwannce and Coastal Bermuda grass are about
20% more olerant, while common and Greenfield Bermuda grass are about 20% less wolerant.
(8) Broadleaf Birdsfoot Trefoul seems less lolerant than Narrowleaf Birdsfoot Trefoil
(@) Tolerance given 15 an average for boer Wilman Sand and Weeping Lovegrass  Lehman Lovegrass
seems about 50% more olerant.
(10) These data are applicable when rootstocks are used that do not accumulate Na* and Cl rapidly or

an

when thesc10ns do not predominate m the soil
Tolerance evaluation 1s based on tree growth and not on yetld

Source FAQ Gmdelnes RS Ayers & DW Westcot (1985)



Table E-13

Summary of requirements of Jordanian

Standard 893/1994 for treated domestic wastewater,

Maximum allowable it (mg/L)*
Parameter Disposed to wadss, rivers, surface water Reuse for wrrigation
bodies, and groundwater recharge
pPH 65-9 65-9
Temperature change (C°) <3 -
DO =1 -
TDS 3000 2000 (1)
TSS 50(3) / 200(4) 100 (1)
BODS35 50(3) / 50(4) -
COD 150(3) 7 150(4) -
NH3 30 -
FOG 15 15
ABS 6 -
Cl2 05(5) -
Phenol 05 -
TFCC MPN/100mL <1000 <1000 (6)
Intestinal nematodes <l <1 (6)

* All unats are in mg/L except where noted

(1)} Depends on degree of restniction (none, shght to moderate, or severe)

(2) Depends on method of imgation

{3) Conventional wastewater treatment plants

{4) Waste stabihization ponds

(5) Ths is a mimumum hmat of resideal chlonne and 1t should be linked with total faecal coliform count
(6) FAO and WHO guidelines and therr amendments should be taken into consideration
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Dead Sea Intake Pumping Station

BEST AVAILABLE COPY



Potash Manufacturing Facilities and Evaporation Ponds

BEST AVAILABLE COPY \
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Carnallite Harvester and Pumping Station
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Potash Crystallizers

BEST AVANLABLE COPY



