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EXECUTIVE SUMMARY

Development AlternatIves, Inc (DAI) under contract WIth the Umted States Agency for
Internanonal Development (USAID) IS performmg an Industnal Wastewater DIScharge
Prevention Program. (IWDPP) m Amman, Jordan Tb1s Program IS one of the four
components of the Water QualIty Improvement and ConservatIon Project (WQICP) funded
by USAID The program IS bemg performed by DAI With full coordInatIon between the
Munstry of Water and Imganon (MWI) and the Amman Chamber of Industry (Chamber)
Harza Consultmg Engmeers and SClentlSts (Harza), Clncago, Umted States (U S), was
retaIned by DAI to lead the IWDPP Royal SClennfic SOCIety (RSS) of Amman, Jordan was
selected as a local consultant to asSISt Harza WIth the IWDPP TIns program. mcludes
conductIng the Pollunon Prevention/Waste M1DlmlzatIon (pPfWM) audIts, FeasIbility
StudIes (FS), and deslgmng demonstratlOn umts at selected mdustnal faCIlItIes

Based on a rankIng methodology, the PP/WM comnnttee selected ten mdustnes With
potentIal needs for PP/WM audIts One of these mdustnes IS the potash mdustry The
Harza/RSS team. conducted an audIt of Arab Potash Company (APC), representIng the
potash mdustry, as the first step of the IWDPP ThIS report summanzes the results of the
audIt

POTASH MANUFACfURING PROCESSES.

The urnt operations for potash productIon at the APC facr1lty are pnmanly solar
evaporatiOn, sodIum chlonde depoSItIon, and carnalhte harvestIng followed by potash
refinmg The refinery process COnsISts of remOVIng magnesmm chlonde and sodIum ch10nde
to produce potash followed by crystallizatIOn, dewatenng and drymg of the final potash
product

The APe has recently developed a new process to produce potash through exteDSlve
research and pdot studIes Ihgh qualIty camalhte IS produced and IS drrectly used to
produce potash by the cold Cl}'stalhzanon process Th1s process IS operated under ambIent
temperature and requues considerably less energy compared to the hot bnne leachmg
process currently used by the company

AUDIT

The faClhty audIt was conducted on August 13th and 14th of 1994 The APe staff and audIt
team members toured and mspected the facility Due to the compleXIty of the overall
process and water management, several speCIfic detaIls remamed unanswered dunng thIS
two-day audit VISit To asSIst APe staff, the audIt team. developed a supplemental
questIonnaue, and Dr Musa VISIted the faClhty agaIn on August 21st and 22nd
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AUDIT FINLINGS

The InformatIOn collected dunng the APe facility audIt through extensIve personnel
mtelVlews, meetIngs and dlSCllSSIODS With APe staff, sIte observations, and techmcal data
proVIded by APe staff was complIed and thoroughly reVIewed Our findmgs are as follows

Water Usage and Balance

The facIhty 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, eqwpment flushIng, pump seals, lITlgatlon, and makeup water m the power plant
and coolIng tower

The fresh water IS obtaIned from groundwater wells and surface water The surface water
IS collected m the form of run-off from the areas m the VlClTIlty of the APe faCIhty

The key feature of the overall water usage IS that the major portIOn of the fresh water IS
used for the potash productIon and lost through evaporatIOn About 73 9 percent of the
total fresh water IS consumed for process purposes The remammg 26 1 percent of the total
fresh water IS used for non-process purposes

The major non-process related water consummg sources are

• In-Plant Floor Drams and Washwater,
• PIpes and Pump PackIng FlushIng m the camaIhte Area,
• TownshIp Water Supply, and
• Power House Makeup Water

Wastewater Discharges

The followmg dIScharges from the APe facility are cODSldered wastewater dIScharges

Intake Pump StatIon FlushIng Water
Facility Floor DraIns, Washwater, etc.
Sewage Treatment Plant Effluent

8 m3/'br
70 m3/br
30 m3/'br

The mtake flushmg water IS 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 blOlogIcal treatment, IS

dIScharged to a nearby dry creek where It IS partially evaporated, partlally used by natural
vegetatIon and partIally percolated through the subsurface soil
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AJ.r EmIssIons

The potennal for partIculate ennsslOns eXISts dunng dryIng, screemng, and baggmg
operanons All other processes are carned out m hqmd phase PartIculate emISSIons
therefore, should be lll11llmal

Samtary lagoons and the sewage treatment facthty are other sources of au eIDlsslOns from
WhIch certam orgamc compounds can be volatIlIzed and odor could be a problem
However, due to ISolated locatIons of both of these faCIlItIes, the and enVIronment, open
atmosphere, and theIr relatIvely small SIZe, volatIle orgamc emISSIOns and odor may not be
a problem

Solid Wastes

The sources of solId wastes are

• SodiUm chlonde salt pIle (taIlmgs),
• Sludge m the samtary lagoons,
• Sludge from the sewage treatment faCIlIty, and
• Sludge accumulated m the on-SIte run-off and spill storage pond

Storm Water Management

On-SIte storm water IS collected m a pOild whIch IS also used to store aCCIdental pIpe lIne
leaks and spills Apparently, the water IS not reused, but gets evaporated and sludge
accumulates m the pond. For the on-SIte storm water, there techmcaily IS zero dIscharge

Data Gaps

Data gaps eXISt m water qualIty and water quantIty measurements No data are available
on wastewater and sludges qualIty or quantIty Fresh water IS momtored pnmanly where
used for processmg 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 opportumties were
Identlfied They are bnefly presented below

PP/WM OpportumtIes

Floor Drams. These hIgh volume dIscharges appeared to be resultmg from not properly
controllmg washIng, clearnng and ungatIon operatlons Good housekeepmg and employee
awareness of the unportance of PP/WM and water conservatIon play an lITlportant role m
reducmg water consumptIon ill areas where no controls eXist Developmg protocols, trammg
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employees to use less water, and provuhng mc.ennves for those '/ho follow water
conservatIOn measures are some of the key factors m reducmg waste generatIOn, 'Water
COnsumptIOn, and pollunon The key to common sense PP/WM IS gettmg people to pay
attentIon to reducmg waste generatIOn when and where It first occurs

Other Options are

• Reduce spIlls, overflows, and leakages, by good housekeepmg and planned
preventive maIntenance

• Collect all floor drams, pump flushIng water, and floor wasbmgs m a tank(s)
and momtor the flow after each apphcatlOn Let the employee responsIble for
cleanmg also be responsIble for momtonng how much water IS used per event

• Install flow meters to momtor each water usage and record water volume for
each apphcatlOn

• The APe has a dry vacuum system ill place They should maxmuze use of
thIs system

• Ehmmate the cause of spillage

• Sweep up dned matenal

• Use tmler controlled valves for controllmg washwater

• UtIbze water savmg eqwpment as much as pOSSIble DIfferent types of water
savmg eqmpment mclude flow regulatIng deVlce, flow shut-off valves, nozzles,
overflow preventors, etc.

• PrOVide dikes, berms and secondary contamment for all storage fac1htIes and
operating areas Collect all floor drams by lIDplementlng properly deSlgned
drain collectlon system.

• PrOVide additional capacIty to store floor drams and leaks, If necessary

• Recycle and reuse all wash water effiClently as many tlmes as poSSIble before
It 15 finally discharged to the flood channel ill the form of hmlted blow down

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

To further reduce the pollutlOn load to the lLFC, the dramage wastewater would probably
reqmre treatment to remove suspended soIls, pOSSIbly adjust pH and remove metals
OccasIOnally floor drams could contam ous and orgamcs
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Sewage Treatment Plant Sludge and Effluent To control the water use, meters should be
mstalled for all water users to IdentIfy heavy water users The water use can be mInImIZed
usmg 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
provldmg a partItIon and adJustmg the float height DrIp or trickle lITIgatIon techmques can be
used to lITIgate gardens All plumbmg, faucets, and other outlets can be checked routmely and
repaired to prevent leaky pipes, valves, and faucets

The sewage treatment mfluent and effluent must be momtored for their quahty and quantity by
mstallIng metenng and samplIng deVices

In addItIon, APC should design and construct a properly hned contamment area With leachate
and gas collectIon systems for sewage treatment plant sludge Alternatively, the sludge can be
dned usmg sludge beds, and dned sludge can be used as fertIlIZer If It meets appropnate
standards for smtable apphcatlons

The APC should also Install groundwater momtonng wells at the effluent and sludge disposal
locatIons to momtor underlymg aqUIfers currently used to supply potable water to determme If
they are Impacted by the sewage treatment plant effluent discharge or leachates from buned
sludge Such morntormg should contmue as long as facIlities are m operatIon

The avaIlable maps show that the dnnkIng water supply for the Township IS proVided by Viells
located wlthm 2,500 meters of the Township locatlon It IS, therefore, Important that the sewage
treatment plant effluent disposal IS managed carefully and prudently to prevent groundwater
contammatlon Remedlatmg contammated aqmfer can be costly

Samtary Lagoons & Storm Water Pond: Increase dike heIghts for storm water pond and
sanitary lagoons to prevent washouts durmg heavy storms

Tailing and Waste Brine: The APe should explore and mstall tallmgs and waste bnne
processmg facJ1mes to manufacture other chemIcals, If profitable

EvaluatIOn of Local Hydrogeology As part of the overall PPIWM strategy, APC should
conduct studies to evaluate and understand local hydrogeology m the LIsan formatiOns A better
understandmg of the local hydrogeology wIll asSISt APC m the long term to manage wastewater
discharges prudently by usmg appropnate treatment, storage, and disposal methods whIle
momtonng underlymg aqUifers

Water ConservatIon PotentIal

Water conservatIon opportumtles, m additIon to those currently practlced by the APC facIlIty,
stIll eXist These opportumtles are discussed below It should be noted, however, that any
aspect of water conservatIOn should be weighed agamst Its benefits and associated costs Any
water conservatlon measure which results m cost savmgs and directly affects pollutlon, (1 e ,
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prevents it from occurrmg) should be Implemented first to protect the envIronment The
measures dIscussed below should be revIewed bearIng In mInd the above phIlosophy In
addItion, further engIneenng studIes WIll need to be performed to determme the feasibilIty of the
measures pnor 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 affectmg the product qualIty

3 AddItIonal 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 momtor and evaluate all process water usages and
optImIze them to attaIn addItIOnal water savIngs, If feasIble

Non-Process Water Category- It should be noted that APe currently reclaIms and recycles
about 140 m3/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 pnmary areas are

1 Floor drams and wastewaters Follow the PPIWM measures as desCrIbed for
floor drams and domestIc water supply

2 - PIpe flushmg water To reduce water consumptIOn for pIpe flushmg, explore
optIOns 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 Increasmg bnne velOCIty Any
combmatIon of such options WIll be more effectIve

3 Pump packIng flushmg water Pump packIng flushmg water can be reduced by
changmg the pump type, heatIng packIng matenal or SWItchIng to brackish water

4 Domestic water supply to the TownshIp The domestIc water usage can be
reduced as dISCUSSed earher by reducIng water usage for shower, toIlets, and
gardemng 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 mtake pump
station, to makeup coolIng water losses and for IrrIgatlon thus reducmg fresh
water usage

6 Power house makeup water Power house makeup water can be reduced by
mo<bfymg reverse osmosIs (RO) process to a 2 or 3 stage RO process

7 BrackIsh water and storm water The APC has mvested about 20
mIllIon dollars In Investigatmg and mstallIng wells to recover
brackIsh water to replace current fresh water use The PfJect IS
nearmg completlon When complete, resultmg 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 Accordmg to APC staff, as much as 85 % of the fresh
water can be replaced With the braclash water

With the current brackIsh water project near completlon, the APC antIcipates savmg as much
as 628 m3/hr or 62 8 percent of the total current fresh water usage of 1,000 rn3/hr Iff
recommended PPIWM and water conservatlon measures are evaluated and Implemented, Iffound
to be feasible and cost effectlve, the APe should be able to save an additIOnal 196 m~/hr fresh
water The attached table summanzes the suggested operatIon changes and water conservatlon
opportumtles With and Without the current brackIsh water project

RECOMMENDATIONS

To achIeve PPIWM and water conservation obJective, our recommendations are

1 Implement PPIWM and water conservation measures discussed above

l
l
t

I
I
I
I

2

3

4

5

6

Study and evaluate aqUifers for a long term supply of brackIsh water to replace fresh
water Consult WIth MWI and WAJ staff CooperatIve efforts w1l1 result m findIng
braclash water supply locanons which are economIcally attractIve to APC

Develop a PPIWM and water conservation polIcy as part of the APe management
operating philosophy and distribute It to all departments

Implement the polIcy through speCific goals and targets

Make It each person's responsibilIty to Identify PPIWM and water conservatIon
opportumtles

DeSignate a PP/WM and water conservatIOn coordmator 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 mtake pump
station, to makeup coohng 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 In Investlgatmg and mstalhng wells to recover
brackish water to replace current fresh water use The prJect IS
nearIng completIon When complete, resulting brackIsh water WIll
replace about 85 percent of the fresh water Accordmg 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, If necessary

WIth the current brackIsh water project near completion, the APC antICipates savIng as much
as 628 m3/hr or 62 8 percent of the total current fresh water usage of 1,000 m3/hr Iff
recommended PPIWM 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 m3/hr fresh
water The attached table summanzes the suggested operatIon changes and water conservatIOn
opportumtles WIth and WIthOUt the current brackIsh water project

RECOMMENDATIONS

To achIeve PPIWM and water conservation obJective, our recommendations are

1 Implement PPIWM and water conservatIOn measures dIscussed above

2. Study and evaluate aqUIfers for a long tenn supply of brackIsh water to replace fresh
water Consult WIth MWI and WAJ staff Cooperative efforts WIll result In findmg
brackIsh water supply locatIons which are econOImcally attractive to APC

3 Develop a PPIWM and water conservatIon pohey as part of the APC management
operatIng philosophy and dIstrIbute It to all departments

4 Implement the pohcy through specIfic goals and targets

5 Make It each person's responsibilIty to IdentIfy PPIWM and water conservatIOn
opportumtles

6 DeSIgnate a PPIWM and water conservation coordInator to effectIvely Implement thIS
program
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7 Publlclze success stones and reward employees that Identify cost-effective PP/WM
oPPOrtunItIes

8 Tram employees on aspects of PP/WM and water conservation that relate to their Jobs

9 Perform a perIodiC assessment of PPIWM and water conservation by key management
personnel, coordlllator, and llldependent experts

10 Show management commItment through above actions and relllforce the pollcy through
meetmgs and company functIOns

11 Let the company "MIssIon Statement" mclude "Better Product through EnVironmental
ProtectIon and Water ConservatIOn"

RECOMMENDATIONS FOR ITEMS FOR FEASffiILITY STUDIES

We recommend that the followmg Items be conSidered for feasibillty level studIes

• Sewage treatment plant effluent treatment and reuse for coolmg to\\ er
makeup and mtake pumpmg station flushmg

• Installanon of selective flow momtormg and controllIng deVIces at some
cntlca1 process water apphcatlon locanons and at selected TownshIp
residents to evaluate their Impact

• Installanon of double walled heated pIpe WIth early warmng system and
mobIle trader truck system for pipe cleanmg

Data developed through the feasIbIlIty studies can be used for deslgmng demonstranon Ufilts for
field teshng
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Summary of Suggested Options Changes and Water Conservation Opportunities

Current Fresh Potentiel for ProJected Fresh
Item Water Use Conservation Water use Suggested Measures

m3 /hr m3 /hr (1) m3 /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 tlU 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)' 111 1 Use of brackish water

B 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
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 APe IS 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 supplyrng brackIsh water
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I 0 INTRODUCTION

ThIs report presents the findIngs of an audit conducted for pollution prevention and waste
IDmlIDI7.3tton (PPjWM) for a potash manufaetunng faClhty owned and operated by the Arab
Potash Company (APC), Amman, Jordan The report also mcludes project background and
obJectlves, bnef process descnptIOns, audit process details, potential for PPJWM and water
conservauon, conclusIOns, recommendatlOns, and follow-up actIOns

1.1 Background

Development Alternatives, Inc (DAl) under contract With the Umted States Agency for
Internauonal Development (USAlD) IS performmg an Industnal Wastewater Discharge
Prevenuon Program (IWDPP) m Amman. Jordan TIus Program IS one of the four
components of the Water QualIty Improvement and ConservatIOn Project (WQICP) funded
by USAID The program IS bemg performed by DAI With full coordmatlon between the
Mlmstry of Water and IrngatlOn (MWI) and the Amman Chamber of Industry (Chamber)
Harza Consultmg Engmeers and SCientIsts (Harza), Chicago, Urnted States (D S), was
retamed 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 TIus program mcludes
conductmg the PP/WM audits, FeasIbIlity Studies (FS), and deslgmng demonstratIOn umts
at selected mdustnal faCIlItIes

The PPJWM techmques are defined as any techmques to prevent or reduce waste
generatIon by source reductlon or recychng activItIes The actiVItIes must reduce either the
volumes or the concentratIons of pollutants generated pnor to treatment, storage, or
dIsposal of the waste

Based on a rankIng methodology, the PP/WM COmmIttee selected ten mdustnes With
potential needs for PP/WM audits One of these mdustnes IS the potash mdustry The
Harza/RSS team conducted an audIt of Arab Potash Company representmg the potash
mdustry as the first step of the IWDPP ThIs report summanzes the results of the audIt.

1.2 Objective

The obJectlves of conductIng a PP/WM audIt were to understand the water and wastewater
management praetlces currently employed by APe, to IdentIfy waste sources, and to assess
opportunItIes for PP/WM and water conservatIOn that may eXIst at the facrhty

The findIngs of the audit were used to develop recommendatIons and follow up actIOns to
asSISt APC m assessmg the extent ofpollunon Suggested approaches for water conservatlon
and process modIficatIOns to achteve addtnonal PPJWM and wastewater treatment were
proVided
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13 Report

TIns report contaIns APes potash process descnpnon, audIt procedures, audIt findIngs, and
conclusIOns denved from the audIt findmgs RecommendatIOns and follow-up actiOns
necessary to assess the extent of pollutlon as well as to lIIlplement PP/WM and water
conservation measures at the APC facility are also mcluded

Appendices A, B, and C of the report contam mformanon collected dunng the audit, an
addItlonal questlonnaue prepared to collect the water use mformanon and the process and
water balance mformatlon prOVided by APe, respectt.vely A copy of the Background
Matena! Report 15 mcluded, as AppendIX D Appl1cable regulatory standards for water
quahty are mcluded as Appendtx E Appendtx F contams photographs of the potash
manufaeturmg facility The reference matenal collected by Harza in the US, as part of tills
audit program. 15 presented m a separate bmder
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2 0 PROCESS OVERVIEW

Potash 15 a valuable component III the agnculture mdustry It IS the product of vanous
chemIcal and mdustnal processes that extract It from very concentrated bnne soluuons
Potash is produced In three chemIcal forms munate of potash (KG), sulfate of
potash-magneSia (K2S0.2MgSO..), and sulfate of potash (K2S04) Its use III crop
fertilization has made the agnculture mdustry much more produettve and effiCIent It has
also aIded ill the advancement of the chemIcal mdustry

The potash mmeral mdustry converts naturally occumng nunerals mto forms sUItable for use
m chermca.l and fert1bzer produetton The converSIOn of naturally occurrmg mmerals mto
fertilizers mvolves both surface and underground mmmg and many benefiCIation steps
Current processmg methods are c:hscussed m the followmg seet10ns

2.1 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 sIgmficant raw matena!

Potash ore (as KCl) IS generally classIfied mto one of two categones carnalhte or sylVIDlte
These classlficatlOns are based upon the cherrncal compOSItIon of the ore, whIch IS largely
a functIOn of the ore's geographIc ongm Processes used to convert these ores mto potash
are descnbed below, along WIth the processes used to convert bnne to potash

Potash (as K2SO...2MgSO.. or K2S04) IS produced through the mmmg of an ore known as
langbelDlte LangbelDlte was not consIdered further because processmg operanons only
mdlrectly correlate With the processes used by APe

2.1 1 Carnallite Processing

Carnalhte 15 a mmeral, WIth the chemIcal formula KCl Mg026H20 Carnalllte can
be decomposed by usmg a regulated amount of water to dIssolve the magnesmm
cblonde (MgCl2) Without dlSsolvmg the potassmm cblonde (KCl) SodIum cblonde
(NaG) is also left undIssolved m most cases, so a sylVl1l1te separation process (refer
to SectIon 2 1.2) must follow

To handle fluetuauons more quahty, the MgClz leachIng step 15 normally a
mulnstage, countercurrent operanon To TDImIDlze KCllosses, a bleed stream from
the sylvmIte process Instead of fresh water 15 used for leachIng

2.1 2 Sylvlnlte Processing

SylVIDlte ore IS a rrmcture, m varymg proPOrtIOns, of KCI and NaG crystals Several
processes are used to separate potash from the ore Followmg IS a dISCUSSIon of
some of these methods
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Hot I.eachme Process ThIs process takes advantage of the dIfferent solubilitIes of
KCl and NaO at varymg temperatures The KCllS more soluble m hot water than
ill cold, NaO's solubility vanes only shghtly WIthIn the temperature range of 20° C
to 100° C In solutions saturated Wlth respect to both KCl and NaQ, the solubility
of NaCl further decreases at the Ingber temperatures The crushed ore IS rrnxed WIth
recycled bnne, heated almost to botlmg, m suffiClent quantItles to dISsolve the KCl
ThIS brme 15 nearly saturated WIth NaCl and KCl After saturallon WIth KCI, the
bnne 15 cooLed by vacuum evaporallon, resulnng m KG crystalhzallon Bnne
saturated WIth NaCllS eIther recycled or subjected to evaporatlon and crystalhzallOn.

FlQtallOn Process Most of the pQtash Qf Canada and the U S 15 recQvered frQm the
ore by flotatlon process methQds The essenllals of thIs process are to treat the are
With a hydrophobIc matenal, whIch will selecuvely coat one of the constItuents
(typIcally the KCl) of the ore Pressunzed au IS then bubbled through an are slurry
The au bubbles attach themselves to the coated partlcles and float them to the
surface, wlnle the uncoated partlcles sInk SQme plants have been built ill whIch the
NaCl IS flQated away from the KCI, but generally the reverse IS the more deSIrable
process On a large scale, and partIcularly With hIgh-analysIs ores, the flotation
process IS much cheaper than one mvolvmg dISsolutIOn and crystallIzatIOn

Other Methods Several other methods for separatmg KCI crystals from NaCI crystals
have been used or prQpQsed These mclude tablIng and electrostatIc separatIon.
None are presently of commerClal Importance, however

CombmatlOn Methods Dependmg on factors such as qualIty and fuel cost, many
vanatIons of the aforemenlloned methods are used, mcludmg combmations of
methods It IS common to cQmbme fLotallon With leachIng

2.2 New Cold Crystallization Process

ThIs process was develQped by APC thrQugh extensIve research and pilot studIes smce 1989
HIgh qualIty carnalhte IS prQduced and IS dIrectly used to produce pQtash by the cold
crystallizatlon process TIns process IS operated under ambIent temperature and reqUIres
cODSlderably less energy compared tQ the hot bnne leachIng process currently used by the
company The key features of tins prQcess are

•
•

•

Separabng coarse Ingb punty fractIon,

Concentratrng finer lower punty fractIon by selectmg proper bnne to
carnallIte rallO, usmg propnetary reagent for flotallon process, and
ennnchmg carnallite by maxmnzmg removal of NaCI crystals,

EffeCUvely removmg NaCl salt crystals dunng carnallite benefiCIatIon,
and
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• USillg lngh qualIty carnallite to produce )Otash by cold crystallIzatIon
process

Crude potash IS then wet screened pnor to leachmg, waslnng and dewatenng to remove
assoCiated NaG crystals and MgCl2 nch bnne

SpeCIfic detaIls for the Cold CrystallizatIon process are presented ill SectIOn 2 3 2 Figure 1
shows a cold crystallizatIon process block flow dIagram

2 3 Potash Manufacturing Processes at the APe FaCility

The APe commenced productIon of potash In 1982 at a locatlon 187 Ialometers south of
Amman ill Ghar AI. Safi on the shores of the Dead Sea. The early productIon of potash (as
KCl) at thIS refinery was approXlIDately 1 2 rmlhon tons annually However, SIX years later
m 1988, productIon mcreased to 1 4 rmlhon tons, and accordmg to eStlmates, should reach
1 8 rmlhon tons m 1994 With the aid of the recently developed and Installed cold
crystallIzatIon process

2.3 1 ExIsting Process

The urnt operatIOns for potash productIon that APC uses are pnmanly solar
evaporatton, washmg, clanficatIon, centnfugmg, and crystallIzation SpeCIfic detalls
of the process and urnt operatIons are discussed bdow A potash manufactunng
process block flow dIagram. IS presented ill FIgure 2, and detaIled refinIng processes
are shown ill Figure 3

Solar EvaporatIOn. The process commences at the bnne mtake pumpmg statIon
located on the L1san Pemnsula Four mtake pumps (total capaCIty of 14 m3jsecond)
delIver approXImately 200 mIlhon tons of bnne per year to a graVity flow bnne canal
through a l-lalometer pipelme The bnne then flows 10 6 kIlometers through the
canal and eventually reaches the salt pond (SPl/SP2/SP3), whIch 15 the largest pond
and has the hIghest evaporatIon rate m the system.

D<al0sltIon The salt pond, consIdered to be the most SIgmficant part of the process,
15 deSIgned to perform the mItIa! concentratIon of Dead Sea bnne (densIty of 1 235
glee) Smce the solar evaporatIon pond has such a hIgh evaporatton rate, most of the
NaO 15 rendered Insoluble and IS preCIpItated The reductIon of water content of
the bnne bnngs the densIty to 1298 g/cc

After evaporatIon m the salt pond, the bnne IS transferred to the pre-carnallite pond
(PC-2) by graVity flow The pre-carnallite pond, actIng as a control measure,
mamtams the bnne compOSItiOn at the carnalhte pomt ThIS is the pomt at winch
the bnne is saturated With carnallite but no carnallite has yet preCipitated The
densIty IS further mcreased to 1303 glee The bnne at tills pomt contams 2 percent
KO
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The last SIX carnallite ponds complete the evaporation process by preClpltatmg the
double salt carnallite Bnne flows from Pond PC-2 to C-3 to C-2 to C-l to C-5 to
C-6, and finally to C-7 Bnne from Pond C-7, wlnch now contams lIttle KO and has
a densIty of 1 340 gjcc, IS discharged mto the Truce LIne Flood Channel (11.FC),
and flows back to the Dead Sea

Carnallite Harvestm,i The preClpltated camal1lte m Ponds C-3, C-2, C-l, C-5, C-6
and C-7 contalI1S 84% carnallite and 16% NaCl The average camalhte deposit
thIckness 15 40-60 centimeter (em) The camal1lte bed IS harvested m a slurry form
from beneath the bnne by SlX floatIng tracked harvesters, wluch are propelled by a
four track system For OptImum carnallite recovery, the harvesters are prOVIded With
control eqUlpment, winch allows for precl5e movement

After harvestIng, the carnallite slurry 15 conveyed through floaung lInes to a set of
booster pumps, wlnch pump It to the refinery through steel pIpes The refinery
processes are descnbed below (refer to FIgure 3)

Refine!)' Processes The refinery processes COnsISt of carnallite processmg to remove
MgCl2 and sylVlDlte processmg to remove NaCl TIns IS followed by crystalhzabOn,
dewatenng, and drymg of the final KCI product

Camalhte Processmi: As preVIously stated, carnallite 15 a mmeral It can be
decomposed by usmg an appropnate stochIomenc amount ofwater to dISsolve
the MgCl2 Wlthout dIssolVIng much of the KCI The carnal1lte IS decomposed
m two stages The resulbng solIds from deCOmposlbOn are KQ and NaO
Thts nnxture IS known as sylVIDlte After decompositIon, sylVlDJ.te IS

preCIpItated and waste bnne, contammg MgO:z, IS dIscharged from the process
and returned to the pre-carnalhte pond (PC-2) The sylvlDlte 15 dewatered
and washed, and the resulung cake IS taken to the sylVlDlte processmg stage

SyIVlnlte ProcessID2 The sylVIDlte cake IS leached usmg four agitated tanks
m a two-stage process The leachIng process takes advantage of the solubility
d1fferenbal between KO and NaCl as preVIOusly descnbed

Heated brme returned from the crystalhzauon process IS used to extract the
KQ from the sylVlDlte cake The KO IS dtssolved, leavmg NaO sohds
Saturated With KC1, the hot brme 15 c1anfied m a thickener The thIckener
overflow IS pumped to the crystalhzatlon process and the underflow bnne,
contammg NaCl crystals, 15 dewatered, repulped With waste brme, and
pumped to a ta1hngs pue

Ct:ystalhzatton The hot brme from the tlnckener overflow, saturated WIth
NaCI and KCl, 15 cooled successively ill a five-stage draft tube baffle vacuum
crystallizer system from 93°C to 49°C When cooled, under controlled



condIuons, KO loses Its solubility and crystallizes The trystalhzed KCl forms
a potash slurry, winch must be dewatered and dned The remammg bnne 18

recycled back to the sylVlIllte extractIOn.

Product Dewatenni and DIymi The potash slurry from the crystallizer 18

taken to the product hydro-cyclones where partial dewatenng occurs The
underflow of the cyclones 15 transported to centrIfuges for further dewatenng,
whlle the overflow IS returned back for leachmg purposes along WIth the
crystallizer bnne

The caked potash from centnfuges IS moved to an ou-fired concurrent rotary
dryer to remove any mOISture left ill the product The dried product 18 sent
to a flUidIZed bed cooler and then to the screenmg system. Dust IS gathered
usmg dry cyclones and a wet scrubber system.

Screemni and CompactIon The dned and cooled product, m the screenmg
process, IS separated mto two grades standard and fine Parts of the fine and
standard grades are taken to the compactIon plant where they are converted
mto granular product An antl-cakmg agent 15 mtroduced mto all products
1D carefully controlled amounts to lDlDlIDlZe the tendency of potash to amass
dunng storage and shipment

Stora~e and Transportatwn The final product IS stored at the plant product
storage warehouse WIth a capaCity of 60,000 tons, or It 15 placed m slnppmg
biDS from where It 15 loaded mto bottom-dump trucks for dehveIY to a
warehouse at the port of Aqaba.

2 3.2 New Cold Crystallization Process

TIns new process was developed to produce purer quahty carnalhte, pnor to Its
decomposltlon, to produce KCl WIth guaranteed punty equal to or greater than 95
percent The urnt operations mvolved m thls process are bnefly descrIbed below
The block process flow diagram IS presented m FIgure 1

CarnilJhte RecelVlni Crude carna1llte slurry 18 first bemfiClated by wet screemng to
separate the high-grade carnalhte fraction, which 15 about one-quarter of the sohds
The lngh-grade carna1llte (coarse carnallite) 15 fed drrectly to the cold crystallizers.
Wet screen undersIZe slurry 15 IDlXed With bnne dIScharge from the cold crystalhzers
overflow, whtch 15 at or near saturation, m a draft tube reactor When solar pond
bnne lDlXes With crystallIZer bnne m the reactor, crystalhzatlOn of carnalhte occurs
as the bnne nnxture equilibrates Slurry from the reactor 18 densrlied m the
camalhte tlnckener The overflow IS returned to the evaporation ponds

FlotatIOn Camalhte tlnckener underflow IS bemfiClated by the flotation technique
In whIch NaClls floated and pumped to the tailings area. The denser fractIOn of the
slurry IS settled m a tlnckener flotatiOn thIckener overflow IS used as make-up bnne
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to the flotatIon cells and the excess pumped to the I;;vaporatIon ponds ThIckener
underflow IS dewatered ill scroll/screen centrifuges Centnfuge cake (fine carnalhte)
IS conveyed to the cold crystalhzers and erouent IS recycled to the flotation thIckener
feed

CIystaJhzatton Coarse and fine carnalhtes are decomposed ill a two-stage
crystallizer m the presence ofwater The KCl crystals are formed m the crystalhzers.
Crystallizer dIscharge slurry IS wet screened to remove large partIcles Screen
oversIZe IS pumped to the taIhngs area along WIth flotation overflow slurry Screen
undersIZe IS dIrected to the leachIng area

LeachmK Processmi In order to remove adhenng hIgh Mg02 brme from the
crystallizer product, two-stage leachIng and dewatenng centnfuges are used to ensure
the requrred 05% maxtmum MgOz content m the dry product

Drymg CentrIfuge cake 15 dned to 0 1% mOisture content In a concurrent rotary
dryer fired WIth No 6 fuel Oll The product IS then cooled ill a rotary cooler by a
counter-current stream of atmosphenc au

Screemni Dry product 15 separated mto two fractIons, standard and fine, m the
screemng area

,HESuum" "
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3 0 AUDIT PROCESS

The obJeet1ve of the audit was to IdentIfy the potenual for PP/WM, wastewater cleanup, and
opportunItIes for water conservatIOn appropnate for APe The follOWIng subtasks were
conducted to complete the audIt report

)

•
•
•
•
••

Audit CoordInatIon,
PP/WM Background Matenal Preparation,
Pre-inspection Meetmg,
Audit,
Post-InspectIon MeetIng, and
Audit EvaluatIon Report

j

I
i
l
l
1.

ActlVItles completed under each of the subtasks are bnefly descnbed below

3 1 Audd Coordination

The Chamber mformed APC about the mtent and schedule of the audit An audIt
questlonnaue, specIfically developed for thIS PP/WM project (AppendIX A), was mcluded
With the request to APC to fill out the questionnarre pnor to the audit Because It was not
pOSSIble for APC to supply requested InformatIon m a Urnely fashIOn, APe was requested
to furnIsh at least an overall flow balance, process flow diagram and faCIlIty layout TIns
rnformatlon was furmshed to the audIt team dunng the audit VISIt of the faclhty

3.2 PP/WM Background Material Preparation

The obJeetlve of preparmg the background rnatenal report was to IdentIfy the currently
ava.I1able technIques and clean technologies bemg practIced for PP/WM In the potash
mdustry m the U S and elsewhere m the world ThIs objective was achIeved by performmg
a comprehensIve hterature reView

The hterature reView mcluded the followmg sources publIshed hterature, personal contacts
With the U S EnVIronmental Proteetlon Agency (EPA), and conversations With personnel
WlthIn the U S potash mdustry The hterature COnsISted of PPjWM related artIcles, JOurnal
arttcles, conference proceedmgs, EPA documents and commumcatlOus, and books on
pollutlon and controls

As part of tins task, Harza contacted several natlonal and mternatIOnal potash
manufaetunng companIes to determme If they have Implemented any State-of-the-Art
PPjWM technIques or water conservatlon measures As expected, the response was not very
posItlve Harza, however, IS contmumg the search on these Issues and will forward to the
PP/WM conurnttee any new mformatlOn that becomes avaIlable

Based on the mformatlOn of the facility operatIOn that was made available to us and the
mformation gathered through the avaIlable hterature, Harza prepared the background
matenal report (AppendlX D) The background matenal report mcluded general
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mformatIon on the potash pI Jcessmg as well as speClfic mformatIon on the process used by
APe Smce all APe process detaIls were not avaIlable at the tIme of preparatIon of thIs
report m the US, accuracy of speCIfic detaIls was questIonable The mtent, however, was
to collect as much mformatIon as possIble pnor to conductIng the audIt

The report also contaIns prehmmary suggestIons for PP/WM and water conservatIon based
on the lmnted mformatIon aVallable at the time of prepanng the report

Harza also prepared a report contammg appropnate reference matenal gathered dunng our
hterature search ThIs 15 subIDlued separately ThIs reference matena! contams processes
and waste management praCtIces used m the sumlar facilitIes, pnmanly m the U S

The knowledge gamed through the extensIve hterature search and process mformatIOn
proVided by the PP/WM COmmIttee allowed Harza engmeers to develop a good process
understandmg and to Identify problems assocrated WIth water and waste management,
mcludmg alI eInlSslons and solId wastes at typICal potash manufactunng facilitIes

3 3 Pre-Inspection Meeting

The APe facility audIt, mcludmg the pre-mspectlOn meetIng, was conducted on August 13
and 14, 1994 The InltIal audIt team consIsted of the follOWIng personnel

Mr Hamed Abu Obeld
Ms RanIa Abdul Khaleq
Dr Shawn NIalu
Mr Knshna Mayenkar
Dr R1yad Musa
Mr Rafat AsSl

Water Authonty of Jordan
MIrnstry of Water & ImgatIon
Program Drrector, DAI (Harza)
Lead Amencan Consultant (Harza)
Local Consultant (RSS)
Local Consultant (RSS)

The pre-mspecb.on meetmg was held at the APC facility on August 13, 1994 The mtent of
this meetmg 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
generatlon, treatment and dIsposal, water recycbng and reuse and the overall water
management at the facIhty The audIt team explamed to APe staff the purpose of the audIt
The APe staff, then furmshed to the audIt team the followmg

• A report on the potash manufactunng;
• A schematIc process flow diagram of the refinery process,
• A facIhty location map,
• A flow balance across the faClhty,
• A flow balance across the refinery, and
• A sewage treatment plant deSIgn mformatIon



COpIes of the above matenals are mc1uded In App~ndlXC

A general dIscussIon was held on water usage WithIn the facIhty The APC staff explamed
to the audIt team major water consummg sources at the facility Smce water IS one of the
raw matenals used m seleetlvely leachIng potash from concentrated Dead Sea bnne, the
amount of water reqwred 10 carrymg out physIcal reactIons such as dissolutIon and
crystallizatIon IS cntIcal The non-process related water usages mcludIng water requuements
for equIpment operation and mamtenance were also dIScussed dunng tins pre-mspectIon
meetIng.

34 Audit

The faClhty audit was conducted on August 14th The APe staff and audit team members
toured and mspected the facility startIng from the pumpmg statlon at the Dead Sea, and
followmg the process through the solar evaporatIon pond, pre-carnalhte pond, carnallite
ponds, carnallite slurry booster pump statIon, and refinery facility The storm water
collectIOn and evaporation pond, samtary waste lagoons, and sewage treatment faCIlIty for
the Township (employee reSIdentIal area) were also ViSIted and general operatIOns observed

Upon completion of the faClhty tour, the dISCUSSIon contmued on overall water usage and
wastewater management practIces currently employed Due to the compleXity of the overall
process and water management, several speCIfic detaIls remamed unanswered dunng thIs
two-day audit VISIt.

The audit team requested APe staff to prOVide speCIfic detaIls on certaIn water usages, and
they agreed to It. To asSISt APC staff, the audit team developed a supplemental
questI01lIlarre (mcluded ill AppendIx B), and Dr Musa VlSlted the facIhty agaIn on August
21st and 22nd

Dunng the second VISIt, several unanswered questIons were resolved Dr Musa also
attempted to complete the audit questIonnarre as appropnate and apphcable to the APe
faClhty The completed audit questIOnnarre IS 10cluded m AppendIx A

3.5 Post-Inspection Meeting

Due to process compleXity, the audit efforts had to be extended from one to three days
The post-mspecb.on meetIng, however, was held on August 14th. The APC staff and audIt
team members reVlewed and dIScussed the prehmmary findIngs based on the facility tour
and mformatIon proVlded by APe staff Although speCIfic detaIls were not avaIlable, the
audIt team Identtfied the followmg areas With potential for PPfWM or water conservatIOn.

•
•
•
•

~_"'€
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HIgh quantIty floor washIngs, flood drams and other flows dJ.schargmg to the
sewer,
HIgh quantity water usage by the Township,
HIgh quanllty water usage as makeup water for boilers,
Usage of storm water for operatlOn,
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• Usage of sewage treatment plant effluent for rrngauon,
• Usage of MgCl2 bnne and NaCl for producmg

other chemIcals, and
• Usage of other techmques to dIssolve salt bwlt up ill pIpeS

A copy of the background matenal was given to APe staff for reView They reViewed the
document and proVided the audit team WIth therr comments Instead of updatIng the
background matenal repon, wmch was prepared m the U S With lmnted facility mformanon,
the audit team deCIded to mcorporate therr comments ill tlus audIt report

The mformauon and waste management analyses presented m the subsequent seCUons of
tms report are based on the knowledge gamed through the audit actlVIues and technIcal
support proVided by APe staff
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4 0 AUDIT FINDJNGS

The InformatIOn collected dunng the APe facIhty audit through extensIve personnel
mtervIews, meeungs and WsCUSSlOns WIth APC staff, SIte observations, and technIcal data
proVIded by APC staff was compiled and thoroughly reVIewed Our findmgs are presented
below

4 1 Water Usage and Balance

The facIhty 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, eqUlpment flushIng, pump seals, ImgatIon, and makeup water In the power plant
and coohng tower

The fresh water IS obtamed from groundwater wells and surface water The surface water
IS collected m the form of run-off from the areas m the Vlclmty of the APe faCIlIty The
overall fresh water balance IS presented m Table 1 and detaIls are shown m Flgure 4

The key feature of the overall water usage IS that the major portIon of the fresh water IS
used and lost through the carnallIte and sylVlillte processmg areas About 619 m3fhr water
IS reqmred for carnallite processmg An additlOnal 120 m3fhr water IS reqmred for product
(KCI) crystallIzatIon Thus 73 9 percent of the total fresh water IS consumed for process
purposes The remammg 26 1 percent of the total fresh water IS used for non-process
purposes

Based on the descendIng order of percentage of water usage, ten (10) water consummg
sources were IdentIfied They are presented In Table 1

The major non-process related water consummg sources are

• In-Plant Floor Drams and Washwater,
• PIpes and Pump PackIng FlushIng m the Carnalhte Area,
• Townslnp Water Supply, and
• Power House Makeup Water

Together, these sources account for 215 percent of the total fresh water usage

The remmmng five (5) water consummg sources together account for 4 6 percent of the total
water consumption. IndlVldually, each source consumes 1 5 percent or less of the fresh
water

4 2 Wastewater Discharges

The operatlon at the APe facility IS umque by Its nature The Dead Sea, TLFC, and
evaporation ponds can be consIdered a closed loop system where hJ.ghly concentrated brme
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15 taken from the Dead Sea, NaO and KCL are removrd m evaporatIOn ponds, and bnne
With magneSIum salts 15 returned to the Dead Sea through the TLFC The TLFC and Dead
Sea, however, are not assumed to be a part of APe property

The fresh water, on the contrary, becomes wastewater when dIscharged from the system
after Its speCIfic use After Its specIfic use, the water contams other contamInants whIch
affect Its charactensucs Such water mayor may not be SUItable for Its ongmal applIcation
or human consumption unless treated appropnately AccordIngly, the followmg dIScharges
from the APe facility are COnsIdered wastewater dIscharges

Intake Pump Station FlushIng Water
Fact1Ity Drams, Washwater, etc.
Sewage Treatment Plant Effluent

8 m3/hr
70 m3/hr
30 m3/hr

The mtake flushIng water 15 dIScharged to the Dead Sea All facllity floor drams,
washwaters, leaks and spIlls, are dIscharged to the TLFC through a sewer The sewage
treatment plant effluent, after bIOlOgical treatment, IS discharged to a nearby dry creek
where It IS partIally evaporated, partIally used by natural vegetatIOn and partIally percolated
through the subsurface soIl

The mtake flusbmg water contams the same dissolved salts present m the Dead Sea. Its
qualIty, however, IS expected to be better than the Dead Sea water because it 15 used only
once to clean mtake pIpes

A smnlar argument can be made for floor washIngs and floor drams, whIch are dISCharged
to the TLFC. The floor drams are expected to contaIn far less dIssolved sohds than the
flood channel water They can, however, contaIn hIgher suspended sohds, dISsolved
morgamc cheIDIcals present at the SIte due to acCidental spills and leaks, and oils and grease
from cars and eqwpment leaks Expected contammants of concern are pH, suspended
sohds, total dJssolved sohds, oIls and grease, and pOSSIbly metals CoDSldenng the SIte
speCIfic enVlIonment and desIgnated usage of water ill the 1FLC, the envrronmentallffipact
of these dIscharges appears to be m1DlmaJ.

Smce no data for eIther mfluent or emuent qualIty are maIntaIned, It was not possIble to
detenmne whether the wastewater treatment fact1Ity operates as mtended. The effluent,
however, will oontambIodegradable reSIdual orgamcs, suspended sohds, ammoma mtrogen,
and poSSIbly mtrates and phosphates The sewage treatment plant emuent dIScharged to
a dry creek can percolate through the subsurface sou and lffipact underlymg aqUIfers Smce
some vegetation IS growmg as a result of thIS wastewater dIScharge, It appears that the soIl
must be retammg mOISture It was also brought to our attentIon that certam vegetatIon did
not SUIVlve when the wastewater effluent was apphed, mdIcaung that ecolOgIcally the treated
wastewater may not be safe for all vegetation.
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4.3 Air Emissions

The potentIal for particulate eIDlssIons eXISts dunng dryIng, screenmg, and baggmg
operatIons All other processes are earned out m hqmd phase Parnculate elDlsslOns
therefore, should be rmmmal The APe also dIscontInued use of electrostatIc preClpItators
and currently IS usmg wet scrubbers to wash gases from the rotary dryers The scrubber
water IS recycled to the reclaI.D1 water tank. Dunng our VISIt, however, two partIculate
plumes were VISIble from the facility At the tIme of audIt, SIX out of eIght stacks were
operattng

Samtary lagoons and the sewage treatment faClhty are other sources of au emISSIons from
whIch certam orgamc compounds can be volatIhzed and odor could be a problem.
However, due to ISolated locatIons of both of these faClhues, the and enVIronment, open
atmosphere, and therr relatIvely small SlU, volauIe organIc eIDlSsIons 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 cWonde salt pile (tailings),
• Sludge ill the samtary lagoons,
• Sludge from the sewage treatment facility, and
• Sludge accumulated m the on-sIte run-off and spill storage pond

These sources are bnefly descnbed below

4.4.1 Salt Pile (Tailings)

The Dead Sea bnne contaIns 7.8% NaCl and 121% KCl ThIs ratIo suggests that
for every ton of potash produced, 6 4 tons of sodlum cWonde salts are generated as
a by-product For a yearly productIon of 1 4 to 1 8 nnlhon tons of potash, about 10
mIlhon tons of sodlUm cblonde salt will be produced Assummg 95 percent lS

recovered m the solar evaporatIon pond, about 05 mIlhon tons (5%) IS wasted as
taIlmgs every year Thus, If thIS salt IS not used for any other apphcatlon, It could
be consIdered sohd waste and It will conttnue to accumulate as long as the facIhty
operates

4.4.2 Sludge from Sanitary Lagoons

Our dIsCUSSIon WIth APe staff revealed that apparently these lagoons have never
been cleaned through their entIre 16 years of operattng hfe Smce It IS 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 SanItary sludge ill the enVIronment m an uncontrolled way IS hygtemcally not a safe
and acceptable pracuce, espeCIally m an area Wlth human actIVItIes
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The washout car.! be consIdered an uncontrolled wastewater discharge mto the
enVIronment OccasIOnal washouts may not nave a long term lDlpact, but pathogens
and baetena present ill the wastewater can be transported to nearby surface water
bodies or to subsurface shallow groundwater, winch If mgested by humans, could
adversely affect human health

4 4.3 Sludge trom the Sewage Treatment Facility

1
.J

..,

,

The sludge from the sewage treatment facility 15 dIsposed by burymg It m the ground
m the I..lsan area It 15 not known lf the dIsposal area IS approved and permItted by
the regulatory agency Any waste dISPOSal facilitIes must be properly deSigned and
requIre groundwater momtonng to ensure that leachate generated from the facilitIes
does not contammate underlymg aqulfers In each facility, a leachate collectIOn
system 15 generally mstalled to collect leachates The sou cover also must meet
certarn speCIficatIOns so that gases such as methane, wmch IS generated by sludge
decOmpOSItIOn, are properly routed and vented or flared For safety, all such
facillues are fenced and secured The sludge burymg techmques followed by APC
may not meet acceptable standards

No data are avaIlable for

4 6 1 Water Quality

4 4 4 Sludge Accumulated In the Storm Water Storage Pond

4.5 Storm Water Management

16

Sewage treatment plant mfluent
Sewage treatment plant effluent

1
2

As dIScussed above for samtary sludge, dunng heavy storms, thIS sludge may get
washed out and contammate nearby soIls, and surface water bodIes

Dunng the audit, a large amount of reddlsh browmsh sludge m the pond was
observed Due to the lack of speCIfic analytlcal data, It was dIfficult to ascertam the
qualIty of sludge and what IS causmg the red depOSIt It could be an Iron OXIde or
bromIDe compounds based on the mput prOVIded by APC staff

H1iS~_lID 96019

4.6 Data Gaps

Data gaps eXISt m water qualIty and water quanuty measurements They are presented ill

the followmg sectlons

On-SIte storm water IS collected m a pond wInch IS also used to store aCCIdental pipe hne
leaks and spills Apparently, the water IS not reused, but gets evaporated and sludge
accumulates m the pond For the on-site storm water, there technIcally IS zero discharge
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3 FacIlIty drams and washrngs discilarged to the flood chaIJnel Via sewer
4 Influent to samtary lagoons
5 Lagoon sludge
6 Storm water pond sludge

4 6 2 Water Quantity

The APe measures water flows throughout the facility at severallocatlOns as noted
below

1 Fresh water flow to fresh water reservmr
2 Fresh water flow to the carnalhte decomposmg operatIon
3 Fresh water flow to the crystalhzers
4 Fresh water flow ill the reclaun tank.
5 Fresh water flow to the carnalhte thIckener to washout potash solid

particles

Flows not rnomtored are

1 Fresh water flow for pIpe cleamng
2 Fresh water flow to pump packIng
3 Fresh water used for washrng and cleamng
4 Fresh water to the TownshIp
5 Fresh water to Hussem Camp
6 Inplant potable water
7 Fresh water to rrnganon.

BasIcally, water requrred for processmg IS carefully momtored whIle water used for
non-process related acbVltIes IS not momtored

To lIDprove water and wastewater management, several water flows need to be
rnomtored so that wastewater sources can be identIfied, quantIfied and controlled
Sumlarly, all wastewater dIScharges and sohdwastes penodlcally need to be analyzed
to momtor and control the quahty of wastes managed or dIScharged

.I!El"~
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50 POLLUTION PREVENTION/WASTE_-MINIMIZATION POTENTIAL

The pollutIOn preventIOn and waste mmlIDlzaUon terms are sometImes used mterchangeably
But each term has a dllferent meanmg PollutIon preventIon means to prevent the pollutlon
to occur m the first place It costs 10 to 100 tunes more to treat pollutlon once It IS created
than to aVOId generatmg It By employIng waste mlD1mlzatlon techmques, less pollutlon 18

created thus reducmg the treatment cost At the APC facility, the followmg PPfWM
opportumtleSeXISt

5 1 Pollution Preventlon/Waste Minimization Potential

The PPfWM opportumties eXISt for floor drams, the sewage treatment facility, samtary
lagoons, storm water pond operanons, sodIUm chlonde tailings storage, and sewage
treatment sludge dIsposal

5 1 1 Floor DrainS

A flow of 70 m3fhr consututes about 7 percent of the total fresh water usage at the
facility (1,000 m3fhr) ThIs amount appears to be relatIvely mgh parucularly when
most operatIons are earned out In hqmd phase

DurIng our SIte VISIt, several pIpe leaks and uncontrolled water discharges through
hoses (25 em to 75 em m dIameter) were noted across the manufactunng areas
These lngh volume dIscharges appeared to be resultmg from not properly controlling
washmg, cleanmg and rrngatIon operatIons Good housekeepmg and employee
awareness of the Importance of PP/WM and water conservatIon play an Important
role m reoucmg water consumpnon m areas where no controls eXISt Developmg
protocols, trammg employees to use less water, and provulmg mcentIves for those
who follow water conservatton measures are some of the key factors lD reducmg
waste generatton, water consumptlon, and pollutlon. The key to common sense
PP/WM IS gettmg people to pay attentIon to redUCIng waste generanon when and
where It first occurs

Other opttons are

• Reduce spills, overflows, and leakages by good housekeepmg and
planned preventIve mamtenance

• Collect all floor drams, pump flushIng water, and floor washIngs m a
tank(s) and momtor the flow after each apphcanon. Let the employee
responsIble for cleanmg also be respoDSlble for momtonng how much
water IS used per event Install flow meters to momtor each water
usage and record water volume for each apphcatIon

• The APC has a dry vacuum system m place They should maxmuze
use of thIS system

HWJSHD 911D19 18



• E.munate the cause of spillag~ Do not wash It down the dram

• Sweep up dned matenal Do not flush to dram

• Use tllTIer controlled valves for controllmg washwater TIns WI.1l help
control the amount of water used for each washIng

• UtIhze water savmg eqwpment as much as possIble Drlferent types
of water savmg eqUIpment mclude

FlowRe~tIOnDeVIces When these deVIces are mserted mto
a water lIne, mcreasmg pressure restncts 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 IS released, water flow
stops

Nozzles Nozzles use less water than dnlled pIpe sprays For
faster, more effiCIent cleanrng, a "Vee" type nozzle IS preferred

Overflow Preventors These deVIces are employed to prevent
overflowmg of contamers, tanks, or reservoIrs, thus IIl1lllIIllZlD.g
spills Most of these deVices are usually float or electromc
probe operated

• PrOVide dlkes, berms and secondmy contamment for all storage
facilitles and operatIng areas Collect all floor drams by lIDplementIng
properly designed dram collectIon system.

• PrOVIde addItlonal capacIty to store floor drams and leaks, 1fnecessary

• Recycle and reuse all wash water effiCiently as many tlmes as possible
before It IS finally discharged to the flood channel m the form of
hmIted blow down.

The above measures should reduce dramage wastes volume dIScharged to the flood
channel

To further reduce the pollutlon load to the TLFC, the floor dram wastewater would
probably reqUITe treatment to remove suspended soJ.1s, pOSSIbly adjust pH and
remove metals OccasIOnally floor drams could contam ous and orgamcs

There are numerous proven technolOgies to remove suspended solIds, metals, ous
(petroleum hydrocarbons), and other organIcs For solIds, metals, and mmor
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amounts of OU, the treatments are coagulat~on, clanficatIon, filtratIOn, hydroXIde
preClpitatIOn, and neutrahzatlOn. Ifwater analysIS shows the presence of orgaDlCS or
petroleum hydrocarbons, carbon absorption treatment can be added based on the
level of contamInants present

To allow routme momtonng of floor dram wastewater, all floor drams can be
dIverted through a smgle outfall to the sewer A parshall flume can be deSIgned and
mstalled to momtor the flow as well as to sample wastewater

5 1 2 Sewage Treatment Plant Effluent

The sewage treatment plant effluent IS currently dIscharged mto a dry unnamed creek
(WadJ.) As dlSeussed under the audIt findmgs, a contmuous flow of sewage
treatment plant effluent could result m a poruon of water percolatIng through the
underlymg soli and eventually contammaung subsurface aqUIferes) If the aqlllfer(s)
water is used for dnnkmg purposes, the water quahty could adversely affect human
health The constItuents of pnmary concern are pathogens and mtrates Both have
an adverse effect on human health

If an optIOn to use the effluent for lITIgatIOn or facility operatIon IS consIdered
feasIble, an addItIOnal treatment such as multImedIa filtration followed by carbon
absorptIon and/or reverse osmosIS may be reqmred to meet the lITIgatIon standards
or cntena establlShed by APe for an operatIonal use The treated water can be
transported to the facIhty through new plpehnes currently bemg mstalled If the
water qualIty IS sllltable for rrngatIon, then It can be used to lITIgate nearby farms
and gardens With proper controls The apphcable standards for lITlgatmg dIfferent
crops are mcluded ill AppendIx E

Further PP/WM can be achIeved by reducmg the domestIc wastewater flow The
reported figure of 30 m3jhr of domestIc wastewater, generated from a commumty of
2,000 population at the TownshIp, seems to be eXcessIVely hIgh In the US, the
water consumptIon per capIta IS about 100 gallons per day (038 m3/day) The
wastewater, consldenng 80 percent of the water consumptIon, IS about 03 m3Iday
per capIta. Based on tlns rate, the total domestic wastewater flow from the Townslnp
IS expected to be about 600 m3jday or 25 m3/br The water consumptIon per capIta
m Jordan, however, as we understand, IS about 01 m3/day TranslatIng tIns mto
wastewater flow, the total domestic wastewater at the Townslnp should not exceed
160 mJ/day (08x0 lx2,OOO) or 66 m3jhr If the reported figure of 30 m3/hr IS

assumed to be correct, It IS 4 to 5 urnes hIgher than what IS normally antIClpated.
ThIs mdIcates that a large amount of water IS wasted through leaks, carelessness, or
mISuse It therefore appears that a savmgs of about 50 percent of water usage (Le
15 mJ/hr) IS feasIble TIns may also asSISt ill lIDprovmg treatment plant effiCIency
by converung the system With 100 percent effluent recycle Such a system will
operate at the deSIgn flow of 30 m3/hr but at a hIgher effiCIency
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To control the water use, meters should be lDStalled for all water users to identIfy
heavy water users The water use can be rinmIlllZed usmg aerated shower beads,
deViCes that control the water flow but proVide the same pleasure of lngh flow
shower heads Tonets can be modIfied to control the flush water volume by
proVldmg a partition and adJustmg the float height Dnp or tnckle Imgatton
technIques can be used to lmgate gardens All plumbmg, faucets, and other outlets
can be checked rouunely and repaued to prevent leaky pIpes, valves, and faucets

The APe has InStltuted a polley of chargmg metered customers for the water
consumptlon above 35 m3 per month These lumts can be reViewed and further
lowered IT they appear to be hIgh based on the above mscusslOn

To prevent groundwater contanunatlOn, APC should lilltlate mOllitonng the effluent
qualIty, unmed1ately If the sewage treatment plant effluent qualIty mdlcates that the
faCJ1lty IS not performmg as rntended, an appropnate upgradmg Will be reqmred to
control the effluent qUalIty

The APC should also start momtonng groundwater qUalIty by mstalhng a couple of
wells at the dtsposal area and one background well Quarterly momtonng over a
penod of two years will mdlcate whether the groundwater has been lIDpacted by the
eXIStIng disposal practices The parameters to be momtored will be pH, mtrates,
total dissolved solIds, phosphates, and total organICS Chlondes and sulfates can also
be momtored on an annual basIS An mcreasmg trend m concentratlons vnll mdlcate
a poSSIble IDlpact on the groundwater

The avaIlable maps show that the dnnkmg water supply for the TownshIp 15 proVided
by wells located WIthrn 2,500 meters of the Township locatlon. It IS, therefore,
nnportant that the sewage treatment plant effiuent disposal IS managed carefully and
prodentlytoprevent groundwater contammatlon Rememaung contammated aqurler
can be costly

5.1.3 Sanitary Lagoons

Another aspect of pollutlon preventlon 15 to prevent pollutlon of otber medIa by
proper waste management. At the APe facthty, an overflow or washout from
samtary lagoons could contammate nearby SOll, surface water bodIes, or subsurface
waters dunng heavy storm events Tlns can be prevented by mcreasmg the dIke
heIght to contaIn storm water resultmg from a lOO-year storm event

5.1.4 Storm Water Pond

A SItuation sImllar to the one descnbed above could develop for the storm water
storage pond Sludge or water overflow or washout durmg heavy storms events can
be prevented by mcreasmg the dike height to contaIn storm water resultmg from a
lOO-year storm event

lIES~
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5 1 5 Sodium Chloride Tailings

Sodium. chlonde ta.1hngs from sylVlDlte processmg operauons proVlde another
opportumty for pollutIon preventIon. We understand that APe has plans to expand
its operatIons to produce sodiUm and magneslUm compounds as well as bromme
Use of talhngs ill the produeuon of chemIcals would ehmmate generatIon of tlns
sohd waste FIgures 6 through 8 show typIcal processes for the produetton of sodium
metal, sodmm. chlorate, sodiUm hydroXlde, and chlonne The APC should also
explore use of thts salt to produce IOn exchange regeneratIon grade salt for
regeneranon apphcanon.

As an example, m the productIOn of sodlUm hydroXIde and chlonne by the
electrolytIc process, NaCI bnne, granular NaCl, and crushed rock salt are used and
punfied pnor to electrolysIS Sumlarly sodmm chlonde salt preCIpItated ill the solar
pond, although purer and better raw matenal to produce other cherrnca1s, can be
combmed WIth taIlmgs to manufacture other compounds ThIs may result ill

recovermg 100 percent of the salt and ellmmatmg tailings

We also understand that APC has plans to use taIhngs to hne the proposed C-4 Pond
ill the carnallIte area as well as to sell It to the Azraq SOCIety for manufactunng table
salt

5 1 6 Magnesium Chloride Brine

The magne8lum. cblonde bnne, although of a better qualIty than the Dead Sea bnne,
IS coDSldered a waste byproduct smce It IS discharged as a non-usable process stream
to the 1lFC.

During the audIt VISIt, APe staff mformed us about Its future expansIOn plans to
produce magnesmm oXlde, bromme, and pOSSibly other magnesIUm, sodiUm, and
potassIum compounds The APe also should contact the Georgia PaCIfic
COIporanon, U.S., to pursue manufaetunng de-ICIng matenal from MgQ2 bnne

Utihzmg tlus waste byproduct stream to manufacture other products will ID1DlIDlze

the volume ofbnne returned to the Dead Sea. However, the processes unplemented
to manufacture other products will also generate waste streams, wmch may be of
better qualIty and lower quannty

5 1 7 Sewage Treatment Sludge Disposal

The current sewage treatment sludge dIsposal praeuce, as we understand it, 18 to bury
the sludge m the ground If the sludge disposal faCIhty IS not properly deSIgned, then
leachate generated from buned sludge dunng wet seasons can percolate through soil
and could contamInate groundwater If the sludge cover IS not properly deSIgned,
then gases such as methane generated through anaerobIC sludge deCOmpOSItIOn could
escape to the atmosphere Methane gas generally IS collected and flared From

JlES'~~f
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human safety and ecologIcal pomt of VleVI, the sludge coverS are desIgned WIth a
certam thIckness and compactlon so that pets and arnmals do not dIsturb the cover
and expose the sludge to the atmosphere

A properly deSIgned sludge dIsposal facility WIth lmers, leachate collectIOn and
momtonng system, gas collectlon and dIscharge, sou cover, vegetatlon or gravel to
control erosIOn, run-off and run-on controls, secunty fences, and groundwater
momtonng system will prevent contammatIOn of subsurface sou and groundwater as
well as arr pollutIon caused by methane and other gases

Another altematlve IS to utJ.hze abundant solar energy to dry the sludge usmg
properly deSIgned sludge dryIng beds, and use dned sludge as fertilizer for a vanety
of crops IT It meets apphcable standards ThIS approach IS more cost effectIve and
commonly used

5 2 EvaluatIon of Local Hydrogeology

As part of the overall PPfWM strategy, APe should conduct studIes to evaluate and
understand local hydrogeology ill the wan formatlons A better understandmg of the local
hydrogeology will asSISt APe m the long term to manage wastewater dIscharges prudently
by usmg appropnate treatment, storage, and dIsposal methods wlnle momtonng underlymg
aquIfers

] ~~
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60 WATER CONSERVATION POTENTIAL

The total water consumptIon at the APe facIhty, as dIscussed m SectJ.on 4 0, can be broadly
categonzed as

• Process Water, and
• Non-Process Water

The process water consumes about 73 9 percent of the mcommg fresh water whlle the
remammg 26 1 percent IS consumed by the non-process related actJ.VItles as dIscussed
preVIOusly

Water conservatIOn opportumtIes, ill addItIon to those currently practJ.ced by the APe
facility, stlll exISt These opportumUes are dlscussed below It should be noted, however,
that any aspect of water conservatIOn should be weIghed agamst Its benefits and asSOCIated
costs Any water conservatIon measure WIDch results m cost savmgs and dIrectly affects
pollutIon, (1 e, prevents It from occurrmg) should be unplemented first to protect the
enVIronment The measures dtscussed below should be reVIewed beanng m mmd the above
plnlosophy In addttton, further engmeenng studies will need to be performed to determme
the feasIblhty of the measures pnor to unplementatton

6.1 Process Water Category

The process water IS one of the two raw matenals requIred to produce pot4Sh Its needs
are, therefore, dictated by the process cbennstry and condItIOns that need to be mamtamed
to produce the reqUIred potash quahty Any deVIattons m water supply can dIrectly and
adversely 1IIlpaet the productJ.on quanttty and quahty Water conservatIon measures m the
process water category can only be Implemented by process modIficatIons and apphcatIon
of mnovatIve technologtes such as the cold crystallizatton process

6.1.1 Process Change

Based on the mformatton made avaIlable to us, the cold crystallization process
reqUIres apprmumately 2 m3 less water per ton of potash produced compared to the
eXISting hot leach process If the hot leach processes are enmely replaced by the
cold crystalhzatIon process at the end of the eXIStIng system hie penod, an
approxunate savmgs of 320 m3/hr can be realIzed That constItutes about 32 percent
of the current water use of 1,000 m3/hr

The APe should contlnue to look for mnovatlve process approaches to reduce the
water consumptIOn Without affectmg the product qualtty

6 1.2 Addition of thickeners

Dunng audltmg, 1t was brought to our attentlOn that the recent mstallatIon of two
addItlOnal floatmg carnalhte harvesters has overloaded the carnalhte washIng and
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processmg Juckeners ThIs sItuatIOn sometunes results m excess overflow, whlch can
not be handled by the system. bemg d1schaiged to the sewer and ultImately to the
TLFC Thls IS accounted for m 70 m3/hr dramage flows Identified m the flow
balance

The APC staff also mformed us that correctIve measures are bemg taken to rectIfy
tlns SItuatlon We beheve that these measures may mvolve mstallanon of addItional
thIckeners or possIbly usmg cold crystallizatIOn thIckeners as a backup, If feasIble
EIther way, add1tlOnal thlckeners should be used to manage mcreased water and
recoverable potash flow from carnalhte ponds, thus reducmg water wasted to the
sewer

6 1 3 Process Water Use Optlomzatlon

The APC staff should carefully morutor and evaluate all process water usages and
optmnze them to attain addItIonal water saVIngs, If feasIble

6.2 Non-Process Water Category

It should be noted that APe currently reclauns and recycles about 140 m3/hr of water from
bouer makeup water treatment system wastes, scrubber water, and other non-process related
water However, additlonal opportumties eXist to conserve non-process water The pnmaIy
areas are

• Floor drams and wastewaters,
• PIpe flushIng water,
• Pump paclong flushIng water,
• Domestlc water supply to the Townslnp,
• Power house makeup water, and
• Storm water

The suggested water conservatIOn optIOns are presented below

6 2.1 Floor DrainS and Washwaters

The water conservatlon measures are the same as PP/WM measures descnbed m
Sectlon 5 0 of thIs report They are

~
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•

•

Management leadershIp to enforce PP/WM measures and good
housekeepmg by employee awareness, mcenhves, and rewards,

Collectmg all floor draIns, washwaters, and overflows and reusmg them
as many tlmes as pOSSlble, thus d1schargmg only blowdown from the
system The APC IS collectmg a portIon of such flows mdudmg
reverse osmosIS (RO) rejects, IOn exchange regeneratIOn wastewater,
and scrubber wastewater,
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• Momtonng and loggmg washwater and floor drams Meters can be
mstalled to all fresh water outlets used for washIng and cleamng,

• Installmg tlmer-controlled valves so that each wash operatIOn will
consume defined quantIty of water,

• Use of vacuum to dry clean areas where poSSlble to aVOId usmg water;

• Sweepmg up dned matenal and ehnnnaUng the cause of spillage, and

• Bwldmg berms and dIkes around tanks and operaUng areas to contam
all drams and leaks

It should be noted that the water balance shows that about 200 m3/hr fresh water 15

pumped to the rec1aun tank wlnle 70 m3/hr water 15 wasted and about 140 m3/hr
water is reclauned Our recommendatlon is that If It does not affect the process
dIrectly, no fresh water should be dehvered to the rechumed water tank ThlS tank
should collect only the recoverable and reusable water for contmued recyclIng
Fresh water reqUIrements should be met by usmg water directly from the fresh water
tank. TIns WIll force the operator to use less water

62 2 Pipe Flushing Water

The followmg suggested optIOns are fOI bnne transfer plpes InStalled between the SIX
carna1hte ponds only The estImated water used for pIpe flushIng 15 30 m3/hr, whIch
IS 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 pra.cb.ce
of usmg water to flush and solubilize as much salt as poSSlble and then remove the
remammg salts manually by hammenng It out appears to be successful and very
econOImca1. SuggestIons presented here may not prove to be econoID.1cally attractIve
over the present methods

The approaches suggested below are based on preventIng the salt bUllt up m the first
place as well as lffiprovmg the cleamng techmques to save water and labor by
proactIve actIons

Prevent O;ystaJh71ltton. As we understand, the crystallizatIon occurs due to
supersatnranon of bnne PIpe surfaces prOVIde a place to form salt crystal nucleI
Once the seeds are formed, crystal growth occurs at a rapId rate It 15 qUIte poSSIble
that after each cleamng, 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 contmue

To aVOld such crystal growth, one optIOn is to mamtam a clean pipe surface m
contact WIth water and at a temperature SoC to lO"e lugher than the temperature
of flowmg bnne ThIS W1l1 result III formation of a tbm film. of bnne, say 4-5
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nnlluneters, at the pipe surfaces With a temperature 5°C to 6°C hIgher than the bulk
of the booe floWing through the pipe -

It IS also known that the veloCity of a water molecule 15 lower at the pipe surface and
maxunum at the center of the pipe A thIn film at a hIgher temperature at the pipe
surface will constantly mamtam saturated or subsaturated condt.tIons and will prevent
formmg any crystal nuclei Any nucleI formed above tlns film will be camed away
by water flowmg at a relatIvely hIgher veloCity

A double walled pIpe With embedded electncal coJ..1.s (only at the wetted surface) and
outsIde msulated matenal can serve tlns purpose Allowmg for contInuous heat loss
due to conveetton, the pipe can be heated a few degrees hIgher than the temperature
of the reqUITed water film.

Early Warnm2 DeVice All pipes can be furnIshed With a photoeleetnc or slmtlar
other technIques wlnch will detect higher turbIdity 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 turb1(hty SignalS can be sent back to the central control room from
where a deCISIOn can be made as to wbIch pipe IS ready for flushIng

We beheve that flushmg pipes at an early stage of salt formation WIll result ill a
better cleamng effiCiency and reduce salt attached to the pIpe surfaces wbIch
prOVides nucleI for contInued crystalhzatIon.

Use of MobIle Tanker Truck to Flush Pipe In heu of usmg 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,
dram bnne mto the pond, connect hoses to pIpes With quIck dISconnect couphngs and
crrculate the fresh water through the pIpe

Tlus optIon can. be combmed With the Early Warnmg DeVice option. As the fresh
water 15 CIrculated m the pIpe, the momtor will Signal clean conditIons The central
control room operator will ask the truck operator to dIScontlnue cleanmg

With thIs optIon the same water can. be used to clean poSSibly several pIpes untIl It
become fully saturated at whIch time It can be dIScharged to one of the ponds

The combmatIon of early warmng deVice With the mobile tanker use can result m
savmg of a consIderable amount of water

Installation of a Scraper DeVice Each pipe can be eqUIpped With a slow movmg
surface scraper wb.1ch will contInually remove sohds formed on the pipe surface A
pOSSible problem could be that the scraper blade surface, Itself may be subject to the
crystal growth But It may not be an InSurmountable problem



IncreSlSlDi Bnne Veloerty Bnne velOClty can be mcreased to scour the deposIted
crystals, thus effeeuvely washIng the pIpe, by mstallmg smaller diameter pIpes or
lDStallmg systems for frequent crrculatIOn of the water ill each pIpe at a bJ.gh velOClty
TIns may, however, requrre more hydrostatIC bead to counter the additIonal head
loss It may create problems for manual cleanmg Ji It becomes necessary

Agam this optIon can be combmed WIth any other OptIons suggested to unprove the
combmed effect m water conservatIon.

6.2 3 Pump Packing flushing Water

For water pumpmg apphcatIons such as those mvolvmg saturated bnne, salt
preCIpitatlon m pumps and pIpes IS meVltable To conserve water for such
apphcatIons, the pnmary optIOn aVallable 15 to change the type OT model of pump to
one wbJ.ch may need less flushmg For example, changmg aboveground pumps Wlth
negatIve suctIon head to submerged pumps Wlth pOSItive dIscharge head The hIgher
pressure at the dIscharge end would mcrease the vapor pressure of bnne resultmg
m htgher solubility and lower preCIpItatIOn at the pump head and packIng The APC
IS currently usmg bJ.gh flow low head pumps We do not beheve that It can
completely be aVOIded

The other opnon 15 to look for ways to mamtaIn packIng and other pump parts at
4°C to 6°C elevated temperature to ehmmate crystallizatIon

The APe also can explore mstallmg sealless pumps to aVOid the packmg flushmg
problem. However, currently avaIlable sealless pumps have a maxunum pumpmg
capacIty of 5.000 gpm (1,136 m3/hr.)

A cost effecb.ve alternative to conserve fresh water for thIs apphcatIon 15 to SWltch
to use of bra.clash water

6.2 4 Domestic Water Supply

Tbts ISSue IS dIScussed m detall under secb.on 50 MJmmlZlng domestic water use
will not only generate less wastewater but will also conserve more than 50 percent
of the water currently used by the Townslnp

62 5 Power House Makeup Water

Water reqUIred for the power plants IS used to makeup for water losses occumng
Wltbm the system. TypIcally. water losses are due to dIrect steam losses, condensate
loss. and other losses due to system leaks Such losses can be mlD1IDJzed by
mamtammg a leak proof system, recovenng maxunum condensate (at least 95
percent), and ID1Dlmmug steam losses through leaky valves, pressure rehef valves,
and other leaks through pIpes and Jomts
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Another area worth lookIng mto 15 the RO operaoon used for water treatment The
reject flow from the RO process 15 about 25 -m3jhr for an mlet flow of 55 m3jhr (45
percent) ThIs seems relatively lngh Generally, 20 percent of the mlet flow IS

rejected, whIch m thIs case could be about 11 m3/hr

We do not have detmls for the RO process It may be possIble that by mcreasmg the
number of RO stages, the reject flow can be reduced A savmgs of 14 m3/hr
constitutes about 1 4 percent of the total flow

6.3 Irrigation

The aVaIlable InformatIOn mdtcates that only a small portion of fresh water (03 percent)
IS used for rrngatIon In lleu of usmg fresh water, the sewage treatment plant effluent could
be consIdered for rrngatIOn, 1f It meets the appropnate standards (AppendIX E) for crops
to be rrngated

6.4 Other Opportumtles

• The APC should also explore the pOSSIbility of recycllng the sewage treatment plant
effluent and utIhzmg It for the followmg purposes

Coolmg tower makeup (15 m3fhr), and

Pipe and pump flushIng at the mtake pump statlOn (8 m3jbr)

Together the above operations reqmre about 23 m3fbr of fresh water If the sewage
treatment plant effluent 15 further treated by filteratIon, carbon adsorption, and
chlormatIon, It may be SUitable for these appheauons

Use of the treated domestIc water for rrngatIon, coohng tower makeup and lme
flushmg will result m conservmg about 26 m3fbr of fresh water (1 e , 2 6 percent of
the total fresh water mtake)

• In-plant domestIc water use of 10 m3fbr also can be reduced by employee awareness,
careful use of fresh water, lDStallatIOn of aerated shower heads, modIfied toilets, etc
The SaDltatlOn water usage can be reduced by 20 to 30 percent to about 7 m3fbr

6.5 Use 01 Brackish Water to Replace Fresh Water

Replacmg fresh water With braclash water may not be m a strIct techmca1 sense water
conservatIon. It, however, will save nnlhons 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 braclosh water The APe should replace fresh
process water With brackIsh water wherever It does not adversely affect the final product
quallty or quantity In addloon, non-process water can be replaced With brackIsh water m
areas of
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•
•
•

Plpe flushIng (mtake and carnalhte areas),
Pump packIng flushIng (mtake and ciunalhte areas), and
WashIng and cleamng operations

If 85 percent of the 739 ml Jhr process water, the 90 m3/hr pIpe and pump flushIng water,
and the 70 m3/bI of water used for washmg and cleamng IS replaced With bracklsh water,
the total amount of fresh water available for the other uses would be about 790 m3/m

WUh water conservation and PP/WM measures ill place, the current fresh water
requrrement will be reduced proportlonally WIth the use of brack1sh water, the remammg
fresh water requrrement will be further reduced

6.6 Use of Run-on Water

The estnnated savmgs m water usages If the above conservation measures are successfully
nnplemented are summanzed m Table 3

Currently, the facility stores run-off m a pond where It 15 evaporated The sludge,
reddIsh-brown m color, 15 contamed m the pond

We beheve that COnsIderatIon should be gwen to utlhzmg t1us water for non-process related
purposes The fresh run-off water quahty should be momtored to ascertain Its useful
apphcatIons If necessary, snnple treatment such as coagulatIon followed by clanfication
and/or filtratlon canbe nnplemented to unprove the run-off quality for m-plant apphcatIons
ThIs will contnbute to conservmg fresh water
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It IS our understandIng that APC IS stnvmg to obtain braclosh water from the Zarqa aqmfer
The complex geology With steep slopmg geolOgIcal formations and presence of numerous
faults In the area, however, makes mtercepttng the brackIsh water aqwfer drfficult
Our prelnnmary dIsCUSSIOns With the Water Authonty of Jordan (WAJ) staff mdicated that
the steep slopmg formations extend laterally about 40 to 42 lalometers from the Dead Sea
boundanes The closer one moves towards the Dead Sea WithIn this transItional zone, the
deeper bormgs will have to be to mtercept desrred formations It 15, therefore, prudent for
the APC to perform exploratlon for braclosh water beyond thIs transitlonal zone The areas
wmch are eroded and expose subsurface formations would further aid m reducmg the bonng
depth to mtercept the brackIsh aqUIfer Cooperative efforts With the WAJ staff m
developmg a brackIsh water well field would benefit APC m reducmg mvestment cost
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7 0 CONCLUSIONS AND RECOMMENDATIONS

Water plays a crItical role m the potash productIOn as one of the raw materIals and as a major
component III eqUipment mamtenance, eqUIpment cleanmg, washing, steam production, coolmg
tower operanon, domestic water supply, and IITIgatlon Approximately 73 9 percent of the fresh
water IS used dIrectly for potash processmg, whIle the remammg 26 1 percent IS used for
non-process related matters

Based on audit findmgs, the followmg conclUSIons can be reached

1

2

3

4

5

6

7
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The APC IS currently recychng about 140 m3/hr of water (1 e , about 14 percent
of the total water mtake) In addition, the current brackIsh water project IS
supposed to replace approxImately 628 m3/hr of fresh water use when the
recovery wells are put m operatIon and brackIsh water IS supplIed The APe can
sUll explore additIOnal water conservation opportumtles through good
housekeepmg, new operatmg techmques, tighter controls, and Improved water
management The suggested operatIOnal changes and water consen-anon
opportumtles are summanzed ill Table 3

Samtary wastewater and storm water ponds have zero dIscharge dUrIng an average
day of operation DUrIng heavy storms, these ponds can overflow resultmg In

contammatIon of other surface water bodIes as well as shallow groundwater and
subsurface soIl

The washwater and other floor drams may constItute a wastewater requmng
proper collection, momtonng, and pOSSibly treatment pnor to dIsposal mto the
enVIronment

Intake cleanmg and fluslnng 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
nnplement those which are economICally achievable Certam measures of
wastewater momtonng should be Implemented Immediately to allow APC to take
appropnate pollUtion prevention measures and prevent future adverse Imp~. If
any. on the envIronment

The sewage treatment plant effluent IS dlscbarged to an unnamed creek Pan of
It evaporates and part of It percolates through subsurface soIl There eXIStS a
great potentIal for subsurface soIl and groundwater contammatIOn

The sewage treatment plant sludge IS bUrIed underground on APC property The
APC property IS not a pernutted or authonzed faCIlIty to dispose of the sev.age
sludge The burymg of sludge is not an acceptable practice The APC needs to
deSign a proper sludge contamment faCIlIty WIth lmers and leachate collecnon
system and proper gas ventl1atlOn and flanng As an acceptable alternauve,
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mstallatIon of sludge drymg beds and use of dned sludge for fertilIzation should
be consIdered

8 Due to largely lIqUId phase operations, there does not seem to be any vlSlble
partIculate emiSSIOns

9 No odor was expenenced at the sanItary lagoons or sewage treatment faCIlIty
mdicatmg that organIc emISSions may not be a problem

7 1 RecommendatIons

To achIeve the PPIWM and water conservatIOn obJective, the followmg recommendatIons are
made

1 Implement water conservation measures first by mstallIng flow momtormg deVIces
for fresh water used for

• PIpe cleamng,
• Pump packmg flushmg,
• All operatlonal reqUIrements,
• ReclaImed Water Tank Feed, and
• All fresh water supply outlets not currently momtored

2 ReVIew water usage data to reduce water consumptIon and OptImIZe process water
reqUIrement WIthout affectmg product qualIty

3 Undertake studies to determme feasibilIty of several water conservatIOn measures
proposed Implement those measures whIch are economIcally feasible

4 Evaluate and Install flow control deVIces as dIscussed

5 Contmue to Implement mnovatlve processes such as cold crystallIZatIOn to reduce
fresh water requIrements for process purposes

6 InvestIgate use of other pumps not requmng flushmg water

7 UtIlIZe sewage treatment plant effluent for Imgatlon, coolIng water make-up, and
mtake pump statton flushmg, If It meets the desIred qualIty If not, then upgrade
the facl1Ity as reqUIred

8 The WAJ and MWI should contmue to asSISt the APC m Its current efforts of
extractmg brackIsh water to replace fresh water If necessary, WAJ and MWI
should mltIate additIOnal exploratIOn Due to complex geology, the presence of
faults, and natural erosIOn taken place over the years, It may be more cost
effective to Install wells at locatIons where brackIsh water aqUIfer IS aVaIlable
wlthm 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 pumpmg costs

9 The current project of extractmg brackish water should be completed as
expeditiously as possible The current polIcy of replacmg as much fresh water
as possible With brackIsh water and/or strom runoff water WIth sUItable treatment
should contmue

10 Divert all faCIlIty floor drams and washwater through a smgle outfall to the sewer
so that thiS outfall can be routmely momtored for flow and sampled to monnor
Its qualIty A parshall flume can be mstalled to momtor the flow

11 Explore and Install tallmgs and bnne processmg facilmes to produce sodIUm and
magneSIUm compounds, If profitable

12 Construct secondary contamment, berms, and dIkes as appropnate for storage
tanks and operatmg faCIlitIes to contam washwater, leaks, spIlls, and run-off
water ThiS water then can be reused

13 Increase dike heights for storm pond lagoon and sanitary lagoons to prevent
washouts dunng heavy storms

14 The sewage treatment mfluent and effluent must be momtored for theIr qualIty
and quantity by mstalhng metenng and samphng deVices Both flows should be
momtored for

• Chemical Oxygen Demand (COD),
• BIOlogical Oxygen Demand (BOD),
• Total Suspended SolIds (TSS),

• pH,
• Ammoma NItrogen (NH3-N),
• Nitrate Nitrogen (N03-N),
• Phosphates,
• Total Dissolved Sohds (TDS),
• Chlondes, and
• Flow, m3/mmute

15

16
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DeSign and construct properly hned contamment area With leachate and gas
collectlon systems for sewage treatment plant sludge Alternatively, the sludge
can be dned usmg sludge beds and dried sludge can be used as fertIlIZer, If It
meets appropnate standards for SUItable apphcanons

Install groundwater momtonng wells at the effluent and sludge dISPOSal locatIons
to momtor underlymg aqUifers currently used to supply potable water to
determme If they are Impacted by the sewage treatment plant effluent discharge
or leachates from bUrIed sludge Such momtonng should contmue as long as
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faCllmes are In operatIon

17 Fmally, we recommend that the followmg Items be consIdered for feasIbIlIty level
studIes

• Sewage treatment plant effluent treatment and reuse for coolIng
tower makeup and mtake pumpmg statIOn flushIng

• InstallatIon of selective flow momtonng and controlhng 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 warmng system
and mobIle traIler truck system for pIpe cleanmg

Data developed through the feasibility studies can be used for deslgmng
demonstration umts for field testmg

HES '3~<KVMIbb6
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80 FOllOW-UP ACTIONS

ThIS sectIon contams our recommendatIons to APC concermng follow-up actions reqUIred to
meet the PPIWM and water conservatIon objective The PP/WM IS generally gIven pnonty
over water conservatIon For APC, however, attempts should be made to achIeve both goals
concurrently With thIS phllosophy, the followmg actions are recommended m order of theIr
pnorIty

1

2

3

4

5

6

7

8

9

10

Install flow momtonng and sample collectIon deVIces to momtor mfluent and
effluent of the sewage treatment plant

Install flow momtonng deVIces at all key locations to momtor fresh water usage

Study, evaluate, and Implement optIons recommended to conserve water

Imtlate momtormg sewage treatment plant mfluent and effluent qualItIes on a
monthly basIS for the first year and on a quarterly basiS thereafter Flows should
be recorded dally

The APe should complete the current brackish water project and contmue Its
polley of replacmg fresh water WIth brackIsh water and/or storm water workIng
closely With WAJ and MWI staff

DeSIgn and lInplement a floor dram collection system and a smgle outfall to allow
dIscharge to the sewer The system should have a flow momtonng deVIce A
parshall flume would be a good deVIce for momtonng flow and collecting
samples

DesIgn and construct sludge drymg beds for sewage sludge

As necessary, lDcrease the height of dIkes of storm water storage ponds and
sanitary lagoons to prevent solIds washouts durmg heavy storms

Concurrent With actIon No 1 study hydrogeology underlymg the sewage
treatment facIlIty, effluent discharge Site, and sludge dIsposal SIte Install two
momtonng wells, downstream of the effluent dIscharge site and the sludge
disposal SIte and one momtormg well upstream to momtor background water
quality Each well or cluster of wells, If necessary, should mOllltor the fresh
water aqUIfers Start momtonng these aqUIfers on a quarterly basIS for the first
two years and bIannually thereafter

If the sewage treatment plant effluent qualIty does not meet the strmgent standards
for groundwater recharge, ImgatIOn (based on applIcatIons), and pOSSibly
dnnkmg water standards, and If 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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11 Develop a PPIWM and water conservation polley as part of the APC management
operating phIlosophy and dlstnbute It to all departments

12 Implement the polIcy through speCIfic goals and targets

13 Make It each person's responsibilIty to Identify PPIWM and water conservation
opportumttes

14 DesIgnate a PPIWM and water conservatIon coordmator to effectIvely Implement
thIS program

15 PubhclZe success stones and reward employees that Identlfy cost-effective
PPIWM opportumtles

16 Tram employees on aspects ofPPIWM and water conservatIon that relate to theIr
Jobs

17 Perfonn a penodlc assessment of PPIWM and water conservatIon by key
management personnel, the coordmator, and mdependent experts

18 Show management commItment through above actIons and remforce the policy
through meetmgs and company functIOns

19 Let the company "MISSIon Statement" mclude "Better Product through
EnVIronmental ProtectIon and Water Conservation"
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TABLE 1 Percentages of Fresh Water Usage at the APe Facility

Approximate
Source Percentage of

Fresh Water Usage

1 Process 739

2 Pipes and Pump Packing Flushing In 90
Carnallite Area

3 Drainage, Washwater, Overflows 70

4 Township 30

5 Powerhouse Makeup 25

6 Cooling Tower Makeup 1 5

7 Potable Water 10

8 Sanltabon 1 0

9 Pipe and Pump Packing Flushing at the 08
Intake Station

10 IrrIgatIOn 03

Total 1000



TABLE 2 Fresh Water Balance, Arab Potash Company1l

Water In Water Out

Source Rate M3jHr Source Rate MJ/Hr

Groundwater Wells 850 Intake and pump packing flushing 8

Surface Water 150 Samtary lagoons 10

Irrigation 3

Township 30

MOisture to atmosphere through drying 8

Drains 70

Discharge to Rood Channel through C-7 100

Power Plant Steam Losses - 25

Cooling tower losses 15

Potable water 10

Salt pde discharge 65

Evaporation through carnallite ponels 656

Total 1,000 1,000

Note

The water balance presented above corresponds to 1 4 million metne tons of potash production per
year
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Table 3
Summary of Suggested Options Changes and Water Conservation Opportumtles

Current Fresh Potential for Projected Fresh
Item Water Use Conservation Water use Suggested Measures

m3 /hr m3 /hr (1) m3/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 Irngatlon 3 2 1 1 Reuse of treated domestic waste-water

7 Process 739 628 (0)2 111 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 control

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 engmeerlng Judgement If suggested measures can be Implemented successfully The APC can
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achieve this goal if suggested measures are proven technically and economically feasible
(2) The APe IS 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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Facl.llty Name

WQICP WASTE MINIMIZATION AUDIT
fIRAa-'POlST\ COMPi!U1 Audltor/Flrm

Date

I'
i
L

I
I

J

ATTACHMENT A
AUDIT QUESTIONAIRE

II SITE DESCRIPTION II

FaCl11ty Name BRAS POTASH COMf,AWY (APe)
Area- 420000 m2.

Address Ghor AL- SJ~~rt~tLw~-=--=;;--;;;;--==:;-- _
Telephone '162 -6'- ([6.5/6/6292..'11) '/.62-3-3-1112.1

MaJor Products PJ"L/rr,...uAUaoCSL.JH~Mx.<......LK-,,-C.......I _

Product1on Rate l·g Me 7'3
SIC Codes~ J4'71i

FaClllty/Egulpment Age

MaJor Processes

MaJor Sources of Wastewater Dlscharges

J

1

J

i
I
)

]

]

I
I



WQICP WASTE MINIMIZATION AUDIT
FaClllty Name j1pC AudItor/FIrm

Date

Operatl..on Type
1:PROCESS INFORMATION II

ContInuous
Batch or SemI-Batch

Dlscrete
- - Other _

Document Complete? Current? Document
(yiN) (yIN) Number

Process F~ow D1aaram y y
Mater1al/Enerov Balance rJ 'I

DeS1an r-- I "M
OOeratJ.nq

Flow/Amount: Measurements -- N tV
stream

Analvses/Assavs
Stream
Call-vR'1 Se-t~ ef.,C(..uo..... J . Y y

v

Plant Lavout/Flow D~acrrams ---Y.- y
Process Descr1ot10n

9~
y

Ooerat~no Manuals -
ElTll10rnent L1st/Aae ~vc -
Eou1ornent Soec~f~cat~ons f -
P1D1no &: Instrument D1aqramS 'j: -
Plot and Elevat10n Planes) -
Env1ronmental Audl-t Reoort N #
Perm1t!Perml-t annll-catJ.ons tie tlA
Raw MaterJ.al Inventorv Records ?Product Inventorv Records 1
Management method practJ.ced for N rJ

each wastewater stream
Wastewater treatment facJ.11tl-es y y
Waste manaaement oractJ.ce

~1' N
Anc111arv facJ.11t1es iJ\-
Annual cost for manaoement of N tJ

the wastewater dl-scharoe
Photoaranh1c records iJ N

-

'S" 1lie.. ~P-1 hAS "'~I b~Il.4/~ "of S'1r!'t.J:l tdJ u.s
N A nof ~ftWCAk((.

not /c:-l-.~V\



WQICP WASTE MINIMIZATION AUDIT
Fac111ty Name Ape Aud~tor/F~rm

Date

)

1
1
1

II INPO'l' MATERIAL/' SUMMARY II

DESCRIPTION1

Mater~al stream No Stream No Stream No

Name A"".... r....l::..n"A~..... No t 4,*1,'4""
Source / SUDnl ~er '1"". f'P"" F1"Mh

AJ?71'l +10 _ ..J

Comnonent of Concern

Annual Consumot1on Rate ~f]n ~/('(

Overall ...
Comoonent(s) of Concern

Purchase Pr1ce ~ ner AIdt /t:.J1.&w "
Overall Annual Cost A/At- 1<fIA"Wf\

De11very Mode'~

Sh1pp1ng Conta1ner S1ze & Type]
Storage Mode" In OOAt Bi'!'
'Trans fer ModeS I

Emotv Conta1ner D1sDosal/ManaQement
Shelf L1fe AI. J- krunJ ,.
SUDol1er Would

- accent exnl.red mater~al (yIN)
- accent sh~Dn1ncr conta~ners (YIN)

AcceDtable Subst1tute{s} 1f any
Alternate Sunn11erCs}
Product Inventorv Records

Stream number, 1f appl1cable, should correspond to those used on process
flow d~agram

2 e g , p1pel1ne, tank truck etc
3. e g • drum, paper bag, tank, etc

!
4. e g , outdoor, warehouse, underground, aboveground, etc
5. e g • pump, forkl1ft, conveyor, etc
6. e g • crush and dump, clean and recycle return to supp11er etc

I/: 13ASeJ 6l'\ I~~ \'fOY\'clvJ b., e.c,..".~,,""'t ~..~; ~ 6'<\1 -1'ftf"A-\" wto4t'l,J ~VIi("~
I b Aft wh,t.J". Jl~ ~ b1 PtJhn-k t>"(oJ~ I~ ~ o.~<4.~l1..7 ~-r T\.....,

, ,.JJ..tJ I:- Fi.,l p<oJvd ~ 011\' t-o S ~€.. ~
IS: vS"''''\1 0 n

:k. >Ie LL'(~J Sf{~) ~cI~J ft\{bJh Su<-vJ ~

)
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WQICP WASTE MINIMIZATION AUDIT
Fac111ty Name AVe Audltor/F ... rm

Dat.e

t
1

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

(page 1 of 4)

Wast.e St.ream Name/ID Storm SiMer ef'lll4.e.nl Stream No

I
I
I
I

2

3

4

5

Waste Character~zat.~on (at.tach add~t~onal sheets wlth compos~tlon

data, as necessary)

Gas --- (L~qU~ --- Sol~d --- MIxed phase

Densl.ty kg!M) ~f3 (i;NI ..~/drl.gh Heatl.ng Value caldkg-l!.~I_J<J'I{)wn
pH Flash POlnt \ water~5~~~?~ _

Wast.e Leaves Process as

-- a1.r em~SSlon --Iwastewated -- solld ....aste

Occurrence
~contlnuous

dl.screte
d~scharge trl.ggered by -- chemlcal ana_,sls _

-- other ,descrlte) _

Type perlodlc lengtn of perlod __
sporadl.c

GeneratJ.on Rate
Annual ~~__~f+- I'" g per yea r
MaXJ.ffium yo mo/b r ~r
Average yg per
Frequency batches per
Batch Sl.ze average range



I
WQICP WASTE MINIMIZATION AUDIT

FaCl11ty Name APC Aud1.tor!Flrm
Da::e

---- No

I

6

INDIViDUAL WASTE STREAM
CHARACTERIZATION

[page 2 of 4)

Waste Or~gl.ns/Sources

Fl.ll out th~s worksheet to ~dentlfy the orlgln of the waste If
the waste 15 a mlxture of waste streams, flll out a sheet for each
of the lndlv~dual waste streams

Is the waste mlxed wlth other wastes~ -~ Yes

Descrlbe how the waste 15 generated

1

Example Formatlon and remoJal of an unc~slrable compound
removal of an unconverted lnput ~aterlal depletl0n of
a key component, equlpment clea'lng ~asce~ obsolete
~nput materlal, spolled batch ard productlon run
splll or leak cleanup evaporat~ e loss ventlng
losses etc

11
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r
WQICP WASTE MINIMIZATION AUDIT

Fac~l~ty Name APe.. Aud~tor/:- ~r-I

=3.~e

[ INDIVIDUAL WASTE STREAM
CHARACTERIZATION

[
(page 3 of 41

Waste Stream Storm Se.wu Ffftu..e.\IIt
7 Management Method

Leaves s~te ~n bulk
55 gal drum ,
other (descnbel Dt'$~ /rill> &n-IA.C~ kne

~[);jCItt:U1deL
D1sposal Frequency ~Cbn~~bua~O~Ul~S~ ~/__J __

App11cable standards/Regs 1\10 (H!!.c

offslteManaged -1- ons~te
- ~- othe r (de s c r ~be ) _

_y __ I ~ 1 ~I _J,
F~nal D1Spos1t1on -..,..: Dump 'tIM ft. I"'I-{L~ ./-i.e- r..aod L'tA-'MeL

pond _
other (descrlbe)

-x: - d ~ re c t useire - us e _
-X- energy recovery
-x- redlst11led
~- otner (aescrlDe)

..... 5:::::. nv =:.he~s---@Yes

res1due y~eld
res1due dlsposal _

-x- b~olog1cal
-x- o<~dat10n/reQUctlo~

-,~- pH adJust~ent

-1- preclp1ta~~on

-x- other (Qescr~be)

Recycl~ng

Treatment

I
I
I

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

(page 4 0:= 4)

J

]



~__"~....l.:: -~~"£fJ=~t- ... .t1'_·r t 1ot.l _ ... ',..'

l'

". ,

FaClllty Name
WQICP WASTE MINIMIZATION AUDIT
APC Audltor IF ... rr.

:.=tte

tost as of K 0 ~l (quarter and yea::}

Cost Element UnJ.t PrJ.ce
JD per

Reference/Source

Ons~te Storage & Handl~ng ..--.
Pretreatment (R.n +rE ) LTD/",> APe f=:1111 ,,.,PI? ,(

Contalner /
v

Transportat~on Fee Mot J<.rl"w"
DJ.sposal Fee /I.l'" I- klll "IN' '"

Taxes ,/'

Total dJ.sposal Cost /'

// _ !lei f ~i'1

;c ~ c...r.... '1 ?UJo",1 .~f,v~J", ~ , .... <g p,~ po,."; e,,;t, a' .4/luJ

-How~~/ ft.<.- eo-st til f::~FLJ ~ W~ ~rU--- CS~r... J~~) 1$ f10~~

/h....-, v.I~ ~~ I] ckfvJ IIJ-v -14~ cta.Jfttd wlrft~ cJ--.n1 f~



l?aCJ.llty Name

I ,

WQICP WASTE
APC

MINIMIZATION AUDIT
Audltor/Flrrn

Date

II WASTE STREAM INFORMATION
(one form for each stream)

II

S tream ID ........!__=--- _

1 Streamname StO""(1I'! .sew.u- Eft(IA.-e.-x.-t
(wastewater, waste o~l, st~ll bottoms etc)

2

3

D~scharge Ident~f1catlOn S'U(~e.. by1Ks ntl'~[, PI.A.A'll.f)
(Enter process or equIpment from wh~ch stream 15 dl5cBarged)

Stream flow/qualIty
mInImum flow L/mIn
maXImum flow ~~~~_L/mIn
average flow {{t~ z L/mm

4 Is stream contInuous orlntermlttent? Ccn1fn1£i.C>t45
"'="~'-'-'-''-=''''-="''-------------

5 Wh1ch of follow1ng 1S the cause of the waste?

a Process chemIstry
Descr1be

{ReactIon stoIchIometry kInetIC yIeld)

Operat1ons = (operatIng rates, order of addItIon, etc) Descr~~€

Oav(e..oU- ~'------/P£JI'-"k\."'"!8'1-'f,-- -------------

d Nalntenance
Descr1be

(leaks, spIlls, corrOS1on etc)

6 Are the components of the waste stream a raw mater1al (~1l

useful byproduct (UPB) nonuseful byproduct (NBP) solvent
(e), or an Impur1ty (I) 1n the raw materIal?

(Attach analySIS records If posslDle)

FIll out attached F1gure 1 for each waste s:rea,

product (F)
(5) catal) st



FaCl11ty Name
WQICP WASTE

flPe
MINIMIZATION AUDIT

Audltor/Flrm
Date

IC
Check One

UBP NBP SRM P
Cone

(mq/L)
Component

Name

Kef 3~

M~CJz.- lOt

Gt (12- I).

7 Waste stream characterlst1cs -- pH
Color Hardness Odor

TSS TDS
Toe --Other.

9 Current effluent crlterla and dlsposal 11mltatl0n ~:>(.I .. 'M ~.f.A."krJ 20J-

10 Permlts relevant to the waste stream dlSposltl0n ~N~,~o~~~~~' ___

11 Current cost of d1sposal and/or treatment for thlS waste stream #0~~

12 If stream 18 currently be1ng treated, Ilst

a Current treatment parameters (chemlcal consumpt1on treatment
condlt10ns etc)

b. EX1stlng treatment equlpment (ldentlfy Slze and tfPe of
equ1pment)



WQICP WASTE MINIMIZATION AUDIT
Faclll.ty Name Ape Aud.1.tor/Flrm

Dale

Other pert~nent 1nformat10n _"'=..t.I6Cl.,a~(~ _
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p_....:---"=- ~ -= =-====---=-- =======--~=============-I
I ~IQIC.P \'IAS 1 C IUNlrfIZATION' AUDITI ",' I I', [J 1111'_ /3.,?C l\udllol /rlllll \::L1:.B2A~ RSg-
I "'- _==-=___ _ __ Dal e ?J I 31-::Jtti.Lj,..tttt.-:-__=-=

[ IlIDIVIDUAL WASTE STREAM
CHARACTCRIZAfION

[['L\~e 1 01 4)

111!>le SltCam II \l1I"!/ro Flush"'! JIn/JJ:l.~ ~Atl3' Stteam tlo

2 'l1ste Charac.L:;nzaLlun (aLtach addltlonal sheets wIth composlLlon
lata a~ neC~&~al~)

(~o ltd

I I, 11 I L ( ~ '.J / n I

pH _
1113h lIeatlllg Value C.:ll/~y _

f lCl.:lh POUlt .. WaLel _

-- chemlcal analysls _
-- other (descrIbe) _

I

s

-- aIr emlSSlon --[wastewateiJ -- solld waste

Occurrenc::.;::e_----
- - [COIlt 111UOUS]

dlSClc.te
dlschdrge Lrlggered by

perlodlc_~-----lenglhof perlod _
-- sporadlc.

G~IH~laLJon P .. tc
Annua 1 kg pe r yea r
f-l<:t 1l11Ultl kg per
r,ve 1 age ~8C'O""L.m~"J.L7~b...,y'____ ~ r
Frequ~nc./ batches per
Batch S1ZE' average range



HQJCP WAST£.: MINIllIZArION AUDIT
A£.( l\udJLorjflllll

Date

ItIDIVIDUAL WASTE STREAM
CHARACTERIZATIon

(page 2 o( 11

6 vlaste Or1g111s/sources
rlll out thl' lodsheet to ldentlfy the orlg1l1 of the waste If
the 'l1\SLC 1£1 a lTIL<Lure of wuste str~ams. flll out a sheet for each
of th~ 1lld1vttlu<l1 ...aste stleams

Is th~ ,la.,te lI11 v o;!d with other was .... Ps., ---- Yes

[)escrlbe how th~ waste 13 generated

r ,

- - -- ------_._---

- - v!" No

lmpl dllll! Ion .nd r('m,:l\."l of ,11 undcslI .hl:! (('Illl"lllld
I \111/<11 .:)( an unconveLL'=:U Jllput IIl.:tLerlal d",p1clldll

I } I C011\pOnellt equlpm~nt <.leallll1g nr-Le 01> ol_l
ILL tiL l1late11"11 <;pol1ed b."ltch and plodurl 1(111 lllll
,ILL or lea} <::le'!llup 'J3pOr,L1vc 1" J "Illlllq

I) , - '_ Lt..



r l'.:lV~t. C I Lc III

HIDIVII)Ul\L llJ\.srE SlREJ\.H
CIlAIl.J\Cl ERI~ATIOH

II><t<JC l tll 1)

'J I t ~ • LI IIll £k,;&vt1 ~ MfA/:-e. E~Ul-1

bul'­
!>5 9,,1 dtlllll
other (descllbe)

01 spesa 1 f'l eqllenc. y _C~rnI\!.lUl.!bl.!.·W\!L.\l.oV::$=~L- . _

nppllcablL SLdndalds/Regs N011 .(..

------ ---
----------._-- -

- ~- On.31 Le
}(.. othet" (d"'~CllhE'I _

------ - ---------
X dlr~ll u'L/rc. u ~

- y- ~Il~lgv I L~o'!ell

-x- l.edl~tlll::-d

- ~ othel (UeSCllbE.)

leclalmed maLerlal leturned to 9JLe?

{es ---~ used by oLhel r

1

]

)

]

resIdue yield
resIdue disposal

llealment -i'f.... blolo~lC'al
- -~ oVldatlon!reduc.Llon

-'l( 1-,11 adJu..,LmenL
- -"'I. prec.lpl taLlon
-'l'- oLhel (,j';9crllJd

tmal DISpO~JLIon Dump if'\. tk. ~j b e../b
pond
othel Idc.scllbel

HIDIVIDU1\L ,IAS1 E STRCJ\..l1
CIlAR.I\CTERI6A1IOtf

(page I ot I)
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WQICP WAS1 E MINIIHZl\1 ION l\UD~ r
~ 1\1ldLlor/L'~lll1

Dale

~'O~I l~ 01 __~ 'Cl'lllt"l ,ntl i":!"ll)

{II _"~ St .)luge

l'l I 1 '..ltm~lIt

[, 11« nd I llhJ-----'----1-----------1--------------

__t._L tr~_!.!.:;r4-,.tlon F~~ II
1-------------1------------ ----

i __'_1__ IlL -- ' It :;t~1-tl-l-S-1l-0-t3-a-l-C-O-5-L----I-------------t--------------~

?fa No~ ''If''CI--Me--



!ll=[===;;=l-=11l.=S='l=;;,C=S=1=R=E;;=Al='='1=I=N=F",O=RM}\=c=T;::I==O;::N=:===II
(one form for eac.h sLream)

Stream 10

1 Streamname FTtA$f,i~~P IYlht~~ f~~1'~ PtA.c!L;pJr 8[/v.~t
(w~Jtewater. waste all SL~l bottoms, etc)

2 Pa.Jcharge Id<:ntlflc<ltlOll ~~ il'ltt> ff1e~ SeA.
',nter pr_occ.Jl:i or eql1ll'l11.... nt [rom ",111('"'1\ stLearn 1S cllsc1nracdl

1I1ll111111l111 flow l/n1111
rna'unum [IoN -----I.,/n11rl

ave.age flow [3?;? L/n11n

(!" stl e"lm contuHIOUS

Ploce s ell'IlII-' I >' = (lkac.1..10n SLol<..lllOmC1..I) f 111 1'1..](. ) lcld)
DeC""crlbe-

rl1~)lnccrlllg DeSign (Carlty pre!"C"urc tCl1'perCl1..UI e lllllltaLIOII
f'LC) DteSc.rlbe Wa 'A/t'~ a...~Llfbl!J,(l!f--J2~- _

------------- - ---- -- - -- --

Op~r_at.lons

,ll.lIlt,'n,nce
D _ CI. l1J<!

(operaLlng rates order_ of addltlon etc)

(leah.s spills COLlO.:aon eLL)

Denclll,=

I,

- ----- -----------------
I • lh.... c.C'mpon'-'IlLs of thJ .,nstt:! stlcam a I a\l materl,l (RI-1)
I~ ful b/orodllct (lJPO) Ilonllseful byproduc.t (tH3P) solvenL
I. l or cHI unpUl1.tl (I) 1.11 Lhe r1.W lIIaLe11i11?

BESTAVAILABLE COpy

pLoduCL (l'l
(S) C.iltel1) ~l



~.JQlc..P

lite: _
tll\Srr: ttnrUlIZlI.II0N l\UDI1

l\lIJJ I L11!1 J I (II

P \t {

( vl1lpon"'nt
(J,lIlt'

(..{)llC ll10d Olle

__J..!!!9.LU _ Rr1 7""'P_.,-.:c[J:.::IJ~l,--1.,-.:..:t,:.::O:...:P,-:---,'j'--,,-:C,,,----;---,

I

1\ I '.:l 'Jtlc,)rn c.hal1.CL,>rl~L1c.s -- pll 1SS
Jut lIalljlle~~ Ouor --roc

ros
--OLller

11 (L1rro:lnL cost of dlsposal and/or treaLment Eor tllls wasLe stream NorJL-
----- ---- ---- - - -- -----------------

------ ----- -- -----
--------------- ------------

12 It ~1_1·~all1 1S currenl ly being tteuted IlSt

Cllt t .I\t tl eilL\lI::'llL p,tClmeters (c.herillcal consumpt lon It f:'<lLIII'-llt
COnd1Ll.on~ eLL) -,--------

b j-"isting treaLment equipment (ldentify size and type of
erl'll pment I

-------- - -
---------- ------- ------------------------- - -

gESTAVA~ABLECOPy



WOICP WASTE
Fac~ 1 ~ ty Name: -LA.llP~C=- _

Product () ( , Ln
.:J:J VI n([~

Recycle

I
)

ht
Cun411de- ProCvvJ
Process/Equ~pment

Name/Number

Useful Byproducts M
> aCt

Bntl-e- <
10 C-7

/..3,J""l /
@ 35"llQrJ

Component Name
[mu GmceM-r~ ~f1~~StJt tf~5

s.
I.
c.

Waste Stream Cs b", $~.)

Name
RM

C

S

I

UBP I1qc It.
NBP Ca C/~
m k{f

(mg/L)

;>

tI

rot
,

25t'

RM = Raw mater1al
S = Solvent
UBP= Useful byproduct

where.
C Catalyst
I Impur1ty 1n the raw mater1al
NBP = Non-useful by product
P Product

*. If UBP, p. or NBP appears 1n the 1nlet/feed to a un1t operat1on, then 1t
was formed 10 the prev10us p1ece of equ1pment Trace 1t back to the un1t 1n
wh1ch .l.t was formed

F1gure 1

11

BESTAVAILABLECOPy



WQICP WASTE MINIMIZATION AUDIT
Fac~l~ty Name APe. Aud~tor/Fl.rm

Date

II WASTE STREAM SUMMARY ./1

Component of Concerns Str No l Stre No Stre N
earn am am 0

Waste ID/Name ~j~/V\ !twl--fJ Dt.~c. FtCAl~t~ IJL
SourcejOrJ.gJ.n S'i1ilk"iuhflAb ~~ ts4f~1r1 rJ.•1 I 11

Annual Generatlon Rate (unlts ) ?Om'/~, 30 J.!hI' g~11~;

Overall

Component (5) of Concern

Cost of Dlsposal ,." ,/ ""
Unlt Cost (JD per )

Overall (per Year)

Method of Management' ~po>J"' ft..e. fwl,. ~ J)v,~k) 'lin. "{tv.J du.1I¥'l.(./ ~ iilW fv <t t'G.k

PrJ.orlty Ratlng CrlterlaJ~ W.,. Rat R*W Rat R Rat1 R
lng lng *w ng *
(R) (R) (R) W

Regulatory Compllance N A NA Nit.
Treatment!Dlsposal Cost AlA ",,'I Alit
Waste Quantlty Generated l-:}o,J/1t -z"J,1hy .g)./~t'
Waste Hazard NO PDf~b'•.Ii 'vo

1/\/ 0
I'

Safety Hazard n.~•.. Ad Mn

Mlnlmlzatl0n Potentlal '1.f..~ 'J(L S ,te,S

Potentlal Byproduct Recovery Ye.S Nil NO
Sum of Prl0rlty Ranklng Scores

Prl.Orlty Rank
1 Stream number, If appllcable, should correspond to those used on

process flow dlagrams
2 For example, san1tary dump, onslte recycle, de~ater1ng etc
3 Rate each stream (W) 1n each category on a sca~e from 0 to 10

II OPTION DEVELOPMENT II
Page 1. of 2

MeetJ.ng Format (e 9 , bralnstorm1~, nom1nal group techn1q~e)

MeetJ.ng Coordlnator

REST AVA/LABLE COpy

qi)



WQICP WASTE MINIMIZATION AUDIT
FaClllty Name ,Ape Audltor/Flrm

Date

L~st Suggested Opt~ons Rat10nalejRemark on Opt~on

1l.u~ n."..t....... ~ d...t'e cluA.... J I t.~J
I ".... rL .. ..l'i"'.s ~. '::1 ~__ j % /) .fl... A •• .J.I-

..4.
1 11-

I



WQICP WASTE MINIMIZATION AUDIT
Fac~11ty Name f\pG Aud~tor/F~rm

Date

~ OPTION DEVELOPMENT * ~
Page 2 of 2

OptJ.on Name

BrJ.efly descr1be the opt1on __

Waste Stream(s) Affected,

Input Mater1al(s) Affected

Product(s) Affected

IndJ.cate Type,--- Source Reduct10n
EquJ.pment-Related Change
Personal/Procedure-Related Change
MaterJ.al-Related Change

RecyclJ.ngjReuse
Ons1te MaterJ.al reused for orJ.gJ.nal Purpose
OffsJ.te --- Mater1al used for lower-qua11ty Purp

Materl.al sold
--- Materl.al burned for heat recovery

I
I
I
I
I
I
I
I
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8JlJ.d~ 1J~t'Jf:(

) r II" I:" [If L L 111 e 11 L lit r 0 una L 1 )n _LtJ;.'-""-AJ'I""'e'-- .__ __
------------ ----

M%fAIIAILABLE COpy



w-- =--=-==-o.=~;Q-I-C.-P \lAS Ie HINHlIZATIOtr AVDn

I
ll/~'l.t'l llllllf_ tiPC:. AucltLOt/rJlll\

D.1le
l!:=--=-_---=7----~

IUDIVIDUl\.L WASTe STREAM
CllARl\.CTCR I Zl\. r Ion

HAR2A\ -d RS~

&ilf/lffJ ~ql..\

(plge 1 oL 4)

\11St~ 5tLeam !1,JlIIp./ID S4nt'l?U~ D.AIIJ 'Do~ ~ealll 110

11sLe Charac.L<lrJ zatl.on (aLtach addl.tl.onal sheets WI til COmpOSltlol
data a~ npceLaa1.~)

, 1 So I H.l - - - 1'1 lxecn phase

Il II l L I "gin'
pH _

) la tJ [~l' C IlO(,..t:!SS as

-- lI1.gll Ileilllng Vallie I.CaI/~g_~

[lash POl lit: ~ ''laLcr _

-- all ~lIa~ ... lon --(v/astewaterl

O{.Clllrellc.o:!
~OlltlIlUOUS

dlSClc.te
d1.scharge trlggered by

-- solld wasLe

-- cheuacal anal)-s1.s _
- - otheL (deSc.rlbel _

]

1
]

]

]

s

perlodlc_~---lengLh oE perlod _
-- sporadlC

(,~!1elatloll P,te
Annual kg per }ear
r-k' -"llllUlII kg per
rive 1 aqe ~2:::>-£.o~LmLL~~I_'hU-!r ~r
Frequenc/ batches per
Batch Slze average range

BEST AVAILABLE COpy



fu1K28JJ.M RSS
g!f'2z, ltf..L-L14.Y=~==,j

MINIHI'l A nON AUDIT
I\Udllol/'flllll

Dale

\;fQTCP \'ll\STC
ef2_C _

INDIVIDUAL WASTE STREAM
CHARACTERIZATIon

(page 2 of: '\1

6 Waste Or19Jns/Sour~es

rl11 out till', IOrksheet to identify lhe
the rnsLc IS a ml~ture oE waste Slreams
of the IndIvldual waste stleams

orlgln of the waste If
f 111 out a sheet for ca::h

r~ tile dD"te mlved wlth other wastf> ... "> ---- Yes ----I:!!£l
Desct"lbe how lhe wa'.lte is generated

----- ------

---_. - ----
-------- -- ---------

- ------ -- - - ------------------

r <ampl _ 11II1tl.On .ncl rl~m()l.al o[ 111 lIn<..l~sll .bI ~ compound
1m') 'al of an ullconvclletl IllpUt IInLellal d'=plc.llOll LL

I ~ _} cClIlponent equipment Lleal1lnq nste ob< olLt "
lllpttL milletl,l ,>pol.l.=d b;:tlch and [lloclllCtlOll lun

,'lll or leal' cleanup ,~/apOri1l1/( lu ... 'lull Jllq
I) t:!P F:lL

I
I



IlIDI'IIOUAI HAS rE S'lRE1I1!
CIiAItAC.11:IlIlA1 lOti

\ P IrJe j d ( 1)

11 \ '1.1' ,111l __$ .fL~·IrU'y ~..'J)~~_ fdfI"-~t _

[e.ves s1Le 1n bulk
55 g"\1 dtUIlI
other- (desct l.bel DtSPliLJ to TTG4~r ~7

D1zp0..>Cl 1 lL eqllt>llc. y ~~::::!O~:...:h~n;&.l.t)=-l.4--"",~,-- • _

J\ppltcablL SL<lIH.laLds/negs N6~",-- _

.1un~I~J /on~tt~ - u(f JL"
other (d'~t.("l I he)

_/ _1 llitl dLrLct ll~L/rL u ~

• [l~llJ) 11 ( Of~' I

t"ed~~tJ.tl~d

othel (descllh.. )

------------ --- -

lecla~med maLerl.al returned to sJle?

les ---G] used by others

res ~due yl.eld --;- _
residue dl.sposill

1reatment -~blo1og1("al
oVld"'ltlon!ledllcLlon
pH ad)u..>UnenL
prec.lpltaLl0n
oLhel IdL'Jct"lbLl

llnal D1 C;POc-] L10n DUlllp (at.:. a.n y r1 nil MfJ Cca K (WILJ",?
pond
othel (describe)

INDIVIDUAL WASTE STRCNi
CHARACTERI lATIOU

(page '1 ot 4)
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WQICP WASIE MINIMIZAIION AUDlr
AK._________ Aud II 0 r I r 1.1 m -tiA-R.zA~ RSS

Date ~1J3tl'Lllli9.4

(O~t 1'"' 01 __../"---- ((plllt,,!:" Illd )/~,ll)

:-=-== - -
LOflL "lement #D Unlt Prlce Reference/Source

JD per -

On lr_~ SLoLage & Hand 1111_!

PI , 1 '.:I trn<:!lIt

(. )l1'_llner

1 t 111 pnr-o-atlon Fee---
IJL U(J!. 11 r~~

I I -------
r" t \ 1 ~hspollal COllt

- -



MINIMIZATION AUDIT
Audl Lor / llrm

DaLe

I - WQICP WASTE
ry.. l. l, I j' tlame APC'-"""''----------

- --==..=---:-....==;;------- --=-- -----

Ie \-IAS1 E S [REM! HIFORMATIotr II
(one torm for each sLream)

Stream IO

1 Streamname §£.AA~a.H1:D~<W~~ !?,ht.JA Z;wflSh;~
(~~tewat~ waste oil, sl1ll bottoms etc)

2 f)lscharge Identlflc,tlon 'D,'s,posd. i4 a4'\. ("l4U'\~ ~ _
fl-nt~r proccs.. or eQlllllll\<'l1t (rolll wll1('h stleelln ~s dl"'c1nrgcd)

111111J.mUIlI flow
mil'llllllm CIoN
average flow

_____[./1111 n
r./mlll

5-.Cl..-.-CL-_r. / mIn

I~ "tl eam contInuous ollnternllttent? _~=o~~=--__

'.> IIIIcll J( f0110\11[11J 1S \ he CClUS0 o[ the I·rl=le? ~

Ploce ~ Ch...11l1·LI'{ = {1~>_aCLHJn .... L01c..h101T1l.. Lly ~lIll~Ll'_ }lcld)
Or-~~Cl l.bt"~

b IIlJlneCrl.ng Deslgn (capaclty pre!:'<"ure temperClltlle IllnltallOI1
nlc) Un~Cllbe

--------------_ .. --
------- ------------ ---------- -

Operat10l1S (operat1ng rates o~der of additlon etc ) Dcse 1 J I"~

- -- ----- .. - ----- ---- ------ - ----

"'lllt~~Il'I1C? = (l~."s spIlls C0110 .... 1on ell.. J
II ~ CI-l!Jc

tll~ cC'm[>oll~lllS of th~ ~a~tc SL1C<Hn a lilll materlal (lUI) ploducl (1')
1__ flll b,pr:odllct (UPf3) nonllseful b\.product (tlBP) so1vcnl (5) ettal)'
'l Jt an llnplllltj (Il 111 the 13\" maLelJ.'ll?

BEST AVAILABLE COpy



11 l~ -:;tl<~,::lln C.hcll.:lCLerlstlcs -. pI! __ 'ISS
>\'t Ilal(.lll<;!~~ OdoL roc.

ros
--OLher

II .... 'lLl'Jnt d.l<"[lO",JLIOI1 r)f the sLle.::1I1l 0refA/c (wa.r1t )----- -

Q Illt~l\l .~fflll('nl 1.1 It01.l~ and thSpo!J<ll IJmltatloll _~~ _

1 t) IltIlLS rel':·hII1L Lo lhe waste stLeam tllsposlLlon NonA:.-

11 ~urrent cost of dIsposal and/or treaLment for this waste stream
____________ ,Ma:LJ~t-JYl

lo! il ~I.t~all\ 15 cun:enl ly be1ng treated 11st YES
1

b

Llltlent tleaLlllcnl p<ltameters (c.henncal consumpt1on treatment
cond1t.1011J eLc} :p~ Sc: e _-AJ±....cb,tJ..._~~"~~.~_ J2.~__
Me Q-MP~· 'TM.. ~h4 1= 1(" 'f'dl5e-v&; J. !.... A!'Ph' J..)( C n -

!'Yl.stlng trealment equlpment (ldentlf) sIze and type of
e'llllpmcnL)
A~~ V::: 317·$ yt,'\ c~ci"'d:a:;__

--5;iI1fLltJ-- ;or;:i~_ -~~-S-~-=5 Dm2:--- -=---=__ _ -=_-
-rO-_r.:: -=t-_~ - k ~=----rfJ"~~~--- -----.
-Vlf<Xl~..I'-l(j"''---~-LD- -- - -.

-------- - - - ------ ----

BEST AVAILABLE COPY
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WQICP WASTE MINIMIZATION AUDIT
Fac~l~ty Name: A'?c Aud~tor/F~rm:t1Af2.2A a.nJ R~S

Date' ~J13 I ''11 r'!~Lf

ProductRecycle

I
>

i'*'

e.q~H;ih.~,

Process/Equ~pment

Name/Number

Useful Byproducts
> >(

InletU

Component Name
.rnft. KCl .tV> Bi)~

s
I
C.

Name

Waste Stream
X

(mg!L)
RM

c

s

I

UBP

NBP

P

where
C Catalyst
I Impurity in the raw mater1al
NBP Non-useful by product
P Product

~* If UBP. P, or NBP appears 1n the 1nlet/feed
was formed 1n the prev10us p1ece of equ1pment
Wh1Ch 1t was formed

RM = Raw mater1al
S Solvent
UBP= Useful byproduct

to a un1t operat1on, then 1t
Trace 1t back to the un1t 1n

F1gure 1

11



- --_--.. .» ~~ - -- _. --- ~ ---

POTASH INDUSTRY

ADDITIONAL QUESTIONNAIRE

1 How much steam IS used to heat bnne solutIOn In sylvlIllte process? Is condensate
100% recycled?

2 How much steam IS used to mamtam vacuum m crystallIZer? Is 100% condensate
collected m the reclaIm tank? If not, where It IS dIsCharged?

3 How much water IS reclaImed dally?

4 How much reclauned water IS used dally?

5 How much water IS dIscharged to taIlmg pIle?

6 How much water IS used m electrostatIc preCIpItator dust handlmg? Where It 15

dIscharged?

7 What land of water treatment used for treatmg boIler make up water? What IS the
treatment capaCIty?

8 What happens to the wastewater generated due to water treatment process?
How much IS generated dally?

9 PrOVIde a IIstmg of water flow meters currently mstalled

10 ProVIde a lIstmg of water flow meters planned to be mstalled m the near future

I

I

I
I
I
I
I

11 (TDS), sahmty, sodIUm, pOtasSIWll, magneSIUm, calCIUm, pH etc

12 How much brme 18 dIscharged through C-7 pond to Truce Lme Flood Channel?

13 What water conservatIOn measures are currently bemg 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

UtIltzatlOn of MgCl2 bnne to produce magneSIUm compounds, bromme
etc. and

NaCI utIlIZatIon III generatmg sodIUm compounds, chlorme etc

~U2~

IJIXXJ5HlJ !U1QJ9



This should elumnate MgCl2 brIne dischargIng to me Dead Sea and storage of crude
NaC1

17 When w111 these plans will be unplemented?

18 Are there any specific plans for replacmg fresh water With brackIsh water?

19 How much water can be saved by the cold crystallIzauon process?

20 For the cold crystalhzatIon process, please clarIfy the folloWIng

How much of 460m3/hr water used for carnallite decomposItIOn wIll
be diverted to the cold crystallIzauon process?

How much of 120m3/hr water used for vacuum crystallIzatIOn WIll be
dIverted to the cold crystallIzatton process?

Water diverted to the cold crystalhzatlOn process III additIon to the
eXIstmg demand

• WIll the net effect be reductIon III the total water usage for carnallite
process and crystallIzation (I e , m relatIon to the new facIlIty If It were
deSIgned usmg the hot leach process)?

How much water will be requITed for the centrIfuge wash cycle?
Where wIll thIs water come from?

Please complete the followmg

Water In Water Out
Bnne MOisture to Atmosphere
Fresh water Slurry to Tadmgs
Wash water Return BOlle 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?

~~OU'f

1l0005HD IlI/O/9



22 ConfIrm the followmg water demand

I MMT/yr I MM3/yr I
14 75

18 95

22 114

with other chemIcal 210
production

..&'£!' '7M 5
HIXXlSHD 941019
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lIlI< ARAB POTASH c.01\1PA.'\\

WATER CONSUMPTION RATES
FOR THE YEAR 1993

TOT4L CO/VSUMPflOlv = 7,508,758 111.3

835 % Ill...... REFINERY .....
6,169,812 93 1113

...
r

.lIhl .G!Lfj .Lf
RETURNBRINE 5,604,052 93 63973 89 ~8

SEWER 613 20000 -000 9 -8

LAGOON 52. ';';000 600 OBJ

71573 CV/ll

111%
-------I~..SOLAR PONDS 1--t"~EI'APOR.ATION

838, 728 27 1113

9575 CM/ll

.llbl .QMLlf .Lf

~ SEWAGE TREATMEVT 210 169 2S 2816 7/6'i

'" 65 °0 ... 10\VNSIIIP --~IRRlGATJO\ 28.90800 no 8:8

3./9,15725 1Il3
... &IN fAKE ...

3986 eM'1l ... DeadSea -0 OSfJ 00 800 20rr

o18 ~o

H,5I5 76 ",3

154 ClamI

AQABA __~CITI SEI~ERS15

TERMINAL

37,543 79 m3

4. 29 C\f/lI

... HUSSEIN
CL\l\1P

.. REF LAGOO\'S
I------I...~

n CR91 XLSIDSK-2



THE ARAB POTASH COMP,",l'oN

WATER CONSUMPTION RATES
FOR THE YEAR 1993

REFINERY CONSUltfn10N =

-----1...1 ",:::;LITE
4,029,600 m3 ,

460 CMIH

6,217,253 mJ

16.9 % CRYSTALLIZER

-------~~ AREA
1,051,100 m3

no CAUH

OPERATIONAL

70./ °6 .... REQUIREMENTS
J38,000 m3 ". (FLUSmNGWASmNG

50 CMIH PUMP SEAL)L..-_.-...-; ~

1
J

112" %

700,800 m..'f

80 C'!UH

.... POWER
PLANT
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BASIS or OES!:GN

Appll.catlon

Persons

BOD load Q 5S grills Boo/person/
day

/OWF ~ 240 lllres/person/day

Average flow rate Q OWF over
24 hrs/day

Peak flow rate ~ 3 x average

Total BOO (all sources)

Peak flow rate (all sources)

AeratIon tan v loadlng

Plant Conflguratlon

Foul Sewage o~l

ReSldentIal 300e

165 kg BOD/day

720m 3/day

30m3/hour

90m3/hour

165 kg/day

90m3 /hour

':l.o 26 kg BOD/m-/c~~

1 Two stream plant. each for 15JO populatlon
2 Loncretp tanks. malnly below gr~und

3 GravIty -feed
11 M8chanlCCl] rotatlnz screefl pL.lS s"Ldnduy hLJrlcl r.:: L_ ::;crocr,
5 ChIttendLn to Howard LImIted r :JC2",::nO[ wl1:h '''::JS~

6 Duty and standby sludge recIr~ula1:10n pumps fo~ 2==,
plant st:ream

CapIlox Model - Below ground graJlty feed

ElectrIcal Supply 380V 3pH 50Hz

Effluent dIscharge s1:andard
I

20mg/l BOO
30mg/l s. S.....-

5mg/l Amrnonlcal NItrogen
2mg/l D1ssolved Oxygen

for each stream - 82 j h.g BOO/::6 11

45m Ihour - =e~k flow

r Settlement lank surface area -1509
i
I

l AeraLlon l~nk CJpaclLy

I,
4 x 82 5I Oxygen reqL:!.red

24

I F. e l'u '- Q r
13 -c:

sn:=:-=l
I J

~ :1 er
?

82 5
o 20

--:> '5 h.gOz/hour

.. II srJwft
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Slud~e R8cir~ulatlon

ReClrculat~on rate @ peak hourly flow
rate of ra"'J sewage \"'1 tn max or 3 x average
floVI rate

Sludge Assessment (for each plant stream)

45m 3 /hour

Dally BOD
\

Sludge growth lndex for 0 5
sludge produced/1 a BOD removed

Dry 5011.ds
EstImated surplus sludge
~ 1% dry sollds

82 5 kg BOD/day

41 3 kg/oay
4 13m3/day

Aeratlon tank capaclty 317 3m3

MLSS concentratlon 2250 to 5000 mg/l

Surplus sludge CapaCIT:.y of aeratlon
tank Q 2750 mg/l 317 3m 3
Thus dr~y so l-Ld 875 kg

Dally dry SOllds produced

TheoretIcal surplus sludge
capaclty of aera~lon t2nk 1n days

41 3kg/dey

875
Ll13 21 cays

Each aeratlon tank to be desludged every 14 cays
Dal.ly volume of sludge produced 1n each aerar:._or r:.ank
l.5 413m3

58m3 /14 days surplus sl~dge

Each aerar:.lon r:.ank
Depth
of 96m3 /m depth of tank

318m3
3 3m

For each desludglng (every 14 days), level ln ae:-'at_on tank
to be lowered by O.6m

Sludge storage tanks (2 off)

Each tank 5 Om dla x 4 Om water dep~h

Capac2ty of each tank

Assum~ 50% supernatent waTer afte~ 24 h~urs c:ns_jE~2t~on

TOLal sludge storage capaclLy x 2 x IS = 156~~
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Pt AN I 11 [ M',

PGa~ flow rate of raw sewage 90m3/~our

Screen base 6mm thIck x 400101 WIde
Bar spaCIngs 20mm (approx)
OpenIngs Screen WIdth ratIO a 77 1 00

Des1gn {or velocIty of 0 3m/sec along screen channel

For flow of 90m3/hour -

Cross sect10n of flow 90
60 x 60 x 0 3

o 08m2

Depth of flow 1n screen channel at 90m3 /hour at velocIty
of 0 30 m/s

a DB
(j""""5 a 16m deep

Phds8d opOrailon by process tImer

VdrIabl~ 0 - 60 mInutes operatIon
V~rIab18 0 - 60 mInutes of perIod

Ope ~aiIDn refel~ to CHI rTENDEN & HO'!';RD _If :::T::::
InstructIon manual

2 Aerat Ion 1anh.

Deslgr18c1 hydr.::lulically, for full plant: pE:sk -=lc ' through
each aeratIon Lank

Full plclnt peak sewage flow 90m3/hr
Full plclni sludge reciculation = 90m3/h~

Total flow to aeratIon tank = 180m3/hr

FItt.Ings

I) Concreie aerat10n tank (rectangular I (2 If-=)

DeSIgn vol
Actual vol
~~ater depth
WIdth
Length
Freeboard

317 3m3
326 7m3
3 3m
9 Om
11 Om
o 601

11) SlfllCiJr S-\I; aerator (2 off) 1080mrl c_=
83 rom

0,870 s2::~:JO,

11,,'1 =:c
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~l~V) v.jdlkh~\, DeC'!qng, HandraIls (2 off each)
i

v) Wenr outlet bo>-, Screen outlet pIpe 900mrn \'81r
(2 off Bach).

VI) Slud£c removal pIpe WIth valve (2 off)
\

13. SettlIng Tank and AccessorIes

Peak flow Lhrough one tank

Sludge draw off -

ReCIrculatIon based on 50% of total plant reclrculation
for each plant stream

~eclrculation rate per tank

I) Concrete settlement tank (CIrcular) (2 o'-~)

Surflc8 Are~ S A (deslgn)
S A lactual)

Water dep-ch
dIameter
free bo ard

50m2

50 265n 2
2 2m
B Om
o 3m

11) FIxed brIdge scraper meChanlS'1l (2 off) G ~ , ~_'" ;:Jlus
scum sweep

IV) PerIpheral weIr plates/scum baffle w:~n ~_~_=: ~lpe

(2 off each)

V) Sludge draw-off outlet of 150mm dia

VI) Scum removal deVIce WIth dIscharge pIpIng

4. Sludge ReclrculaLlon

80fYlm bore
..

Duty and standby pumps for each settlIng L5~ , ~2qulrlng

50% of lot~l planL reclrcuiation per tan~

FIttln".J

I) S luc;;_ ree 1. r.:;u latl.Jn p~mc s [C 0 S 61~ (-

Type A8S AFP-003
Flo'! rat~ 45m 3/l P Q 5 Om hea::, 2 2k'j rlc::::::r

~""U~S""" Crlr:lfll ...... -::::-- 1/11...1 T.!.'=:l.J :-'2:;L::":::-:::::;r

(2 01,)

_ c

, --
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111) Pump d811very plplng 1.0 dC'ratlon tank lJCr ~ =_.J plus
de11very plplns to slud~e storage tank 10~-- :la

1V) Sludge plplng wlth valve - Settlement tan~ := slud~e

chamber Sludee chamber to pump suctlon

v) Llftlllj'.; dUVli.., C.ildlfl and pully blod,

5. Re- Aerat 10 n

Based on 30 mlnutes retentlon 1n re-aerat1on L~nk at
42% of peak flow = 90 18 75m3

2 x 24

Peak flow
DIssolved oxygen

requlred

90m3/h

2mg/l

Oxygon requlred at peak flow rate 90 y 1::]')0 x 2

.. 06
o 18kg/hr

For short perlod retent10n and ellQWlng a fa~~=~ ~+ 5 I

Then oxygen admIttEd 5 )' 0 18 = 0 90k;g ~2 '-.,

F1t.i. 1n !t s

1) Conclete o~raLlon Ldn~ (recianrulo[) (\ ~

deslgn volume
actual volume
IrJa t e r de p t h
Wl d-L h
length
free board

11) S1mcar SAM aer~tor (1 off)

18 7':>13
18 0c'm3

2 Dell
3 OGM
300m
o 6[11

440mm dlameter
154 rpm
o 227 HD gearbox
1 1 kW motor
max O2 transfer 0 95 kg/rr

111) Dewater support trlpod wlth flow lnduce~

1V) \~,:}lk\;l1aYI Oecklng, HandrcJlIs (1 off eaud

v) Outlet

Chlorlne reactlon tank -
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[11101'1[18 dO.Jlrl,~ tunk shoulJ not !::2 less U'sn 15 ,gil

ChlorIne d038 at pOdk ilow 90 x 1[<JD A I J = 1 35 h.g/hr
10 6

F~ttl.ngs

or
90 x 1000 x 15

60 x 60
375 mg/sec

1) ReactIon tank of concrete constructIon (1 off)

deslgn volume
actual volume
water depth
wIdth
lengt h
freeboard

11) Vacuum pattern chlorInator

ill) CylInder fIttIngs and pIpework

IV) Pump and pIpework

7 Control Panel

18 75m='
18 DOm 3

2 DOm
3 DDm
3 DOm
o 60m

I
r

I

1
I

.J

.,

i
j

1) M.S weaLherproof cubIcle for ~~unLIng s~andarc

Istarter and controls

11) Remote emergency sLop staLIons

8. Spares

1) ElectrIc spares

11) MechanIcal Spares

fl7
r



THE ARAB POTASH COMPAiVY

PROCESS DESCRIPTION

INTRODUCTION

The Arao Potash Comoanv IS lo\-ated at the south ~nd of the ueau Sea 1'1

Jordan at 178km ~outh of the Jordaman capItal of -\mman the compam Jtlhze-,
two ot Jordan's most abundant natural resources solar energy and the mmer1l
nch bnne ot the Dead Sea

C,lmalllte IS .1 mmeral ot the to110\'" mg ",tlemlcal torrnUl;1
\1gCl2 KC16H20 \... hlch eXIsts m the natural state m m1ll\ countnes of tilL

world It rna\ e'Gst more ur less pure mlXed wah SodIUm Chlond~ 'Ind other
n.lTUral salts The e:>sentlal mterest or Clrnalhte reSIde:> m the potassIUm CilIomll
that It \..ontams \\1th a theoretical content at 2683 010 m the OUle product

Chemical content at the Dead Sea onne whIch has a Je'1slt\ of 230 gr "'-..
holds a umque assemblage ot ,>alts It 15 nen m CalCIUm "Yfagnes1Um JotassH.•n'
SodIUm and Bromme wlth :m average ~ahmt\ of 350 grams Jf salt pe. ldognn
of water the estimated total amount ot these salts 15 0\ er -1-3 billion ton Tk
1"\ pIC.ll compOSitIOn by wt IS

SodIUm Chlonde
PotasSIUm Chlonde
Ylagne~lUmChlonue
\1agnesmm BromIde
Calcmm Chlonde
Water

78%
121 %

14 --1-8 %
048 %
375 0/

0

7228 °1

In ~olar e'\ aporatlon s::- stem ('VhlCh ,s the mo~t lmpor~nt) Deac. ~c1 bnrlt.,
IS ')umoed Into 1. ~ene~ Of large Dond~ (1. tot.'ll ot 100 m-) ~nc..losea b" '1l.ln-m~lte

(J\th.e~ The resultmg Pota~n ncn ore ('" hleh preclpttateJ as Carnallite 1 ,n the '­
?onc4s IS then han ested b\ soohlstlcated t10atmg hQf\ esters

When It's deslrcl1 to extr3ct PotasslUrP Ch1ond-;; the C~TT'11IITe

~Ub]t.deJ to 1 ~elcctl\e tll~,>o!utlOn In 1 \\ell detenTIl'1eu quanllC\ or \\:ller In on... t.'
'0 ~~'1l(}\e 'v1.lgn~:>1Um C'llonue by m.lkmg u~e ot he eqUl' onum \'L\..h ';'\.1"

bet'\cen Cafm.lhte Pot1:'~Ium Chlonde and SodIUm Chlof'l.k mil'> --alJrJlCu
::,0[' tlon .1 :>o-",:likl.1uper ltlon or \.lc~ompv~ll1on'
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The del.Ompo'>ltlOn of Carnallite I~ ~m e"{ample of 'nl..ongruent ...b::>o!utlOn
When W.lter IS brought lOto contact \\ nh the ClmallIte the rhombI>: l.[\ ')tab
uI..,~ohe anu oeclUse ot the common Ion effect ~mall l.UDIC POtabSIUIT' Chlondl.
l.f\ stals form m a 'lClnlt) of the ulssoh mg Carnallite

The resultmg ~ohd::, trom the Jel..omposltlon are PotassIUm C'llonue ami
~od1Um Chlonde the mlxture bemg caned S"l\ mIte

T\vo processes are mdustnallj applIed m order to obtam pure Potassmffi
Chlonde from Svlvmlte

1 ) The process at Hot Leacnmg. wIucn emplo\ s the dIfference m
solubIlIty hot and cold of the PotassIUm Chlond.e consists m treatmg the m(,
mmerab (Kel and NaCl) m a hot mother aquor and m coohng It Durmg the first
phase only the PotassIUm Chlonde dlssoh es Junng the second ph1se atter
filtratIOn of the undIssolvel1 NaCl onh the Potass lUrn Chlonde en. stallIze::, trom
the solutIOn It IS ""onsequentl\ e~\ to obtam It ln a ~at1stacto[\ state 01 pULt\
md \\ l£h a granularIty complvmg wuh l.urrent standarClS

2 ) The proces~ ot Flotation 10 \"\ hlCh the ",holce ot 1.ppropnate reagent::,
prompts the artinm at the cf\stals at Potas~lUm ChlOnae '\lth the J r bubble:..,
injected mto a ~u~penSlon of KC1 anl1 ot 01aCl in saturated warer 'hese aIr
buobles selectl\elV entraIn the PotassIUm Chlonde to\\ard~ the sucace at the
ltqUld where It cm then be separated but thIS process can \ leld onh J ?otasslUJ11
ChlOrIde wnh fme granularm beSIdes J supplememaf\ ~tage ot \\ashmg I::.

necessarv to obtam hIgher punt\

Hot leachmg prOl-eSS Wilich IS me mam oroces::. m the Arab Potas l

Compan'\ althOUgll! lelds PotasSIUm Chlonde "\\ Ith standard granulant\ :mll
~atl~t::lctoI) ::,tate ot punty IS not \\Ithout dr~l\\ backs Hot leachmg reqUIre..,
comple"'C InstallatIons allOWIng m particular crvstaIhzJtlon b\ I..001mg l11
cI!stalhzers where the water 1S evaponteo under \acuum besH.1es that tht.
consumptIon ot heat energ\ remams \ en 111gb 3.::' \\ ell 3.:> the .::omUllDtlOn rJ I

'\ ater neces~ary tor coolmg the l~t stages ot cn stalhzatlOn

ThiS 1~ \\h\ the best process cons I::'!:> 10 ennchmg the Camalhte if' pnont\
to remo\e therefrom the maxImum NnCl that it cont~l1ns b, ~lotatlOn ,mu then In

decomposmg thI~ CarnallIte under COnGltlOns \\ 11er e the ::'1Ze ot the grL"s ot KC'
produced l~ :lrtlfi(.lalh enlarged Con5eCluenth 3. produd IS obtalrell whIch
c0mohes \'vlth tIle reqUlreJ stJ.ndards ,-,)nCefT1mg both the conte'l -nd th ...
gT1r1ubnt\



TIm l~ actuall" the ne\\ pro<..ess to produce KCl ill -\rab Potash Compam
e"'<.panSlOn a so-called "Cold Cf1,.~talhzatIonPlant"

The crvstalhzatlOn ot PotassIUm Chlonde proceeds ill t\\0 separate steps
1 e . dIssolutIOn of CarnallIte and crystallIzatIOn ot the PotassIUm Chlonde and I~

therefore dIfficult to control When the CarnallIte cn stals are smalL diSsolutlOn IS
taster than ervstalhzatlOn On the other hand when the Carnalhte en stals are
large dIssolution I~ slower than crvstalhzatlon Thus the decomposltlon of small
CarnallIte crystals usually gives rise to hIgher supersaturatIOn and consequenth
to more nucleatIon and [mer PotasSIUm Chlonde cn stals Because ot both
mechamcal and marketmg reasons Potassmm Chlonde crystals obtarned b~ the
decompo~lt1on ot large slowly dlssol\mg Carnalhte I"IYstals are preferred

SOLAR EVAPORATION ll1ETHOD

The Salt Pomh are (..Qn~}(1ered to be the \.e\ ele'1lent ill the Potash
recoven Dfoce::>s Due to hIgh evaporatlOn rate rno::>t at the SodIUm ChlOrIde IS
deposIted and the water content ot the bnne reducetl brmgmg the denslt\ to 1 290
gr/ce

At the end ot the Salt Ponds the bnne IS transierred. to the Pre-CarnallIte
Pan (PC~) bv graVIty flow TIllS Pond actIng as a control measure faCllltates the
control of the bnne composItIon at the 'Carmlllte Pomt' ThIS IS the
concentratIon at whIch the bnne IS saturated WIth CarnallIte but no CarnallIte has
\ et precIpitated The denSl~ ot the bnne IS further 'ncreased 1t thIS stage reachmg
1 295 to 1 310 gr/cc m PC:?

The last SIX Ponds finahze the e\ aporatlOn urocess b\ the precipnanon of
the CarnaIhte double Salt. through senes flo'\,\ froP1 Pond C-3 to Pond C-2 to
Pond C-1 to Pond C-5 to Pond C-6 and finalh to PJnd C--; 1 refer to fig 1)

Bnne from Pond C-7 \\ luch now contams .ttle ?0t,1ssIUm Chlonde and
has a l1ensm. ot 1 340 '.!I/ce IS then dIScharged m1l' the I100d enannel and tlO\\S- ~ ~

back to the Dead Sea

The preCIpItated Carnalhte In the~e Pone.:> \\ l1lch ~on~illS 8+% pure
Carnallite and 16% SodIUm ChlOnde I~ hanestea b '1 slum. lrom beneath tht
bnne b\ .,IX Hoatmg trackea h.lf\ ester~ 'lnd dell' .;rcd. "0 boo~ter tJumps on the
d~kes "1'1 .1 noatmg lme The CarnallIte slum 15 l1en :Jurrned to the Refinen.
througll steel pIpes



EYlSTING HOT LEACHING REFINER}

The APC's plant IS now operatmg at a productlOn rate equIvalent to 1 .+
MNITPY utllIzmg the hot leach process as descnbed below

The Carnalltte <;luIT) IS recened dewatered and decomnosed WIth '\ater In

two <;tages ot agItated tanks (refer to tig 2) The resultmg sohds trom the
decompOSItion are Potassmm Chlonde Jnd Sodmm Chlonde the mIxture bemg
called Sylvmne The S~l"mlte IS de\\atered and \\asned The resultmg S"lvlDlte
cake IS leached usmg four agItated tanks m a mo ~tage process Heated bOlle
returned trom the crystalhzation proces~ IS used for leachmg PotassIUm Chlonde
from the SylvlDlte. The PotassIUm Chlonde IS dlSsoh ed lea, mg the SodIUm
Chlonde as solIds The hot bnne no\\ saturated \\ Ith PotassIUm Chlonde. 1<;

clanfiea m a thIcKener

The Hot Tlul.kener unuertlo\'. :.lurry contalnlr g SOl1lUm Chlonae crvstab
IS dewatered repulped"\\ Ith waste brme and pumpeu 0 tarlmg

The hot brme from the Hot Tluckener o\ert~o\\ v~hlCh IS ~aturated wail
SOdIUll and Potassmm ChlOrIdes IS cooled successl\ el\ m a ri .. e-srage draft tube
battle .... acuum cI)stalhzer system trOll 93 0 C to .+9 0 C Gpon coolIng P.)tassIUm
Chlonde tKCl) decrease~ ill solublhty and Lf\ ,,>ralhze:. under comrollea
I.Omhtions Potash slun: trOll the last ~tage cn stalhzer IS dIrected to till;; produu
ft)'urocyclones ,,\here partial dewatenng takes place ~'le untierno\\ ot the c}clone
15> :>e'1t to centnfuges tor turrher dewatenng

The caKe trom the centnfuges I:> com e\ed to ill I..Jr!-rlred r::ocurrent rotan
dl"'er to remO\ e the l:1'>t traces of mOlsture entrameo "ItP lDe en stals Product
frOIT' the dryer IS sent to the screep !lg s!stelTl \.hI1e the du,>t IS collected usmg
..:;~ clones and J.Il electro~t~tlC preCIpItator

The product C11~l.hargea b: the df\ er goes to l,l~ ~creemng ~ectlon \\ here ,t

IS :,egregateu mto two product grades stanaarJ lrl1 tine Granular pIOJuct I::>

obtamed b, compactIOn ot fine 'Ind/or standard traction

An anth_akmg agent 15 aodeo ~o all prOot,crs In ~1refulh ;ontrollet1
JffiOunt.'> to mlmmlze the ndrural tendenC\ ot pnt:l~I1 to 1991omerme dUfln£
stor:lge and slllpment Lee t10wmg !Jropertle~ 1[= thus nsured to !1.l.1htat e
h.mdlmg of the~e oroc..tuct<; b" the customer



COLD eRrs[4.LLIZ t [ION PROCESS

The pre::,ent ImentlOn ~mplo~s a prOl..ess ot beneficIJtIOn applied to the
CarnallIte Itself \\ luch gn es It before the decompositIOn phase the reqUlred
pUflt\ to guarantee tor the ?otassIUm Chlonde obtamed b\' the sub~equent

compositIOn a punt\ equal to or greater than 95% at KCf To that end the pun~

reqUIred for the CarnallIte must be no less then 95% wHh a balance ot 5% at the
most ofNaCl

Th~ Imentton consists In engagmg the crude Carnalltte portIOn ...ontammg
the naturan~ presem proportIOn of SodIUm Chlonde m a nroce::,s at punfic3uon
b\ flotatIOn In order to remme therefrom a conSiderable part of the SodIUm
Chlonde that It contams

The purm at the granulometnc tractIOn of Camalhte abo\ e 2:5 or 3
rmlhmeters IS sutfiuenth, high m order not to reqUIre a puniicatlon In the first
stage t IS consequenth suffiCIent to ::,eparate the hIgher granulometnc traction D\

Sle\ mg the cruae C1m,llIrte \\ lth J. me~h ot ~hosen cut to ha\ e a granularm \ hiCh
lenus .tself \\ell 'a the notatwn operatIOn tius granulant\ IS llctenmneG b\ 'he
nature ot the Caf'l1.lhte to De Treated currenth \\ ItlU"1 the .-~n.ge or I) to 3
mlllnneters

The second ~tage ot the process consists III sUbJel..tmg the I.1ntler'ilZe
Clrnalhte thus prel:><treJ to In operation ot flotatIOn b\ u~ms .lll applOpnate
reagent tor the purpose at sepantmg a so-~aned 'fl01tmg" tractIon l"\\ PILh \\ III be
entramed to the :>urtace 0t the reactiOn medIUm thanks to tIle selectn e ..::atl..nmg of
aIr bubbles and \\r'c:1 ..::ontalr~ 'llJ.Jor part ot the SodiUm Chlonae pre::,.;nt) ITom
a second ::,o-L.alleJ ~unKen' tractIOn Whl(.t} remams at the bottom at the real.tIOn
medIUm and "hldl ....ontams the major part 0f the Carnallite -\ bnnerCafTlalhte
ratIo Judlclousi" cno~en as 'l tunctlon of the qualm ot the CarPalltte the
\.<onfiguratlon ot the t10tauon ..::elb and the nature ot the reagent emplo\ ed should
be apphed .n order be~t to promote pm sI.:al operatlon ot the t1otatiOn

In the third ,>tage ~he ,:n erSlze from sen mg beslJes the enn...hed CarnalLte
obtamed tram tlotatIon ,;\ hlLh contams mmlmum amount ot NaCI I::' then
....om e"ed toward~ tl'e Jecomp0'>ltlOn phase \\ hlch rna\ ld\ antag~omn oe _:lrned
out b'l. the process '\ It"I 'lrtdic131 gro\\-1h of the grllll<; (,t XCi pfnduced lnd thus
leJ.d <.lIrecth to ..1 T) Al~Slum -=:;11onde 'Jf .:ommercial qualtf'., satbtadCf\ m
.... ,"nrent 1.ne r ;qn Ullf1t\



Decomposltlon and Cn staIlLzatlon are takmg place 1ll crvsta,l zers under
ambIent pressure and temperature CI"\stalhzers product IS then tr:msLerred [0 the
mo stage leachmg process III which water IS added to remO\ e partlalh the lVlgC12
and NaCl The Potash product IS then dewatered bv product thIckener product
centnfuges and tinallv dned In the cocurrent rotan dn- er Potash prol1uct IS then
cooled III the counter current rotary cooler The product IS then screened to fme
and standard products

A pilot plant was desIgned by Wellman-England and MDPA-France and
constructed by APC In 1989 at the site to detennme the parameters necessary for
the desIgn of a commercIal plant The pIlot plant was operated for mo ~ears

Dunng this tl1TIe a sUItable method was developed to upgrade the Carnalhte teed
to acceptable CarnallIte punty and a drati tube cI} stalhzer was deSigned to
decompose CarnallIte \\ lth water and form KCI cIjstals of sUItable grade and SIZe
vefer to fig 3) The commercial plant \\as then deSigned and constructed based
on the knowledge gamed trom the pilot plant operatIOn
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1.0 INTRODUCTION

This document presents the matenals collected as background information for a pollution
prevention, waste mlnlmlzatlon, and water conservation audit of the Jordan potash
Industry

11 BACKGROUND

Development Alternatives, Inc (DAI) under a contract with the Umted States Agency for
International Development (USAID) IS performing an Industnal Wastewater Discharge
Prevention Program In Amman, Jordan This Program IS one of the four components of
the Water Quality Improvement and Conservatlon proJect, funded by the USAID The
Program IS being performed by DAI with full coordination between the MinIStry of Water
and Imgatlon and the Amman Chamber of Industry This Program Includes conducting
the PPMfM audits, feaSibility studies, and deslgnmg for demonstration actiVIties at
selected industrial facIlities

PPNIIM techmques are defined as any techmques to prevent or reduce waste generation
by source reduction or recycling actiVities These activities must reduce either the
volumes or the concentrations of pollutants generated pnor to treatment storage, or
disposal of the waste

Based on a ranking methodology, the PPIWM Committee has selected ten mdustnes with
potential needs for PPIWM audits One of these Industnes IS the "potaSh Industry·
Harza Consultmg Engineers and SCientists (Harza), ChlcagolUSA, has been retained by
DAI to lead the PPJWM audit for thiS Industry

The purpose of these audits IS to assist the Industnes In the Amman-zarqa BaSin to
assess pollution problems and the alternative solutions to achieve desired levels of
pollution prevention, water conservation, and wastewater treatment under the follOWing
subtasks

o Subtask 1 1 - Audit Coordination,
o Subtask 1 2 - PPIWM Background Matenals Preparation,
o Subtask 1 3 - Pre-Investigation Meeting,
o Subtask 1 4 - Audit,
o Subtask 1 5 - Post-Inspection Meeting, and
o Subtask 1 6 - Audit Evaluation Report

1 2 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 techmques and clean technologies being practiced for PPIWM for the Industry
under Subtask 1 2 The objective of thiS document IS to present the results of thiS review



with a focus on the techmques and technologies bemg practiced for PPIWM for the
potash Industry

The literature review Included the following sources published literature, personal
contacts wrth the United States (U S) Environmental Protection Agency (EPA), and
conversations with personnel Within the Unrted States potash Industry The literature
consisted of PPIWM related articles, Journal articles, conference proceedmgs, 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 bnne Section 4 0 descnbes areas
for potential Improvement In regards to pollution prevention, waste minimization, and
water conservation Finally, section 50 lists the main references consulted dunng the
Irterature copies of the appropnate sections of these references are prOVided under a
separate cover

2



2.0 INDUSTRIAL OVERVIEW

Potash IS a valuable component In the agnculture Industry It IS the product of vanous
chemical and Industnal processes that gamer It from very concentrated bnne solutions
Potash IS produced In three chemical forms munate of potash (KCI). sulfate of potash­
magnesia (~SO~ x 2 MgSO~), and sulfate of potash (~SO.) Its use In crop fertilization
has made the agnculture Industry much more productIve and effiCient It has also aIded
In the advancement of the chemical Industry

The potash minerai Industry converts naturally occumng minerals Into forms SUitable for
use In chemIcal and fertilizer production The conversion of naturally occumng minerals
Into fertIlizers Involves both surface and underground mining and many benefiCiation
steps Wastes or by-products are generated by mining, processing, and transfer
acbvrtles, as dIScussed later In thiS document

2 1 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 matenal

Potash (as KCI) yielding ore IS generally classified Into one of two categones sylvmrte
or carnallite These classifications are based upon the chemical composmon of the ore,
which IS largely a function of the ore's geographiC ongln Processes used to convert
these ores Into potash are descnbed below, along with the processes used to convert
bnne to potash

Potash (as K.zSO. x 2 MgSO. or K.zSO.) IS produced through the mining of an ore known
as langbelnlte Langbelnlte 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 Sylvlnlte Processang

Sylvanite IS a mIXtUre. In val)'lng proportions, of potassium chlonde and sodium chlonde
crystals It IS the easiest ore to process GeographiC sources of sylvmrte Include
Saskatchewan, Canada and New MeXICO, United States Several processes are used to
separate potash from the are

Hot Leaching. ThIS process takes advantage of the dIfferent solubilities of
potassium chlonde as compared to sodium chlonde at varying temperatures
Potassium chlonde IS more soluble In hot water than In cold, sodium chlonde's
solubility vanes only slightly within the temperature range of 20'C to 10aoC, and
In solutions saturated with respect to both potassium chlonde and sodium chlonde

3



Its solubility further decreases at the higher temperatures

The ore IS first crushed and then mixed with recycled bnne heated almost to bOIling
In sufficient quantities to dissolve the potassium chlonde ThiS bnne IS nearly
saturated with sodium chlonde and potassium chlonde After saturation With
potassium chlonde. the bnne IS cooled by vacuum evaporation resulting In
potassium chlonde crystallization Bnne saturated with sodium chlonde IS either
recycled or sUbjected to evaporation to crystallize the salt

Flotation Processing Most of the potash of Canada and the United States IS

recovered from the ore by flotation methods The essentials of thIS process are
to treat the ore wrth a hydrophobic matenal which will selectively coat one of the
constituents (typically the potassium chlonde) of the ore Pressunzed air 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 smk Some
plants have been bUilt In which the sodium chlonde IS floated away from the
potassium chlonde, but generally the reverse IS the more deSirable process On
a large scale and particularly with high-analysIs ores. the flotation process IS much
cheaper than one involVing dissolution and crystallization

Other Methods Several other methods for separatmg potassIUm chlonde 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 vanatlons of the aforementioned "baSIC" methods are employed. Including
combinations of methods rt IS common to combine flotation with leaching

2.1.2 Carnallite Processing

Most potash ores that are mined contain varying quantities of carnallite Carnallite
appears as a minor Impunty In North Amencan sylvlnrte ores, while It IS a major potash­
beanng are In some European countnes, and rt IS produced by crystallization In solar
evaporation of some natural bnnes Camallrte IS a definite minerai, KCI x MgCI2 x 6H20
The carnallite can be decomposed by uSing a regulated amount of water to dissolve the
magnesium chlonde without dlssolvmg the potassium chlonde SodIum chlonde IS also
left undissolved In most cases, so a sylvlnrte separation process must follow

To handle f1uctuattons In are quality, the magnesium chlonde leach step IS normally a
multistage, countercurrent operatIon To minimIZe potassium chlonde losses, a bleed
stream from the sylvlnlte separation process IS used for leaching Instead of fresh water

4
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2 1 3 Potash Recovery from Bnnes

In addition to bemg processed from ore, potash can be converted from certain naturally­
occumng bnnes Processmg 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 an Jordan (also the Dead
Sea) Processes used In the United States are deSCribed briefly below, and the process
used by Jordan IS covered an detail In section 3 0 of thiS report

Bonneville and the Great Salt Lake At these two locations, the bnne (which IS

contamed In the soli structure) IS collected In dramage ditches or pumped from
relatively porous strata and solar-evaporated an three groups of ponds In the first
sodium chlonde IS precipitated, In the second sylvanite, and In the third, among
other things, carnallite The third preCipitate, after removal of the reSidual bnne
IS water washed In place and the resulting solution, contalmng conSiderable
potassium chlonde, IS recycled to one of the first two groups of ponds The
sylvmlte from the second step IS harvested and the potassium chlonde IS separated
by flotabon

Searles Lake ThiS operation was the pioneering production of potash m the
United States The bnne IS withdrawn from a large crystal mass formmg a "dry"
lake In the California desert and potassium chlonde and i)S04 are produced along
With a number of other chemicals, mcludmg boron, sodium, bromine, and lithium
Unfortunately, the process IS extremely sophisticated and cannot be adequately
descnbed In thiS report Simply stated, the process Involves the concentration of
potassium chlonde and borax In hot bnne and the Simultaneous separation of salts
and other compounds

2.2 WASTES, EMISSIONS AND DISCHARGES

In the United States, potash production typically results an reSidual clays (If the source
was ore) and salts (most prevalently sodium chlonde) While It IS unclear what the final
dISposition of these wastes IS If there IS 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 IS washed back Into the lake If no other use eXists

The potash manufactunng processes typICally emit particulate Into the atmosphere dunng
drytng, screening, and bagging operations Some data reported for the Umted States
potash manufactunng facilities Indicates particulate or dust emiSSions can vary from 0 4
grams per kilogram (glkg) of potash produced to 1 8 glkg 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

5
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In most potash production operations, very little water discharge eXists the residual bnne
IS discharged to tadlng ponds where It IS evaporated and the solids settled In some
cases, underground Injection wells are also used to dispose of unwanted brine
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The Arab Potash Company (APC) commenced production of potash In 1982 at a location
187 kilometers south of Amman In Ghor AI Safi on the shores of the Dead Sea The
earty production of potash (as KCI) at this refinery was approximately 1 2 mllhon 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 crystalllzatton process

3.1 POTASH CONVERSION PROCESS

The unit operations for potash production that Jordan uses are pnmanlyevaporatlon and
crystallization SpeCIfic details of the processes and unit operations are discussed below
A "Generalized Process SchematiC" IS presented m Figure 1

Solar Evaporation

The salts In the Dead Sea are garnered by the use of evaporation Incorporating
the sun's energy dunng the summertime An evaporation area of 100 square
kilometers IS surrounded by 85 kilometers of earth dikes

At the bnne Intake pumping station located on the Llsan Pemnsula, four Intake
pumps (total capacrty of 16 m3/second) deliver approximately 200 million tons of
bnne per year to a gravity flow bnne canal through a 1 kilometer pipeline The
bnne flows 10 kilometers through the canal and eventually reaches the solar
evaporation pan, whlctus the largest pan In the system

Deposition.

The solar evaporation pan, conSidered to be the most slgmficant part of the
process, IS desIgned to perform the Imtlal concentratIon of Dead Sea bnne (density
of 1 235 gr/cc) SInce the solar evaporation pan has such a hIgh evaporation rate,
most ofthe sodIum chlonde IS rendered Insoluble and IS preCipitated, redUCing the
water eontem of the bnne and bnnglng the density to 1 298 grJcc

After evaporation m the solar evaporation pan, the bnne IS moved to the pre­
carnallite pan by gravity flow The pre-camalhte pan, In acting as a control
measure, maIntainS the bnne composition at the carnallite pOint ThIS IS the pomt
at whIch the ore IS nch In potassIum chlonde The bnne density IS further
Increased to 1 303 gr/cc

The last SIX pans complete the evaporation process by preclpltatmg the carnallite
The bnne left after evaporation In the last pan IS discharged mto the flood channel

7



f
.l

j

1
1
I
J

,

I

' ..

and flows back to the Dead Sea

Carnallite Harvesbng

The preclprtated carnallrte left over from the "Deposrtlon" subprocess contains 84%
camallrte and 16% sodium chlonde The carnallite bed IS harvested from beneath
the bnne by four floating harvesters which are propelled by a four-track system
For the greatest carnallite recovery, the harvesters are provided with high
technology control eqUipment which allows for precise movement

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

Refinery Processes

The refinery processes consist of carnallite processing to separate out magnesium
chlonde and sylvlnlte processing to separate out sodium chlonde, followed by
crystallization, dewatenng, and drymg of the final potassium chlonde prodUct

Carnallite Processmg

As stated previously, carnallite IS a definite minerai (KCI x MgCI2 X 6H2Q
It can be broken down by usmg water to dissolve the magnesium chlonde
without dissolving much of the potassium chlonde The carnallite IS

receIVed and IS dewatered and decomposed with water In two stages of
agitated tanks After decomposition, sylvlnlte IS precipitated and waste
bnne, containing magnesium chlonde, IS discharged from the process The
sylvmlte IS dewatered and washed. and the resulting cake IS taken to the
next stage

Sylvmite Processing

The sylvlnlte cake IS leached uSing four agitated tanks In a two-stage
process The leaching process takes advantage ofthe solubility differential
of potassium chlonde as opposed to that of sodium chlonde descnbed
prevIously In thiS report

Heated bnne IS used to extract the potassium chlonde from the sylvlnlte
cake The potassium chlonde IS dissolved, leaVing sodium chlonde solids
Saturated WIth potassium chlonde. the hot bnne IS clanfied In a thickener
The thickener overflow IS pumped to the crystalhzabon process and the
underflow bnne, contamlng sodium chlonde crystals, IS dewatered, repulped

8
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with waste bnne, and tranc;ported back to the Dead Sea

Crystallization

The hot bnne from the thickener overflow, containing pnmanly potassium chlonde,
IS cooled In a five-stage vacuum crystallizer system from 9~C to 49°C When
cooled. potassium chlonde loses ItS solubility and thus crystallizes The brine IS
recycled back to the sylvlnlte extraction operation

Product Dewatermg and Drying

The potash slurry from the crystallizer IS taken to the product hydro-cyclones where
partial dewatenng occurs The underflow of the cyclones IS transported to
centnfuges for further dewatermg

The caked potash from the centnfuges IS moved to an all-fired concurrent rotary
dryer to remove any mOIsture left In the product The product of the dryer IS taken
to the screening system Dust IS gathered uSing dry cyclones and an electrostatic
precipitator

Screemng and Compaction

The product from the dryer IS separated Into four grades granular, coarse,
standard, and fine The product IS first screened to separate the coarse, standard
and fine grades

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

An antl-Cakmg agent IS Introduced mto all products In 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 IS moved to shipping bins where It IS 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 obtained from two sources deep wells and
surface water The average water consumption has been reported to be 7 88 million m3

9
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In 1992 at the APe Water IS pnmanly consumed for the followIng 'Jperatlons

To pump salty water from the Dead Sea to the solar evaporation ponds (8­
10 m3/hr),

To harvest carnallite from pans and to pump It to the refinery (100 m3/hr)

• To decompose carnallite (flow rate unknown),

To wash sylvlnrte (flow rate unknown), and

• For domestIc purposes (35 m3/hr)

3 3 WASTEWATER DISCHARGES

It IS documented that overflow from the final carnallite pan IS discharged mto a flood
channel which flows back to the Dead Sea Several other bnne discharge streams are
anticipated to eXIst. but theIr final dispOSItion IS unclear These streams Include, but are
not limited to

Overflow from the carnallite slurry dewatenng process,
• Wastewater from the carnallite decomposition process,
• Wastewater from sylvtnrte washing, leaching and thickening operations, and

Domestic uses

3 4 WASTES AND BY-PRODUCTS

The Unit operations used In potash manufactunng from Dead Sea bnne are (see FIgure
1)

• Transportabon
• Evaporatton
• Preclpltatton (Crystallization and Clanficatlon)
• Ftltrabon (Centnfugabon)
• Drymg

Packaging

The major wastes or by-products generated through these operations are bnnes
contalnmg salts of magnesIum and sodIum These bnnes, If used for manufactunng any
other marketable commodrtJes, can be conSidered as by-products If they are wasted m
tailings ponds or otherwise discharged, they could be conSidered wastes because they
have no further commercial use and must be disposed

10



If the bnnps are discharged In the ponds for complete evaporation. there will not be any
effluent discharges but the dned salts will stili be considered as solid waste and will
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 remtroduced mto the process or sold as a
commercial product

11
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4 0 AREAS FOR POTENTIAL IMPROVEMENT

Beyond assembling background Information regarding potash conversion processes used
worldwide, the pnmary purpose of this document IS to present Information gathered from
the literature search regarding the latest advances In pollution prevention, waste
minimization, and water use conservation

Unfortunately, potash processing IS an extremely mature Industry In the United States few
recent literature sources regarding "state-of-the-art" technologies were discovered
Attempts to contact environmental engmeers and processengineers were made by Harza,
but these attempts usually yielded little mformatlon 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 IS applicable only In the broadest of terms

Harza has spent a Significant amount of time studying the Jordanran potash conversion
processes, however, and has developed the follOWing areas for potential Improvement
based on that study and the Information obtained dunng the literature review These
areas for Improvement are broken mto the three categones of pnmary concern pollution
prevention, waste minimization, and water conservation In cases where an Improvement
potential may fall Into more than one category. It was listed 10 the category where It would
have the greatest Impact

The areas for Improvement listed below are only suggestions Dunng the field
investigation portion of the Industnal audit, the Harza representative Will deterrmne the
applicability of the suggestions to the Industry and the net benefit as well as Identifying
additional areas for potential Improvement

4 1 POLLUTION PREVENTION

Pollution prevention can be defined as reducmg the concentration of potentially hamlful
compounds 10 the alf. water. and solid waste discharges from a faCility For the Jordaman
potash Industry. however. no true pollution prevention opportunities have been Identtfied
From an air emiSSions standpomt. pollution control eqUipment IS In place The bnnes
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 bnnes
are not SUbjected to evaporation pnor to discharge, little solid waste IS generated

With thiS information In mind, Harza focused on potential areas for Improvement regarding
waste mlmmlzatlon and water conservation

12



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 IS understood that a substantial problem faCing
the APe IS the slgmficant water demand required to flush salt blockages from the bnne
transport piPing While rt IS unknown exactly where In the process thiS causes the
greatest Impact, It IS expected that the one-kilometer line from the Dead Sea to the bnne
canaliS the biggest problem The first set of potential water conservation opportumttes
presented below are aimed at addreSSing thiS specific Issue

Increase Bnne VelOCity Although a Simplistic solution, thiS suggestion provides
two fronts to adoress the Issue To begin with, an Increased velOCity reduces the
time necessary to transport the bnne from the Dead Sea to the bnne channel If
the salt IS crystallizing due to temperature loss, thIS shortened time may get the
bnne to the channel pnor to the salts precipitating out Additionally, the Increased
velOCity could create a "scounng" effect In the hne and aid In removing any salt
bUild-ups which may form

The mcreased velOCity could be realized by decreaSing the hne diameter or
increasing the pumpmg head Harza would suggest increasing the pumpmg 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 IS occumng due to a temperature drop dunng bnne transport 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 Jackef' for the hne, which
would circulate a warm heat-transfer flUid around the pipe to maintain Its
temperature or actually heating the bnne pnor to Its Introduction Into the hne A
surge tank could be used at the begmmng of the hne to accomphsh the latter
suggestion, with heat being proVided from an ad-burner or, potentially, solar
energy Depending on Its SIZe, a surge tank could also proVide a substantial heat
Sink to minimIZe temperature fluctuations that may occurthroughout the day or due
to seasonal vanatlons The "heating Jackef' solution IS conceptually shown m
Figure 2(A)

PassIVe suggestions are mainly focused on keeping the hne and Its contents warm
they Include Insulating the hne or simply painting the hne black to maXImize Its
solar absorption capacity Another option could be burying the pipeline to aid In

retaining Its heat content

14
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The more capital-intensive sl'ggestlons provIded above do not necessanly need
to be Implemented for the entire line If the APe can define a pOint after which salt
deposrtlon typically has been observed, these solutions could be Implemented
startmg from this pomt or slightly upstream

Improve Line Flushing Efficiency In the United States, a wide variety 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 ehmmate salt deposits pnor to theIr becoming an
actual blockage This solution IS conceptually shown In Figure 2(8)

Purge the Transport Lane It IS unknown If bnne IS constantly pumped through
the transport hne or If rt IS only pumped dunng certain portions of the day If the
pumping IS not constant, It may be benefiCIal to nnse the hne With fresh water and
drain It rather than letting the bnne remain If the bnne remains static In the hne for
a slgmficant penod of tIme, It could cool to the pOint of precipitating solids whIch
may start deposrts

In prepanng thIS document, Harza bnefly discussed the POSSibility of explOring chemical
additives to the bnne which would Inhibit crystal formation ThiS Idea was qUickly
dismissed, however the additive's Impact on the final product's punty could not be
predicted

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

Magnesium ChlondeReclamation The reclamation of magnesIum chlonde uSing
mechamcal evaporators and condensors, as descnbed above, could prOVide a
clear water stream for use as process or bnne dilution water

AVOid Sodium Chloride Repulpang. It IS unclear Why the underflow from the
thickener assoCIated with the sylvlmte processing step IS dewatered and
subsequently repulped Dunng the filed inVestigation, the Harza representative wlIl
determine If water use at thiS step can be minimized by recychng reSidual bnne
directly mto the first solar pan

Water Recycling It IS known that some bnne and process water recycling IS

performed at the APe Dunng the field Investigation the Harza representatIVe Will
search for other potential recycle opportunities BeSides redUCing water use, these
recycling opportunities Will minimIZe the amount ofwastewater discharged from the
facility

15
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-\PPLICABLC REGLLA rORY CRITERIA

Current Status of EnvIronmental Regulations 10 Jordan

In order to assess the Arab Potash Company (APC) complIance with applIcable
Jordaman standards and regulatIOns, It IS of Importance at thl~ ~tage to present an
overview of Jordan's envlfonmental protection control IJWS stJndards and
regulatIons Interestmgly, Jordan has no comprehenslVe law to control water, au,
and soil pollutIon However, a Jordaman EnvIronment Act (lEA) was drafted two
years ago to achIeve the pnnclple ObjectIves mentioned 10 the NatIonal
EnvIronment Strategy (NES) for Jordan lEA IS currently awaItmg approval from
the ParlIament

In general, the nature of water pollunon standards and regulatlom In Jordan vary
dccordmg to sources Industnal wastewater dIscharges are regul,Hed by the
Jordaman stdndard speCIfICatiOn number 202 (Table E-l) adopted In 1981 by the
Department of Standards dnd SpeCIfICatiOnS (DSS) and reYI~ed In 1990 Standard
202 re£!.ulates mdustnal wastewdter dI~charge~ to nYer~ W<tdl'> !!.roundw.uer the
"ed an~d reme tor IrngdtIOn Thl~ ::,tdnddrd coYer~ 37 pollutdnr pdrdme[er~ dnd
~et5 maXImum .lllowable concentrdtIOn lImns ot pollutdnb In the dl::,chdrged
mdustnal wastewater effluents Moreover, the standard abo contdm::, narrative
condItIons to protect publIc hedlth, aquatIc lIfe, worker health, and groundwater
qualIty The standard IS not assocIated WIth a permlttmg mecham~m and therefore
I~ self-Implementmg

Dnnkmg water quahty IS regulated by the Jordaman standard number 286
Tables E-2a - E-1e present quanmanve reqUIrements of pertment chJ.rdctensncs
mcludmg phySIcal, chemIcal, radIation, and health related Issues Wnh regards to
regulauons related to the qualIty of treated domestic wastewater to be reused 10
ImgatIon, Jordan has neIther standards nor gUIdelInes However, It IS d common
practIce to use the Food and Agnculture OrgamzatIon (FAa) dnd World Health
Orgamzatlon (WHO) GUIdelmes as a reference Tables E-3 through E-5 are
related to the qualIty of treated domestIc wastewater effluents to be reused In
Imganng agncultural crops The remammg tables E-6 - E-12 present the tolerance
and senSItIVIty of crops to sahmty and other specIfic IOns lIke SodIUm, Boron and
Chlonde These are adapted from the FAa GUldehnes (1985) Treated domestIC
wastewater IS regulated by the Jordaman Standard 893 (Table E-13) adopted 10
1994 by DSS Regardmg aIr pollullon, Jordan does not have any ex.Istmg
standards or regulatIons to control au pollutIOn

RegulatIons ApplIcable to the APC DIscharges

Dunng the course of conductmg an envlIonmental pollutIOn preventIon/ waste
mInImIzatIOn audit of the APe, the audIt team IdentifIed three contInually
dIscharged effluents Two of these dIscharges are 10dustrIal wa~tewater ettluent';
dIsposed In the Dead Sea dnd the Truce Lme Flood Channel

E I



The~e ett1uent~ correspond to wastewaters produced from the Intake pumps
packmgs and lIne tlushmg and wdstewater generated through tacility drams,
washmgs, and overflows

The thIrd wastewater dIscharge, however, ongmates from the Potash TownshIp
wastewater treatment plant effluent ThIS effluent IS dIscharged Into an unnamed
neIghbonng wadI The TownshIp admInIstratIon has no momtonng program
Instituted and therefore no analyses were performed on the etfluent Since start­
up The sludge produced In the treatment faCIlIty IS bemg hauled and buned In

the hsan area near The Dead Sea Sludge generated dUrIng the course ot
mumclpal or mdustrIal wastewater treatment has no detaIled standards regulatIng
ItS dIsposal

Pertment Jordaman standards regulatmg dISpOSltlOn Into the Flood Channel and
the Dead Sea are governed by the Jordaman standard 202 dIscussed before
However, It IS worth nonng that the most relevant parameter In thIS case
(diSpOSltlOn mto the Sea) IS the total dIssolved solIds (TDS) TDS IS not defmed by
the Jordaman standard 202 SImIlarly regulatIOns to control and prevent IllIcIt
disposal to storm :-ewer:-, underground inJectIOn, or mmne dumpIng do not eXIst

It IS hIghly recommended that APC InstItute~ a momtonng program In order to
te~t for the quaiIty ot theIr w,\stewater effluents ThIS actIon, It adopted, WIll
enable APC to be prepared when the new JEA WIll be passed

E 2



Ilble t I

\laXlmum Allowable Limit, (mg/l)+
Param~ter Disposal To

Wadl~ &. Rivers Sea Groundwater Recharge Reu~e tor Irngahon**
8005 )OM 50M
COD I)OM ~OO 150M
DO 1* 5* 1* 1*
TDS 3000(1) 1500 (1) 2000 (2)
TSS 50 100 (3)
pH (so) 6590 5590 65-90 6584
Color (umt) 15 75 15
TC - 4 -
FOG 5 10 Absent 5
Phenol 0002 1 0002 0002
MBAS 25 15
N03-N 12 (-1-) 12 (4) 30
NH3 5 12 5 5
T-N 1'25 50
P04-P IS
CI 500 500 350 (3)
~04 500 500 400
F 15 15
HC03

500
Na - -1-00
Mg -
Ca
SAR l)
Al ) 0, 5
-\5 () 05 o I () 05 01
H I I I (5)
Cr 01 03 005 01
Co :2 o1 2 02
Fe I '2 1 5
Mn 02 02 02 02
Nt 02 002 01 02
Pb 01 01 01 1
Se 002 002 005 002
Cd 001 007 002 001
Zn 15 15 2
CN 01 1 01 01
Hg 0001 0001 0001 O(XH
TCe MPN/lOOml 5000 -
TFCC MPN/I00ml 1000(6) 1000 (6) 1000 (6)
Nematodes < 1 - - < 1

(+) All unus are m rngll except where nOled
(*) Mmunum value.

(**) Depends upon type and quantity of crops ungatlon methods SOll type clImate & groundwaler In the area concerned
() Undetemuned
(M) Monthly average

'cotes

{I) TDS allowable hl1'lt IS subject Lo the TDS LOnCenlraLIon In thL Wdler supply and lhe waler baSin dffecLd
(2) Allowable hmns of wastewater reu,e deLermme the degree of rL'lnctlon (none ,lIghLLo moderale or'Lvere)
13) Method of Irngallon IS t.IelermmuJ In w l>LLWdLLr '1udlIt\ bClflb u,ed
14) Nitrate COIlCCnlral,ons allowed drL uLlcrmlllLd by Its conCLnlral",", 1I1 lhL dffeclLd wdlLr hdSIll
(5) Could reach 3 ffil,/1

16) G"",melf\(. mean



Table £-2a
Jordaman Drmkmg Water Standards

A Phvslcal characterstlcs

Parameter PermIssible LImIt Max allO\\<able cone In case

no better source IS aVailable

Taste J.e<;thencallV acceptable -

Odor .le<,thencdllv J.ccept.lble

Color 10 umt<, 1" unit,>

TurbIdity 1 UnIt (leU) .::; unit,>

pH 65< pH < 9

Temperature X - 2) L



Table E-2b

Jordaman Drmkmg Water Standards

B Chemical Charectersttcs

Parameter Max Allowable Conc
mg/I

Pb oOS
Se 001
As oas
Cr oOS
CN o1
Cd 0005
Hg 0001
Sb 001
Ag 001
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Table E-2c
Jordaman Drmkmg Water Standar(ls

C Health related

I

t

l
l
l
I
I
I
I

Max allowable conc m case Effects wlthm max
Parameter PermiSSible LimIt no better source IS aVlalable allowable limIts

mg/I
TDS 500 1500 desthellc
TH( CaC03) 100 500 desthetIc
ABS 05 1 Indicator
Al 02 03 desthetlc

Fe 03 1 desthetlc
Mn 01 02 de~thetlC

Cu I 15 <lesthetlC
Zn 5 15 <le~thetlc

Na ::!OO 400 le,thetK
Nl 005 o 1 he<llth
Cl 200 500 desthetIc

F 1 1 5 hedlth
S04 200 500 desthetlc
N03 45 70 health



Table E-2d

Jordanian Drmkmg Water Standards
D RadiatIOn

Parameter Maximum limit
Bq/I

Alpha-emmeT" (e\.cept tor R ldon) o1

Bet.t-emmer" 1



Table E·2e

Jordaman Drmkmg Water Standards
E Orgamc pollutants*

Parameter Max Permissible Cone
mgtl

A) Chlonnted

Hydrocarbon'>
Endnn o0002

Llnd,me o004

Methoxy<..hlor o I

Toxdphene o{)()"i

B) Chloropheno'\ \ '>

2,4-D () 1

2,4,5-TP () 01

(Tn<..hlorophenoxv propIOnIc aCId)

* Othcr orgJnlt. polluwnLS 'ihould not CXlCCc!lhc mdX Illowdblc.

limn ~Cl by WHO



I .hk I ,

{ Uldchnc~ for tnlerprLl.dllnn, of "dter qUdht\ fur Irrlt.,dtllln tIl

Degree of reslncuon on usc

BEST AVAILABLE COpy

POlalUllllmgauOQ pnmlcms.

So1wly (&ffcas =p wau:r
aVIlllmllly) (2)
EC.(..)
TDS

UOlU

dS/ln

ml:ll

,"one

<07
<450

5 Ignt 10

moderate

07 30
450 2000

> 30
> ::000

InfiIrntsCl1 (affects WiltntJOn
rate of watt;r 111\0 the lOlL

Evalmue lWn& (Ee. and SAR "'per) (3)

SAR ;0-3 .,.. ECw > l) 7
= J-{, > 1_
=~12 > 19
=1220 >29
=~ >SO

Speaf"1C lOG lQXlCUY (affecu
Sa1IIlIve crops)
Sod..... (Na) (4)

Surface UTtBIlJlll:l SAR
SpnlIklcr ImSaIlOll mell

01l.ndc (C1)(d)
Surface vnr.-- mell
Spnnklcr unsaullI1 mell

BanJO(0)(5) ml:ll
Tt2C< elementsC."" table Ed)

\1lScellillCOUS c.f!'cc:s
(atfeas suse<p<>b1e""'P'J

"!rogen ("I,Ol-'1 (6)
IJIl:zbcnau:(IlC03
Overhead sP'"UU- mg amv)

pH
meJ]

<3
<3

<4
< 3
<: ()7

, \ -

0- 02 <02

03 <OJ
19 OS <OS
29 \ 3 < I 3
SO 29 <l9

3 9 >9
>3

4 \0 > 10
> 3
117 30 > lU

30 >lO

:s ~ =- l' )

" mn.d r.Ulbc.. () 5 '-: ..1

-- - ---------- -------

{l) Ad1pled from LOJVc:r111Y oICahIomsa Commlnee of Consultants 1974

(2) ECw means eJc:cuu::a1 cnuduC11Ylty iI measure Dflhc WillCT sZllmnv reponed m dCCISIc:mens oc:::r metre at 2501 CdS'...,) or In unl1s mllllmhos per t.enumeter(mmhoicm) Bol.h
are eqUl aJm!. TDS: means. total dtSsol\led ~ohds rep:uted U1 mtlhgranu per liter (mglL)

(3) SAR mcms sodium adsorpUonrauo SAR 1S some.tunC-$ reported by the symbol RNa At a gIven SAR mfiltrauon rate mcrease as
water sahl1lty mcreascs Enhwe the potential tnfiltratlOn problem by SAR as rnodUied b'V ECw

(4.) For surface ungauon. mostEree c::raps and woody plants are sensltlve [0 sndlum and chlonrle J.Se me values shown '10$1 mnuJlI croJl$ are not sensitive Wllh overhead spnnk.Jcr
UTtganon:and low humubly(<3J: percent) SOdlUJn 2nd chlonde rna....
be aboorbed 1hn>u!/llhc IeavCl or'CllSlllve crops

(5) For bono IOlcnIlca ICC Tobles 16and 17
(6) NQ3.N mems Ilmuemrropn rcport«I m term. of elemenal nitrogen ('lH4-N and Organic N thould be meluded when wastew.ter 1$ bemg tested)

'sspmptIQD'5 ID [be GUldehoes

n:.: waD qvahly guUSchDICI m Table 1 iIrC mt.c.ndcd to cover me wulc RIlgc of ccndlUODS CIlcoun1a1:d In lmg.ated .gnculturc Sc'Vaal baS1C 3Ssumpuom havc been wed to define thor
t2Dte ofusablhty Iftbewater .. used uDder greatly c,[fcent condItiOns the gUldehnes may need to be adjusted Wide deYeallons from the assumpuons might res\lh In wroogJudganc:n:s
on Ihc asab1hty of a parucular W&lCt'supply especJaUy If 11 IS a borderhne case Where sufficu:nt cxpc.netlte field tn.ls rescarc:h or observations il.re a aliablc the guu1eLma may be
mod.fied lD iiI local axsdsUOIIS more <I..ely

VleId Potqltml Fun prodve:bOD capabtlny of aU crops WU,hoUl the usc. of Special practices is uSllDled when lhc &Uldebncs mdlQte n() rcSlnClJDns on use A -restnCUon on use
mdJaltellhallhe:re many be. hmltatlO1llD chOlCe of Q"'OP or 'pee131 management may be needed to malntam full production apabllity A rc.slnCl1on on usc does n2l1Dchcate 'that the
waIa" IS 1DlSUJIablc. for me.

S,teCppd,tlOPI Soil tcmue'lmlClfram andy laam 10 day loam "Nuh good Ullc:mal dnlllagc. 'f'hc.dunatc Jlleml~ 10 and and ramfall u low RamraJl docs not play a ..gmfica:Dl
rule ... DlI:CII:D.J; c:mp...-a-danand orJadlm& requlmDCIlL (In • monsooD clanate or areas where ~talton IS ht&b for part or.U of the year the &\IldeJme restncbODl are too JeVe:re.

UDda the hIgher ramfal! IllUl1lCOS mfihnted water from AlIlfalllS eCfec:l1vc In mCClmg all or pan of r.be leachmg req,uu-emenL) Dramagc IS dSSwnec:l to be good Wlth no unconwUcd
.baJ1ow _table prCICIll Wllbm 2m_af the surface.

;\felhodS !lid Twml oelmotlons NomW surface or s?1J1kIer ungauon methods are used Water s applied anfrequently u needed and the crop utlhze:5 a considerable pol110n of lhc

available :liaRd 50d waIa(SO pcn:entU'mon:) bctot'C the DCAt unga1.l0n At lean 15 pacem cfthc apphc:d watel" percolala below 1hc mol zone (le:achmg fraClIOn [LF] ~ 1:5 percent) 1M:
guldelmes are too restne1JYe for speaahzed uTlgl.UOll melhods $uch as 10000hzed dnp lmgabon whtch resultt lD ncar dady or frequent Imgatlons out:are apphcable for su.bsurfacc
lmplJOll sf.urflCe appbed Ieochmg ....Iies the leachUlg roqull.malls

WIUjT l'nlge by Crqw Ddferent crop. bavedJffc:nnt water uptake panems but aU take water from wherever It IS most re3dlly a"'allable W'll.htn the TOOtmg depth On :lYcnge about «t
percent IS assWDod &0 be tUm from lboe upper qulU1cr of tbe rooUJ1& dq:c.h 30 percent quarter 20 paccnt from the tlurd quarter and 10 percent from the lowest quarter Each tmgaum:
leaches the upper mot zone.and mamwns It at a relatIvely low uhnuy SllmllY Increases With depth and 15 greatest1D the lower pan of the root zone The average nltnlty of the soil
watu JS three: limes thaloftbe apphed wu.er and LS represenuuvc of the avenge root zone salmlty to wl'llch the crop f'CSponds These condluons l"CS\llt from a lea.chmg frxuoo. of 1S 20
pcrcc:nt and UTIgJlXlDS lila arc nmcd 10 keep lhc crop adequately walered at aU Urnes

Salts leached. from the upper root zone -ecumulate to some extent U1 the lo'N'Ct part but a. nit t-Iance 1$ acltleved as salts are moved below the root zone by sufficlcnt leachmg. The hlgha
salmlty U1 the Iowa rootZODC bccnma less U11portJ.nl tf IdcqUILe moutLlre 1$ UlalRLilmed 1R the upper more Icllve put of1he root zone and long \c:nn Ic.achlllg ~ .cmmphshed

ResJr1CStgn on Lze The RCStrlCt10DOQ Use shown In Table. ItS diVided IOta three. degrees of seventy none slight to moderate. and severe l'he dlV1SIOns are somewhat: arbitrary smo:
dimgc occun gndually and lhc:rc 15 no clcar.-cut breaking poLnL A change of 10 to 20 percent l!lbovc: or hc:low a gUideline value has hnle sigrufic.ance If conSIdered In proper perspect[\le
wilb other facton affectmg yield Field studies reselJ"Ch tnab :lnd ob!lerva.JOns have led to these dlVlSlons but management slc:.lll of lhe water user can alter them Values shown iII':

.:opphcable under DOmIiil fteld oondJlIOOS p-evalhng m most Imgated areas m 1.h.c and and sam and reglOns ot Ihc world

,h?



TJbleE4
Recommended m.lXlmum concentr.ltlOns of

trace elements In Irngatlon water (1)

Recommended

ml1Xlmum
concenlrallon(2)

Flement (mhIL) Rcm.trks
AI (almmnlUm) )0 Can cause non productivIty 10 .tCld 50115 (pI ( < 5 5) bUL more ollkahnc soil, al

pH > 7 0 WIll prcclpnale the ,on and ehmmaLe any tox,clLy

As (arsauc) 010 ToxlCILy lo plants vanes Widely rangmg from 12 mgIL for Sudan grass to less

than 0 05 mglL for nce.

Be (be<ylllwn) 010 TOXICllY to plants vanes wldly ramng from 5 mgIL [or kale LO 0 5 mgIL

for bush beans

Cd (cadmIlDn) 001 TOXIC to beans beets and turnIps at concentratIOns as low as 0 1 myL

In nutrient solUtions Conservallve hmlts recommended due to Its potenLlal for

.ccumulatlon m plants and 5011, to concentral,ons that molY be hannlulto humans

Co (cobalt) 005 1 OXIC 10 tomato plants at 0 1 mgIL In nutnenL solUlion

1 ends to be mactlvated bv neutrdl and alk.lme so,ls

v (chromIUm) () 10 'Ol generally rccobnucd dS till l.sscnllal growth element (un,Cf\dtIVt. 111ll11'i TL<...ommcndcd

due to lack of knowledge on ,ts lOXICIlV to pl.nts

Cu (copper) 020 IOXIC to a number of plants at 0 1 1 0 mgfl m nulnenl solullons

F (fluonde) 10 [nact,vated by neutral and alkalme so,ls

Fe (Iron) 50 \,ot LoXIC to planls In aerated so,ls but can conmbute 10 soil aCldlf,cauon

and loss of .vallabllily of essenLlal phosphorus and molybdenum

Overhead spnnklmg may result 10 unSIghtly deposns on plants equipment and bUlldmgs

Ll(htJuwn) 2.5 Tolerated by mosL crops 10 5 mg/L mobile m SOli TOXIC Lo CItruS .tlow concenLIal,ons

(<0075 mg/L) Acts Slm,larly Lo boron

Mn (manganeses) 020 1 OXLC La a number of crops aL d few tenths to a few mg/L bUL usudlly only In ac,d sods

Mo (molybdenum 001 'O[ lOXIC to plants at nonnal concentrations In 5101 and water Can be tOXIC to 11VCSIOCk

If forage IS grown m slols WIth hIgh concentrations of available molybdenum

Nt (tuckd) 020 TOXIC lo a number of plants aL 0 5 1 Omg/L reduced tOXICltv at neutral or alkaline pH
Pd(lead) 50 Can mlublt plant cell growth at very high concentrat,ons
Se (selemum) 002 Toxtc to plants at concenLIallons as low as 0 025 mgIL and lOXIC 10 livestock

If forage IS grown 10 salls w,th relallvely high levels of added selemum
An essential elemenllo ammals bUI In very low concentrations

Sn(tm)
11 (tltamwn) Effec1Jvelv excluded bv plants speofie Lolerance unknown

W (LUnl'.oterJ.)
V (vanadllnn) 01 TOXIC to many plants aL relaLlvely low concentrallons

Zn (Zinc) 20 TOXIC 10 many plants aLwldely varymg concentrallons
reduced LOXICUY at pH > 6 0 and In fine Lexwred or orgamc so, Is

1- Ad3jXCd from Nallonal Academy o[ Sc,ences (1972) and Prall (1972)
2 The maxunwn concenLIalion IS based on a waler apphcallon rale whIch ,s consIstent

With good IfTlgauon pracllces (10000 m31ha per years) If the waler apphcalion rale greatly exceeds thiS
lhema:mnum concentrationS sl10uld beadJUsled downward accordmgly t'.o adJusuncnt should
be made for apphcaLlon raLes lease than 10000 m3/ha per year llte values given are for water used
on a continuous bas,s at one Sile.

Sollrce FAO Gutdehnes R SAyers & D w WeSLCOL (1985)

BEST AVAILABLE COpy



r lble r 5
I

Re...ommended Imlrnbll)loglL,11 qu Ility gUidelIne~ for .... a~te'~ater use
In agfilUlture (n)

Callgory Reu~e I 'l:po'>ed Inle~tlnlll Iolllllli WII,tewlller

wndlhon~ group nllll llodl~ (b) l(lllf(lrlll~ Ire.llment expelled

( IfIt II IIllh... (gu1I1lltrtl Inl In 10 1...1110 e Ihe

Inl III no of egg~ per no per requ Ired Inll roblO!llglc,,1

htre (...») 100ml) (c..) quality

Illig 11101101 WOIJ..lr, I < IWO(lI) A , ...n ..., of '1IlllII/lholl

crop~ IIkcly to COn,UJl1l,.f ponds designed to achieve

A b... ellen unl,.ookcd publJl,. the mlcroblologll,.JI

,pom field,> qUllhty IndlCJlcd Of

pubhc pJrk,> (d) equIvalent trelllmcnt

ImgJtlOn of WOfku' <I No ~IJlld lrd RetentIOn III

I,.l,.rc II crop' relool1lmlondcd sIabll17allon pond~

11 lIldu~tnJllorol" for 8 10 day, or I,.qulvalent
foddcr 1,.f()P~. helmmth and fael,.al coliform

Pa~ture .lIld tree'> (c) removal
Lolo III/cd Irng ilion NOll' NOI NOI Pretreatment a~ required by
of lofOp, In I,.alegory Ipphlolb1l. Ipphl. lbll- the IrrIgatIOn lcc..hnology.

( B If expo,urc of but nOI le~., th In pnmary
worker' lilt! the public scdunentatlOn
doc, !lot o(.(.ur

(1) 111 ~P("l,..IIH... (, llli;(.... )0(.11 Lpldcllllulogll.al ,oLlOulltur II Ind t.11\ If~lr1TllC'nlulll(..lm'\ o;lwuld he. 11"~11 11l1~) 1(.(,.011I11 Ind lhL .bUldclIIlCS mudlftt.d 3t.Lordll1bl)

(h) A",r...urI'" lUul 'rll...hlUI\ "'p,",'-IC'i and hookwormn

(~) Durong the ,"'gatH>n potlod

(d) A lIloro mlngenl gUldehne « 200 faecal eohfo.ms pc. lOO m!) IS "ppropro.IO for pubh~ lawn< sueh.s hOlell.wns

Wllh wl1Jd, I!le puhhe may COme mto direct eonl.~t

(C') In lhe <.asc of (rull ucrs IrrigatIOn should ccac:e two \Vct"k", III f~)rc (nlll Pi ptt.kul and no frUl1 .,holl ItJ he pU.ked off the ground

'>pflnkler IlfIg'1I0n should nol be used

'>nllr~e '>("I~IlII"(" grnup nil health "peet' of u% of trcal(..d w"I(..\I 110. for 'grJtlIltll.dl and d<iU ,wliurL W 110 (Jeneva 1823 Nov 1987

~
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ChlorIde to!er.lnl.e 01 ~ome Irult uop l.ultl\Jr~ Jlld rool\tlld\\ (.1)

Crop

Avocado
(Persea americana)

CItrus
(CItrus spp)

Rootstock or cultlvar

Rootsto!,.ks

We~l mdlUn
GUaJemalan
Mexican

Sunkl mandann, grapefrun
Cleopatra mandarm Rangpur lime

\t.1Xlmum perml~\lble

CI In Wolter
wIthout leJf Injury (bj,(cj

(mg/L)

IhO
145
110

600

Sampson tangelo rough lemon sour orange 355
Ponlcan mandarm

Cnrumelo 4475 lTlfolate orJIlI!C
Cuban ~haddock C.lIJillondm­
S\\eclOr.ll1I!C S.lVJI!C cnrangc
Ru\k l.llr.ll1gc Trll\cr l.l\IJllge 250

GrJpc
(Vlll~ '>pp )

~tone frUlI
(Prunus spp )

Bemes
(Rubus spp)

Grape
(VIlIS spp)

SlIawberry
(FTagana spp)

SJlt Creck 1() 13 1,

Dog ndge

\lJJ1J11nJ
Lovell Shahl
Yunndl1

Cultlvars

Boysenberry
Olathe blackberry
Indldl1 Summer raspberry

Th()m~Oll \ccdlc\\ Perlelle
CJ.folTIJl blJl.k rme

LJSsen
Shasta

%0
710

f)(I(t

250
lbO

250
250
110

J,f>O
250

ISQ.­
110

ta) Data are adapted from Haas (13)
(b) For some crops the concentrations gIven may exceed the overall <;a]may tolerance of that crop and cause some yIeld

reduction before chlOride IOn tOXICItieS Values gIVen are for the maximum concentrauon m the lITIgation water The
values were denved from saturauon extract data (ECe) b) Ihe followmg relallOn\hlp ~aturatlon extraction
concentrauon = 15 water concentration

(c) The maximum perrmsslble values apply only to surface IITIgaled crop~ Spnnkler lITIgdllon may cause excessive
leaf bum at values far below these (see Table 3-10)

Source FAO GUidelInes R S A\cr\ 8.. 0 W WeslcOI (1985)

BESTAVAILABLE COpy
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Tdble F 7

(.LIDLl\r"IOR l\lfRPRET1,\(. LABOR-\fOR't D-\I \()\ \\-\lER~LITAHILlT\

FOR (.RAPEIi

---------------------------------------------------------------------------

Degree of Re'itfiltlOn on Use

Potential IrngatlOn Problem UmtJ ------------------------------
\one '1llght to \1oderate Severe2

S.lhmty 3 (affects ~arer aVQllablllty to crops)

EC", dS/m < 1 1 0 - 27 > 27

TOXIcity (Speclfic tOns whIch affeet growth of crop)

SodIUm (Na+)4

Chlonde (Cn4

Boron (B)

Miscellaneous

Bicarbonate (He03 )5
NnrJte-nurogen (N03-N)

me/l
me/l
mg/l

me/l
mg/l

< 20

<4
< I

< 15
<5

4 - 15
I - 3

I 5 - 75
5 - 30

> 15
>3

> 75
> 30

t
t
I'

1 Adapted lrom NeJa el al 1978
2 Special management pracuces and favorable SOIl condluons are reqUired lor successlul producuon
3 Assumes that ramfall and extra water applied owmg to metflclencles at normallrngauon Will supply the

crop need plus about 15 percent extra for salinity control
4 With overhead spnnklcr Irngatton sodIUm or chlonde In excess 01 3 metl under extreme drymg conditions

may result In ex"e~Slve leaf dbsorpuon leaf bum and "rop damJge It overhead sprmklers are used tor
coohng bv frequ"m on olf cyclmg damJge may occur even at lower wn"entrdtiOns

5 BIcarbonate (HC03) In w<l.ter applIed by overhead spnnklers may cause white depoSits on trult and leaves
which reduces market acceptability but IS not tOXIC to the plant

Table E-g

PELATIVE SALT TOLERANCE OF VARIOUS CROPS AT GERMINATIONl

-----------------------------~---------------------------------------------

1 Data takal from \bas (1984)

Crop

Barlev
Cotton
Sugarbeet
Sorghum
Safflower
Wheat
Beet, red
Alfalfa
Tomato
Rice
Cabbage
Muskmelon
MaIze
Lettuce
Omon
Bean

(Hordeum vuLgare)
(Gossyplum hLrSutum)
(Beta vulgans)
(Sorghum bleolor)
(Carthomus tmctonus)
(Trltlcum aest!vum)
(Bera vuLgarES)
(Medlcago sativa)
(Lycoperslcon Lycoperslcum)
(Oryza sativa)
(Brasslca oleracea capliataJ
(CucUmlj melo)
(Zea mays)
(Lac fUca sativa)
t4llLUm Lepa)
rPhaJwlus >u!;jans)

BEST AVAILABLE COpy

50 percent
Emergence reductIOn

(ECe m dS/m)

16 - 24
155

6 - 125
13

123
14 - 16

138
82-134

7 6
18
13

104
21 24

114
56 75

80
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RelatIve boron tolerance of agricultural crops (1) (2)

Very SensitIve {<05 mg/ll Moderately ~eDsl!lye (1 0-20 mg/Ll

Sensltlye (0.75-1.0 ill 1:(1.)

Moderately Tolerant (2,0-4.0 ml:/U

Tolerant (4,0-6,0 mg/Ll

Very Tolerant (6.0-15,0 mg/L)

Lemon
Blackberry

SensitIVe (0,5 0,75 mg/U

AVOC3i>
Grapefnul
Orange
Apnool
Peach
Cherry
Plum
Persullmon
Fig Kadota
Grape
Walnut
Pecaii
Cowpea
Oman

GarlIc
Sweet potato
Wheat
Barley
Sunflower
Bean,mung
Sesame
Lupme
Strawreny
Arncboke, Jerusalem
Bean, KIdney
Bean,hma
GrotJDdnurJPeanul

Cllrus Limon
Rubus spp

Persea amencana
Citrus X paradisl
Cllrus smensls
Prunus armeruaca
Prunus persICa
Prunus aVlum
Prunus domesllca
DlOspyros Kakl
FICUS canca
Vl/lS vmljera
lug/ans regia
Carya dlnotenslJ
\ 16na ungulrulata
Alltum repa

Album satlvum
Ipomoea halatas
Tnucum easUvum
Hordeum vulgare
Hellanrhus anralUS
1l lgna raduua
Sesamum Indlcum
Luplnus hartwegn
Fraganaspp
Hellanthus luberosus
Phaseolus vulgans
Phoseolus lunatus
Araclus hypogaea

Pepper red
Pea
Carrot
Ra<hsh
POlaLO
Cucumber

Leuuce
Cabbage
Celery
Turmp
Bluegrass Kentucky
0a1S
MaIZe
Amchoke
Tobacco
Mustard
Clover sweel
Squash
Muskmelon

Sorghum
Tomalo
Alfalfa
Vetch, purple
Parsley
Beet red
Sugarbeet

Cotton
Asparagus

Capslcwn crucwn
flSwn sattva
Daucus carOia
Raphanus salll.lUS
'1alanum tuberosum
CuCumlS sallvus

Lactul:a saliva
Brasszca oleracea captlaliJ
4ptum graveolens
BrQSSlca rapa
Poa pratenslS
-\l.Iena satIva
Lea mays
C\nara ~t:Olymus

\11 Ollana cabacum
Bra.mcaJuncea
!vIeldo/us mdlClJ
Cucurbua pepo
Cucumls melo

Sorghum blcolor
L}CoperSlcon LjCOperslCUJn
Jfedlcago saliva
ll,cm benghalenslS
Petroselmum cnspum
Bela vulgariS
Beta vulgarzs

GOSS)pIUm hlrsutum
Asparagus officmalzs

(I) Dara taken from Maas (I984)
(2) MaxImum concenttalJons tolerated m SOIl water WithOut yIeld or vegerauve gro'Wth reductIOns Boron tolerances

vary dependmg upon clImate SOli condllJons and crop vanetJes Maximum concentraUons In the ungauon water
are approximately equal to these values or slIghlly less

Source FAD GUldelmes, R SAyers & 0 W Westcol (1985)

BESTAVAILABLE COpy
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RelauH tolerance of selected crops to exchangeable sodIUm (1)

t

Sensltlye 12\

AVOC.ldo
(Persea amerrcanal
DecIduous Fruits
Nuts
Bean green
(Phaseo/us ~ul,;am)

Cotton (aJ genmnatlon)
(GossyplUm lursutum)
MaIZe
(Zeamays)
Peas
(Plsum SOtlvum)
Gmpefruu
(Cl1rus paradisl)
Grunge
(Curu., SLnenSl H

Peach
(Prunus perSlcaJ
T,mgenne
(Clirus retlculalaJ
Mung
(Phaseolus aurUS)

Mash
(Phaseolus mungo)
lentil
(Lens cultnarrs)
Groundnut (peanut)
(Arachis h}pogaea)
Cram
(Cleer uncurum)
Cowpeas
(VIgna smensls,

:'em ,-(oleu" HZ)

Carrot
(Daucus carola)
Clover LtdIDO
( rrifoLlum repen ..)

Dalhsgrass
(pa.,palum elliatalum)

Fescue tall
(Festuea arundmaeea)
Lettuce
(Lactuca SOtl\I(J)

Baj3ra
(penmselum typhOides)
Sugarcane
(SQ('charum offirlTlarum)
Bcr'>CCm
(J rifolllUll ale:wndnnum)

BenJl
(Melliolus parvljlora;
RJy.l
(Brafflell /uncea)
Oat
(Avena saUvQ)
OOion
(Allium cepa)
RddlSh
(Raphanus satlvus)
Rice
(Oryza sallvus)
Rye
(Secale cereale)
Ryegrass ltahdn
(Lollum muillflorum)
Sorghum
(Sorghum vulgare)
Spmach
(SputaClIJ oleracea)
Tomato
(Lycoperslcon eseulentum)
Vetch
(Vleta sallva)
Wheat
(7 rt/leum vull;are)

loleTa n(2)

Alfalfa
(Medlcago sailva)
BJrley
(llordewn vulgare)
Beet, garden
(Bela vulgans)
Beet, sugar
(Beta vuigans)
Bennuda grass
(Cynodon dactylon)
Couon
(eossyplum hlrsutumj
Paragrass
(Braelu.rw mUllea)
Rhodes gmss
(Chlorzs gayana)
Whealgra.>s crested
(Agropyron ermatum)
WhCdlgrdss falfway
(Agropyron cnstatum)
Whealgmss faIrWay tall
(Agropyron siongaruml
Kamal grass
(Dtpla.hra[usea)

I
I
I
I

Adapted from data of FAO-Unesco (1973) Pearson (1960) and Abrol (1982)
Source FAG GUldelmes R SAyers & D W Westcot (1985)



Table E-Il

LABORATORY DETERMIN <\TIONS NEEDED TO EVALVATE CO:\OIMON IRRIGAnON

WATER QUALITY PROBLEMS

------------------
W2ter parameter Symbol Umt' Usual range In

IrngdtlOn water

-----

SALINITY

Salt Content

Electncal ConductIVIty ECw dS/m 0-3 dS/m

(or)

Total Dissolved SolIds TDS mgll 0-2000 mgll

Callons and Amons

CalcIUm Ca++ me/l 0-20 me/l
MagnesIUm Mg++ me/l 0-5 me/l
SodIUm Na+ mc/l 0-40 me/l
Carbonate COT- me/l o - 1 me/l
Bicarbonate HC03- mell 0- 10 me/1
Chlonde Cl- mell 0-30 me/l
Sulphate 504-- me/l 0-20 me/l

NUTRIENTS2

NItrate - Nitrogen N03-N mgll 0-10 mgll
Ammomum - Nitrogen NH4-N mgll 0-5 mgll
Phosphate - Phosphorus P04-P mgll 0-2 mgll
PotasslUm K+ mgll 0-2 mg/l

MISCELlANEOUS

Boron B mgll 0-2 mg/l
ACId / Baslclly pH 1 - 14 60- &5
SodIUm AdsorptIOn Rat103 SAR (me/l)! 2 0- 15

I
I
I
I
I
I
I

1

2

3

dS/m =dcslSlemen!meter m S 1 umts (eqUivalent to 1 mmho! cm - I m!lhmmho! cenumeter)
mg/l = millIgram per htre - parts per mJlhon (ppm)
mell = mIllIeqUIvalent per lItre (mg/l + eqUIvalent weIght = me/l) In SI unus 1 me/1 = 1 mtilImol/
htre adjusted for electron charge
N03-N means the laboratory WIll analyse for N03 but wIll report the N03 m terms of chemically
equivalent mtrogen Similarly for NH4-N the laboratory Will analyse for NH4 but report In terms of
chemically eqUIvalent elemental mtrogen The total nmogen available to the plant Will be the sum ot
the eqUlvalen elemental mtrogen
The same reporung method IS used for phosphorus
SAR IS calculated from the Na Ca and Mg reported 10 mell
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lrop tolerent.e Jl1d \Ield pOlentlJI 01 \elet.ted crop, .., Il1rIull1led In
Irrl~Jlllln n ater , ..hUll v ~I L,. ) or ~OIJ s.lilnl!' I ~ eel

YIcld potenual (2)

I~ 90% 75% 50% 0% mallamwn(3 I
ECe ECw ECe ECw [Ce ECw [Ce ECw ECe [Cw

FIeld crops
Barley (HcriUlI1ft Vulgar~) (4) 80 53 10 67 13 87 18 12 28 19
COIUlll (GOSS}PIIml hlrsUlum) 77 51 96 64 13 84 17 12 27 18
Sugarbeet (B~1a vulgQTIS) (5) 70 47 87 58 11 75 15 10 24 16
Sorghum (Sorgluim Ixcolor) 68 45 74 50 84 56 99 67 13 87
Wheal (TrltlClUIt IUSIWwn)(4} (6) 60 40 74 49 95 63 13 87 20 13
Wheat duIlJlD (frltU:1lm lwgadum) 57 38 76 50 10 69 15 10 24 16
Soyabean (GlJclM ntaX) 50 33 55 37 63 4.2 75 50 10 67
Cowpea (111&- ...fIIICIIlola) 49 33 57 38 70 47 91 60 13 88
Gtouadml (pemull) 32 2.1 35 24 41 27 49 33 66 44

(Anldru hypogaea)
R1c:c (poddy) (OT1ZJ: $Illwa) 30 20 38 26 5 I 34 72 48 II 76
Sugarane 17 1 1 34 23 59 40 10 68 19 12

(Sacdwum offianannn)
Com (-~1 (ZeQ mays) 17 11 25 17 38 25 59 39 JO 67
F1ax (Luumt IlIUt1llSSamum) 17 11 25 17 38 25 59 39 10 67
Broadbean (Vrcaa[aba) 15 II 26 I 8 42 ~O 68 45 12 ~o

Bean (phas~o/lIS vulgarIS) 10 07 1 5 10 23 I :l 36 24 63 42

Vegetable crops
Squash zucdmu (cOllTg~u~) 47 31 58 38 74 49 10 67 15 10

(ClUJUbUiJ ~po IMlo~po)

Beet, red (B~/Q vlligaTlSX5) 40 27 5 I 34 68 45 96 64 15 10
Squash scallcp 32 2 I 38 26 48 32 63 42 94 63

(CucllTbUiJ "epo melopepo)
Bma:oh 28 19 39 26 55 37 82 55 14 91

(BrasslCtJ oIera£ea boIrytlS)
Tomaro 25 17 35 23 50 34 76 50 13 84

(lPyco~rSIConucul~nlum)

Cucumber (CUJ:U17US sall.US) 25 17 33 22 44 29 63 42 10 68
Spmach (SPl/IQCliJ oItTtlCta) 20 13 33 22 53 35 86 57 15 10
Celery (Apawn graveo/ens) 1 8 12 34 23 58 39 99 66 18 12

...::: Cabbage: 1 8 12 28 19 44 29 70 46 12 8 I
(BTtJSSICt;J aIuaca: azp/lQJa)

~
POlato (Solanum luberosum) 17 II 25 17 3S 25 59 39 10 67
Com swut(ma.u) (Zm mays) 17 II 25 17 38 25 59 39 10 67
Swc:eI pouIo (lnrpomoeil ba101as) 15 10 24 16 38 2.5 60 40 11 7 I
Pepper (CapslClll1l Q/IIIJIJIm) 15 10 22 15 33 2.2 5 I 34 86 58
Lettuce (LoaIlClJ S<Jlrwz) 13 09 21 14 32 2.1 5 I 34 9.0 60

~
Raduh (/laplrmua S<Jl'YIIS) 12 08 20 13 3 I 2.1 50 34 89 59
Omm (All.....upa) 12 08 18 12 2.8 18 43 29 74 50
emu (1)auaI6MTtJfa) 10 07 17 1 1 28 19 46 30 81 S4
fkan(Plwtdl6w1garuJ 10 07 15 10 23 1.5 36 24 63 42

~
Tumtp (PiwuIlu vulgarIS) 09 06 20 13 37 2.5 65 43 12 80
Forage crops
Wheatgrasslal1 75 50 99 66 13 90 19 13 31 21
(AgropyrOll dotagalJll7l)
Wbealgnss fatrway crested 7S SO 90 60 11 74 15 98 22 15

I
(Agropyron DrISl4lIlfft)
Bcunuda gAD 69 46 85 56 II 72 15 98 23 15
(CyMdondactylon) (1)
Barley (forag~1 60 40 74 49 95 64 13 87 20 13

I
(Hortkum vlligare) (4)
RyegtUI. peRDU1lI 56 37 69 46 89 59 12 8 I 19 13
(LoluImper_J
Trefoil. nanowlaf budsfOOl (8) 50 33 60 40 75 50 10 67 15 10
(LollIS clJT7llaliiJlJu 1tnlllfol.um)

r
I
I
I 11~
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\ lcld OOlLntl31

100% 90% 75% 50% O"'omdxlmum !31
ECe ECw [Ce [Cw ECc rew rcc rcw [ce LCw

Hanlmg gnss IPlJa/Qns '~rosa) 46 31 59 39 79 53 11 74 18 12
Feswe, taU (FUfMCa tlaIwrJ 39 26 55 36 78 52 12 78 20 13
_Wheatgms lUIIIdard crested 35 23 60 40 98 65 16 11 :!8 19

(Agropyro<t slbU'u:um)
Vetch caDIDClD 30 20 39 26 53 35 76 50 12 81

{VIC/Q atlgllllifolJlZ)
Sudan grass (Sor,,,_ sudaMflSe) 28 19 51 34 86 57 14 96 26 17
WildJye. IlcaRIIess 27 18 44 29 69 46 II 74 19 13

(Elyrrwr 1rIUt:Dtdu)
Cowpea {fartlp} 25 17 34 23 48 32 71 48 12 78

(V.gM 1IIIpIClI1aIJJ)
Tn:fod biZ (!«Mr W.gUlOSIlS) 23 15 28 19 36 24 49 33 76 50
SesOOua (Salwua U4/1ara) 23 1.5 37 25 59 39 94 63 17 11
SphaerophyA 22 15 36 24 58 38 93 62 16 11

(SphatnJl'/rptutJbulD)
A1falfa (Malialp1tJInfa) 20 13 34 22 54 36 88 59 16 10
~gPSs(Em&rodasp)~) 20 13 32 21 50 33 80 53 14 93
Com (forage}(_) (Zu mays) 18 12 32 21 52 35 86 57 15 10
aover,~ 15 10 32 22 59 39 10 68 19 13

(Tnfo/lUI7lahnuttJrUlW71)
OJdwdglUS 15 10 3 I 2 I 55 37 96 64 18 12
(DaetyllS glomtnzla)
Foxtad meadow 15 10 25 17 41 27 67 45 12 79
(Alopecuna fJ'fIUIUS)
Clover red (TnfcIlIlTttp'aJtllSt!) 15 10 23 16 36 24 57 38 98 66
Clover alsib 15 10 23 16 36 24 57 38 98 66

(TrifollllJftq6rrdMm)
C1over,I..bnoiTnfoillull ,t!~ns) 1 5 10 23 16 36 24 57 38 98 66
Clover stnwbeny 15 10 23 16 36 24 57 38 98 66
(Trifollll17tfmgrfoum)
_FrUIt crops (10)
Dale pahn (P1Ioena Jactylifera) 40 27 68 45 II 73 18 12 32 21
Gnpefrwl{CanuparlJdu.) (11) 1.8 12 24 16 34 22 49 33 80 54
Orange (ednaSllll'IUIS) 17 II 23 16 33 22 48 32 80 53
Peach (pTJIIUI,S ptTS=) 17 II 22 15 29 19 41 27 65 43
Apnca(Prunas<1mWluua) (11) 16 11 20 I 3 26 I 8 37 25 58 38
Grape (Vwup HI I) 15 10 2S 17 4 I 27 67 45 12 7')

Ahnend (Pnuradulas) (11) 15 10 20 14 28 19 41 28 68 45

Plum prone (PnImu doma'lCa) (11) 1 5 10 21 14 29 19 43 29 71 47

Blackbeny (1lJlbrIs sp ) 15 10 20 13 26 18 38 25 60 40
Boysenbcny (Radius I17SIllIlS) 15 10 20 l3 26 l8 38 25 60 40
Slllwbcny(Fnrpnasp) 10 07 l3 09 18 12 25 17 40 27

(1) Adaprdfnm Mus and HOllman (1977) and Maas (1984) These data sbould only serve as a gUIde to relauve
toICIaII<leS _oog crops Absohne to!eDJJreS val)' dependmg upon chmate soli condJUOIlS and cultural
praClICCL In gypSllcroos sotls plants will tolerate aboul2dslm Iugher sOli salmlty (ECe) lIIan mdlcaled
butllu:..-rsahmty (ECw) will n:nwn lIIe same as shown m lilts tabel

(2) ECeIllCllU average root zone sahmty as measured by eleetncal condUCUVlly of lIIe SalUratJOD extract
of tltc JClII,rcported m decmemens per meter (dslm) at ZSc. ECw means eleeucal conl!uamty of the
ungaDGll walel" UI deC!. Stemens per meter (dslm) The relauonslup between sOJ! sabmty and water sahruty
(ECe=15 ECw) auumc:s a 15-20 leadung frawOll and a 40-30-10-10% water use pauem for the upper to
Iowcrqgarlml of lhe root zone.

(3) The=0 JJC1d potenllal or rnalWllum Bee mchcates the theorel1cal soli samUly CECe) 11 whtch crop growth
ceases.

(4) Barley axI wbcaI an: less toler.mt durmg genmnallOll and seedbng stage ECe should not exceed 4 5 dSIm
Dt lhe upper IOil dwmg IIus penod

I (5) Becu _ more IClISltlve dunng gcttllJJW10n ECe should not exceed 3 dsfm m the seedhng area for garden
bcallIIIIf IlIgVbeets.

(6) Sem1-dwad. shan aJItJvars may be less toleranL
(7) TolC9DI:CJI-u an average of several vaneues Suwannee and Coastal Bermuda grass are about

I
2O'l.DllII'CroIennl, whtle common and Gn:enfield Bermuda grass are about 20% less IOleranL

(8) BIOIdkaf Budsfoot Tn:foJl seems less tolerant than Narrowleaf BlnlsfOOl Trefoil
(9) TolcraDI:C pven 15 an average for bOer Wthnan Sand and Weepll1g Lovegrass Lehman lovegrass

seems about 50% more toleranL
(10) These dar.a arc apphcable when rootstocks are used that do nOl accumulate Na+ and a rapidly or

I
whcnlhese lOllS do not predommate In !.he soli

(11) Tolerance evalualJon IS based on tree growth and nOI on yelld

Soun:e FAOGmclebnes R SAyers & D W Westcot (1985)

I
I (\1



Table £-13

Summary of reqUirements of Jordaman

Standard 893/1994 for treated domestic wastewater.

Maximum allowable limit (mg/L)*

Parameter Disposed to wadIS, nvers, surface water Reuse for IrrigatIon

bodies, and groundwater recharge

pH 6 5-9 65-9

Temperature change (CO) <3 -

DO ~1 -

IDS 3000 2000 (1)

TSS 50(3) 1200(4) 100 (1)

BOD5 50(3) / 50(4) -

COD 150(3) /150(4) -

NH3 30 -

FOG 15 15

ABS 6 -

el2 05(5) -

Phenol 05 -

TFCC MPN/lOOmL <1000 <1000 (6)

Intesnnal nematodes <1 <1 (6)

* All UnIts are m mgIL except where noted

(1) Depends on degree of restncuon (none. shght 10 moderate, or severe)

(2) Depends on method of Imgauon

(3) Convenuonal wastewater treaUllent plants

(4) Waste stabIllZatlon ponds

(5) ThIs IS a mIlllmurn limn of residual chlonne and It should be hnked WIth total faecal coliform count

(6) FAO and WHO gUIdelines and therr amendments should be taken mto conSlderauon
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Dead Sea Intake Pumpmg StatIon

BEST AVAILABLE COpy
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Potash Manufactunng FaCilities and Evaporation Ponds

BEST AVAILABLE COpy
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Typical Carnallite Pond Discharges and Salt BUIlt-up
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Carnallite Harvester and Pumping Station
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Potash CrystallJzers


