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EXECUTIVE SUMMARY

Development Alternatives. Inc. (DAI) under contract with the L' nited States-\gency for
International Development (USAIDI is performing an Industrial Wastewater DIscharge Prevention
Program (fWDPP) in Amman. Jordan. This Program is one of the four components of the Water
Quality Improvement and Conservation Project (WQICP) funded by USAID. The program is
being performed by DAI with full coordination between the Ministry of \Vater and lITIgation
(MWl) and the Amman Chamber of Industry (Chamber\. Harza Consulting Engineers and
Scientists (Harza). Chicago. United Sates (U.S.). Vias retained by DAI to lead the [WDPP. Royal
Scientific Society (RSS) of Amman. Jordan was selected as a local consultant to assist Harza with
the [WDPP. This program includes conducting the Pollution Prevention; Waste \ linimization
i PP\VM) audits. Feaslbiiity Studies I FS l. and deSign demonstration units at selected industrial
facilities.

Based on a ranking methodology. the PpiWM Committee selected ten industries \\ Ilh potential
needs for PPiWM audits. One of these industnes is the phosphate mming Industry. [he
Harzal RSS team conducted an audit of the :\l-Abiad '/lining facility of Jordan Phosphate :Y1ines
Co. Ltd. (JPMC). representing the phosphate mining industry. as the tirst step of the I WDPP.
This report summarizes the results of the audit

PHOSPHATE BENEFICIATION PROCESSES AT AL-ABIAD MINE

The phosphate beneticiation process used at the AI-:\biad facility primarily consists of ore
crushing and screening and further processing of the material < 12.5 mm by countercurrent
washing using fresh water. During this \vashing. coarser and very tine materials (slime) are
removed and the product grade phosphate material (> 250 mesh) with 70 to 72 percent phosphate
content is recovered. The unit operations involved are wet screemng, washing, c.yclon separation.
centrifuging. drying, and loading for transport.

AUDIT

The facility audit was conducted on August 16. 1994. The JPMC staff and audit team members
toured and inspected the facility. Due to the complexity of the overall process and water
management. several specitic details remained unanswered during this two-day audit visit. To
assist JPMC staff, the audit team developed a supplemental questionnaire. and \lr. :\ssi visited
the facility again Oil August 24th.

AUDIT FINDINGS

[he Information collected Juring the JP\lC facdlty auLill through extenSI\ e pers,.nnei mtef\leWS.
meetings .mJ diSCUSSIOns With JP\IC \tatf ~ile \\DSenallllOS. ~l!1d techmcal Jata nrll\ldeJ b\
JP\lC staff was complied-and thoroughly revle\~ed. nur tindtngs :.In: as 10H,m5
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Water Usage and Balance

The facility uses fresh water for several purposes. however. the bulk of the fresh v,ater IS used
in the phosphate beneticiation process. The other usages are dust control. large \'ehicle \\ash
station. domestic use. irrigation. workshop. and small vehicles wash station. rhe total v,ater
consumption is about 227 m'/hr for 100 tons of ore processed. The plant is designed to process
400 tons of ore per hour. Therefore. the maximum water requirement could be in the range of
870 to 900 m'/hr. At the time of audit the plant was operating at about 190-200 tons per hour
capacity. The total fresh water use for 200 tons production is about 453 mC/hr. 360 me/hr of
vvhich is used directly for beneticiation. This constitute about 79 percent of the total fresh water
intake. Other 93 non-process usages constitute 21 percent of the fresh V\iater consumed.

On an annual basis. the water consumption during 1993 was about 3.7 miilion m. Dunng the
same year 1,551 AOO tons of phosphate was produced at an average recovery of 60 percent.

['he malor non-process related water ccmsuming sources are:

Equipment Cooling; :md
Dust Control.

rhese two sources consume about 64 mehr or about 14 percent of the total fresh water demand.

Wastewater Discharges

rhe following \vastewater discharges v,ere identitied at the AI-Abiad faciiity'

Domestic wastewater and small vehicle washwater:
\1echanical workshop wash water and domestic vvastewater:

• Large vehicle washwater;
Scrubber water;
rhickener undert1ow: and
Run-off water.

The disposal areas of concern primarily consist of ponds used to dispose of domestic sanitary
wastes. vehicle washwaters. scrubber water. and thickener undertlow. The sludge pond water
used for irrigation may not be suitable for irrigatlOn. The pond water sample analyzed exceeded
irrigation standard~ for pH. total dissolved solids. and chlorides. The septic tanks and ponds
containing wastewater are not lined nor do they have any interceptor systems to collect seepage.
As a result wastewater stored in these ponds partially evaporates and partially percolates through
the underlying SOIl. The vehicle washvvater may contam tOXIC organics. petroleum hv Jrl)(arbons.
.md pOSSIbly metals. Domestic wastewater contains biodegradeable organIcs. human waste. and
pathogens. fhese contaminants. should they reach dnnktng water ~lquit"ers. \\()uIJ clmtamlnate
groundwater ad\asely ..lfkctlng health ofthepopulatlon serwd hy the aqulters supplying potable
\\iHer

HllOl
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Air Emissions

A particulate emissions plume was very visible at the dryer exhaust stack, In general. the nature
of the facility results in particulate emissions. partIcularly at crushing. gnnding. loadmg. and
drying operations. Since all other beneficiation processes at AI-Abiad mme are \\et proc~sses.

air emissions are not a problem at the other operatmg areas,

Solid Wastes

The sources of solid wastes are:

> 12,5 mm reject materIal:
·.+0 mm reject matenaL and
<~250 mesh {slime) material as thid:ener undertlow,

Our initial evaluation of settling characteristics ot slime indicated that it settles e.':tremeh well
,\t AI-Abiad mine. 24 tons of slime (solid content I and C; tons or '4 mm reject m:ltenal an:
generated per 100 tons of ore processed.

Storm Water Management

The run-otT water generated at the site is not collected or monitored, Currently. run-off
discharges to the Wadi. which drains into the Sultain Dam,

Data Gaps

Data gaps exist in water quality and \\-ater quantity measurements, \10 data are a\'allable on
wastewater and sludges quality or quantity. Fresh water is monitored pnmarIly at the
groundwater well discharges and at the water supply to the beneficiation plant.

PPIWM AND WATER CONSERVATION OPPORTl'NITIES

Based on the audit tindings. several PP/WM and water conservation opportunities were identitied.
They are brietly presented belO\Il

PPIWM Opportunities

•
Floor OraiD!l: These discharges appeared to be resultmg from not properly contfolling washing
and cleaning operatIons Good housekeeping and employee awareness of the Importance of
PP'WM and water conservation play an important role in reducing water c,msumpuon In ;,ireas
\I,'here no controls eXIst. Developing protocols. tr~llmng ,,:mplo:ee 10 usc kss W;,iter. and
providing incentives for ,hose who follow \\;,iter ...:nnservatwn nlt.'..lsures ,1ft.' ·Si)rnt.' \)1 the ke:
f;,u:tors In reduclng \\aste ~enerat}()n. water c,msumptHm..md poHutIon ['he k-:\ t,) Ct'mmon
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sense PP/WM ;s getting people to pay ;:mention to reducing waste generation \"hen and where

it fi.rst occurs.

Other options are:

Reduce spills. ()vertlo\"s. :.md le:.lkalLes. bv \load housekeeping ctnd planned
preventive maintenance.

Collect all tloor drains in a tank(s) and m,)mtor the 110w after eacn appllcltion.

Let the emplo~ee responsible tor cleanIng elisa be responsible for momtonng hov..

much v"ater IS used per event.

1nstall 11ov, meters to momtor each \\ ~lter LbalLe and record \\ Jter \( )[llmC ;,'r eJ.c h
application.

Impkmem a Jry vacuum s\stem \\here kaslbie

Uiminate the cause (If sptl13ge.

Sweep lip dried material.

('se umer controlled \alves for controlling wash\vater

L"til!l.e \vater saving equipment as much .IS [lnssible. Difkrent t\pes ,)f water
saving equipment include now regulating ,jevlCes. tluw shuh)ff \3.hes. nozzles.

overtlow preventors. etc.

Provide dikes. berms. and secondary containment for all storJ.ge f~Kiitties and
,)perating areas. Collect all tloor ..:trains by Implementing a properly· designed

Jram collection system

ProVIde additional capacity to store tll)or JrJ.lDS ,mJ le:lKs. If necessaf\

Recycle and reuse all \\-ash water efticiently as many times as possible before it
is tinally discharged in the form of limited blm\' dov.. n.

The above measufC"S should reduce t100r drains arlJ washwater volumes.

Vehicle Washwaters: Small and lari;e \ehlcle \\ash\\alcTS cJon be cl)mhIn~d. tL:akJ. ,~c\Lled.

and reused.
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Scrubber Water: The scrubber \.vater zlso can be treated. recycled and reused.

Alternatively. the above discharges can he properly treated and discharged to the nearby Wadi.

Domestic Wastewater: Installation of engineered septic tanks and leach fields wiil improve the
effluent quality and also protect groundwater quality.

Water Consen'atioD Potential

Water conservation opportunities. 10 addition to those currently practiced by the JP\1C facility.
still exist. These opportunities are discU5Sed below. It should be noted. however. that any aspect
I)f water conservation should be weighed against Its benetits and associated costs. .\ny water
conservation measure which results in cast savings and directly affects pollution (i.e. prevents it
from occurring) should be implemented !irst to protect the ennronment. The measures discussed
below should be reviewed bearing in miai the above philosophy. In addition. further engineering
.,tudies will need to be performed hI determine the feaSibility \)f the measures pnor to

implementation.

Process Water Category:

1.

.,

,
J.

-k

The JPMC should continue to look for innovative process approaches to reduce the \.vater
consumption without affecting the product quality.

The slime sludge dewatering can be improved by an application of effecti\. e coagulants
or adding belt or coil tilters. rhis will reduce the \vater discharged to the pond.

The JPMC statY should carefuhey monitor and evaluate all process water usages and
optimize them to attain additioIUl water savings. if feasible.

Recycle scrubber \vater.

NOD-Process Water Category: It shOllld be noted that JPMC currently reclaims and recycles
about 41.0 mJ/'hr of water from cooling water systems and noor drain water. Ho\\ever. ;ldditional
opportunities exist to conserve non-process water. The primary areas are:

1.

.,

-4 i i 03
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FollllW the PP/WM measures as described for tloor drains.

Treat and recycle vehicle washwater

Collect and use run-otT w;lter
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-l. Explore using take water for dust control. vehicle wash. and other suitable
applications.

If ail recommended PP/WM and water conservatlon measures are Implemented. JP\lC should be
able to save up to 75 to 80 m hr fresh water in addition to the 41 m~/hr curremly being saved.
This will constitute about 25 percent of total current fresh water use of 453 m;hr. corresponding
to 200 tons per hour of phosphate production.

RECOMMENDATIONS

To achieve PP W\-1 and water conservation objectives. our recommendations are

1.

J.

-l.

5.

6.

7.

8.

9.

Implement PP/\\-1\1 and water conservatIOn measures discussed above.

Develop a PP WM Jnd water umsenation policy as Dart 0)( [he JP\lC
management operatmg philosophy and dlS[nbute It to III departments.

Implement the policy through specitic goals and targets.

\1ake it each person' s responsibil ity to identify PpfWM and water consen'ation
opportunities.

Designate a PP,WM and water conservation coordinator to effectivelY lmplement
this program.

Publicize success stones and reward employees that identit~' cost-etlectl\e PPW\-1
opportunities.

_Train employees on aspects of PP/WM and water conservation that relate to their
jobs through awareness and incentives.

Perform a periodic assessment of PP'WM and v.ater conservation bv keY
management personnel. the coordinator. and independent experts.

Show management commttment through the above actions and remrorce the policy
through meetings and company functions.

10. Let the company "\fisslOn Statement" mclude'Better Product through
EnVIronmental Protection ,!OJ Water CllnServatlOn"

..., Ii. i _H --~



RECOMMENDAnONS FOR ITEMS FOR FEASIBILITY STUDIES

\Ve recommend that the following items be considered for feasJbility level studies:

Vehicle washwater segragation. treatment. recycl ing and reuse:

• Closed-loop cooling water system implementation:

Scrubber water recycling and reuse: and

L se of lake water for dust control and vehicle "ashvvater.

Data developed through the feaslbtlity studies (an be used for designing t"leld testing
Jemonstration

•
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1.0 INTRODUCTION

This report presents the findings of an audit conducted for pollution prevention and waste
minimization (PP/WM) for a phosphate are processmg facility (Al-Abiad Mines I owned and
operated by the Jordan Phosphate Mines Co. Ltd. (1PMCI. Jordan. The report :1150

includes a project background and objectives. brief process descriptions. audit process
details, potential for PP/WM and water conservation. conclusions. recommendations. and
follow-up actions.

1.1 Background

Development Alternatives. Inc. (DAI) under contract with the United States .-\~ency for
InternatIOnal Development (USAID) IS periormmg ;.lfi Industrial Wastewater Discharge
Prevention Program (lWOPP) in Amman. Jordan. This Program is one of the four
components of the Water Quality Improvement and Conservation Project (WQICP) funded
hy USAID. The program is being performed by DAI with full coordination hetween (he
\1inistry of Water and Irrigation (MWI) and the Amman Chamber of Industry i Chamber).
Harza Consulting Engineers and Scientists (Harza), Chicago. United States IU.S.\. was
retained by DAI to lead the IWOPP. Royal Scientific Society (RSS) of Amman. Jordan was
selected as a local consultant to assist Harza with the IWOPP. This program includes
conducting the PP/WM audits. Feasibility Studies l FS). and designing demonstration units
at selected industrial facilities.

The PP/WM techniques are defmed as any techmques to prevent or reduce waste
generation by source reduction or recycling 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 PPfW\1 Committee selected ten mdustries with
_ potential needs for PP/WM audits. One of these industries is the phosphate mining

industry. The HarzaJRSS team conducted an audit of the AI-Abiad Mining facility owned
by JPMC representing the phosphate mining Industry as the first step of the IWDPP. This
repon summarizes the results of the audit.

1.2 Objective

The objectives of ~nducting a PP/WM audit were to understand the water and wastewater
management practices currently employed by JPMC at the AI-Abiad Mining facility. to
identify waste sources. and to assess opportunities for PP/WM and water conservation that
may ex.ist at the faciliry

; JURl!<4. ... PH(l~.II·t '-:\\.111
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The findings of the audit were used to develop recommendations arid follow up actions to
assist JPMC in assessing the extent of pollution. Suggested approaches for water
conservation and process modifications to achIeve additional PP/WM and wastewater
treatment were provided.

1.3 Report

This report contains a description of the phosphate ore beneficiation process. dudlt
procedures. audit findings, and conclusions derived from the audit findings.
Recommendations and follow-up actions necessary to assess the extent of pollution as well
as to implement PP/WM and water conservation measures at the AI-Abiad factlity are also
included.

Appendices A. B. and C of the report comam IOformatlon collected dUrIng the audit. an
additional questionnarie prepared to collect the water use infonnation and the process and
water balance informatIon provided by JPMC, respectively. A copy of the Background
Material Report is included. as Appendix D. Appilcable regulatory standards for water
quality are included as Appendix E. Appendix F comains photographs of the Al-Abiad
mining facility. The reference material collected by Harza in the U.S .. as part I)f this audit
program is presented in a separate binder.

•
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2.0 PROCESS OVERVIEW

The phosphate fenilizer industry is totally dependem on phosphate rock as its major raw
material. After mming and preparation. the rock is used directly in tr.e production of
phosphoric acid. normal superphosphate. triple superphosphate. nitrophosphate. electnc
furnace phosphorus. and detluorinated animal feed supplements. Phosphoric acid is
subsequently used to produce superphosphate. ammOnIum phosphate. complex fenilizers.
superphosphoric acid. and dicalcium phosphate. The phosphate rock industry consists of
mining and rock processing operations centered close to ore reserves.

Chemically. phosphate rock may be considered to contam 3,ubstituted tluorapawe. 3Ca,
(POj)2 Ca~F. \'early all phosphate ures contam a modified form of thiS structure m which
some of the phosphate IS replaced by fluoride and carbonate The total fluoride coment of
typical phosphate rock is approximately 4 to 5~ by weight expressed as tluonne.

The ingredient of the rock that is of economic interest IS tflcalclUm phosphate I rcp),
Ca1(PO~b also known in industry as bone phosph2.te of lime IBPLl. The rock IS usually
graded on the basis of its BPL content (e. g .. 62 BPL rock contains 62 % TCP by weight)

Typical operations mvolved in the phosphate mming lOdustry are crushing. grinding.
screening. flotation. thickening. tl}[ering. drying. bagging. and storage. The mining and
beneficiation processes vary somewhat at differem locations based on grade. screen analysis.
and pebble concemrate in the feed.

2.1 Phosphate Mining Industry in Jordan

The JPMC was founded in 1934 as a private firm to explOit the phosphate reserves of the
Russeifa area. 15 kilometers northeast of Amman. In 1953. JPMC was incorporated as a
public share holding company jointly Qwned by the govemmem of Jordan and the private
sector. From 1953 until 1988 three other production sites were developed in the south
Jordan. namely Alhassa mine (1962). Al-Abiad mme (1979), and Elshidiya mme (1988).
The current yearly production by JPMC is approximately 7 mIllion tons of phosphate rock
ranging between 66 to 75 % TCP. The design production capaCities of these three operating
mines are given in Table 1. Al-Abiad mine was selected for the PP/WM audit.

Phosphate mining U1 Jordan is typically open pH mining. An overburden layer IS removed
dnd a layer of phosphate rock IS exposed. [he rock IS then removed from the deposit by
dynamite blasting The ()re IS usuallv hauled by trucK to the processing plant.

The JPMC produces several grades <)f phosphate rock rangtng from 06 to 75';' Tep (omem
tn addition to the lower ~rades \62 to bee:;; rcP) produced l\) meet the ~peClJj requlremenrs
'If some customers. ('pon completIon \)f new henericlJ{]On UOItS .It Elshldlva mine.
~Lheduled for I(N5 a hll!her \Crade rroductwn unit 'T ,irproxlmJ.telv ~-(';; rep ,,\lil he

.!(,iRIJi.'j'U{}\R,P! ,1-. \.f",
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installed. After 1995. the production of mine-onenred materials should continue to follow
the increased production In Elshidiya mine through the year 2000. and substantially mcrease
production after the year 2000. The production m Alhassa and Al-Abiad wIll stop hy the
year 2000.

2.2 Phosphate Benefication Processes in AI-Abiad Mine

The following sectIOn descnbes the phosphate minmg and beneficiation processes used In

Al-Abiad mine. Figure 1 illustrates these processes.

2.2.1 Mining

The overburden IS drilled and hlasted. Broken and loosened materIal IS stockpiled
and loaded Into dump trucks Stenle material IS transported to waste Jump areas.
The uncovered phosphate bench is usuallv l\)()sened b: rIppmg and drilling and
blasting. if necessary The nre IS leaded Into Jump trucks and hauled [;) crushing.
screening, and processing areas at the AI-A.blad t.iC111ty The phosphate heneficiation
process used at AI-Abiad IS described below.

2.2.2 Ore Processing

Crushing and Screening: Raw phosphate from the mine sites IS hauled [0 two Jaw
crushers. rated at 450 tons per hour each. :\11 materIals are crushed and screened
where the oversIzed material > l2.5millimeter lmml IS rejected and stockpiled for
further treatment In the future. The < 12.5 mm matenal wHh 70 to 72~ Tep is fed
directly to the dryers. The lower quality materIal with the Tep content 66 to b8o/c
is fed to the beneficiatIOn faCIlity.

Beneficiation and Drying: The standard grade phosphate from the crushing and
screening operations. containing 70 to 72 rc TCP. JS fed directly h) rmary cascading
dryers operated wHh heavy fuel 011. A dry product IS produced WhKh contams 1-3 '-}
moisture and is k.nown as unbeneficlated ::rrade phosphate Phosphate ,lres which
contain 66 to 68 % TCP are fed to the heneficiation process for upgrading

The benefiCIation process at Al-Abiad primarily consists of counter current washing
of < 12 .5mm matenal using fresh water and removtng coarser and very tine matenal
(slime) to recover the product grade phosphate material (> l50 mesh). [he unit
operations Involved are wet screenmg. washing, cvclone separation. ..:cntnfugmg. and
drying.

The crushed ()re < [2 5 mm ~Ize ;:-, mixed \\nh the [hld.ener u\ert!,)\\ .tnd is wet
screened [() remove coarser matenal " 4 mm In ... ize rhe underSize 111.ltenai I <: -+
mm) ls-ied to the Sta~e I \\ashmg ,lperat!IH1

:f_':..'~JR11,<4 ...,pH(}\Mr· K~_"'~

I(,.(~U[) ~!~
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At Stage L matenal < 4mm is washed with the centrate fFJm centrifuges and
overtlow from Stage II cyclones. The slurry-is fed to cyclone separators where < 250
mesh is rejected through the cyclones overtlow and discharged to thickeners. The
underflow containing > 250 mesh material and less than 10 per'cent of < 250 mesh
material is fed to Stage II washing operation.

In Stage II. the < 250 mesh material is washed using fresh water. The slurry is then
fed to Stage II cyclone separators where most of the < 250 mesh material is removed
and the overtlow is recycled back to the Stage I washing operation The > 250mesh
material from Stage II cyclones is discharged to centrifuges for dewatenng.

The centrifuging produces phosphate cake with about 18 ro 20 percent moisture.
The centrate is pumped back to the Stage 1 washing operatIon.

The cake produced from centrifuges IS stored In a pile for a fe'.v Javs to turther
reduce its moisture content to about 16 percent. The partIally drIed cake is fed to
heavy fuel oil-fired dryers to produce beneficiated grades of 70 to 72% Tep.

Fines from oniy one dryer are separated using a wet scrubber. This dryer is used
only to treat standard grade Tep produced directly after cn..lshmg Jnd grinding
operation. Three other dryers treating beneficiated phosphate cake do not have
scrubbers and the air is emitted directly to the atmosphere.

The Al-Abiad facility has fuur process trams. each with the caJ:' acity to process 100
tons of ore per hour. At the time of audit. the facility was opez-ating at a little less
than 50 percent of the capacity due to reduced market demand

•
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3.0 AUDIT PROCESS

The objective of the audit was to identify the potential for PP/WM. wastewater cleanup. and
opportunities for water conservation appropriate for the phosphate mmmg facility. The
following subtasks were undenaken to complete the audit repon:

Audit Coordination:
PP/WM Background Material Preparation:
Pre-Inspection Meeting;
Audit:
Post-Inspection Meeting~ and
Audit Evaluation Repon

Activities conducted under each of the subtasks are brietly described below

3.1 Audit Coordination

The Chamber mformed JPMC about the intent and schedule of the Judlt. An audit
questionnaire specifically developed for this PP/WM project (Appendix AJ was included
with the request for JPMC to complete the questionnaire prior to the audit. Because it was
not possible for the JPMC to supply the requested information in a timely fashion. JPMC
was requested to furnish an overall now balance. process now diagram. and facility layout.
This information was furnished to the audit team prior to the audit visit and is included in
Appendix C.

3.2 PP/WM Background Material Preparation

The objective of preparing the Background Material Repon was to identify the currently
available techniques and clean technologies being practiced for PP/WM in the phosphate
mining industry in the U.S. and elsewhere in the world. This objective was achieved by
performing a comprehensive literature review.

The literature review included the following sources: published literature. persona! contacts
with the U. S. Environmental Protection Agency (EPA), and conversations with personnel
within the U. S. phosphate mining industry. The literature consisted of PP'WM related
anicles. journal anicles. conference proceedings, EPA documents and commumcations. and
books on pollution- control.

As pan of this task. Harza contacted several natrona! and interna£lona! cumpames to

Jetermine If they have implemented any State-of-the-An PPiWM techmques \)r water
cunservation measures. As expected. the response was not very positive Harza IS

commuing. however. the search \)n these Issues and \<,d! f\)rwan.l !O the PP W\f C,)mmIttee
any new mformatIOn that becomes avaIlable

ir~.""j{}H.D" ,,'1111.\RJ'T ,., ~,'Jr,
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Based on the facility operation infonnation thar was made available to us and the
infonnation gathered through the available literature. Harza prepared the Background
Material Report (Appendix D). The Report included general infonnation on phosphate
mining and processing as well as specific infonnation on the process used by JPMC. Since
not all the JPMC process details were available at the time of preparation of the
Background Material Report in the U.S .. accuracy of specific details was questiollilble. The
intent, however. was to collect as much infonnation as possible prior to conducting the audit.

The Background Material Report also contained prelimillilry suggestions for PPiW~ ~md

water conservation based on the limited infonnation available at the time.

Harza also prepared a report containing appropriate reference material. which was gathered
through our extensive !lterature search The report is submitted separately. ThiS reference
material contains process and waste management practices used in the similar facIlities
located primarily in the FS.

The knowledge gamed through the extensive literature search and process Information
provided by the PP/WM Committee allowed Harz;.. to develop a good understanding of the
process as well as problems associated with water and waste management, tncluding air
emissions and solid wastes at typical phosphate mming and fertilizers manufacturing
facilities.

3,3 Pre-Inspection Meeting

The AI-Abiad facility audit. including the pre-inspection meeting. was conducted ('0 August
16, 1994 at the JPMC facility. The initial audit team consisted of the following personnel:

Dr. Usama H. Mudallal
Ms. Rania Abdul Khaleq
Dr. Shawn Niaki
Mr. Krishna Mayenkar
Dr. Riyad Musa
Mr. Rafat Assi

Amman Chamber of Industry
Ministry of Water and Irrigation
Program Director. DAI (Harza)
Lead AmerIcan Consultant (Harza)
Local Consultant (RSS)
Local Consultant t RSS)

The intent of this meeting was to infonn JPMC staff abom the conduct and objective of the
audit and also to understand. from the JPMC staff. process details as they relate to fresh
water utilization, wastewater generation, treatment and disposaL water recycling and reuse.
and the overall water management at the facility. The audit team explained to JPMC staff
the purpose of audit. The JPMC Plant Manager explained to the audit team the enure
beneficiation process usmg the facility model as a retc:rence.

A general discussion was held on water usage wlthm the t:lethty JPMC .,tatT e'plamed [he
major water consummg sources at the f;lcility. Since water IS the rnnclpal -c\)rnpnnent ut
[he heneficlatlon process. the amount ()f water requlft:d (\) cam ('ut \-\"ashm\.! ,md fTIJten3J
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separation process is critical. Ti1e non-process related water usages and uther water
requirements were also discussed.

3.4 Audit

The facility audit was conducted on August 16. 1994. The JPMC staff and audit team
members toured and inspected the facility starting with the crushing and grinding operation
followed by main agitation. Stages I and II washing and separation. centrifugmg. thickening.
product drying. and thickened sludge disposal. The audit team also collected a sludge
sample to perfonn cursory thickening studies and ro evaluate 51udge settlmg charactenstlcs

epon completion of the facility tour. diSCUSSIOn continued on overall water usage Jod
wastewater management practices currently employed. Sl)me of the ~pec!Tic Jet~l1ls.

however. remained un-answered during this one-day audit

The audit team requested JP~1C staff to prov](.le speCific JdaI1s ()fl "pecitic \\:lter usages.
f\) assIst JPMC staff. the audit team developed In ,lUdit ljuestionnaire I Appendlx-'\) and
J supplemental questionnaire (Appendix B). Additlonallv. \1r. Rafat Assi VIsited the facIlity
again on August 24th. 1994. During this second VIsit. several preVIously un-answered
questions were resolved. Mr. Rafat Ass! also attempted ro complete the audIt ljuestlonnalre
as appropriate and applicable to the facility.

3.5 Post-Inspection Meeting

The audit efforts were extended from one to two Jays. [he post-inspection meetmg.
however. was held on August 16. 1994. The JPMC staff and audit te:lm members reVIewed
~lnd discussed the preliminary findings hased on the facIlity tour and information prOVIded
by JPMC staff. DiSCUSSIons at the meeting were primarily concerned with the thIckener
undert10w. the use of final sludge pond overt1ow for lITigation. tl oor drains. pump cooling
water. scrubber water. and domestic water.

The initial assessment by the audit team was that the fresh water usage per ron \)f product
produced at Al-Abiad mIne was considerably lower compared to similar facilities In the
U. S. and elsewhere. The sludge (slime) sample collected Indicated excellent settling
characteristics comrary to the extensive problems In disposing of slime faced hv SImilar
industries.

•
Based on the initIal evaluation. the audit team Identified the following Jreas \\ nh potential
for PP/WM:

Scrubber Water:
Sanitary Wastes. and
Sludge Hlliding Pund

! :... ' '~Ui \f!f( I\RJTI _'-', ~r'
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A copy of the background matenal was furnIshed 10 JPMC staff

The infonnation and waste managemel1l analyses in the subsequent sections l)f this report
are based on the knowledge gained through the audit activities and support provided bv
JPMC staff.

•
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4.0 AUDIT FINDINGS

The information collected during the facility audit through personnel interviews. diSCUSSIOns
with JPMC staff. site observations. and technical data provided by JPMC staff was compiled
and thoroughly reviewed and our findings are presented below.

4.1 Water Usage and Balance

The facility uses fresh water for several purposes. however. the bulk of the fresh water is
used in the phosptlate henefIciation process.

The fresh water is obtained pnmarily from groundwater wells. There are two ',!roups 'If
',veils: one group supplies water for the process. dust control and large vehicle wash station:
[he second group supplies water for domestic use. Irrigation. the workshop. and small
'yehicles wash station. The total water consumption is about 227 m'/hr for 100 tons of are
processed. The plant is designed to process ~OO tons of are per hour. Therefore. the
maximum water requiremem could be in the range of 870 [0 900 m~.hr Since at the Hme
of audit the plant was operating at about 190-200 tons per hour capacity. the process tlows
and other flows Identified for operational requirements are based on the 200 tons per hour
operating capacity.

The total fresh water use for 200 tons production is about 453 me Ihr. 360 m'·hr of which
is used directly for beneficiation. This constitute about 79 percent of the total fresh water
illtake. Other non-process water usages are listed below and shown in Figure 2.

Item Csage Rate, mJ/hr

1. Equipment Cooling 37

2. Dust Control 27

3. Domestic Use 8

4. Scrubber 6

5. Vehicle Wash 4

6. Irrigation 4

•
7. Floor Wash of

8. Mechanical Workshop
,
-'

I i

ruta I \on-Process Water l'sage ! 93 i
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The non-process related water usage constltute . about 21 percent of the fresh water
consumed.

The above analy5is shows that major non-process related water consuming sources are:

Equipment Cooling: and
Dust Controls.

These two sources consume about 64 me Ihr or about 14 percent of the [Otal fresh water
demand. The remaining six sources consume about seven percent of the [0tal fresh water.
The overall water balance is presented in Table 2 and shown on Figure 2.

On an annual baSIS. the total fresh water consumption Junng 1993 was about .3 ~ million me.
During the same year 1.551.400 tons of phosphate were produced at an ~l.\ erage recovery
of 60 percent.

4.2 Wastewater Discharges

The following wastewater discharges were identified at the AI-Abiad facilitv

Domestic wastewater and small vehicle washwater:
Mechanical workshop wash water and domestic wastewater:
Large vehicle washwater:
Scrubber water:
Thickener underflow; and
Run-off water.

Domestic wastewater and other wastewater generated at the mechanical workshop should
have characteristics similar to the sewage generated elsewhere including. high chemical
oxygen demand (COD), high biological oxygen demand 1800), high total suspended solids
(ISS), and possibly other organics mcluding oil and grease. Wastewater from the
mechanical workshop may also contain solvents if they are used [0 clean mechanical pans.

The wastewater generated from the vehicle washers IS expected to contain suspended solids.
oil and grease. volatile organic compounds such as benzene. toluene. :md xy lene, other
petroleum hydrocarbons, phenols, and high COD

•
The scrubber water IS expected to contain pnmarily hli!h suspended solids. Another
parameter that may require monitonng IS pH.

The thickener undertlow is expected to have high TSS. phosphates. and pOSSibly <.:hlorides
One sample collected Junng the audit and chemlcallv analyzed ,howed clh('Ul - 5 percent
r55 and 494 milligrams per !iter (mgl) chlorides. Fluondes were very It)w and phosphates

r
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(ortho) were 4.4 mgJI. pH was slightly alkaline at 8.3. Table 3 contaInS the "ludge sample
analysis.

The run-off water generated at the site is not coUected :)r monHored. It will ha\e large TSS.
and possibly high phosphates and chjondes.

The disposal areas of concern primanly consist of ponds used to dispose of domestIc sanitary
wastes, vehicle washwaters, scrubber water. and thickener undertlow. The sludge pond
'.vater used for irrigation needs evaluation £0 ensure HS sUHability for the applicatIon. The
pond water sample analyzed exceeded Irrigation standards tor pH. total dissolved solids. and
chlorides as shown In Table -l

The septic tanks and ponds contammg wastewater are not lined nor do they have any
Interceptor systems to l:ollect seepage. As a result wastewater stored In these areas pamally
evaporates and partially percolates through the underlying soIl. The septic tanks located in
Jordan are. as \I,:e understand. unllOed excavations where human and other '-'"aSkS are
:maerobically hiodegraded. while lIL\uid percolates through the subsurface soil [he
accumulated sludge is hauled away penodically oy ~luthofizeLi haulers anLi disposed at
unknown locations. Over the years these percolateLi wastes 'nay have reached fresh water
aquifers underlying the facility.

The vehicle washwater may contalO toXIC orgamcs. petroleum hydrocarbons. :.lnd possibly
metals. Domestic wastewater contains biodegradable nrgamcs, human waste. and pathogens.
These contammants. should thev reach drinkmg water aquifers. would <.:umaminate
groundwater adversely affecting health ()f the population served by the aL\ulfers supplying
potable water.

4.3 Air Emissions

:\ particulate emissions plume was very visible at the L1ryer ~.'(haust stack.-: In ~eneral. the
nature of the facility results in particulate emlSSlnns. particularly at crushIn\? gnnding.
loading, and drymg operations. Since all other benefiCIation processes at AI-Ablad mme are
wet processes, air emissions are not a problem at the other operating areas.

4.4 Solid Wastes

The sources of sol'!d wastes are:

> 12 5mm reject matenal:
>-lUmm relect materIaL .wd
< 250 mesh I slime) malenal tn thickener undertlo\',

T
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These solid wastes are essentially by-products ()f the ore benefication process. The
generation of these solid wastes. therefore. can not be minimized or elIminated. Based on
the quality of are. the coarser and finer portions which do nor contain recoverabk
phosphates will be generated at varymg quantIties. The finer material WhlCh pnmarily
contains clay particles and colloIdal material is discharged as slime through the thickener
undert10w.

Our initial evaluation of settling characteristics of slime indicated that it settle" extremely
well. Most mining compames in the U. S. and elsewhere tind slime disposal as one of the
major problems. Phosphate slime. which constitutes about 25 to 30 percent of the toral are
processed. does pose a solid waste disposal problem.

At AI-Abiad mine. 24 tons of slime (solid content I ~md ;3 tons of > 4mm reject materIal are
generated per lOO tons of are processed.

Due to excellent settling characteristIcs of slime. the facility is able to dewater the slime to

~he greatest possible extent in thickeners and discnarge it to the pond at 10 to 11 percent
solid consistency. In our opinion. this is excellent thickener performance. A sludge
settleability test was conducted to determine if any improvements can be made in sludge
settling characteristics. The results mdicated that the sludge setrling charactenstics are at
their optimum. Any additions of coagulating agent will actually reduce the settling velocity.
Specific details of the settling test conducted are presented in Appendix A.

4.5 Storm Water Management

:\l-Abiad mine does not have any storm water management plan at this time Storm water
at the facility follows natural gradient and contours and t10ws across the site.

4.6 Data Gaps

Data gaps exist in water quality and water quantity measurements as noted below.

4.6.1 Water Quality

No data are avaIlable for:
•

Small vehIcle washwater discharge;
Large vehicle washwater discharge:
Domestic wastewater discharge:
Wastewater to septic tanks:
Septic tank ettluent: _
Pond ,)Vernow t,) lrri2:atlOn I e.\cept chlundes): and
Scruhher water .JlscharL!e
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4.6.2 Water auantity

Flows currently measured include all groundwater well flows and water supply [0 [he
heneficiation plant from the main water storage tank.

Additional flows that reqUire monitoring include:

Small vehicle washwater now
Large vehicle washwater now:
Domestic wastewater discharge [0 pond:
Domestic wastewater discharge to the septic tank
Irrigation water supply:
Cooling water supply: and
Floor washwater.

The water flow data currently avatlable are hest estImatIOns nased no JPMC staff
expenence.

•
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5.0 POLLUTION PREVENTIONjWASTE: MINIMIZATION POTENTIAL

The tenns pollution prevention and waste mmimization are sometimes used inrerchangeably,
but each tenn has different meaning. Pollution prevention means to prevent pollution from
occurring in the first place. It costs to to 100 times more to treat pollution once it is
created than to avoid generating it. By employing waste minimization techniques. less
pollution will be created. thus reducing the cost of treating the same.

At the AI-Abiad facility. PP/WM opportUnities exist and are discussed in the following
sections.

5.1 Pollution Prevention/Waste Minimization - Water

PP/WM opportUruties exist for vehicle washwater, scrubber water. thickener sludge disposal.
and stonn water discharge. The following actions can be taken for pollutlon prevenrlun and
waste minimization

PP/WM Actions

1. Se~rel!atlon of small vehicle washwater from domestIC wastewater and
combining it with large vehicle washwater.

2. Implementing treatment of vehicle washwater to remove anticipated
contaminants (see Figure 4) and reusing treated water for tloor washing or
any other suitable in-plant operational reqUirements. thus completely
eliminating use of the present pond.

3. Closing the existing ponds by properly excavatmg contaminated SOli and
sludge that may have accumulated at me bottom. disposing of it m an
appropriate landfill or encapsulating it in a properly engineered on-site
disposal facility. and backfilling the pond with dean soil. Alternatively. upon
removing the accumulated sludge. the pond could be lined and converted to
a new pond to be used to store any process water for recycling purposes.

4. Recycling scrubber water by providing senling and filtration treatment. if
necessary. and eliminating the pond currently used for its disposal.

•
5. Closing the scrubber water pond and domestlc wastewater pond by excavating

contaminated SOli and sludge that may have accumulated at the nonom,
disposmg of it III an appropriate landfill. hackfilling: the ponds WIth dean day
type backfill material. and prOVIding proper run-otf controls to nllmmlZe
percolatIOn of water through residues .\lternatlvcly, upon rem\)vlng the
accumulated sludge. the ponds could he lined Jnd convened [() new ponds tur 
~toral!e ()t' .;(ruhher water. I.)(her process water. ,'r run-ott' fnr recvclml! [1urposes

'II- VI IRD.1."vPHO.\RPT A \\1"

'{I..lIrYIIDv.«}J/(



6. At presem. no system exists to collee:! run-off from the operaung areas ()r CO
monitor its quality. Curremly. run-off dIscharges to the Wadi. which drains
imo the Sultain Dam. \Ve believe that by properly grading areas around the
operating facility and constructIng appropriate trenches. facility run-off can be
collected and diverted through a SIngle t)Utfall. which can be monitored for
water quality.

The run-off also can be diverted w a lined storage pond and can be reused
,md recycled to satisfy some of the operatIng requiremems. The pond can be
used to remove suspended solids as well as to store water. If not needed for
operations. The pond can be provided with an outlet to allow an operator to
discharge stored run-off water. if necessary The outlet can be used as a
sampling poim to monitor the v'ater ~ualit\

7 Provide berms or dikes around liqUId storage tanks and phosphate storage
piles to comain leaks and run-off water fhe accumulated liqulds...:an eIther
evaporate llr be dIscharged at a comroHed r~.lte.

8. Eliminate the cause of spIllage. Do not Just wash It down the Jram

9. Sweep up dried materials. Do nO£ tlush to the drain.

10. Utilize water conservation equlpmem as much as possIble. Ddferent types of
water saving equlpmem mclude:

Flow Regulating Devices When these deVices are Inserted Imo a
water line. increasmg pressure restrlcts the tlow to a constant needed
rate.

Flow Shut-Off Devices. The most useful deVIces are finger (lperated
shut-off valves, or guns. with nozzles on the ends of cieanup hoses.
When finger pressure IS released. water tlow stops.

Nozzles. Nozzles use less water than drilled pIpe sprays. Fur raster.
more efficiem cleaning, a "Vee" type nozzle is preferred. as this nozzle
forms a fan shaped chisel pOInted spray .

•
Overt1ow Preventors. These deVIces are employell to ["'revem
l)Vert1owmg of comamers. tanks. ur reservOIrs. thus stoppmg waste nt
\vater or release of wastewater. \lost of these deVices are usuallv noat
\Ir c!el;tromc probe operated.

I! Install now meters t(l momtllr all wastewater tlows S,l that ,lpproprutc waste
tlow reduction me3sures ...:an he c\ :lluated Jnd Impkmer,ted
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12. Sludge pond water quality may not be suitable for intended irrigation
application and such use should be carefully monItored. and evaluated and
additional treatment If necessary. implemented. A sample collected and
analyzed during the audit indicated high chlorides. pH and dissolved sollds
(see Table 4),

Recommended water reuse and recycling systems are shown in Figure 3. A conceptual
treatment process recommended for the vehicle washwater is presented in Fi£ure 4.

As an alternative to recycling and reustng, the small and large vehicle washwaters. domestIc
wastewaters. and scrubber water can be segregated and treated to meet groundwater
recharge standards and discharged to approprIate Wadis or treated to meet trrigatlon
standards and used accordingly,

Groundwater and Subsurface Pollution Pre\-'ention

As discussed in the previous section. the common problem associated with the management
of wastewaters at this facility is that all wastewaters are discharged to unlined and
non-engineered containments referred to as ponds. Depending upon the underlying geology.
these wastewaters can percolate through the underlymg soil and eventually contaminate
subsurface aquifers, If the aquifers are used for drinking purposes. the water qualiry could
adversely affect human health. The constituents of concern in the wastewaters noted above
may include:

Toxic volatile organic compounds (although they are expected [() volatilize
under high atmospheric temperature conditions. small amounts. however.
could percolate through soils under low temperature conditions)

Toxic semivolatile petroleum hydrocarbons such as naphthalene

Organics exening COD and BOD

• Pathogens. bacteria

Phosphates
•

Chlorides. and

Nitrates
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The following actions are therefore necessary to prevent l!roundwater and subsurface soil
contaminatlon:

1. Installation of new engireered septic tanks and leach field.

2. Rediverting domestic wastewaters to new concrete septic tanks.

3. Installation of upgradieIU and downgradient observation wells at each of the
pond locations to monitor the upper two to three drinking water aquifers and
immediately implement a monitoring program.

4. If the groundwater monaonng results mdicate that groundwater IS Impacted
due to leachate originating from the waste disposal ponds. eXlst10g ponds will
need to be closed using proper ciay cover. run-off control through proper
grading and erosion control. :--lew ponds with an engineered clay liner. dikes
and seepage collection and groundwater monitoring systems will be required
to manage the wastes.

5.2 Pollution Prevention/Waste Minimization - Air

The ore beneficiation process involves handling large amounts of soil. day. and pebbles
associated with ore material. Particulate emissions are. therefore. inevitable at
<.:rushing, grinding. drying. and loading operations. Vehicular traffic also causes dust
formation contributing to air pollution. The other beneticiation processes at Al-Abiad mine.
including the outside storage of moist phosphate cake. do not pose air emiSSion problems
due to wet operating conditions.

The existing air emissions abatement practices involve control of dust due [0 traffic and
other plant activities by water spray. This is an acceptable technique. There are no controls
at the crushing and dry screening operations. Only one of the four dryers IS fitted with a
scrubber. Other dryers discharge exhaust air directly to the aunosphere. During the audit,
a particulate plume at the operating dryer was visible.

The major air pollutant of concern. emitted by the production ~)f chemical J.nd fertilizer
minerals. is respira~le particulate mattfr (less than 7-urn geometric mean diameter). These
particulates can contain free silica. the crystalline 'illicon dioxide which IS mostly quartz.
tridymite. and cnstobaltte.

The Amencan Conference df Government Industnal Hygienists (AGGIHl hJ.s suggested a
threshold limit value i TLV) for respirable pamculates as shown 10 the followlllg equatIOn:
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TLV=( 10
o/cquartz +2

) (for o/cquartz > C~{)

Where TlV = threshold limit value. mg/m'
% quartz = percent of quartz as respirable dust

Respirable particulates with less than I % quartz are termed "inert" and a TLV \If I mg/m'
is suggested for these. The criteria for crystalline SIlica published by the National Instirute
of Occupational Safety and Health (NIOSH). aU. S. organization states that occupational
exposure shall be controlled so that no worker is exposed (0 a time-weighted average
concentration of free silica greater than 50 ug/m'. as determmed by a full shift sample for
up to a 10-hr workday, 40-hr workweek. In additIOn, particulate matter 1S one of the aIr
quality criteria and has a 24-hr primary ambIent air qualIty standard of 260 ug1m:.

The sources of aIr emissions during phosphate rock mining and processmg are Illustrated
in Figure 5. The emIssion factors whh.:h correspond to each source are summanzed in
Table 5. The emIssIon factors are developed based on mining operations mOnItored and
studied in the US.

The PP/WM opportunities. therefore. exist during crushing. grinding, and drying and are
described below.

5.2.1 Wet Grinding

New methods to collect dust emissions from beneficlation plants. particularly in the
raIl car loading area, are being developed.

The development of hydrometallurigical processes to recover phosphorus from matrix
or concentrates by direct aCIdification may make it possible to- improve recovery rates
and reduce water disposal problems. New mining and processing techniques may be
developed to utilize the potential resources m Jordan.

Wet grinding is one of the technologies being considered to minimIze air pollution
for phosphate rock processing facilities and is described below.

Wet Grindihg: The most promising air pollution control technique for dryers and
calciners is the recent move toward wet gnnding ,,Jf rock for the manutacruring of
wet-process phosphoric acid (WPPA). The rock is ground in a water slurry and then
added to the WPPA reaction t:mks WIthout drying. This has not heen done
preVIOusly because the water entrained WIth the ground rock would reqUIre a stronger
aCid in the WPPA reactlon tor be removed hYevaporation} tn maintam the :'·F7c P,O,
strength needed fllr prodw.:tlon nf fertIlizer

r
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Historically. 93 % sulfuric acid has been diluted to 58 % for the WPPA reaction. prior
to addition to the reactor to permit removaf of the heat of dilution. If added to the
reactor at 93 % strength. the heat of dilution coupled with the heat of reacuon would
exceed the capacity of the vacuum flash cooler used for tempo:t::rarclre control. :\Iso.
it was widely accepted that the higher temperatures \\,ould result In formatlon of
smaller crystals of waste gypsum which would complicate the separation of product
acid from waste gypsum.

Two compames have overcome their reservatlons about the wet gnndmg process.
They have designed larger tlash coolers on the reactors [,1 remove the heat of
dilution and have found no significant difference 10 the crysral size of the gypsum.
The products from the reactor are fed to the evaporators at 2,'~ to 32 c~ PO, aCId. the
same as the conventional WPPA process

The major drivIng force for the process is not Improvemer;;ts In technology. but
increasIngly expensive fuel costs and stnngemm emissions regulatl,-ms It is kss
expensIve (O treat the wet rock than t,-) corHend with high energy costs and
increasingly stringent air regulations.

The impact of the wet grinding process could he far-reaching since about 70r,~ of all
phosphate rock ultimately used to produce fertilizer and 85 c~ ()f the rock used for
fertilizer must first be converted to phosphoric acid. If wet grinding proves to be a
trend in the industry (and present indicators are that it wiU\). the growth rate for
phosphate rocks dryers will be negligible. Of course. ther·;~ WIll continue to he
requirements for dry rock unless ways are found to Introduce wet ground rock imo
the processes other than WPPA. Much of this need may be tilled by the capacity of
existing dryers rather than construction of new ones. The need for emiSSIon controls
on phosphate rock grinders. though diminished. will continue since the calCination
process will probably continue at its current rate of growth and calcined rock must
be ground.

Wet-rock grinding has five advamages:

t. Reduces about half the capital expense from receipt at' under\lround wet rock
through the point of feeding into the aCId processing system.

2. Elimi.nates dry-rock dust pollution.

3. Improves fuel economy hy 2.5 gallons per ton uf g round phosphate rock.
comhmed with electricat power savmgs [lJ n:duce "pe·ratmg ":llstS rer tIm uf
P205.

-+ Improves rellability. thus reducmg [he reljulred amO ..lOt I\f ,url!c lIt ~round

rock.

il"..VUKJ.l1 ... n·tO.V?PT A \. "If"(

illi.JjHD >J.«Nf_~ 2U

1i1'li_ IWd -,



5. Reduction in radiation leYels will occur as dry-rock gnnding is replaced with
wet-rock grinding and dryers are eliminated. This will lower fugluve dust
levels. thus lowering escapmg radionuclldes. and also result in lower radiation
levels in the immediate VICinity of the grinders and the eliminated dryers

The only problem created by 'Wet grinding IS the water balance around the plant.
Wet grinding is a major water consuming process and adds 300 gallons per minute
to an eftluem discharge volume. which operators of WPPA plants are already finding
difficult to control. Although the potential savings (elimination of the energy
intensive phosphate rock dryer and its air pollution control system and :m pollution
controls for the grinder) is a strong incentive to the operator. it may be difficult to
implement the wet grinding process In Jordan due to its limited water resources

5.2.2 Installation of Scrubbers

At present. a scrubber is used o~ for one Jryer. The JPMC should lOstail scrubbers
for the remainmg three dryers to minimize aIr polIution through stack emISSIOns.
The scrubber water can be recycled with treaunent If necessary. for suspended solids
removal.

•
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6.0 WATER CONSERVATlON POTENTIAL'

The JPMC has instituted certam water reuse measures at AI-Abiad mme. including:

1 Reuse of ..:entrifuge coolmg water. thickener pump cooling water. and other
process pump cooling water in the beneficiation process.

Reuse of tloor washwater and drains in the beneficiation pn·cess.

The total estimated amount of reused water through the above sources is about ·+1.0 mCIhr.
This is about 9 percent of total 453 m; Ihr of fresh water consumed. However, opportUnities
Jo ex.ist for additional water conservation measures and are present below.

6.1 Cooling Water System

We recommend that the entire cooling water system be converted to a closed-loop system.
The amount uf water used for equipment cooling is about 37 m~/hr. We understand that
the facilicy staff is currently optimizing the heneficiation operation to determine water
requirements at each specific stage. We believe that the beneficiation process may not be
affected by elimination of cooling water from process use for the following reasons:

1. Cooling water requirements for centrifuge and other equipment is about 28
m~;hr. This water is fed to the Stage I washing operation. The total water
currently required at Stage I is 704 m'/hr. The 28 m'/hr consWutes only 4 %
of the water demand at Stage [. which we believe can be reduced Without
affectmg the process.

2. Similarly the thickener pump cooling water. at a rate of 9 m'rhr, is circulated
hack to the thickeners. The thickeners receive a total tlow of 647 m'/hr of
which 260 m'!hr is returned to the main agitator and 387 m'/hr IS discharged
to the final sludge disposal pond. We believe that the 9 mO/hr now, which is
only 14 percent of the total 647 mC/hr now, must not be playing any
significant role. Eliminating 9 m'/hr should not affect the overall process.

Therefore. we recommend that Al-Abiad mine staff evaluate segregating cooling water from
process water and install a closed-loop cooling water system, thus saving about 37 m·'/hr
fresh water. •

if,,~.ltJ!IJ),1_"PH(}SRl'! K \ Wr

>HlX15HD ~f~

Wllfll. iWIl -~



6.2 PP/WM Measures

The following PP/WM measures, if implemented. should result in water conservation:

1. The vehicle washwater should be treated and reused for any in-plant
requirements such as tloor wash, scrubber water, dust control. or
beneficiation. It will result in saving 4 m'/hr of fresh \\ ater.

1 Recycling the scrubber water will save 6 m'/hr of fresh water. The
scrubber water can be discharged to the Stage I washing operatlt)fi.
alternative. JPMC can mstall a dosed-loop scrubber water system.

recycled
As an

3. Eliminatlng the cause of spillage.

4. Sweepmg up dried material or usmg a dry vacuum system.

5. Utilizing water savmg equipment as dIscussed In SectIOn 5.1.

6. Installing t10w meters to monitor wastewater flows and evaluatlng measures
for waste reduction.

The above measures could save an additional \0 m'/hr or more water.

6.3 Domestic Use

We believe that the domestic water use of 8 m' /hr for personnel operating an 8 hour shift
is ramer high. Based on the available data. an operator uses about 0.1 m} to 0.2 m' of water
during one shift. At Al-Abiad mine, an approximately 200 person staff works during each
shift. The toral water need for 600 persons should. therefore. be about 90 m} per day or
about 3.75 m';/hr. The dusty environment that the workers are exposed to may. however.
force them to use more water and take longer showers. It is. however. our opinion that
there exists some potential {Q conserve water and reduce water use, may be by 20 to 25%.
to 6 m} Ihr. This reduction can be achieved by employee awareness. controlling water use
by modifying shower heads and toilets, and reducing other water usages where feasible

6.4 Process Olltimization

AI-Abiad mme. as we understand. has undertaken an optlmlzation process task to improve
process eniciency and turther conserve water. We encourage such efforts. 1 IS

recommended that JPMC contmue to look for ways to OptimiZe the beneficianon process
hyeither mstallmg new State-of-the-Art equipment nr hv modifying processes ~uch as usmg
helt filters to replace centnfuges ,)r uSing SUitable reagents to Improve Jewaterm~

effic iencies l'! c vc lones \lr cemnfuges
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6.5 Use of Lake Water

The JPMC should also explore available opuons to use run-off water (01 leeted In an
unnamed lake. We recommend that the iake water he u:-ed for Just control usmg tanker
trucks and a local pumping station operatIng on a generator If power IS not available. Other
in-plant uses such as floor washing and vehicle washing liso should he seriously considered
This will help JPMC to conserve groundwater.

In summary. the conservation measures suggested above should save 75 m-,hr to 80 m-";hr
of fresh water. Rec\Jmmended ,,"vater reuse and recy'cling systems are sho\\"n in Figure ~

•
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7.0 CONCLUSIONS AND RECOMMENDATIONS

Fresh water plays a critical role m the phosphate beneficiation process. ..\bnu~ -<0 percent
(360 mO/hr) of the total fresh water consumed (453 mO fhr) is reqUired for beneficiatIOn.
The remaining 20 percent water 193 m':hfl IS used for equipmem cooling. vehicle washing.
scrubber. floor washing, and irrigation. These figures are based on 200 tons of phosphate
are processed per hour.

7.1 Conclusions

Based on the audit findings. the followmg conclusions were made:

I. The following opportUnltles exist to conserve about 76 m i hr or fresh ',l.ater:

Closed-Loop e l oling System. 37 m' hr:
Vehicle Washwater Recycle. 4- mO/he
Scrubber \Vater Recycle. 6 me Ihr:
Lower Domestic Use. 2 to 3 me 'hr: and.
Use of Lake Water for Dust Control. 27 m- 'hr.

.,

3.

4.

5.

The fresh water consumed for beneficiation per ton of are processed IS only 1.8
m3!hr. which is very low compared to water consumed by similar mdustries in the
U.S. and elsewhere. High water consumption of as much as 7.0 me per ton of
product d.e .. equivalent to about 4 to 5 m per ton at are processed) have been
reponed.

The low water consumption appears to be related to the excellent settling
characteristics of slime. Slow settling characteristics of slime materials in the U. S.
reduce the recyclable water resulting in higher fresh water demands.

Fony-eight tons of slime discharged to the disposal pond per hour With 387 m j of
associated water indicates that the sludge is being discharged at about 12..+ percent
consistency. Thickeners generating sludge with such a high solid concentration
should be considered as best performers. There may be some room for improvement
but it may not be cost effective. Such improvements can be achieved. if technically
feasible, by using effective coagulating polymers to further improve slime dewatering
characteristies and using belt filters or coil fllters to dewater slime to 20 to 25 percent
solids coments. However. it may be difficult to pump dry sludge at higher solids
content.

Implementation ()f wastewater treatment and water recycle .md reuse measures
should result In prevention of subsurface cnntammatlon and conservallon of water.

:,......'( IKlJA.'P1iO\J(yr ~ '. "torr
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6. All untreated wastewaters are discharged i'o ponds OIT' unlined excavations I septic
tanks) without interceptor systems to collect and return seepage. ThiS may cause
significant wastewater percolation into underlymg soli The percolated water could
reach aquifers through underground channels and contaminate groundwater. The
wastewater management system. therefore. needs to be modified to mmimLZe the
impact on the underlying soil and groundwater

7. The sludge pond water indicates that It is high In pH. dissolved solids. and chlorides
and may not be suitable for irngatlOn.

8. Additional air pollution control deVICes such as scrubhers. if installed for the three
dryers .·hould mlfllmize air pollution.

7.2 Recommendations

To achieve the ,)bjecuve of the PP/WM and \Ai ater conservauon. the f,)llowmg
recommendations are made:

ImmedIately initiate a wastewater mOflltonng program to determine the ljua!ity and
ljuantity of wastewater discharged including sludge pond water used for irngation.

2. Implement the PPiWM measures for vehicle washwater. domestic waste. tloor drains.
and scrubber water as recommended m this repon.

3. Construct secondary containments. berms and dikes around storage tanks. process
areas. and storage piles to contain leaks. spills. and run-off

4. Implement run-off collection. transport. and monitormg systems. A storage pond is
preferred which will allow JPMC to use surface \l,Jlter for operations. thus resulting
in additional groundwater conservatIOn.

5. Evaluate feasibility of installing a closed-loop coolmg :~ystem. If it is economical and
does not affect the process water balance. then implement the same.

6. Continue process optimization through use of new technologies and equipment to

minimize frlsh water requirements.

7. Install groundwater monuonng wells downstream n~ ,-he followmg containments:

Large vehIcle washw3rer i.ilschar\!e pond:
Domestic waste J lscharge pond ~

Scruhber \varer J ischarge pond:

,L'lJ'ORU4,o"Pffr l \R.P! A '.W,.,.
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Workshop waste seotic taID:. and
Slime holding P('flC

install a bai:kQround monitonn2: \1, e, -\l!l1bservi! l.m wells or clusters nf ;>bservation
- -

wens. if required. should litercept underlymg aquners. Initiate a grounG\I,ater qualny
mOnltormg program. \\e recommend that :~roundwater yuallty be monitored
4.uaneriy for the fIrst two years ami then bl-1'1Hually .it least three more years to
determine If there is any groundwater pollutlu, trend.

8 If ihe groundwater momtormg prognm mdicates that the Jqulfer 'Jnderiving the
sludge pond IS contamm:ned. a new ~ludge holding pond with proper iinmlI Jnd
lea-:hate collection system ,n"uid be lflstalkd

<). The pond ;wertlow used tor irr;2.itlOn may not meet lurdan StanGards 202 i·te
.-\ppendix EL The JP~1C,hould -:;'nunue to monitor !.1nd o\e,tlcm '-Iuall'\'.
determine the type of ..:r"ps'eing lrrlgated. -ind make ,me the iwer!:I)\1, 4uallty .S
,ultahle for the crops.

to. Install scrubbers tor the three remaimng dryers to mlfllmlze air pollul;dn.

II Evaluate the feaSibility of Installing. In the future. a we~ gnnding ,;ystem to minimize
air pollution. Such a system. however, \Vii[ result m creating more wastewater which
will need treatment pnor to recycle or dIscharge

Air pollution .lbatement sometlmes ',v0rks agamst ,vater -:l)flSen'auon.
poliCies. regulatory requirements. ind natlonal mandate ,ometimes
priofltles.

Cnmpany
Jictate the

12. We recommend that the following items he conSIdered f,)r feaSibility level studies:

\-ehide wash\l,ater segregation, ,reatment, recyclmg Jnd reuse.

Closed-loop i:,:',)lmg \-vater system lmplememation.

Si:rubber water recYcling and reuse: and

Use ·of lake water for dust -:omrol and vehiCle washwater

7.3 Success Stories

\ phosphate manula-:turer implemented J "'iuseJ-lo\l f' process ·.vater SV'ilem r,'f lnurgan;~

r1Lli1flLie removal. Lme IS adJed r,' r-lrocess "ater it) ,:re:lle ,_.llc,um tlu0nJe "re;';lrIt3te :t:;.j

'he'll-water IS passed through [hid,.erlers ,mJ .1 filter rre~s and rel\ c!ed hack: ,(rubbers !"r
r;,.'u~e rhl~ re~ultcJ '~n"aVlnt! -l.-l;n hr ,"t" '\"Jter Sx ....n~c~n :"'cr \::"ar JnJ 'St~-: .~)n I!: \\ ~H~~

11~~". ~N·'

i.I'li_ i Vii -~



treatment per: ~ar Additionallv, the Arab Steel C)mpany in Amman. ],lrJan. upgraded
Its cooling water sy'item to a dosed+'op (onling ;\srem PllS resulted in reduc:n':2 the dollly
\vater consumptIon lmm .100 m J;l\ to' m ·":.i\ .

•
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8.0 FOLLOW-UP ACTIONS

fhls sectl.m contains our recommendatil:>!ls to JP\fC _.!{1cerning r"oiluw-up acu,ms required,
:n .)rder <:;t'thelr pnonues, co meet the ubJectIve> [the PP/\V\l J.nd \v:ller -:onsenatlon.
The PPiWM aetl'/iues generally are given priorir- \)Ver "vater consena(l\)n Huwever. due
to limited water resources In Jordan. PP/\V~1 and ',l,'arer conservation measures should be
given equal Importance 'With this phtlt1sophy, tree folk)wln\! actIOns ,ire recommended !O

\)fder of thelf priomy:

Develop and implement a plan to :non!u·r aL 'WJ.ste\vater tlow..; hy Installing !low
measunng Jevlces and establlshmg sample cOllection procedures .1l1d pfi)(ocols. All
t10ws should be monHored ;11onmly Jt least tor J penod ot 1::: months and quanerly
thereafter. Flows should be recorded Jally.

Segregate "mall vehicle wash\!. ater from dumestlc \V J.ste '.\ ate r y',d Install 1 -:omb Ined
vehicle '",ash'>'. ate, treatment Jnd recycling ,~qem

~ DeSign and implement a scrubber '.vater r::cyclmg "stem usmg J new lined pond. if
necessarv.

Reduce tloor drams byelimmatIng [he cause ·)f spillage. sweepmg up JneJ matenals.
and utIlizing water conservatIOn equipment as much 3S pOSSIble such as now
regulatIon uevices. tlow shut-off JeVlvs. nozzles. and ,)vertlo'","' preventers

..;; DeSIgn and lnstall d closed-loop cootm\! svqem

6 Reduce Jomes[)c 'Nater usage bv emplo\ee ,iw'areness ~md -iSing \,-\. ater savmg
equipment.

I _ Perform and Implement process UptIilllZaUOn to reduce proc.:ss \vater

8. DeSign and construct a run-off -:ollectlOn. dIversion. <;torage, dIscharge .If recycling
and moruronng system. Also explore usmg lake water r',)r Just (oorro!. rkiO[ washmg.
anll vehicle washmg.

9. Develop a .PP'WM water conservatIon policy as part of JP\;IC management
operatmg phJ1osophy Jnd Jistnbute It to Jll Jepartments,

" \Like It ~~Jch pC:'1 l ns rl'~[).m',jhI!I[\ " .Jt.'f1[i[\ PP \\\I,nJ.,~uer ,'nSer\J[lOfl

i lrpurnlnHle~
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12. Designate J PPIWM and water 0Jnsenation ,,:ourdmator to ettective1\ Implement the
program.

-; PublIcize success stones J.nd rev.ard employees that jenurv -':\'st erfective PP W\-l
'pporrunmes

Implement the PP'WM and 'Nate!" conservauon pro~rams through employee traImn!!.
awareness. Jnd incentives.

15. Perfonn periodic assessment 'Jf me PP W\f and \Vater ..;unservatlOf1 :.lCcc,mplishmems
by key management per~onnei. the coordinator lnd Independent ;:\8cTtS.

16. Show :nanagemem commItment through :Je Jr"lve J'_LI00S lind ,em!,),,,:;; ,he pOliCY

througn meetings and company .lCtlons.

17. DeSIgn and !f11Dkment pro{Xr c;usure \)f the scruhbe: \vater. Jurr.:Stlc '.\ lhtewater.
lind vehide ·A:.l.shwatCf ponds ciS well :is eXIsting ~eptic tank ':x:caVJ.tlOns

18. DeSIgn and mS[(iH wncrete septlC tanks Jnd a pruper kach field [\) treat J\)[neS{IC
wastewater and 'xorkshop \.I, Jstes. :\ properly deSIgned leach fielJ WI!! not Impact
groundwater

19. Continue evaluatlng the use of sludge pond water for lITIgation High pH. chlOrIde.
,lild dIssolved sohds may have all adverse impact ,)n crops and,od

20. Design and install groundwater momtonng wells. ciS recommended :" JcfcnTIlOe ...
underlying aqUIfers are contamInated.

2 t Carefully review groundwater monitoring results. If the data over ..l perIod I)f two
years indic:ue groundwater ,-Ontm1inallon. lppropnate remedIal actIOns will have to
be undertaken.

Design and install an additlonal three ,cmhbers :nd assocIated water recycling
system.

23. Evaluate. as and when lippropnate. the lnstailation ,)(;l wet gnnding s'stem wJ(h
water recycling to mmimize aIr pollution.

r
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TABLE 1: CURRENT DESIGN PRODUCTION CAPACITIES OF JORDAN PHOSPHATE
ROCK MINES

\\ 'fine ---------11' ~.~duction (million tons/yean I
II' .\lhassa j ) ~ji
~------------------il----------------.
I Al-Abiad ' 2 5

I~E_IS-h-id-iy-'a------------_ti-3-.-2--~_~_lS_'_)t_'_19_9_5_) :=]1,1
I Tvtal ! 9 25 (as ut 1995)I ! • I

•
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TABLE 2: FRESH WATER BALANCE, Al-ABIAD MINE

Water In Water Out

! I ; I

Source Rate. m-',hr Source I Rate. m j hr II
. _. .- i

Grqundwater Wells
i

453 fhlckener r'mkrilow
i I

i I I ;:, -:-'
I

Moisture wnh Ore
I 16 Scrubber WaterI ()
! --

I Domestic Waste "!

I I \'chlcle Washwateri I j
,

I\ ! !
\Vorkshop Wastewater

,
I ; . !I

I Dust C,Jmrol i ,~

I I I -

I
I
I II Irru:!atlon iI -;.

I
i I, Moisture to Atmosphere i 20

i I! Water 'Nlth Rejects
,

! -
I I !I Product \-101s[Ure

,

I i ! i -
! I ,

ITotal .+69 I ! jf}l}i' I
jj I I -J

•
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TABLE 3: THICKENER UNDERFLOW SLUDGE ANALYSIS

i I li Parameter I Result

I' pH 8.3
I
I

I Total Suspended Solids 75.632 mg!l

\

FluonJes 2.17 mgil

II Chlondes .+94 mg:l
i

I Phosphates wrtho I I .+4 mlul,
I Density ! 1 051 i,
I I I

The sample was collected dunng the audit VISit on August 16. 1994 at about 3.0 p.m .

•
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TABLE 4: ANALYSIS OF SLIME POND CLEAR WATER USED FOR IRRIGATION'
•

--'dfllpllll~l ddte 8:4,1994

- --- -.. _.._-- --
TSS TDS CI F N03 P04

-------- >-------- -_.-_.._--- ----.-- .._,-~~~.~.,- .----,-. -- --------- --~---
mg/I rngjl mg/I mg/I mg/I mg/I --_.__._~- --_..-~--~-_._. __. -'--- ----- -----.- --,-_...•__ ...--- .._.- _._------- -
18 2080 681.8 1.84 13.6 0.41

-----1----------- - ._---- .~-------- "--,- --~,- ------- -i
8.4 100 2000 2 350 3 (: 5)4 30 _. -.-L . .. ___ JI+_. ----

"II"IN,II-I" l'i1I1I~ lIt Wilslewi:ller !"'J'i" tJetellllifle t1w (j"I)"": ut leslrlCtion

Pi1filrnetef I pH

Uflil I SU

Ht;~)lJlt I 85

~lt<1IHldlcJS: '65
:o-...:=oc====1c=

~
1."11,,,.1 i1t ,f1I\ldll"l\ I'; deleflrllned by wi:l~lewater qUilllty lJelllg useLl

i !,t",ldfh1i.1fd I~ il1r urntJndwoter re(hdlgt~ Nu 5tdlHtdllJ e),I;:,L', 11)1 'lflgdtHjll

iIJrl.J\1lill1!1 ~)t(li)dar(1 202

I'tldly''-;l'~) dlt--: perfupned after sa,nplt.: tliti~ttjUI~

-j..
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TABLE 5: AIR EMISSION SOURCES OF PHOSPHATE ROCK MINING AND BENEFICIATION"
_._-~~--, ...- _...~----~-;::.;:.;:;.;:.:::.=-~--=---'--:;;.-=.-=:. '---'--' ~ ~.. -~- --- ----.~-, .._...

~:7'

ing of Drying Silo Storage loading Total
he
)re
---- ------ ----------------- -------"-----

0004 0071 0105 0_161 0.362

---

-- --
1e Cyclone and Scru~bers T---~nclosure b

wet
scrubbers_..- .-.---.-... ----~,_._._~ _.-.....- ------- --.. ---_.__.. -_._--- -_ ... _~--~ .. - ....----" ..... " -_.- -"--+-r-

Ie >95
", c t b--_.._--- --_.,._._---~----- --.- ----- ---- -- --------- .--_.----

lone None None Exhaust t)

L L
. fqgltlVA (iust to .

_ Lcontrol device l.. ... . I

• Dragline

Stripping of ~in
Overburden

- .'--- :._:;'.~'~';;; ··_::;;::·==~·I·' .- ~~"-'- - -+-'----

Emission factor, I 0.025 I O.
g/kg--------------------t--- I

Control devices:

-~,,~;,~~ Types. 1 :0: T~
r r

'I ttfcctlveness, % None N
---------- - -------~----~ -- --_._-

f Iltdre rrends None

L~cc=-J -- L

l

"rl"",I.'"'' "'''iE: Ilt,flvoC1 from $1)( sample fllns mad'l at one SIlO See Appendix H
tJO! "I '1.1,. dille
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1\ Fac 1 Lit Y

·..IQ I:P \'l1\STE t·lINIMI Z1\TIOU t\tJD IT
l'L\ 1\\'0' \. ""-.1' Q :\Udlt:::l.'/Finn:
~ T'"'J)\l",U L\\t'\~

Date:

, .
ATTi\CIIMENT i\

AUDIT QUESTIONAIRE

~ SITE DESCRIPTION ij

I

Facility Name: A\ - P1'o\~\Q ,,"'\64.. - ""JCY!o."Y' ~'n.c!. ~\o1~ }1;f"\~} c.Q. uc9.
Area:

Address: P.m'MQ.,V\ - Jor~o..t'\" ?o.~~ 30
Telephone: 9'2-6- 6f.Olql/bbOllt''1 ) gb2-3- 3>'<3\\5•

Major Products: ? h. C ':. \J \-\.a.L. i
I
I

Production 19o ~"tJ ?~y \...c.,,( 60 '7()I Rate: 110 - tens. or arc. I (((J;o,,'t\:j'
SIC Codes: It.t15t-

i'-Iajor Sources of 'IJasLewater Discharoes:
1- Dones-tic... \J.Jl\s,te..wc...tec CM'c\ S.m~\\ v(¥,,'r\f5t W~\h NC~ey

~: ~;5;t;;:r.:':;~~,,='n~~~.t:.:,~:.-'jt~~...v: ~J\O"
b- R"'.... e '-J W:l:("

r"1aj or Processes:

~'h;~o:;~L:;::~:t.': ;):! c~;;:~~;r=:~fYC;;~:~ w~~h'''O

Facility/Equipment Age:

22\-.~e.n ~ei.. '( s.
----- i

I !
I
I
I
I

I

\ \
I

\
I,

• II
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H\ - f\I bloJ. M;""t. :'\ud i t or/ Firm:
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, y ! ~1) '{ I ~1) Number
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Desion y~
~

Ooeratino - -
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-'-- - -- -- I
I

i 1
ii

,\11 ~ 1'/ s e s / 1\. S :3 tl Y.s ------ --------1 i
:.ot u~am

i

Cola! il ~ !.\.(\,IL."'1)t S. \1\ S \ "'DC )'ffb.1I'\ -~--- Y I -
1

- '1------ -------, ---~---

t' L ,111 t ~,d VOII I ' I: LOIV :' ! ,1 (.l) ~l 'I 'J 'L....----,i --- .

Pt-ocess D~;1crl~:Ofl '{ ::-L--_.-~!
OperatinG !·lanuals \(' ylr IEquipment Llst/Aoe - IEouipment Sp~clficatlon£ ~ /'r
l:-'lPll1Q & In"lrument ulilorams y .... y'r I
Plot and ElevC\tion PLlIJ(s) - - I
EnVIronmental Audit Report N N

IPermi t / Perm 1 t applicatlons N.f\ "'I.A
Raw ~later ia 1 Inventorv Records y'" x'~

Pt"oduct Inventory Records y .... y..- IJ,J--l .

~",ln:lqcmenl ;11C~th()J __ Pli1CllCed fct" ~._---,
c;,'lch \'L=t :s t e wC1 t ~ r S1'.1'e31n \

\-la:iLewater Lt"eC\tmelll,LlcllLtles I N ,_lY I

I\·JCll!.t"e 'l1,llla(l::'~..Ll!racLLce -t':L------ .ll_____ 1

rillell 1 a r y [ ,'I ell i t J. e s "

--~

lll1nUa 1 cost fot" manaq'=llIent of N ",}

tile ....,astewC\tet" discharge
P!lot:OG r <toh l c records N N

- -

I'J .. A Nc,," Aft\\(·~\~

'1". . \""-C. C- ..\ f","f\'d 'no.. \ \* ,I ~.....k"

CI..~;", ~~l].,N\,

• No~ ~~"•

) f

~T--'

T---~



racllity Uame:
{olQICP ','iASTE MINIMIZATION AUDIT

I~\- j\'O,C'c 1'1,1"\';' i\udi.':..or/Firm:
Date:

, '::c'F [ " [' L ;t I'

-------' ------11
I

'I
'I

----,------~!!"I
Stceam ~Jo Strea.ln No. :treaill tJo. :r-1aterial

Component of COllcern

Name
Source/Supplier

Annual Consumptl;o~n~~P~a~t~e~~ __
';-;.~ Ll 1 1
1- )1\lp(.)fleflt:.1..~LQ~~!..!I'>~l..!_l.- i

------1

Del:. ':~ry r-lode '
ShlPPlng Contalrler :OlL'" '. I'1pe'
Storage Mode'
Trans Ee r ModeS
Empty Container Disposal'Manaoement
Shelf Life

:1
II
II--II
\!

II
i
I
!

Supplier would
- ",ccept explred matpr13i I¥r:,j
- "'ccept shipping COr1tain'~rs ,'{IN)

Acceptable SubstitL!r.e(s), j 1: any
1\.1 t e rna l e S UoJD i e r (."'5:..1.) 1

Product Inventory Reco~ds I
I I

on process

et.c.

usedcorrespond to thoseshouldStream number, it applicable,
flow diagram
e.g., plpeline, tank truck. etc.
e.g., drum, paper bag, tanie, etc.
e.g., outdoor, warehouse. ~nderground. abo~eground, etc.
e.g., pump, forklift, conv~yor. etc.
e.g., crush and dump. clean and recycle. -,'eturn to supplIer

3.
4.
5.
6,

2.

1.

~ " ~.J:

\:'!~~ ~,j-

r
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SETTLABILIT\ TEST FOR THICKE"ER L",OERfLO\\

During. the audit \ ,,It of \\-.·\bi:H.i P'''l)sphate \t:ne on X, 16 1994 th:'~l\.cner

undcrrlov,,' slurry samples were coJleete:.1 :n r'our riJstll':: .:ontJ,Jncrs (,r' 1L CJpJi..-It\':Jch.
It \.... as obser\ cd J,tkr 1 ~hurt tIme ':-,)m -.::"il,:.::rr[\g r:"e ,ample that the "lUIT'. r,:..L',1n

cxcellent senling enJ.nctcristlCs

Un the ;econd dJ.:"1 ";
'o~ether ;n J bucket.

jQY4. '::e (""tent.' ,)f'lll thc r'uur..:ontalners \,",2 :,',\(:0

L -,amDj(:,.b Ul\.([\ '",m '11S mixture for 1n:1l\ ""t \\-\)

:1bor:ltorv. The fCm:.UOin\L "iLJJ~c '. h "tor,..:.1 .n .1 ~ L pListic cont..uner rix :;.inher
..:.\. penment;ltlon.

The "e~lJ.bilit) test \\1, Derf.: n;leu 'J11." 2: "194 '.lti\lZ1ng ur beakers or' 1L (JP.lC~.

2acn. The sluuge rF;rn r;,,(: ~L rust..: ;,;or.tJlncr ')'loS mL\":": n J bucket Jf1u J "if) :,1L
samrte \\15 tr;ln~fcrrcu to clet! one of the four beJKers. Dlncrer:t Joses \..)f limn '''ere
addd to c:1eh be:.lker .1:'> "hO\\1'" in the r~'llo\\ in\! ubi:...

\ttcr llurn JL1JltiiJn. ~_r,c '''~;L\turc \\J.~ '-, L!Cr\;U~l-" ~ ~\Cu :....,\ : -2!:.l:)"l ~oJ [()[ r.\ I -~:1riLJt~"

jnJ .... lOWIY' r'or ten "1inu,C" "'ftc[)ne :','ur. :riC \" urn..: ,)f ,enicu "iul>":': .\ J"

measured.

[,hc rc,,>uib prcsentL'J in th..: UC' c "h .\ r:-ut the ,\..,~tbodlt\ "If the thlekcnc;e,nJ("'1,l\'S

'~'(cc!lent \\-lthout .in" tioce u i:1n t J:J:th}n.

['he .lJJnll..)[\ (\1' J.lum Jill :iot ',mprc\ c th( ,cttlln~ Ch:.tfldcnstIC\, i)f1 rhc_ mtrJ.ry
rcJucCll the ~ertlm~ \ clL)I..:ty fhlS,lmid le :mnrur..-J to the relJtl\ ct: :,)n:.: tlme
elapsed between culicctm..: 'he sample and rerfom1:ng r,hc test.\lso. the "Oilds
..:harJLtcnstics mIght h:i \ C '- :lang<.:d Ju,: to the ,d::-. :n rcrt'"miJng the 'cst.

\ILUTI ,-\dJcd to ~!)O rnl
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APPENDIX B
ADDITIONAL QUESTIONNAIRE
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PHOSPHATE VfINING I~Dl'STR\

ADDITIONAL QCESTIO:'lNAIRE

I. How much water is consumed by:

Floor Washing
• Scrubber

Equipment Cooling

.\re the above !lows ..:olb.:ted and recycled')

,
.J. I f not. how is the scrubber \vater disposed of

What type of treatment is used to treat it before discharge)

4. Besides counter current \\ashing, where else is the return water used')

) Are any !lows overlooked'?

6. How can we balance the total water now 1

7. Where do you get potable water from? Ho\', much')

8. Is there any treatment proVIded to the sanit~ \vastes)

q How are the sanit~ wastes disposed of?

10. How much sanitary waste is generated?

It. How much water is used for dust (ontral!

12. What water conservation measures have been taken in the past')

13. \Vhat water conservation measures will be taken or are planned to be taken in the future')

•
14. What measures are planned to control dust from three dryers, conveyors. -illd ..:rushing,

grinding, and loading operations?

15. How many water now'S are measured'>

16 .-\re there any plans to monitor ,)ther t10ws)

'lill'li. IIII



18. Are the equipment cooling systems once through')

19. What happens to the storm water'

20. .-\re there any water ~nalytical reports tor

Fresh \Vater
Thickener L ndertlo\\
Scrubber E muent
Pond Water for lrrig.ation

[f available. can ,"e have a copy.'

21.

.,.,

[s the sludge Pond lined')

Ho\,·; much feed n1Jterial was processed 10 10 93) What IS the nxo\cn )

fwo figures \\ae given for water consumptio'1 Junng llJC)3'.'

[ndustrial L\es: 3.342.492 m'
Different parts of the \line: 352.728rn'

\\nat does the last number Include)

24. Do you have any :malysis for phosphate ore'

25. How much water is consumed by the small \ehicles \\ash statIOn. the large .. ehlcles,.. ash
station. and the mechanical workshop)

Where does the discharged wastewater go.'

•

..if it_ 1*"



APPENDIX C

BACKUP INFORMATION
PROVIDED BY THE INDUSTRY
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English translation of the letter form Jordan Phosphate \lining Co. Ltd.

The Hashemite Kingo<im of Jordan - .--\mman.

No. : DC/2/36/2485/9948
Date 8/13/1994

To Secretary General of \linistry Ill' \Vater and IrrigatIon! \l\VI)

Subject: Information related to questionnaire about water usages in \lines.

Reference is made to Amman Chamber ~)f Industr: letter llO. 12:1 -+/1200 dated
6/5/1994 regarding cooperation bet\veen USAID and M\YI. reference is also
made to the visit of your representative. engineer Rania Abdul Khaleq to collect
the infoIl11atiolllleeJed to t'ulfill the objectives of the program,

Please be informed about the following:

Consumed water quantities in ,-\l-Hassa "line during the year 1993:
Industrial uses: -+.025.660 m3

Potable and domestic v" ater : I.I0X.390 m3

Total: 5.13 ..+'050 m3

Consumed water quantitie~ in AI-Abiad Mine during the year 1993:
lnd . 1 .,., 1 ~ 1 " I .ustna uses: _' ...H_,-+7 ... rn.c
Different parts of the mine: 352.728 rn~

Total: • 3.695.220 m'

Also. kindly' be infom1ed that the empl()yee~ hou~ing is located near Al-Hassa
\line,

-

\Vater u:-.ed for Il1l1u-...rrul purpu"e,- \'- pumr)ed uUhlde the \linc III the furm ur

..,lime \\hli.:h !1),lll1l\ \.'lllLlllh'IU .. : lild ,.. hi,\['lde \11\ r~!rIill'r _t\clILlhk

T _



Samples were collected during J week fom1 the mud and \vater pumped to the

Wadi. These samples were anaiyzed forch10ride and the re:,ulb are presented in

the following table:

f---------~onc. of Chloride I PP\II----~
I

f---__
D
_
a
_
t
_
e
__ I \lud water \lU~__~

7/~)!l994 I 3S0 Sin
I
I
I

7,26r 1YY-\.
--t--.- ---~-----------.

~~() I X'::;( I

---_ ..._~ ----- ... ~~-- --- -,

~ ~! _I(_)(_J-\.__--+ -\._O_O I x.:IIU ~

7/301l9Y4 I 570 t ("100

r----7-13- t-/i-9-94-.. -i 570 --+--1-:;00 i
I ----J--------------J
! 5~U I 122U :
i ! !

f-----------jl---------+.-

I------------,f----------+-------

x20

1300

1()()O
I

i
i

+

500

550

600

570

-----+-------+--------1

I
---l

I
----"----------~------

I Ril /1994

~
\ R/2/1994

T 11



-l-.

3.

iI1tnnlLltlllll GIn tit: ~)rl)\ Id'.-",i dunn'.:. :hc '. hi[ ,)[ :- Ilur rcprc"ciH~It1\~" :(J lne \1illc

un K/l6/l YY-l-.

Best regards

Enclosures:
1. .-\l-Abiad \line layout plot plan "h()\\. m~ c4uipment. thlCkeii:...'r, and __ lime

lines.

Plan shol,l, ing the gnJund\\,ater wells iocations supplying tl1\.? \lme.

\Vater and material balance flO'v sheet.

Chloride J.n~lh SeS in \\J.sh~\\ater.

Si:":!h..'d hI,.. .

Lng. S~llncll \ i \ Ltdani

General \ Luuger

•

till Ii. flIT



FLOW Sheet Discription

Material cnd Water Balance

LEGEND

s- SO~ld percentage (%)

p_ Pulp (water +soii d) (t Ih )

W- Water (r/h)

0- Solid dry (t/h)

R.W- Return water (t Jh)

F'W,- Fre sh water' (t ltV

+4mm over size (Reject) screening

- 4mm Under size screening

-250M: over flow : slime) ( syclonlng ~

+-250# Under flow Concentvate (syc)

# Me~h

'~'~ U'(C <" { /.J! le/·"':'- ;;::... ~ " \ I , '--

\ .4; .~ t../ " / \ ~.

I \ ~ •

; t....s me MtI f .... _.__ --iii, -,



/ '"'"

/ "/ Return \ Feed

J i ?2

~/
I

I ~ '.'1

i P I
I

IS
iCO
92

,",1am agitator

"
i P ; 230

FW 10

Wet
-4mm

o 84
W I 147
P I 231

screening .... 4mm

,0 8

N 0,8
;:J a·8

To the valloy

cone e~trate

S I 91

0 84 J
W 252 -P 336 I

S 25 I
i

I

f
1:' :roge agiTatIOn

and pump BoX

28

cenrrdte .jj ater ;7

\ 0 167-

Wl201
P 1268
81 25

-250# 2~ stage eycloning +250#
0 5 10 I 62 1

IW J71 I W I 30 !

P 176 'p 92
I

,

S 3 S 68

centrate

+.250# I stage~ c)'cloning - 250 **

1
I i 0 I 170; 67

i '1 W i 33 'II : 219
i P i I'JO ? ! 236

____-+I S..-JG;t7 F._.W ' s_i_7,.,.1

I I 8 I h'F-W [5 J, To T lckener
II~ IT 3t~~e agitation 1
~,'- "'~~and pum" BOX over flo w...---__-.-- ,........_J~n,de-r-f-to--.,w

II [OJ"w 0 ! 0
1

! 1
8
7
3

~l
. 130 '"v i _

I
. P :30 ? 106
i, S 0 S '6 I___~-,i ~

+

~.
-..-; m---l~; ~A ,E fiat

r" Jver flow
r-' I \..

i
I I
I I
~

---~(" I \'\

I

I
I
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1.0 INTRODUCTION

This document presc". the matei:a's cciie:::ted 2S bac:kJr~und information for a pollution
pre'Jentior waste nilf::IT ,.Clt:on, and wa:·~r ccnser,la:,cn a~,d!t uf the Jord.]r: phcsu'ate mining
Inc.Jstry

1.1 BACKGROUr~D

[)evelopr"ent Alt-::r 1)z:t!les Inc (D/d) under a cor:-act "''1t;l tile Un,ted ::r~<,:, ;.;y~r~y fo:
Internationa! Deve:opm€nt (USAIUl IS I.'erform!ng an Ir c1l.stna' 'Nastc 1.\:1tcr 0,-:, ; ,J:;> Prevc' ',j,)

Prograrn in Amman Jordan ThiS Pro~lam IS one of :he four components o~ tile '/;Jtu Q"i::!ty
Improvement and Corsei'.. aLar: project funded by tre JS;\ID Tne Progra'l! IS bCi,g Deier-:',J
by D,ll.INth full cccrdinat on between thE: ~...t1Istri Jf 'Nater and Irnga'or anc the )\""r'a"
Charnber of InJ'.Jst'y ThiS Prograr;: incu,j'2s cCnCUC',fig OO:lu(IO', ;yc. "eilLc.-' a:':j 'NaS~t:,

minlmlzatCJri (PF'!Vv'!"'i 3V:tS. feaSib,i:ti stUG.;;s. ar~d deSi~l':lilJ for demo'!s:' <::t:,,·, dc!,.,:es at
selected Ilidustr,Cl: fd:::! t:c:;

PP,VPJ lo::.'C.. h''1:q')8S are c _r,.".::d as an] tecr~.,~uc:; 'C, r',c;vc,',t::r rc -. '~e c( :,'1 L'J
source rC<-!:Jcticn or rccyc~ '-'] dcti\litics 1heS'2 actl\/t!r~s niU:;:,! rcjUf;-~: E \,. ,_,n>=:S=;·f" U
cOrlce';\rations of poliutarts ger:e-ated pl.or tc tlcJ:rnent st,li3j'::" 01 eLi' ;c::11 O· ([\-:'; waste

8,)::::cc1 on a r;lnklflg n;ct~loJo1Jgj the: FIF)."\//~/ ~C',.--: l}t~·,C hL~S sf~;lcct,~)cJ b..;r l ir,,~j v.,:th

pr)l·~;,1IJi ne'::.<!s fol PPi\\'rJ audits One of t't:se :';],'''''1(;5 is t!~r::, i,c:,,;,t:2:,' In.' .; .. c~!y"

HalLa Consulting Engirocrs and SClentsts !HcFLd), Cn>1~:J'U::'''1\ ~I-" D::<::: :eld::',.:] by lJl\! to
ICJd ti ,e prJ (",Vfi1 au J:t for thiS Industry

The purpose of these 3uJItS IS to assist the Ind\;st, E.S In tre ;\mman-ZCl;c;a 8dSl1; to assess
pollution probierns and the alternative soiutons to aC"ieJe jeSircd ie/eis of poll:..l;.::;n pr<::vc:... ton
water conservation. and \Nastewater treatn',ent unce- Te 'oilol,',lrg subtasks

o SubtJsk 1 1 - Audit Coordination
a Subtask 1 2 - PF'iWM Background MalefiClls Preparation
a Subtas~ 1 3 - Pre-Investigation rl,C:8t:ng
o Subt,}s\.-. 1 4 - AucJlt
a Subtask 1 5 - Post-Inspect'on Meek] arid
o S.;ttdsk 1 G . /\_l.:Lt Eva,uator RCflJc.!:

1.2 OBJECTIVES

•In t~,!S clocume'lt backgrc'und Inforr.'at!~)n has ~",:f'n ~"ss(;nlbkcJ by r"i[ornlii\C! Zl:"r'T,,"~ersive

lit~·raturc reVie\/J 1 ~:e p~rpose of the :itcra~0rt~ rf \.;~~'''/i ''t!V]S to lci,~,,·,l:y thl' c1''/-11--»~t :f'_'~-~·Ir:!~!JCS

alld tt,~C'~j{\olo~qf.:;'" b(~ln-] r,t"3cticed for PP"V,',,,.1 \If t; iC ~::h;~-~tri l1n~i(! SutJLls',.. 1:-' 1 ~c cL;€- -4 ,.-e
of thiS dc-'culn:~';-\~ is to r:', f:~.cn~ the rcs:)~:; c r t":l::::, r ... ',. .\ \' :~~'; d fU'l~S cr-: tr;(~ r__ ,'__ ,:, 0f:t_ ::':.i\:t:

,. :1' :c t ...
~ ~_. ,

~ i ; "-..

'\.' I _.

T



The litera'.ure re ,iew include:. at the :eas:. the foJb,,!ng sources. publis~ied literature ar,d
personal contacts with the United States (U S ) Envir·Jnmer~ta; Protection Agency (EPA) The
literature cO!Jsistcd of PP,'Vlt,1 re!a~cd articles jcu'T',a: a:tcies c:oderence pfocec::kgs U S ~PA

documents and commur:ca:,ons and books or 8ci:.ncn 8:d ;:oiiuticn COGl''J!s

•
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2.0 PHOSPHATf MIN1[JG

The phosphate fertilizer Irdc;stry IS tota!!y doped.::r' Oil pr,cspr,ate reck as Its majer raw
mat,:;"a: After minirlg arid pre~aratlon, the rocks .;-::e,:, ],rectj In the prcdLJC-tlcn of phosphor,c
aCId norma: superphosphate triple superphos;Jra:,,~ n,:,'o~hosprate -=e:'r,::: furna:::e
phosrhorus, and dcfluonnated 3illrn al feed supplerner.ts rhOSfjhcric aCids s\.;o'" ,~-Je~ltiy use:j
to pcoduce superphosphate arnmoniu:l1 phosphG~es corrp~(.:'x f",;iiLzers supe'vcs~lh::'ricaed,
and dica!cium phosphate The phosphate rock indust'f C:Y1S:sts of mining and rc'::~ processing
op,,-,r atlons centerec close to 0'8 rcsc,\,CS

Chernicany. phosphate rock rna; be CO'l~I,:!i:r: d te ccnta:" a sur. stU'",,:j r:,yaiJat t2
3Ca",PO.); Ca.F Nearly alJ phospra:e orcs cont.u! a "~odf:ej 'arm of :rs st'-"k'c In '1,f 1('"

scrLE:,f tile phcs~hate :5 'e;:::iac-::d ':Ji ~urj(ide a:od ca'C,Y,i1te T!"'e '['a' 'lv::: J: C::'!E'~ ::;f

tY~ica JhOS;'i' ate roc~. ;s a~prOX,rn2t·: y 4 :J 5':~'6 J~/l.'e:9h: ~X~((''3s-:-j as :;....:cr~' ..:,

The lngre.Jlcn! c/ the rJC~~ that :s ()f CC~:Jr'iO'i'l!C interest !S t~lca:" r(; rr-iOSp!;ate (Tep,! Ca r"0.1.12'

also know'l in In'J'I"'y as bcre; i'lC::::'h c '::' of In,(; 'Ti'L) Trie :cc~, :s .lsua':; CjiJ r iC::1 0" .::(:

bas):::; of,ts Bf'L CC'l~'!it. (; f] (; Uf L r(Ii::, CCI,L:· ::, G: TCP 0'1 .... ::::;)"

2.1 PHO~3PHATE MINING lim:JS. I~Y IN JORDAN

Jo~(i,"1n Ptlosph;de r/li!( Co Ltd (Jr'rv'ic) Vias fU~.t"ldj~{j dl 1Q=:~i c::~ a prl'v'zite firl!i to C_\:)]t.;it the
pil." pru!e reSErves of Ire.: r;u",<·;fa area, 15 k,':om:::tLis (km) f1orlhei~st of Anlll:a l : i:, E;:;:1.
Jf ':/iC was irco'poriJted as a public. shareholding cornpany JOintly ov,necJ by the gC\("I',incnt ()f
Jord ..Jn and tile private sector Froil'! 1953 unto! i 98e thle',:; other production St'2S \\'21(:

developed In south Jorda:" namely tl.e I\:hd~;sa r!11;1t: (1962), trle 1\labaid in:i,e (19'~1) and the
Etshldiya mine ('1988) The curfe;lt yeany procxklr, of JPMC 's appr~)X;rl!a\e"i 7 rrli:I:c:.n :ons
of pr,osphate rock rarglng between 56-~5°o Tep ine deSign DfOductlon cap2.ctlcs of t"'es2
three operating mines are gIVC:l In Tat;(; The A,Jab2'o nllner:as :::·eer se'ece:: 'or :r~e prW~,,1

audit.

The phosr:"hate formations nllC',ed !n Jordan cover at:>ut 60 Yo Of the country's tota! area in the
formations of the Upper Cartaceous covering a ",... ck belt of cer;tra! Jordan an~j !;e n(';11 the
sunace The phosphate depOSits at A.It-'dSS3 3i!U !\i~jbcl,d are fuu,,:! Ifl tW'J hc;'I'::')'.S in a
lenticular bed whereas at Russ'2,:a and E!shld:y:J t~ , /Jccur il COiitinLOUS ::>",,:!s

Phosphate mining In Jorci'll IS tyrica"y Clpen Pit r,ii'lilig /\:, ove:rburden iayc~ is re~,ovcd and
a lajcr of phospi!Clle rock IS cX~!(JsC'd ihe ro~} 'S thJ1 rc T<',',icd from Hc dopes! by dyn2.~'l;t<:

blasting Rocks are usual1y hJi:c:d bj truck te the r:uu:ssing tJiant
•

JPMC produces seve:a' ya:j;,;s c,f r;hG,;'i:::l!(, IC~r:, r:,1:9;['9 frew 2,(', ['::' i' rep e.I;',lc"t ill
ackH'on to the lower 9'Clek::; i,e,) to GS'~;,I 'I CPi pic"j.J::c:d to me:e' the' s:ec,c:: ",.,~r·',;er'ts of
so n-'(~ Clistcrne:fS IJpCJn c,jn-I~~·~:t<j! I of rc-v-: bc;-,ctc:a: on u r:'~ S 0+ ~ :St!i ~~!., .. .i ry' ~ 't..-. i '-I l'e j for
19~,5 a h!~;~J·r grade prci,jU{_.i<:n l1!;:~ (;f ap~')f()J::"l<)~~ '.~ :~/,)c' T(:~' y\:~~ t_it-~ . S'J';!

the prc.,,,"i __;\~>l \11 of !l'I:nc crc~-:ti : ,.~! ,', tiC" s!: ll:~ ._,(~,r~,,: d': :Ci' .,~ ...,. '.~< 'v ~::':1

E1s~'.2 .'<\ !r::r-1·.~' U ',-)~;~lr~' :,' j • \ " .... ,

pr,,:>,_~i-i::t<'n,r /\!nz:'~':.c1 Jr\,-! /;,.,:: :'.: 'Iv S~(_,(, :) f)t, {'~



2.2 PHOSPHATE MIN!NG PROCESS IN JORDAN

The follo.,."ng se::ticn ge:;erc::!ly described tre::;hcs.:::rate ll\i:-'ing process used ,r-' j'wjan ShCJ'li~i

piCtoriaily In Figure 1 of this report

Mining

The exploitation of phosphate sta1eJ at the Russe/a n, .':..' C)' m:,,'n1Iindc~grC_Jrd r,w-'"g us,r'Q
the "roOili and pj'!;~-" meti'lod In 1956 s~·nil-rrecha~lz(;j1'111""'9 WZb aciop\."C ,Y,cj ',\1:1'; ::''''-j useJ
<1t the t\lha3s2 mine stdi1ing in 1962 Me:;hanized opc':! eel:;! Inl:e,;] was firs: appiied ii: 19:-,9
at Russeifa I/rhcre the st!lpplng rdk) of Jvc'rt:~1'-de:1 to p~'.C::,P:ld:·,:' I", f:\':J,lb'e S:rce tr'-o;n. this
method has been in continuous use a: ;:\,:5':(:"3 It /',1S i"trocL.. c,.:;j i1! 10G6 at ;',"JSSa3'X! ':'

1979 at A:aDa d

Ir: COt:-',:-dst 1-,\~!n9 tr,e :'if:rturderl tS drll:c: CJ;as~e:j 8~-;j tf"ie l>rc:~~·,:; 3:i:] \oc,:,,::':-J .~:j ;,'c::2--;a'

IS p :ed a"d loaded into dU';!ptruc.Js Tr,e stv,!e ma:\~na IS tr,'1~L; :L..: int'J \'d':'~-::_;':l;:' ac,,:c::s
less ~r'cli, 1 000 meters a'l.(>j

The uncDVC,r::d phcsrh'3te be: I ~s US~J3'!:)' \CSSC~-IE.:j bi ripp,ri~J, e1::1,::=j 3:::] bia·,te'J i" r-IC::'8S?~a~y

and \oCJde:J nlo Gc!:>lp:...ids br hauii~lg to cr",s:1ing a~:d SC'(':':,(j p\;y:ts

Pile-s ()~ rii.t:ed p!lc:pi-,d\C' Cdr: L:c~(~11/ faun mO~Jr;ta:r'~ :ri~ ~ nl0y.' pG:l:nti8'~1 prcv i·· ")~-/_ ;.J~:J_::; fer
wJler courses, contcl:'I!'!!d~','! grJLJr1d,\atc, tC:'J'.r's. an:! :;l,,·'t:ZJse the: saLr~::J rJf S'. '<dc::e ar:c
groundwater

Ore Processing

Raw phosphate from the mine sites s hauled to ja'N or Ir;)pact crusnes rated at :):~'C: - 4:;0 :ons
per hour P-II matenal IS fed to the crushing and screening plarlts where tiie over" :'led material
(> 1/2 Inch) IS rejected 3[ld stockpiled for fur1her treatr"ient Ifl the: future The < ~ 2 nch mate~la!

is (;ither fed to [i ,e dryers or to the ber'efic:at:cr plar:ls

f'"osphate from the crushing and screening plants which c(\nl;uil:' 06 to GtL, lCf' from the
Russelfa mir'c or 70 to 72%) TCP fronl both the Ai'!assa al'dA!C1bclid rnlnes Iri ff'(j d 'CC'tly to
rotary cas~ading dryers operated with heavy fuel od to prOduce a dry product v/',ch contain 1 -
3% moisture, kn""'" as urt'leneficlated grade phosphcJte Phosphate ores which contan 60 

62°;0 rcp at r~LJSS' 'J or 66 - 68% 1CP at ;',:ha:osa eifel r\!a~J,wj are fed to bere'lc'd:'01 pran',s
for ur'gradif1g

h yd r':,c yc:o r '" .Jl,'~': l tl
to proddC~ Dr'C~';':i,_-it':··

4

r-' ....., (, .

1 '

s~;,~(~" .-:; (.: d<J:~:1;,:~q'-' a", ; _;~'~"'~:;': t";
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hydrocyclones is reJected~s s:"11es which certain poor phos.phates with !mpu~,\.cs of Si:lca.
carbonates. and clayey materials The phos;:;hate cak.es are fej to heavy fuel odfired dryers to
produce benefciated grades of G6 - 68 "b TCP at Ru:::seifa and 73 - 75% TCP at JU,<)SS3 and
Alabaid

Fine phcspnates from dr;ers scprated by the e1e:;t'CJs\at c p·ec1r· t:.:tor at R',;SSE: f8 mine are
collected and bagged 1[1 5iJ ><:,ogram bags Th!s rn,ltc:a: "d'lIEd "J'JRPHOS's sod for aeet
appl;cot<Jn In acidiC soils It conta'ns 29 3 - 30 r;; p~O and its granu!a'ion 's 8tY~ <100 mesh
size t.Jhl'__ h cc,r,td;:"~S 30c/~ <200 rnE:sr: Size

•

1I11~. 1l1li Y".



3.0 PI-IOSPHATE MINING AND PHOCESSING
IN THE UNITED STATES

Typical unit ope~atlons involved in the pr!Gs::.ha~e T,n,r:g n:ust1j ace crus" c:J gw::;rg
screening, flotation, th!ckening, filtering dryi"g, bag:;),ng anJ storage The mining a~;d

bene7ic:ation processes vary sOni('what at dif"ut;r1t lo(~at,cllS base:i on grade SCI C'3r. ana:y sis
and pebbie concentl CIte <n the feed.

Th'...:re ore t\VG rt::po!"led be:-iefi[,',Cit1on ~YJCt;SS \r-~ the U S E,~; ~ ,.. r:.... 2r;,~ \/Jc=;.~·~~j-: T;-ey are bricfi/
dtsc1ibed be:vJ; and S:'CJ:/r', in F\rFE:~ 2 arid 3

Ea<.:.tern Process

Screcl,:~d s!cw, P''''P><:J to ti',e bcne';ci3' en 'eL :;,

VJd_.l. 9 U~~;;l';; h] iV:-i;:.::~ ri; ~:s 3! !\~ lo'j vl·-as~ie"-s

SCf"jd'~1~::-_.,r1 'Jf satld anci c.iay (sll:ncs) flcrn phosprate b(-'c]r;r:,;) pcLL '=-:1 r-') S(~f -"1':;

by sccec::-:J
Cycic:ne s2paraton of sl'mes :ccl:cica clays fir,esacld~,!

Slimes d s,tlargC' to por:ds
Ur1deifiolr COJrs'.-! n1att:>,r;3! to flota',:(Jn ~}rocessli:~ {~a'~:[igs tc.' d ~,; ~; I

DI yJr:g anj gri:: ~ :iiJ

PaGkClglng

Western Process

ThiS process var,€s s'igntiy from tre easter'l process 3':J :orss~s of the 'oilow'ng url!t
op€~ations

Cru:Jw:g and scrubbing of ore mateilJl _
Screen:'<J crus~):ng by r,ug mil: ,mj ci:t:.Js:ha\'c
Slimes remQval uSing cyclones arid thic~C'ncrs, !S :r1iC'S to s2'Ji:nJ
pond)
Un<kiflO'..... ::o"lrse matel:ai to ficatdlion 3:1d f,it~a:!cn

Drying and grinding
Packaging

or ta'

The process used'n the Jordan fac:lit,,::s appeJrs to be 5:r:1;:0; ;C' the Cclstern Plot ";~ but wlthul,t
the flotation oreration
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4.0 WASTEWATER, SOLID WASTES AND PARTICULATE EMISSIUNS

The s:gnlficant poilutio'"! prxic,,:s reported In the pr·.ospha'E:; r:lrlng ndustry arc

WasteVJatcr

Thickener overfi-::\\s
Hydrocysione overfio ....
Fict3t:on eel: und'3;1iON
Mlne\',':::~H (~i'alnage

Air Emissions

4.1 Wf'.STEV':-.l L,~~ D!SCf :t.JZGES

Ptlo~,phate mill 11g operJtlons usc !ar~le arnounts cf watu pil: i l :3:I'1 fXNasl1lng. w·',t se,2E:ning
flotdtlon proces':,lng and tr3n.spo!t~ltio" Other USE:S are fur [IOr"ev,tact eooll[;g v,ate, and for
domestic purposes A typicalN8lcr LS3G8 rate is 4 1 00,,',3/[: .:ctl!C ton of product

Other discharges s~ch as 'a,nfa;; a~d surface rur.off rray ::;rtr·:"'t,,;tE; to the tota effiuerit 'low
generated at a m:nlng facility

Suspended solids are the principal po1lutant ,n w2.ste.va\('r diSCl':argf"s TrCZlt:T:'.::nt \.ec',nolog'c·s
ava:lable for rc:noving suspendc(j SOlids are vaned ar.j Of:l:l a sma:: nU:I,["8f (Ycl,dcly used
The unlined settling pond IS. by fa:. the most w'de:y used f\J'f1I of cont:c' k~)lrG:Ggi

The phospha'.e rock slimes pr:Jtfcr-: nI,ly wei! be (i ,-:> !:',Ci3( Important of aii 8~~,\~ate or(:
processing difficulties The industry r.as beer. active for a number of years att8m~'tlr1g to clevi::.e
methods for dewatering the slimes but u'ili! J)al':,:,\;.' S,hClllCS beccmc ecc r .or"'::3.I\y 'cCls:L"le

settling ponds will corltWGe to be Vtidely used
•

Phos~Jhat2 s!ir:ie '/v""'dCf'j C'~!:';S~rhlt(--':.; >--~b0'Jt or\c th,iQ c/thc" ~':-:~(1 "-t~('l(r;x ni:~ie: ,~-1{-1., t- ',. ~.: a dIS[\~~:'S,-:;

problcn, to tfle prws::>h,-'(I' :I,clu~try e,er Silice mining b02]?n;1 rolk C'JcJnlj FIV';e j ;:l~"ut 18~!O

The jIS;-\OS;J' ~_;;ot:,~·r·~1 in(.'·c~':~~;cj S:J~I I:c(:~r·;t\y :Tl tr'o:; ,at.t:.- :'~; S Vr', r',.~ i::trG~:~,:ct'C ( r:: i_: flcJ+~:lt.I("r':

~Ircce~)s HH..-' :'lldt~) n!:-;c~ fO! fh.·tc1:~i: has a ''!lgr"c·' ,--(.v 'it \, ti-i;~U-' :'...<t..> :ni~C-,~ ~_.'~~~f~/l·':~ the IJse

of flcta:or:

, ; ..- .~
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Afte~ an inltal settling a ~d clarL:::atioti period some of :r'e ... ate~ conta rilr,g th-:; sL'lles is
rec'a:med and can be recycied to the plant Ho .... cver, sCibs'3quent scttk>;J Of lr~r; slimes to
release more water :s very slow The slow se~,k:g d~3racter!sl,ic or inability ~.~. OhVc:',C', !S a
corr,n1on property of Flor:da phosor,a~e S:Ir'ICS !,,~ r~c "en; 0' 8r 202 5 x 105 !i',: of a::;tive 3:'0
inactive setthng areas eXIst, surrourae::J cy morl~ H'::F, 4E;Q krn of earth jams I>::'o,.;t '62 x iG 5

m 2 of new settling areas are be,ng ce:r;struc.',cd cae"', year 1he Tlagnltllde~f :rej,spCSJ'
voh!cm is readily appreciated when :t IS realld tr,al the Ir,dusty producEs s:y'c 36 million
n ,.:.-tric tons of these waste clay:; (dey bass) ar'lnua" J A chemica! wlalyss Of s ·,~cs s::;!ids is
VtS::'ltcjn Tab'e 2

Current j·.;!..:::t"rlll~ concerts Jrc b~. 'y' prese:,'.,-'d n Fig,_,,:? I, Other prcu::;s(;~, A'~.'J r,a',s
beer, ;,r.J~':()~cd inc.iud'.: frcezc-thZi/i·.:ig elec·.ro-c::,'llC~, s c'lc<rnca 1 coa,;;u!a~i,-,r sp;"-cr:c.a'
a]:; ,:'n~e:: -a::on, and'j r (-: 'r.?;;e S is ~c "-;'~

InC"", ~c·t::.'~[a S,;'"tcrs to ti'O prc~c:', 3'~ C'" ~".;: .-.; ',:c(,':'= a',J :tIe

fea:· a!~~rnativ8S :0 at:)vc,gr~'u!ldrq:,c.;r;dT(:~:s,., ; ':;;:J'sr:j '~c;:]lj

-,
. ' J

..-, C~ ,.

~,.li-:·~-· \.\'~!t:~r i...;! din3g,~ IS g(':;cr~>- ! or:'/ ,~... ;;.:, '~. 1L1>~: ;!':I:-le'~ :: b(:~Q',,\ ~"t. :, ~~ 'e

the .~ c(~=«' P';,--=, \l.,'~j~.·'r tdD:~~ i'; 'J ~. L:,::; :.''2r,_~ ,~,':. :r:,JS~, ..-~: r)~~·.-~;j~;; ~Cij:-~; r ~':._

Tr p-Il ~1,'"":u1:~lte

lr j/~' 3t-ld

:; ~;' .... nl~-:dn d;a"TH.:ter': Prirt l ,j,J!~1>? n-,:atte:
s ',-....(;:1 d'.(.;Xidc- ',.\ht(h lS nlcist~y qua~tz

IS re.~rNable (less t! ::in 7 (j'1I CJ'I'
con:dlllS free silica the uyste;I ..
CiIS~,Jba'te

The Amer,can CC'ife-c~cE of GOI/':;;'-f1(;r,ta! Industra' Hyg,cr'ls\s :;\CG:H, ;"'as S...;g'~0ste:j a
thrc::,ho1d Ilr'lt I/au~ TL.V for reS:Ha:J:e pa1,cula~es 3S srowr. 'n trt: foi:ol.'n; '2 =,atcri

HI lO

\\'hcrc Ttl :hr("'l~_'/-_' !Zfl'i!: " (ll~{:' !ng/Jl:
(~flu; .. ··;'; J)t~'r,- (/i; <,~. (j!l~lt·:~ J" ,'t'.\iJ1I'i'!;/t drl r

,
RespIrable p.:tlticl_J~dt(-l::; vvj~h lC'ss th2 1:;0 qu:tr~z ail' terri ,'---':j 'linerr' and a TL\/ of 1- rng/:-~i~ lS
suggested for thc~c 1 tIE' criteria document or' crystd!l!ne silica published by the ~Jational

Institute of OCCUpJ:IC':I,J: Safetl Zlnd Hca!th ,:NIOSi i) 5t3';,3 (\;;1! OCdipJ!IO;C11 cx;::.n,jr~ slla': ;::'0

cor'~!'"c~~cd so th,jt nD \\·G{~'·~·~:5 e\:po,:~~:; tc a t:llle~'./.;~"grl:~_"j J\/Ci.igC c.O~1~·C'nt)~1:C·- c)f (~t:C s iC .."1

9rc ate thar; 50 lIe]':n' cJ:' dE<vriir'>.j ~ '! 3 fu!l sr ·ft sa'''p'c for liP ~) a 'C! '1'1," I~ • f 4:' "1,
v.(:r~:./)~·C'k tn a;_iu.' 1'-'; :--".~r-tIC,-JI:::,c ~~·C1:~-2r ,S ~f-'t--~/ th:' 3 r q.~~;:: ,~j ':~' •. ~_-"<' , ) r ,,; J

2"~-;"~f r);~:l\d'Y a:f;LI~! '~ d.; CFf,~J!:ty' S~,-:i" .1:8:/ =-~=:, ,;:~l"~'



to run a1 industry of its size For €8rnp!e the leading d ra:iroad hopper cars, a major SOiJrce
of particu!a~es, is an operation used only by industries with large amounts of fIl clter!al to hand'e

The sources of air err.ss:ors dUring pi-os~r- ",:e rock :Ti;ling a;"d process:n~: ?'C p,e','':;::; ; F;;,~'e

5 The emlssicn factor w':!ch c0crespor,Js :0 each SJ'Jrc,=, a'lJ :(c foi''';'''''9 ::: <~,SS0r, are
summanzed In Table 3

No sarnp\;,ng for the dragl,i~',e source in Florca has been d;")",e Ho....,':'ver sc,rre es'c'·,a\E.'s~a'/e

been rrDde on fugit,ve emissQns frcin oher source aS~2s::ner,t stucJ,·::·s ::;r' c'- n ;,g Duc.t
emiSSions from surface mining of coal were meas~jred ~j)' MF<C i'lS 0 C2:: 3'\.:' ':.cr:=:;·;.k'
removed Studies have :njicatcJ that overburden reri(J,:;':.0:> the la;g;:,;::;: e: r SG'/ce:.l~

strip nw",es estimated at 0 05 gikg Engineering Rcse,:rc.'1 3;:d Techno:c:Jy .... ',.;~, pr)vjc;J
Input on the air Qua';,ty aspects of ::0-31, deve!opn,,:;nt Ii r,o,th.vc.:} Co\crado sr8pcse:::: an
e ~liss,0''l 7a::tc" of C C24]~ k",~ 'Jf 0VerblJj ..~_;;,! ;::;010'/3: rc' j:- J a C' Qrre ~-.:t ;:; r' ::- r c; r-- -<:= ,,-Cf:cj : ,=;~s

ar-;d con~rol rr,cJsureS (V'.2:e~mg' a~ tnt· :i n(;s

Overt\l;'-den remOv3 for r/1osphate fCC~ ::!r-:ing is t>:.-~ i:"--~'';t:~· -'\ t:,J ;,1 r·'(Jc.~j

SDurce than !n coa: "'l":lning be: _]US'2 r-;\jC~, :ess O\i~"~~~< 1 !'~~ \

overbur'j(:n depths lr ; rlonda a~C' abOl/ 6 rr, \fers',.;:; I_I~ :(." ;:r '-r, f'Jf c'~ ,~: r7·

rock de~J()sits in ric)! .Ja are genera~ly ~'-:jrh..JJ ir, areJS \A't l.~ .. c tl!e v't'a:,::: Li ... _

Bcc,":jse the mo:s::.!·<~ COI,tent of the c/c;bJrden IS h,gh '::::ss ch:st IS piG: .'c',1

raflgc offen:;(J oy r'LUCo-O 024 g!kg to GJ~' ';)/kg of O\l,-d~lJlkn f'LDCc C' ;1:J~ i ,et C.JjIC

erT1ISS'I)ns from drao; ;iC' rlrerallons ill ,lr! c~,"r pi' ~:'-::T,,=-r rn :-:e In Butte M,r ::1 1 t e:1 ',i','

rate of ore mined ",,'a:::· C _.J4 g.,'kg 1 'I":; f, '_c!; ',.i J \'JS n.')\ed to b,' r" _ jl ;.-, -j r,0' ,C;li'o; , j

Although actual me,EUrE:''',ents w:::.re I'ot takc.:n at phost'hd'.C rock f1' i:C:':, . .:.n cr' - ",I. fd"tor of
thIS order of magnitude was feit to be representative fe' ti'e n11;',;"'9 of the 01 e

After the overburje:; is reriloved the ore ,s p!3cej ,f:to sie,ii.::," pits broke': up by h'icr3'J"C
monitors and subsequently pumped to the benefca\:oll r-:Jnt Each cor:,panjs :Jene:lcaton
methods differ s!igh~'y and are deper,deilt on the ch:ract·.;r,st!cs of the matrix in c3::h case
however. the benef;catlon IS a wet precess and tr'ereforl' nCl a source cf a r crnss or's

The beneficiated roc k IS transferred to ope r
, storaye ;::·,1t.::5 As til'S mal,','I.)! ,S ofter] n'o:st no

contrJls are used or expcctej In the \Jtve although S8rne Cl1kSOI:S dlJ rc' it frCfT the
operations Ttle mo;:;t fIl3te;,Ji IS us',;aliy car,ieyej tv a rl:;tarj diycr

[ml:::siC\n factors fOf phosphate mining a~e :JaSE:e.1 on Fior ];'1 Ci12~;;--ildtf- CPC~d:";'S WCS'f;-r,
phosphate rTilning ~perdtions are recognized as Ti3vlilg grealt:'r air emiSSions beca\Jse thE: 'ock
IS not genera!!y 'Net-'~lulced to benefic3t 'or Jpu"t'ortS 3nd (Just Illd! oc:·Y iI-' t' ,l'-c;~ut flv" ~!it

to r rOCft S S -'19 pl~ nt }n C'l i"1d it 18n the ave rt)lj r,j:; n re (1'"1:'\<1: fc)l'" \",C' st;> ~ n ph c s ~~i h, (1 t~ .!; '[ i r'~::= ~~1';~ ~~: ;y-' s
m(J~<.~ H~an 6 m and s clil' .. r th-Hl ti1:~' rlu~';ua 0.","-' F"or '/ve' , t'~"~r i-'";I~~C:', ~t~; ~Je 'l<1 ~,tIC

-, ~
.J

",,,
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4.3 SOLID WASTES

Solid wastes generated in minir,g or;:ea'.ion are ."len-pros;:,':?!::: pebtdes Ciay and sa,lcs
separated from phosphate bearing mate~;as These 30;ids are j,scharg'2d as siimes (very fine
and COlloidal materials) arid tadlngs r.:::arse r matE, as; ar·,C s~()rt~d In pOI'.ds fer p,:;rrna,E"t
disposal

•

'-
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5.0 STATE OF THE ART 
POLLUTION PREVENTION AND CONTROL

5.1 AIR POLLUTION

If the overburden stripPing and pr:os;:.hate mJtrix minngs carned ::;d Jrd'~' S . eNh.)t "we~"

COr:d,~!ons. industry does net CV'SiC:::' :hls a source of a~ cril~SVS Trc:,,-'c,''2 :r'Cj have no
controls on this oneratlor: arc do r,ct ex~cct a fU!·J'c nu<J In tr:t:; 2~,-,.:.:nce :;( 1\'2~ cond:'or,s
controls may be nc:"Jed

Th::: be:Je~c'3tej rock ,n J~er· S~Gr2ge C)f:es s ....-': 3· '~J '::;" :':>s ar
,-: L.S~~<.1 :;r -=--~20 =:"2d r· :r~(:

future a:thcugh S~'''C e:'iSS::'~S de -esu:t

Typical:;, the mo;st mater,]l is (;)Ii .e/ed by an u'de:~.J' 'unci belt ~~. a 'eta'l c'!,::r The dl,;st
fl0nl the deyer is hanjiej bj C ",; 'li::t S·UlJ,:'·.:;r C'>'~',,:·L:I.<)ns in t, s :.", ~!i.=' r?illiSSCIl

be 'Ofl'CS a stack ernlss:(,n Cc.:·:.:c; ~"1 cH'·,'.nc ,"':' of :1', S cUllt'oi ,:;;::, CEo :j"~ ;" . I \:'CI,'I 9C,c 2

e1l1·] no further contro:s are el~ec[.j In the futU'·:; At :i' c; pC'!nt tr'e ':,3',:;" ~I r" 3} iJC ground
sornetimes uJer ..... et condit!::;r·::, the procedure "cYiCS fr\:<il p',wt to ;:.Id,t C-. C [I:.Jilt does ;)ot

use a gr:nd,ng operation at a'i

The n:aterldl IS trClnsL·:'::d from the d'yer to StC:dJ,? Slle·':, COI',!f,::;i de,c>-cs V', rock '.ra"sf",'r
Junctions are typlc;:li:j scrubb"IS w:lh an averJ;jc co'::::ctiUi: (~f,-:;:,~r:y gr(;,;'" t;·)": 0:::0 Frorn
the storage silos, tl,e ro"k is dropped Into rairoad horr,.'.r cars fJr t:a[\~r cr\2t'on t ') fe~,i';\zer

manufacturing centers in faui:t:os typical of the pho~:;~hdte IncJ.J:"try- :ol:,ng:s 8cc.)il1pl 'shcd
manually front overhead stV1J'? by an operator standl,n,.;; at the roof leve: of '.tit: rcl',\roacJ car
Usually the drop areas have h:.'xible rubber couplings ""~:icn dellve' tr,e rJck:o Ii t~,n abc'J: 0610
m ,2 ft) of ~he top of the ;oad,,:g door this he:ps.::~e::' :""'e roc><, rio'Neier :re :::30,1'9 Drct:e'"
IS not dust;ng caused by the drop b'.Jt the p!ck~pJf 0",S: n the j·sp!aced 3 e f'Ci' :'1t:: ,alrJad
car The lndustl'y is worKing to controi the dGst in thiS o~eratlon

Companies ha\,c instJ!1cd e>:\ensve ductv-.-C'~. systen1S L) cJptu~e (rc. dust ,'~; ':::'~;lust It to a
scrubber. However. the cq:!'pment must be used prepe y DUS;CCl\~hli:d c:~_ ,jies must be
clamped onto the railcar doors tight enough to ca;:ture the dusl, One pl.3:,t usc:, a mechanized
system In wf<!ch the er::Js of e,ght !o3d:ng d,,;cts fit 0'18, ~he tor's of tile eGilt fa cae doors and
exhaust the displaced air to a scrubber. In oider facillt!es, thiS may not be pOSSible At one
location, for example the available headroom between the button" of the st~ra J'c SiC and the
top of the railcars is limited. and~:=n are typ,ca:!y not of uniform heght or dc_'" :cnf,gurat;on
ThiS situation re<fuired trie des gil of a system to ioad the cars from an o",tsrj"; ~crper adjacent
to the silos al,Iowiflg for "I,ort' I'CJI'kr,; space In e;trer case it acce3'S trJ' ",: \;ryc" tre,lei !s
first to contain the fug t.ve (::'is::;'0n and then to UtC'tl:. :t as a sta':'K t:~ .ssei"

5,2 WATER POUllTI'XJ

l' .
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are fixed by the c'Ynpo:,ition of the ore Good "ouse~-eping leaks ar,d Sp,JIS ha, c; 1It::e ,,,.pact
on waste loads N':Jn-contact wate, s rare'y used In these processes

The areas where control Ismpor\:;:;;( ncude v,asteNa:er co",ta:r:~ie:it "no sepa'a: c r a'a ::)r,t;ci

of rr;!ne dra~~age '~".·a+ler, pr8CESS '~A,t3>:: and fa:n I.J~e" T:;cse a~·?3S are ;l~r~r-:;rj..; )-: ... c·-=-:: '=~cv·,,·

5.2.1 Containment

Most ".asle/,ater trE: atrne1t and con'o: fac::t,'C:s In the :heniica 3:d h,<l.cu r"rt':::'(l:s industrj
use one or more SOt\;:1;; ponds Curng ;:lcr,ods of nea'iY rainf2-'l U;c'<: "vy,js" a'e cfte:l
washtd out. and tne sc-U;ed sokis nial be SNept alCJf1g as '1\2!: In many Jtfler c"c:;s the pond
may remain intact our,rg ralnfa!1. but. Its fViCtion as a setti:'-I;j pond IS S;;""IC3,,+'1 !n'8a:rccl by
thearge 3''':JUn\ cf 'Inter f]C:'1,ing trr:Jugr-, t In acj,tcn :0 Dr::t 2:,'5 :3.SVJ :y ':, '1fa! and
'1o(,~;r-g V'./a'5te::cr~a;:'r:le'lt,n por,ds can te ~rJ,jt;Ej -li: h ~r: ~J,r'j3-:~-?C~ ;""? 3r:r ,_,--.j ~'--'J :.-·(:"-e,Jt~~

~he .:c;r~cL ~s:.at=-= ~hl)G'JI- pot ho cs fau~~s a';;:.j fSS-.J f €;3 ':~ c:. ~~e t.a:e:f S.jra::.e ?'.',,] '):-2 ~'~/s.cal

fa,lure of pond dar"s and dikes

In most cases S:1~ ")~,T'~·. .-,/ pend pe:~,',,:,~"':ianc~ C?'; t"'r? ;.)'~\ :,~.\'I:.~ ~ bj P v~~~::'- \..,',_ - ~ '-:~:r-; :~- s 's

not poss',ble a ;t~2 ;':"l ~ti\lf' t~e3tir1e nt rrE::r:od s- -thlc:':,-=:r>:' ['s c1 arJ ~s tu be a'~d I 3:': ,_-~ ~-::'0 pa~::: Jrs

filters hydrocy:-:!cnes, arJ cent r bJ'2':>--::a' b_ l,,'zed

5.2,2 SCP~:iJt;on C'nd Control of WJ::,t(;.';atcr

In these Inciustll~S, w.:-:stpwa~cr n-'ay be separated 'nto tr tree catc:JCr,(~S n-!le d'J ~3JC 'Inter,
process water, and Idin water r"HiGff

Mine drainage water and process 'Nater are typ!cl!ij CI): :t',:-;:e:d and conta,,'c,2,j ':.'y purr~'ed or
gra/!ty flow thro'Jgh pipes snar-nes d,tcres and ponds Ra'n Iha~e trc'.Jghs after!
uncontrOlled, it 'T121 etrer :o,--:taT::rate proc,=:ss and mine jranagel'rate- or ~c N off treanc1
tndeper:dently as ncnpoinHource dscharges Rain water rLnoff increases s~s,;jended SOlid
matter In fivers streams creeks or other surface waters used for process water supply

C:us'pn,de'"' SA 'I'"d'" --, r e H'le -p"V ''''a' "~"~ii, J't;Oj n' 'I' '1,(' W), "t l-,,' ~', 'I ')' ,c - r '-, C,,,,c'- ,-;' \"" :--, ' " "JI 'r'c<, , s'r'y_ ~ - u V .J U!;,.. • I, ; ..... I tJ 't-' ,_". ',-, ,_ .• ~ 1 , ( I,.... Y f ,-) l ... ,-,.I, '-, '_ j ",.,' : CJ • J'-' J _ I ;; _, ',- ' L , '_ '......... ..

The treatnient leO,n(;109:es 3"ai!J~,,;:' br rc',10-':'9 susrc:-,'.:·"! so'ds fiJ i :.'1c',r';'I,J',Ci a'c
nurnerous and vared bLt only a re'J'I,cly sn-all number 3,e us~.j 'I.'del}

Table 5 shows the approXimate breakd(y"m of usage for the var,ous tecr,nlq!~cs

Generaiiy, the current Industry expef,ence With s2~\iing ponds sho'.vs effiu;,:::ts w~th tota'
susp,::;nded so'ids·concentrations ranga,g from 14,OCO mg'0:1 to 703 000 [:'9:1" t'Jcrforr'13nce
dJta far s:::rnc ~l(·at~l~it. ... ~t ~~y·~tt~'·!:S a'v prcsc'",:ed lr: Table 6

\
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6.0 POLLUTION PREVENTION, V'JASTE MINIMIZATION At~D

WATER CONSERVATION OPPORTUNITIES

Pollution pre',19ntion IS achieved by :nlr-,le'T1cnt,:-g rrcg"il~SI.'-i!Cf- N!;! result r C8d~ ~.:: r :- 112S~:

generation Was~e generation ,r. tum, can be ach:;:;ve] by :OO:';:ilQ into wafs to ir:,pr:Jv,:: andior
modify url!t processes and opeat:: s anj process cfk":J~cjwlhout ii~" 'cl ':,] the iAC:;,.;ct quaiity

Some of the ar:;pro'lches being 8'~alu8'[j are d,S:,Li'~:~(;d bc'cw

6.1 EMERGiNG TECHNOLOG~ES

~~8W metr:ocJ:; to CO'18Ct Q'jst er".sscrs fro:;, ber,::f,c a: (;:1 ~,!d, ~s parte .. 'c'ly n ,'ie ra:! car
load;r:g a'E:2 2.~e corr:!~g IntoV'e',li

Trle je ...·e:ocr;->e~(t .:f ni'jror;iC~2.~;"lr!;jca: processes ~.:, :-=-<_ - ..... ~ phJStJ~'cr~_~s f, '~-; ~~a~'" x or

COl'iCE.:ntrates by d,rect aC'dulat.or. rnay "'na~':: it pcsst:~, to:'.;:,:.;.',: :8('0ve') ,:,':i'"'~ 'eju:e
v.'Jter ulspoC)(d pr~)~'-\lc' n-3 NeVi --~l'.nlr >9 d;~,j r/(;-',cs=;!rg ~~::_:to:[ q Jes rr: ..iY t'f~·:l· ;_,(- :~~ ~J 0" ::ze
th·:: pO'\8f t:~ tC_~; c/ U':~~ F'Jrda ~-t~/~'!~~>'"]r~ f"'Ci:Y'd' '..-,r--' ~H tht.' F)'le:; j u ":a" jri r: P-iC

VVcsterr: Ul)ll;~(J ~:"<""~

V,"et grinding IS on(; of the tcchr~ Jk:]les teing ;:'Qns:c~'~-·I,:·j to r·;·,ln.rni~/C:: a~r P(J':~;_,t ')1 f=;: 8r,CJsr:r;J~e

rock proc:es~oing fac;:'t!CS It:s clE':c,cr!'.f,'j beic ......

Wet Grinding

The rY<:')s~ pr':J~~!,~.;,n~:l ;-~~ ':,~~<)!""' control tc\~.hn:-~l.e ~or jrlCIS =-lnC1 '-l:c'r"c l~,"'~ rc:,c'rl~

ITl()\'C to\w\:~rd'w'V8t gri;;(jl',g of rock for the n"iJr:;..Jfacture of 1l.1(:<-prucess phOS;,;f",or ': C1cid
(\/iPPA) Th8 rock IS ground :r, a water sc.rry and then ad Jed to the l:PPA reaction
tanks 'N,thoGt drYing. ThiS has ~ot been dor,e prev,(;us!y because theJ,ate~ e~tra,nej

With the grour:d rock .....cuk~ ~equ:~e a stronger ac,d in the 'NPF'A reaction or DE: ,e1ioved
by evaporatiOn) to ma:nta:n the 54% P:Os strE:( 9th needed for produclicn of fertilizer
HistOrically 93% sulfLmc aCid has been dtlutE:d to 58% for thl~ \t'lPI);'" reJCtlor, pr,or to
addition to the r('actor to permit remov;:r of Hie "-·eat of d:\:ton If aueled '0 \1:(-; reactor
at 93"/\> 5\1 t.:nJth the he..l~ of dliu~(\n coupled W:t'i the rie;)t of rl'3ct'on 'NOL;!ci eX~>_'CJ trc:
capaclt! of ti;C vacu\.:m flash cecler used for ter':pl'raturc COI,(ro: A5C It ....dS ..... de:j
aCct~ptcd thdt the hIgher :empe"'atures wcuid ft2SI,~:t In forrnat:cn of S:lid:ie r :i-iS~d:S cf
waste gYP~JU:l1 wiilen ""ould ccmplic3\e tht; sepa'3t:on of product acc fr:A' V.C1<'=;(c:

gypsum

Two COll1p2j1leS have o"ercome their reser/atlons about the v.et gW1d,i:g process They
have des'grled larger nash (~O(1ers 011 the reY'fw:, tu rcr,c:vc the: he,lt uf U,"L.t,c'" and
hcr,JC' f\JLllid ,liO siC; ;:LC('tn: differencE.: In the ::r-y:?,L~; :l?r ~"'\f Ult': ~JvrS;,I!Ti 1 ~,( p r8J cts f:orn
tllc; rC'0,,-,t0 1 J'-e fed to ~~ J.:: c:v:t~!(l"'~·<.:"~: a~ 2;" tCl 32) fJ 3:: 1:] tf''2 S_jr-:~:e 35 t~~t?

.. ~..

a:: ,c ,,'

\/. - '
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V";PPA plants 3re already findirg difficI11t to COr,tiC)1 However, the poten:iai sa'Jings
(elimination of the ene'gy Tite~s:ve phcspha'8 rock dryer and its air pollution control
sl'stem and air pollut1on centrOIS for the grlnde( is a strong incen'.ve to U'e ope~ator

Pia"t manaJerne~t contenDS that the rrajcr dr V1g for:e for the pr.:;cess is not
lmprcvements in technology, but increas,ngly expensive fuel costs ar;d stnngent air
erTHSS',On regulations It is now less expensi'JE: to treat the w:ct rock than to cOI~t8:-,d t,lth
high energy costs and increasingly strin;jef":t air reg'J!ator,s

The Impact of the wet grnd;r.g process:;ou1d be fai-rea:hing s,nce atoc;t 70:/s (f a!l
phosphate reck IS ult'mately usc:d to produce fert,i1zer, and 8S cc,o of the ':ck USt':: for
fer.::izer must f!iSt be converted to phosphoric aCid If wst grinding proves '0 :Je a ~rend

:n the ,ndust:-f:a~'d present nd:atons are that ,t N'!1 tre ]fO\Aith rate +,y 2 .... 0<;~J'ate

rou, jryers ,,'II ::Je::rrt'; ;,e:l,;,te Cf ·.:;e',,fse tree t, i\ :crtl-U"? to:e a 'c:::~'e~t:~: 'e,r
dry 'ock uriless ways are feund tontrod"ce ws! ;r:>Jrd roci< rto tre piC:CeSSE'S other
than wpr/\. Much of thiS n>:, d nl3y be [;!:ed by ~h-:: Ci~pac;l) of 8A:ly~:rs rathe'
than c()rstr~1Ction c/ new one e; The need for E;~,S:'f, cor;t;:J:s (ill ~'ptl{l~C ro>
glino"fS thCJgh (; ;;I:.,,;,l,,:':3, \'."i; C'JI,t;UC Since '.re cdiCI;i3tlon pr:JfSc :.,': pccb{l~, j

continue at it'3 CUII(-'lt rate of 9 (\,\',:, 3',d :a:::;inej 'cel< :>lGst be ground

(1) RedLJ-es by abollt half U~C ':::lil;!;Ji cxp,c:-:(,e ' f:orn receipt of unJ!,:/j wet ruck
throu9h the POll',t of feeding it into the ;)(10 prOCeSSltlg syskT:

(3) Improves fuel economy by 2 5 gallons per ten of phosphate mck Jr)urd WhiCh
comblnes ..,nth electrlca' power S3'J'ngs to rej,,.,ce Jperat'n;j Jasts bj S:? 00-$4 25
per ton of P20;

(4) Improves re!iab:llty, thus redUCing the reqUired amount of surge of ground rock
If a plant t5 located near a mine a rock slurry can be-pumped direct:y to the piant
from the mine e1iminating rail tran~:,por:at:c;r, 3:lC belt conveyors

(5) Reduction In radiat'on leve:s wi" cccur as ejry,rCCK grind,ngs rE:~:3ccj ';',ith wet

rock grinding and dryers are elHTlinated TrHS w':i lower fugitive dust levels, thus
lowering escaping radiol1uclides and aiso result ,n lower radla\iun 'evels in the
Immediate viCinity of tht: grinders and trw ei;nlinated dryers

•
By convert.ng frorn dry to wet grinding a CO!':;.- ,1";)' ':: "peets to S3vC 3 nil,' en gallons of
fue: oil and 18 0',(lllon k'v\'h of electricAl' per Y~3: In producingJvet pro,:ccs~ ph'Jsphcrc
aCid at its N'::w 'l,d'c:S COP1riCX Con.'E'S (,I 'i,'! :,:~,\ ,ILulit $11 3 ;':1",'

C.2 WATER POLLlIl iON CONTf.:OL, pr\.[Vr:NllO~4 flJW lV:~::MiL"T1()"J
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water associ3'.ed vdh s:lme discharge :hereby a:lc'<', ng the ind.Jstry to 'ecyc'~ l:c;re and better
quality W:Jtc r

The ,mprovement in seWing of colloida: or fir,e cia; ;::art1ces Cd': be acrieved Cj JS~~g 'Sffec:I'~e

and appropriate flocculating ar-:d coaJl.iia:;;g age,,:s:':ay partc.E:s a'E: legcl' .,::; (,;a'ged A
coagulating agent such as a'urn (aluminum su!fa:e can effectl'.'?!; t"r1d thesE; part,c:es ard
improve their settling rate An addi:iorJ of other polymeric ftocculating a;;ents e:thc; cationic or
non-ionic generally further improves the settllil;) properties.

I\ddition cf f]occula'.in;; agents pror to d,ssolved air noatation hyj:JClor,es ccnlnfug,:s or siiii'e
pond w:l! improve the dev.atenilg performance of these S;!stu,s Th:s Will res,,:t in better
solid:water separa::on The :rnportar't aspect is to de\erm ne J addition of such agents .... :!!
impact the croduct quality Cer.a:niy 3·::d;tor, of fcc:::uia:,n; a~€n:3 prier to tr e s we SF:" c:.J
pondsNll l helprnVQV8 Se\Lir.] arid CJ'3:-flC .... ti2:er:;c,ait/

As stated in Seetic:" <10 other f:irocesscs CLJrertt:y te,':g c/a1,jate:::J a:·:· e:ectro,ss':'03:S freeze,
ti,awing spherical agglomera:,Gfl and drair2Y; sisterr High -~ffciency (;::Hlf~C' :! "~ns, s,,:h
as tube sett;eiS, inclined pla~(~ c;Jrif':ers, ard rC'ac~:=.'r-c:a"·;-,ers .~;!.h s;uc>Jc r(~,:;:r:=. J 1+ ca;; t't?
further consdcred to Improve te s'ime scttLng a"d renlo"a processes ancJ I '~',,; V.3t'2f
recycle quality'

II shaul:: ho'.:', - be noted tht::t an adcL\ion of a ci!L'f1liCa' agent rn3yncrE:33'': the s:,:dgc;
vo1umo but it will t8 cfiset by ,ncreascj densit:l a"J sludge co:np:lc\!IeSS

Irnprov::lg the sctt1:ng characteristics should allow the fac;i,ty to rccjc1e art 1r.';:'10 Jcd :1dJ:ty 'hJ:er
from slime hOlding pands ar clarlflcat'Jn devices The re,::-yc;>:::d W::it'.'r can he usc! fur 'v\aShlng
and wet screenmg A sma:! amount of v'later w:1I need tu be blown do'w: tc~ cantlO: the budd-up
of impurities Within the syste'li 1he impur:tles that w:!! nee:J to be contrOlied are

Totai s~spended so:ds

Total phosphorous

pH

The blowdown water CCln be trOGted and further recycled A two-stage I:rre rcutra:lzaton
process can be used for the bl()wdawn treatment

•
The first tfe:,trnent stage pro"l!dts suffiCient neL,t'diizat or: to rCl'se :rle co'-,te1' -:Zlted wa:Cf
(Conta:ning t:p to 9000 mg/L F and Jp :0 6~iCn fl1;J,'L p) freT) pH 1 0 ' 2 0 to pl-j-, 5 ,4 0 The
re su l~a r~t tfL Zi:;·:.2 nt E.:ff~~c.L\ C: "'.(: S ~;', 1S 1;.1 ~'ge!y d",-' --·e r- ~~ .~i ~-', t c' ~') c·~~ 1'1 s: (-1' ') cy of tr10 ~) ri ( J: -~\: 3 ~ ~ ~

lev(',; of 3::1 t:~l'~ C th~~ fluC;l\jt?<., 'w",:; prt·~~rit.-1~ p":: ~ ~11 i as (>.1 <..j:;"; fL~or;~~~~:. ~,C::'"1:- j

< ,

.-."
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The reduction of tre P va'ue is strongly dependent upon the final pH ie'Jei ho:cg time and
quality of the neutralization facilities. parl;cula rly mixing effiCiency The sludge from thc:so
systems cart be disposed in the slimE: pcnds Ultimately. hOWE"JU tr,t a:: jt;ona' f:lJcr::;es and
partl,cuiates (phosphate) anu other minor impur:tles coilected beCGf1'le part of tr'e sci-,j ',',;aste
generated through the syste"'1

•
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lAIHE 1: CURRENl DFSICN PRODUCTION CAPACITIES or JORDA ..... PIIOSPHATE
ROCK MINlS
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TABLE -1: AIR POLLUTION CO,\(1 ROL HCH\.OLOGIFS

conVC'/c1nC{'
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Hvdrocyclones

TABLE 5: CONTROL TECH,\OlOGY A'D ITS USE rOf~

RUvtOVAl OF Sl:SPE,\UEO SOLI US

[

- -------- __--===.cC-:- c",==--===-=---c"",,--c=,c-"T--O-~-='--= -,-,ce,._~_=~~='~=_-==-=;'

Control 1 echnulogy I Percent of facilities j
Using Technology

S~'~!i-:~;~:-~(I~S '-:~-~~~,~:-~J~~==-==~=---c,~~~-, 9--) to ~~~-~-=='=-III
_----------.---.--------- ------- -.- -_·_·_·_---------------11
Sr'llllfig pnrlds J;rwc!i < 1 II
------- .._----- --------- ------_._-------------~,

Ch(' III i( .t I (I () (( uI(l t Ion (li 5LJ <11 !y \'. It I) 2 r0) 1\

ponds) II.
-------- ------.,1

Thickeners and (.::iarlil_C_r5 +- ~_ to ) :1

<1
1---------------

<1

",,),', r

II
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Jord~n Phosphate Mines

1. Historical B3ckgrounc

_iorddn Pho:'>pr:au:~ ~1ine's C0. ':'t,j. \ JP)I[C) ,,.<is feo .;je,j in
1934 as d private firm to exploit t~e ph~sph~tH ~~se~ves

at Russei fa are.:. _') km ncrt.r. <;?,?\S: -,;f !~,;lJ"',~n, '!rid l''1::.er
on, in :9')"3, .JPMC ·...·3S lncorporat.E:d .-is a l:Y~bllC

shareholdir-.g company jCLntly o',med Ly i.he qC'J'.'e,n;:1ent 0:
Jordan anj, <::he pri'v'ate sectoJ:'. Thrc)uql'; ','·:51-_':;28 ':!",ree
other producti:n,: sites ·,..ere d'~'.el:jp."d 1'1 ·:c:,tr. ]:-:-:J-?1n,
na:7lely A::::lsa :.:1r.E.: (L9 f ,2), .~\,"!t.~iri rli1C .:::.979,\ an~

EshiJiya L',lne 'l;3(=,j. n',e ';,"rn,r::', ;;:'(.,l'i~":_ ,'L ,~ ,'?"1':' .S

7 milllcn <::Ot1",: of ':ar ',cu",· tJ"'l:j~;?}-:a,.e roc··· r""Inq:':lg ;),2:.'",een
(:»-75% ':-C?

T~e pho<:ph'lt.,..,. f(o:-r:d+.:-':'cns CO'fer ·1(.::ut ,::::::" ._<c the t)~jl.
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sur-f'dc:e .. l'h(~ ph('sph3t~ cie~)'J:;i~:3 ..~: i\1.~1,lZ~1 ,~tl"lJ Al:1:·i1',~
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Geology

:.H r ·.-;c r: =:;:C:E:-

q. lit:ULUt:i Y 6[ UtH: K~~t:HVt:~.
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Phosphate-b~.:3ring hOrizons occur at '/a~,ing dej:;U's. c;o"erlrg about 60% of tre totel 3rea

of Jordan The Phosphate formations Ie near ;he SlJrfac9 tnroug:lout ail the "n)(J covered by
the Upper Cretaceous In the Maestr:crrlan Leve forming a '/vide be:t abol1t 20 (),)O sq!JeHC
"'!~''','',-::.tcr~ ~n O'tto~.t:.

To the east of trif: co' Fllry s(Odirnf~rHC:l:Y 'ocks 0" the [ocer,e, O'/8r!lllng PhoSi:hate forma
tions, cover some '.1/,000 ::,qKm

The countrv's thr~Q prin,..:tple Jho'.:;rh:-1t2 t:ear:i18 rey:ons. are RU~<j;fr], [ He3:)~L'=' ~.:.>()d .::rd
Shidlya areas. w.hicr. are found in the 3c!qJ saries (locallv nan~ed)

At Rusaifa, the Phosphate beJring horizon has a iota) :'I!ckr~t.;ss of 1 2-1 :1 'norTe:, . ',on$13t3 ~

of four exp'o!li:ible PhosprcJ1e beds seDara'ed by three :i\or:ic beds.

Tho average ·thlc!<'1ess af Phosphate b€ds range5 from ; 2 ~-3 .00m, Nth 5 f5- 7 2 ~'o

incaicium ?hospr,ate {TCP' content ,n tr,e ~ft Phosphate 'ayer;, 6nd 45-55 \L} -Co in t:'c ~ar:j

layers.

The Phosphate at E\ Hassa and E: A:yad areass fcund in the $<3me Bclqa ser~e3 r~ ·'oNJ

horizons, the Upper 3nc the icwer But ~ere I.he depOSits ':ave J lenticular shape Nh'c:~ is iil

contrast to the Rusaifa dfea, where t'ley come n cor:t.nL.OUS bp.r1s TIle :>rlOspr3te is 'O!j-'C

mostly if I the upper horizon, In one '::led of two laye! s seperated by iJ thir: Dane:J! mar Tnp

thickness of the upper layer ranges bet'lVeen 0.40 und 0 80 meters: It contains 55-02 °h "Tcr ,r
the soft Ph05phate The '.ower Inyer is from j 50-I. 5:"Jrn I.Lic'<. ard contains 66 70% !CtJ Iii tr-e

soft Phosphates.
The PhDsphate at Sh1ciya arca is also found in :he Rc!c;a :;t:r ies, in two r-orizor!:.;. bu: In con-

t'nU0US beds. The Phosphate is found mostly in the lov\er horizon, With a thickness of 8·10 ill

It comprises three exploitab'e beds 5C~ara~ed by two Sterile beds conSisting of c:-erts, s:liclfled

Imestones, cays and tripoli

5. PHOSPHATE PRODUCTION

5.1: Mining

The exploitation of ptlos;::;nate started at Rusalfa mine by manual underc;rouna :'ilr. ng .~slr,g

the roam and pillar method In 1956. semtmechanlsed mining was adop!ed wr ch was als::l

used at Ei Hassa mine starling In '962 Mecharllsed open cast mining was i rst aopi ed r,

1959 at Rusaifa, wflere the stripping fCltio or overburcen to Phosphate IS t~hcur3be S f1ce

then thiS methoc has been ,n cont,nuoL.S jse at MGSo,ta 't '/Vas ntroduced:n l 9 E,c at Ei Hassa
and In 1 979 at EI A~IJd

UUIIll



die 2est. has a 956m 0(;0(':1 and a 30 6:--l n", ::)uc,e' , N<Li :'Jn5rr'JC~eG.:(),nm,S5,0(1COc)rj

has been put into operation since February 198' , with 3 (;aOJClty of aOQut :: 5. GOO c,; moe

day, Drilling of the overburden is done W'th two e:ect(Jc rigs

6 .2~ Ore Processlng

5.2.1 Crushing & Screening: !law Phosphate from the rn:r',t: sites s hauled :0 ja'h cr impact

crushers, rated at 250-450 tons per hour, A.I rnateria: IS feel to the cn.Jshi:"lg und :::;:::rccr;ing

pl\3,ts, vvrere the oversize fi1J\erlcJl of mere than r"mater,ol :s rejected ;)nd stockp, cd lor 'ur

thcr tre.)trrcnt in the f.uturo The minus ~" material s ether fed to the dryers or to tr,e

be r,ef:c iallon' plants.

• •

2.2 Beneficiation and Drying: Phcsoha:e from the crl,shing end screenlrg p1arts wr:ch
)nra;n 66-68% TCP and 70-72% rep from ~L.safia Mine C' 70--:'2% -CP 'orrr bc t;'

HJSSa and Ei Abiad 'v1Ines, :Ire 'ed :Jiec:v '0 rCHary .:ascac;rg -:' lers ocera:eCl .... th rh:':2J,/

ei 0 I, to produce dry prOducts 'Nhlch c:mtaln i, 3% ~oistu'e unber,eficated ~rade

:osphate Phosphate ores which contGirl 60-62% TCP at RL:safa or 60- 08 % Tep ,it

.....:assa and EI Abiad are fed to be'·ef,catlon plonts fer upgrad ;-g

in the beneficiation plants, Phosphate is fed to slurrifiors, log washers and wet screens to
jeet tile 4rnr11 (or + 8mml oversize. Two or three stages of agitation are followed by
fdrocycloning. where the underflow of + 270 mesh products are fed to pusher centduge
rers to produce" phosphatic c.-Okes which contain 16~ 18% mOisture. The overflew of the

fdrocyclones are rejected as slimes which contain poor Phosphates with impurities of silica,

lrbonates and davey materials. The Phos::"hate cakes are fed to heavy fuel oil-tired dryers to
oduce ber"cficiatcd grades of 6 6-68 % rep at Rusaifa and? 3-7 5 % rep at El Hassa and [I
:lIad.

Fine phosphates from dryers seperated by the electrostatic p"ecipltator at RlJsa,fa Mine are

lIected and bagged in 50 <g5 bags and named JORPHOS which is sold for direct application
~:idic soiis. It contains 293-30.2% P20S and Its granulation's 80% mmus 100 mQsr s~e

'Ich contains 30% minus 200 mesi, .

•
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6. PHOSPHATE EXPORT FACILITIES AT AQABA

All Ph:Jsphates to be exported are trarlsported from the three :TlInes to /leaoa :::ort. flock
Phosphatss from RVSJifJ Mine Jre transported exclusively by trucks Deliveries Frorr botr El

Hassel and EI Abiad Mines are mostly made by the roilwav and partidl!y by trJcks Deliveries
by the roil way frofT'. :::1 Hossa Mine started ii' 1976 and from E: f'\bl3d Mine started ,n 1981.

Aqnoa has heen develuped intu a fliJuern port capable of receiving 60,OOC-tcn bJik car
r~ers, and can C:Jsily be expanded to receive i OO/OGO-ton bulk carriers.

Berth A, the first of two pho~fJhote loading berths. has been iri operation s;nc:e i 960 _It IS

210 metres long arid can handle vesseis up to 15.000 dvvt. with a maximum draught of 30 feet
and a width of up to 54 ft. Benh A has twe 20,OOO-ton covered stores They (1~e equi~ped with
~W'J trcJc~ Intakes and completely meChQrlSed 1<Jndling systerrs for stcr!ng ;:Incspr.a:es ard
evacuating it to a ship loader. During 1985 the shiplo8c:er Clnc the main belt ':O(1\jeVQ~ were
rc;:llaced by bigger caoacities of i 000 t/h, and will be comrr,ssio(',cdn the Cegir.n,r'] {)f -; 986
t.~,ere then 3elth .~. aicne '.::ar. handle ~P to 1 3 r"!,k)n 'ons or or:cspr'2'e ;:er 'l::;::l~

Berth 8. commlss;oned in I 963 ~nd el<;)Ordedn 1978, is ~ 30 me:~es ong t :an ;"anc:le

I/Q,)"QI" !If' tf"l nn.nno liwf wiT') M m('l'timl 1m r'ri1110hl nf ~ f) 'r ?nn (l wirlrh Qf \,t:J to 5,J fTl';;trt;~.

Berth B has four covered stores totadir.g 300,000 tons in CJjJ3Clty. with :nree tr:~Ci\ ')takes and
\'IvO rail :ntakes. The stores are also eClJipped witr, completely l1er:hanised ~i:H;ulir:0 ;:,/:;iems.

end two 2,100 t!h shipioaders. 8erth [} alone can hand:e up to 4 5 mlilicn :pv of p~cs;Jr--"Jte

\ UTILIZATlON OF JORDAN PHOSPHATE ROCK

IN THE CHEMICAL INDUSTRY.
Jordan 'phsophate reck is sofl. porous and fflatJle rock of rTlrlrirc sed,mcntarv origlf'

Upgrading of phosphate rock is cono by wet beneficiation to get high grade prrJd..Jcls low iii

;mpurlties.

Only smail Qua .• tltles of the raw phosphate rocle:. In the form of fine P"ICSpr.,::j.2 ,S Jse0 \);
direct application in acidic soils. while most of the phosphate rock IS neceSS<3 r y ~o be pro
cessed chem,ca;ly in Order to chJnge It i'lIO more 50lub!c fertilizer oraduct~ Jordan pho5pna l P

rock IS used to -produce phosphonc aCid ""hich is the ba3ic ntermediary matfH<J1 In the wo
duetion of higro analysIs fertilizers Such as; Tnple super phosphate n.s ?) Mona.l1nlo )IUrJ1

phosphate \M,A Pl. Dlarr.mon;um phosphate IDA.PI and oher complex fertilizers (NP '()
Also this acid is used for the production of nonfflrtilizer material as S.T? P. which '5 CI t>Qsic

Ingredient in the detergent industry, it is also used in the production of sing!a super ~hosphate

(SSP) as well as In the direct production of Nltrophospha te with fl.lric aCld3ltJC'<

Technical aspects·described rere are based on actual plant experience ;n several countnes

1 - Phosphoric acid production

Phosphone aCId ,s generally produced by reactng the raw phosphate rock V',:h sulphuriC
aciJ. Jordan Phospr',ele. mostly Ei Hassa. and EI-Abi.3C 72- '7'~ % and 73- 7::J '}oiCP and the
RusCli'a 66-68%\ Tep ard 70-72% Tep are used 'or ohosphor C Clcid production bv 3 va.let/

0' processes

- Norsk :·lyd.·o iF,so'ls) P'~Ce""3 s '",sed r, v,~o~:JsaY d

- PRAYON Process IS used in !:;dia and Greece

lilT 11. I III
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- RhONE Pouie:lc Process is used in .jordan Fr.,nce, Greece, Yugoslavia, Austria
- NiSSAN ?rocess is used ir 'ndia. Jaoar. Bangladesh. Australia. Turkey ar,d Indones.a
- SlAPE Pri:"-:0SS is used in Turkey_

The 73- 75% grade is also used for phosphcric aCid production in Romania and B')<;;)-:HIJ

Due to the very soft nature of C!o,Jttc m;r'::r;)l~ In Jordd!l rock, \h,~ grlnCobdily is hrc;h ,,..h".:11
reduces rower consumption.

Reuctivi ty i5 also very hllJh ! he pe' (;':,-[1'..3 JP 01 p) OS ;C:,'; 05 UI d' !dV.t:J ! o,::k ''1 't',c i ,::,'JC' ,or

system s low. and the byproduct gypsum IS:-lf hl(Jh CiU:J!il.y WillI rn,rllrm,(n Irnp,,,,tll',c,

SulphuriC aCid <::onsump!IO') IS mo:..h~f:Jtc:. ,:.T;()IJI 2 7 Ion:; per lU'1 (II ["20') prorlwyrj

Fd~ration of gVDS,Jrn from aGI(j slUfry I:> elDO'.;t G 0 fTlf;\f1C tons p)OS per d'li pc::,q-Ja':~

metre of t"le fdter arCJ Filtratiun c!f!c1e-.cy cc:e~r:Js 98% thus C;1SLHlflq r:,~h p)O'] -e\;'::J\t~~:1

in {he planl

L:.JW chlorine content {200 400 apm, and an optimum fiuor r'e to sdlca r-3"O rnear
minimum corrosion.

Low R203 (oxides cf iron and ol.Jminr.•rn) means minimum 10ss or. np\;l:i1IIJ(:U:, ;:Hld

minimum ~Iudge formation on stcJndlng and transport of DUOI t!le dilute .Jnd the r;:::wccn:rated
acids-

2. Super phosphah:ls

Sinqle sup~r phosphat9 (SSP) is made sir.lply by reac:ing the phosphate rock with sulohunr.
ac~d arid the ~roduct cont<Jins 1 8- 2 2 ~/o P2J5 _wnile lne llllJle :;U~t::l i-i11u:lfJl<J kiT sr I ;~ "" Q d 0

by reactng the phosphate rock ,,,,,ith phosphor'c aciC and the Jroduc! COn131r1S 46-48%

P205-

The jordan ohosphate 'ock :$ l"'lghly 'e<]ctl .... e and thus rec;uires minimum cu-;ng tllne In

sing:e super phosphate 8S well as :n the triple super prosphatc production. Ir ('pit? super

phosphate the phosphate rock C<:Jn be reacted with low acid temp8ratures ard iow aClj CDn

cenlration wIthout serious effect on {'eld Qfproducl properties

3. Monammonium phosphate (MAP) and Oiammonium phosphato [DAP),

These products are made by reac~lng ammonia With phospho'ic3C1d In diffel ,c.:,,t. i a tlOS

MAP gradeis 12:620 ardthcDAP grade1s ·,9:48-0

Other Ammonium pho~hate prodlJcts from Jordan phosphate rock are the.

Nitro prosphate 20 200 a,'d the Urea arrn,crium p~osohtHC 28 28 C)

III' n lin
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APPLICABLE REGLLATOR)' CRITERIA

Current Status of Environmental Regul;UL'2-os in Joroan:

In order to assess the Arab Potash Comp:my (APC ) compliance VI, ith appl icabk
Jordanian standards and regulations. it is of importance at this suge to present an
overview of Jordan's environmental protection control la ..~'s, sundards. and
regulalions. Interestingly. Jordan has no comprehensive law to contrul water. air.
and soil pollution. Ho'.\ ever. a Jordanian Environmc nt Act (JE:\) was dr:ifted two
years ago to achieve the principle objectlves mentioned in the :\ational
Environment Strategy! :\ES) for Jordan. JEA is currently awaiting approval from
the Parliament.

In general. the nature of water pollution standards :.lnd regulations 111 Jordan v:rr:
according to sources. Industrial wastewater disc harges arc re~ul:itcJ by the
Jordanian standard speCification number 202 \Table' E-l ' Jdupted in 1\)S I by the
Department of Standards and Spcclfi..:at10Ih \DSS, jnJ r;,:\ hl'J 111 jll')O Standard
202 r~gulates indusm:t\ \1, astew:ller dlSch::rges to n '> ers. wadis. gr\)uth..h\ ater. the
sea. and reuse for IrngatJon. This standard co\er-.... ): pollutant par .lmeters :md
sets maximum allowable concentration Ilrl1llS of pollutant:-. in the di:-.charged
indu~arial WJstewater cftluents. \;loreover, the '\t:t<ndarJ also cont:llns narrative
conditions to protect public health. aquatic life. wurker health; and g.roundwater
quality. The standard is not associated with a penmlling rnechal11sll1 and therefore
is self-implementing.

Drinking water quality is regulated b~ the Jon.Janian standard number 286.
Tables E-2a - E-2e present quantltative requlremclls of penment ch~lLlcteristlcs

including ph~slCa1. chemic.ll . radi:.ltIon . J,nd health relJ.ted hsues Wah regards to
regulations related to the 4uality of treated domestic wastewater to be reused in
irrigation. Jordan has nellher standards nor gUldelwes. However. 1£ IS a common
practice to use the Food and .-\gnculture OrgJniz~:dion (F-\O) and World Health
Or!!anizJtlOn (\VHOJ GUldelll1cS J,S a reference .Tahles E-3 throu\2.h E-5 are
relatC'd to the quality of treated domesllc v.astewJter effluents to ~ reused in
irrig:l1ing agricultural crops. The remaining tables E-6 - E-12 present the tolerance
and sensitivity of crops to saltnlty and other specific Ions like Sodium. Boron and
Chloride. These are adapted from the FAO Guidelines ( 1985 L Treated domestic
wastewater IS regulJted by the Jordal1l~H1 Standard 893 (Llble E- L'l,! ;,tdopted in
1994 by J)SS. Regarding air pollution. Jordan does not have .lny existing
standards or regulatlons tu control aIr pollution

DUflns the ..:uur,,;..' "f ~('rlclUdlr\:: .ifl":::\~:,.\f\n,:Tul p'Jllutl'lf\ f'r,:~:·tltl,\r; \\:bk'

r1l1n;mL'-;lth~n .IUJlt \1 rhc \PC. :hl' JU.Jll :·... YTi :J~n[ir"!l.'J :hr,.:·... "::.lntlnualh
discharged dtluent-; T'A ,j ,'I Lt1l'''L Jl, .. t1.If:.'.:> -lfe Indu-;trl.d ',v J~leW -ltn eltlu~nt-;

Jlsp.... Jsed In the Dl'Jd Se;1 .mJ the If'J .. :' l.illl' F ' (-~.tnne!

III: 11-. I IH T



These efnuents correspond to wastewaters produced from the intake pumps
packings and line nu<.;hing and wastewater generated through facility drains,
washings. and o\'crtluw".

The third wastev.:.ltcr discharge. however. originates from the Pot:ic.h To\,.:nshlp
wastewater treatment plant eflluent. This diluent is discharged intu an unnamed
neighboring wadi. The Township administration has no m(JnitorJn~ program
instituted and therefore no analyses were performed on the effluent "1I1ce start
up. The sludge produced in the treatment facility is being hauled :md buried in
the ilsan area near The Dead Sea. Sludge generated dunng the course of
municipal or inJusmal ..... Jstewater treatment has no detailed standard" regulatll1g
itS dispoS;l1.

Pertinent JordJ.nlan standards regulating dispoSition into the Flood Channel :.lnci
the Dead Sea are 20verned bv the JordJ.nJan standard 20~ discussed before.
However. it is worth noting that the most relcv:.tnt parameter In thiS case
(dIsposition into the Seal is the total dissoh ed solids (TDS \. TDS is not defined by
the Jordanian stand ..Hd 202. SimIlarly rc';ubtions to control :lI1d prc\ ent illiCit
disposal to storm sev.. ers. underground injection, or manne dumping do not exist.

It is highly recommcnckd that :\PC institutes :l monitoring progLun in order to
test for the qU:llit: of their wasteW:lter efnuents. This actlon, 1f Jdopted. will
enable APC to be prcp~ired when the new lEA '.;..'ill be passed .

•
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Table [-}
Summ~ry of requirements of Jordan Standard 1021991 for disposal of industri~1 emucnls.

--

\laximum Allowable Limit. (mgl!+

Parameter I Disposal To

GroundllJler RlXharge _\ Rl.'uSl' ror Irri\!ation**L Wadis & Rivers Sea--_.._- '---- .- ----------------,------------

iBODS 50\1 )(1\1 . -

,COO 150\1 2011 1~()\!

iDO I- ~. 1· , ..
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Table E-23
Jordanian Drinking \Vater Standards

A: Physical charactcrstics

Parameter

T..lste

Odur

Color

TurblJitv

pI!
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•

Permissible Limit

Je" the:l~~~lll \. J'-' .... ~~r ..lb. c. .
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IIIf III lin
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Table E-2b

Jordanian Drinking Water Stand.Hds

B: Chemical Charectcrslics

Paramder \13\. "\.llo\\Jble Cone.

mg'l
Pb 005

Se 0.01

As 005

Cr 0.05

C~ (). 1

Cd 0.00:'

Hg 0001

Sb 001

A!! (I () 1
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Table E-2c
Jordanian Drinking 'Yater Standards

C: Health related

\1;]\. allowable cone. in case Effects within max.
Parameter Permissible Limil no better source is 3\ ialable allo\\ able limits
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'\ O( is (). 1 health. 1
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Table E-2d

Jordanian Drinking \\'ater Standards
D: Radiation

Parameter

•
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Bq I



Tahle E-2e

Jordanian Drinking '''ater Standards
E: Organic po!lutants*

Parameter
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Sprinkler IIfq:.lltlm 'l;twuld 11\11~' lJoli,rd

Sourl(" SClCflldh ~"llJp nil hrallh a .. pcdlO nf II'''' I I lll'tlt'd \l.. ,t~lt'w.l1n Ill' ;'.~f1(\llll1r;11 :tlld aqllII 11llllrt' \V 11
1

1 (;,'Ill'l.a I~ .' \ ~l'\' It)~ J



Table E·6

Chloridl! toler.wec of some fruit crop culti\Jrs and rootstocks.lal

Crop

A\'CiCO

(l\:r~('..j "unCfl,--' J.:l:1 J

(lL-'"1L'\

:Citrus spp)

G;Jl-~

i V:lh ,pp i

Slone :rUll

\f'rUl1US spPJ

Berries
:Rubus SppJ

(jrape
VlllS ,pp.)

- Suawberrv
:FragaTia ~pp I

Hootstnck or culti\ af

wC~; ;nl1 ::::,
Ci uall~nLi~ ~~:l

\k\,(_ln

Sun"l mand'lfIn. srJpcfnlll
Clcopai:rJ r1lJl1dJflr1. Ral1gpur lime

SJ.;::~S0n :..3.rl~e:{). ~'JJgh le~,~:r.

Por,r(..lll rr~~L:a.r....""':

C:tr:.i.:l1t:lo ~"'5 :.fl(t· ,:~c ~Y'''Jr.gc,

Cut"'.:': ..;r1J~:(:·:I(i\.. (~.J"lr11(jr",..:;[~.

S\.l,.;.' ...'· 'L.H ' ';2C SJ\, ~;i~' ,.'1~~:t:"'~·~

R.~.h."'- ... ~:-Jrii:.':, T:--,\~·:~ '_"l~: ~c

').lit l~',·C". :11' ~-,

l)\)~ .:\.:,:; ....'

L~)\'clL Sh~i~;:

YUIW•.U;

(' u It i \ il rs

R\)\ ~e::Gl"\

U!a.!l:e jlacKrx""
tnL1L..l~~ SilrTlf:'"ler :-J~p0C~\

r-:;I.)(~1P,q):; ";c:.:c>~)). Pc:-:c·.:c
L ..li\:lnJ;. ~dJ( .... ~")"C

\Lnimum pcrmissible
CI in \\ atcr

"ithout leaf injur~ (b).I<:I

Im~ Li

'. 'i(\

.11

: J) DJl2 are JdJpleJ 'rom fhlS ( l' I

IbJ For some .:rops. U',e ':lJrK,'nrr3lwns given :na~' e\(ccc Lhe ,~)\e;J 'Jl:r.!l\ '.\Jjc~.u',,· ,J'- '.tu[(r,x) J;'C :-iU~C so~e ~I(':d
reducuon before .:hlomJe ii.Jn lOx.:':ltleS Values ;lIven are !'or Lhc mJ)"mWT, (on:e:1lr.lU,Jn in l!1e :r::\lJuon ...Idter TnI.'
values were derived from S;J[urJtlOl1 eXlraCl ~dalJ 'ECel "'\ '.he !o ii 0\\ mg ,c:;i::,)[\~hiP <lUrJllOr1 ~\l:'actlon
conccmrallon = 1.5 water (OnCl'!\LT;llIOn

!e) The max.lmum pC~11~slble vJiues appi\ w1iv [0 surtace rT:~'::~lj (!t)P~ Sprl:1":C; :rTlgalion :,1.1\ ·:ause ncesslve
leaf bum at value, far xlaw l!1ese. ;e~ TJr'llc \-lIL

111I II. I III



Table E-"7

G llDLI'ES fOR I,TERPRETl\G LARORATORY Dr"TA 0\ WA TER SllTARlLIT\"
FOR GRAPES

De,,,,~ree of Restriction on Use

Potenti31 Irrig<ltion Prohlem l'll ita \ () n e Silghl to \loda"le Severt.:!

Salinit) 3 (affeels \~a{t'T L1\.ailahiiir,\ {(J cro[JS)

EC"" dS'!l1 < I 10 - > 2 7

Toxkit)' (Spec/fic inTiS WlliCh cifft'cr growrh of crop J

Sodium ::-;3+)~

Chlon i >2 C' - ,-i

Boron B I

me/l
me;1
:n,;. 1

< .i

< ,

\liscellaneous

BIC:ldxln.l{e (HCO~',

'ilfJtc-nlt[ogcn (\0"· \,)
me;1
m;;l

< i ~

< ~

> ' 5
> 30

AlLlptcd from \cJJ c'l al 197X.
2 Spc~ lal management pradJCeS ~ll1l1 favorJbk sad condluofl' .ire r,yulred fx succc"lul pn \dUCUOTl,
3, Assumes thal rainfall and extrJ water Jpplled oWing to ITlerflCi~nClesof normJI IITIgau"n wdl supply the

crop need plus about 15 percenl extra for S3ltnlly control
4. \-Vim overhe.ld ,>pnnklcr Imgalion. ;;odlum l1r chl(lndc In ChCS' ,jf ~ me,' undcr~xtrl'mc ,.1rvmg condilions

m.1Y result In excc:,sl\C leaf 3bsorptwTl, kJf "urn ,wd ~rup d,. ,n,,~c II ()\er;'~"d sprlflhiers Jrc useJ for
coolmg by frequcnlLJn-off (!clln~, Jamage may occur e"',.::n Jt k "':.:r concentr:llIL)[l~

~ BlclJboTlale ,HC03) iTl WJtcr Jpplled bv overhead sprinklers IT: J\ CJu,e '",hile Jepo~ils ,)n frulland kayes
which reduces mJfkCl Jc-.:cpwbdlly, bur. IS not !.OXlC to :he punt

Table E-g

PELATIVE SA LT TOLER..\'CE OF VARIOLS I":ROPS AT GER\lI:\ ..\no, 1

Crop 50 percent
Emergence reduction

IECe in dSml

16 - 24
15.5

tJ - 12 ~

I .~

12

, "

.., I .... ,_-.

14 .. : t'l

! ~ '\
:'\ 2 . l: -+

i .4.:.~ n: ~

Z(\l ~:~;\

!-fr_, , , -.l

I Hurdeum vuLgare)
,G"SS\pWm hirsufl~m

'Bt':ll .uL~Jr;s i

S,'r;.?hiiln hl,',)I,lr!
c',Jnh,m/Us U nC:OT! us I

, Trill c'Ll.m tleSl£, wn I

" Br:'{cZ \'u.! ~Jr"iS J

,\ft'i..hL"d',(IJ ';uUI~ .. l)

L ~L·i)f!t'r.),,- i,jr; L~~. ,lrJ(r\;, .4 t~:

Barley
Colton
Sugarbect
Sorghum
Safflower
Wheal
Reel. red
-\Ifalfa
Tomato
Riel'
Cabha~t.'

\lu,~mclon

\talle
Letture
Onion
lkarl

----------------------------------------•

1111 n 1111



Tahle [-9

Relative boron tolerance of agricultural crops (}), C!)

\erv Sen~iti\e «0.5 mg I , lli.Q..tL31f.h SensitilL-i 1.0-2.0 mg'L)

Lemon
BLKktcrry RiJ.f.,\i: ·'In( r

Pcpp..:r, red

ClHOl

RJJI~,h

POUlO

CU-':llrn1",,'r

Ca/''1-u/''1,'ru(um
P;.\i.J,f'·:JL.:1

Dau.~!..L.': ,~a",~)Ll

Rup/u.JrlU.5 sarl>'US
So;':~'n1.t""! :i.4beros~"rn

CU(;.ln:._~ Sdil\"L. ..

Avoc~do

GrapdrUlt
OrJf1\2~

-\PflCOl

PNch
Cherry
Plum
Pcr51mml~n

Fig, Kadol3
Grape
W:l1nul
Pecan
C(lWl'C3

O0l0n

Pc,.'ca JrnaUll'.il

Curw..s Xpar.uim
C/: r"S S!ftC ':.: I j'

P"'~.t:.iA..:· J.!,..,.!t~uJ;_·:l

PrwlU.c pc r ;;~'a

pr ...rws il\.'[Um
[J,rur.u•.s ,tome Wei]

Di(I':rnr05 Kale,
FIC'.i.oS wnw
\ 'IllS >tmfer<J

JUl;t<Jr~\ rC!?hl
l~c.lr\.(J dlrt(iLt''1 \is
,,~ I~;'fld ~ir:~:.ul·:..LlLJ[U

.\ ,::a": t'/hl

L...KltuCc
CJbrogc
Celer)
Turnip
Bluebr..bs. Kcnlllck;
Oal\
\1.\lI~

;f1I(hokc
100J(((1

\lU,luJ
Cloy cr. ') .... CL'l

Squa,h
\hFkmcl,'r,

LuL';7..ICJ ;duva

BrcLSSl(<l1ierarea capu,z:a
Ar·/um graveoiens
Br,F\Y:1 r;lf\1

pJ)u /)r'..1/t~"...SLS

,-hDliJ '(ll! va
le,J ""l',S

C\, rlJ'.l s(:ll!>mu5

Bru,s.", :iJ.'lrt'a
\lc!;;,]::,,, Indica

C:.(:.mua pepo
CU, ~i.n~ ,~s me it)

VerY Tolerant 16,0-\ ::,0 mc/l\

GJrlic
Sweet potato
Whe31
BJrlcy
Sunflower
Be~m. mun~

Sesame
Lupme
Stra"" berT:
Aruchoke. Jerusaiem
Bean. Kidney
Be3n.lima
Groundnut)Peanul.

J,Ulum sa:num
fporrweil nuWlcl.5

T"ILeum e:15IIVUm

H,.>rdeur: 'ul:?are
I leu <Jnil:u.::. ,mrwu.s
\ : ~ lUI ruJlJ).(Q

S(''.(J!1'Zum i'1d£~~i.J.n1

LU,nlnus rwrcl'\.t!gu
Fr;lk!WL.1 spp
flt'iwnlhu..< :uberOSU5

Pha.'eo/u..~ '.lUl~af!s

PftcLSCO/US ,unLlIUS
Arachis h.pogaea

folerant I ~,n·6,O

Sorghum
TOIT1JlU

,;11:1\IJ
Velch purpk
Parslc 1
B('~t. r~d

~or;;'1 ... m b/e%r

L"':"'{JeTS/con Lycoperslcum
\I cd;.-.l :;.) salna

\ Il:ti nCI1.,zntlienSlS
Pc[r'iSe~lnu,n. crlSpunz
BC:J -uil;lfl5

Bt'iJ>I.l.igJrt5

t>, '\pi.;.;m !J£rsUlum

4.' ;ld ",1:";1 :.45_'("( ~n.uilS

, \ I OJ!.! ukc:; t[(If1\ \1-1..1" " .... .;,

\2\ \tl..\tnlUrn \.~'f1l... l·nU.Hh\n'-. ~\.~l,,·~~lt.... J \Ii "\.1t\·'J"Jl:~ ..... lUl\ld!. \l'...'ld .lr ,.,,-';\..~t..Hl\C ;:-';I.AU'; ~':-.~u,:tlt.Jn:). Roron toierar1cc

T'



Tahle [-10

Relative tolerance of selected crops to exchangeahle sodium (1).

~eDsitiH' (2)

Avoc.ado
,Persca (U11£Tlt'dJl.d;

Dcoduous FrUlL'
,,'ulS
B~n. gp:cn
,Pluseoius ',I,!;:,;ri\'

CO{lon IJI';/,TI/i; 'I,): wr. .
'Gossypwm nlT.'UlUm

\1aue
lia "'lavS!

?-'::.;JS

'Prsum Su[!~..'unll

GC'3pcfrult
'Caru.s pdrud!Si
Or:lll~C

Clirus Iln01.\:
P~h

PrUTiu.'i persle ;j ,

Tan~cnnc

Can-iS re:It"l.J.id:;i I

\1ung
IPfuzscol~\ JUru..S)

\hsh
,Phascoius mun>;o)

Lenul
'Lens CUilfl1.1n"

Groundnul 'pean:.:
4,ruciuS h"PL;>;.~t·u,

Cram
C' ..er uTiCl/ru.rn

CO ....pC~IS
VI;,>na Slnen\l.\)

•

CJrn.>t
(D.w,·u.·· ,',zrnl<lJ

Clo\er, L~ld 1110

! rr(t~) t'IUlyZ .""t.'p('n\

DJllls;rJss
f P.lS!l(l{urn jlt,.~:d;:.Jr:)

Fescuc. tall
J FeSluca aTLi.fL..fJ.tli.lCt'.; ,I

Lettucc
Ll,:",'J lilln\.lj

OJ.J .;.u:,

Pt: '1. Ii.. ,'e::..."": :'.Dr.~""l.1e'-1

SL.i:'.lE,lnC
SLl(·~·''.J.lrJ..n; 1/;i,·~t~ir:...i'~i

B,'["'-.ym

Be!ld
i \fcldull.l..,'i !hJr\lt7clTdj

R:l\ J

f B"(1.\SL_:r.l 'UJ1::t'd I

il,'end SdU\dJ

Omon
At/:u"t ~'{'nd.J

RJdl\h
RLlph...ln.Li.\-';';:l \. u..,,~

Rk~

Se:'uie; ert'aie ,i

R\,'~[J\'. ~L.JllJn

,L(Jll.i.,l.rt~ nlul7l}7t)ru.rn,

Sllr~hurn

L Sor <nun: '.. utg:..lr(;
Spinach
Srln..r..';J )('c'"rJC((J i

Tomalo

., Lll'h

V!~~W SOIn.U .

\\ he'.J:

{}iC'-"~lL'i...Lr': ...:u.igart?j
&~L ~,mJcn

IBe:u .:..i!..~t1n5/

B~'-·l..ugJf
IBelu.u!gans!
Bcm,u~i gr.L,<;,s
IC\!".J~'u,·;'l ic;c .....'.'!,:ln,
C:(t .~

P:.,rl":"''"-''
Br~ ··:':"'~d 7:..i.i'::11

Rnl,:" ":'.bS
,C":. r ' •.?d\o:lrulJ

Wh:.l:,::r.hS. crc,\lcd
r'A~"i;~n.r':n CTlslQtun:,

\\' h':":llgr.L,'>S, t;ilf\l, ay
i,4 ~",.;)',r·)n CTislalum i

Wh:.lt~"h.s. LlINay tall
'Lr ·I'.r~)n siongawn1i

KJrrlu1 grass
,Dil'icl<,'lrd (usca!

-\~lrll'd from JJL.i ,'I F-\U·[ !I<.' ", '" ., t'c'.lf" ,/1 ! -It,\' ..H1d -\h •. d ' 1· J:-, ~
Sour,'c' FAO CL.i:Jeiinc, R ')\.(~.\. U \I, '.\c,l.lit \'-:-'';,

IIIII1I lin



Table E-II

LABORATORY DETER\n'ATJO'S 'EEDED TO E\"Ali~t:ATE (0\1\10' JRRIGATJO'

WATER Qt'ALITY PROBLE\1S

Water parallltltr til it ~ t..,ual range in
irri;.;al:(;!! water

(0[1

dSim o --

l) -- : ,I

JSm

Cal-':lum
\1Jfncslum
SodIUm
CHt>cmate
BicHtxlnatc
Chk)ndc
Sulrtule

,

'lTRIE:\TS-

'ltfJte ~ \Hru~cn

.-\mmOnlum -- :\I!ro,een
Pho::;phatc - Phosph()rus
PotaSSJum

\lISCELlA'Eors

C.l~- rT1,'1 0 "'II: ,
n~~11

\1~++ mc.1 () .:; me;l
~a+ me;l 0 -Hi ml';l
CO ~ ---- me/l 0 me,l

HC(F me!l 0 1!1 me!l
( me/1 () ~I .- ml'rl

'lU: rne:1 U :'(1 me;l

"C) \ " m,;l I': ll.1 rn ,;;1
'\,'H-l \, mg.,l () .:; mg.'l
P()-l P rn~:l () m~/l

K+ m~,l I) ~ mg.,n

Boron
.-\-:Jd Baslc:l,
Sodium Adsorplion RallO"..

B
;,11
S.-\R

mg;l
! -- q

niL' I

o--~
(~() ,.:;

.JS:m = jeslSlclllCfl'rTictcr in S 1 units 'l'4U1\Jtl';li. h' i r1Jr~lr \ _..'nl :ndltn':~~d·L _::nUrTl~t(:r·

m,;:l = md!I,:rJnI per Illf,' - part- rer milll\)f) ;'1'[1"
m~i\ = md\1c'-1U1\alcm p..'r lItfC ,m,:.,l - ':'ju:"d,rt -'.' ~'1' -= :liel In S! cHlIb. 'I. -= 1 ,l,:,!![1\<l1
hue ..1d~~.htcu ft)( t..>le~'uon I..-h ...lf;l~

IIII1I I ill



Table E·l:!

Crop tolerence and !'ield potential of selffted crop~ as influenced b:
irrigalion water salinity (EC.) or soil ,.',nil)' ,ECe,

HT-':"r
ECe ;C"

2<'
ECe i. ' "

15Cf!"__._____ 50 Q
L .____ OOC n1~l.:._:~_I_~~:....:

[Ce EC.... EC<: Fe.. ECe U,· ....

•

< , 1" b - 13 :8 :~ 1",u
\.j t> 6.4 13 ~ 1--' ; , ,- 1~-

J - S -; <
~ 11 5 1~ \0 ~·t If'·

" S J - ~ <a 8 ~ 56 '-I 9 (, - , , g .,,
I) J ) -

~ ~ 9 95 "3 i ~ ~
., ::1

< - -
" SO 10 I) ';' 1" :4 :1)I J

5 I) 5 5 3 -; 6 3 ~ - -S 5 (: 10 I)
,-

~ 9 7 J 8 ,
0 J

,
') I "

, ; SS,
3 2 < 5 -4 J ~ '-/ f') 6 J J-

" -
"- , \

- ,; 38
5 1 - J. S-

- b S J
,

d-
'.'

,
)-

4 , S ] S
,

4 J '~ 1i}

J () " 1 4 6 S J .~ ':J
1 ,

3 S 2 6 U 3
,

"3-
,

~ ,j 1 '!
,

Ii 5 5 3
.,

S- - -
-~ 5 -3 5 0 J -tl- -

J 4
,

! ':-, ~ , t·,
>( , < ' ~ ,) ,j

4 J "

: ~ lC

1< 10
'I J h 1

l~ ,; 1

l: S ~

!IJ "
,

"
~

I)

U "1

1
S 6 " S
q 0 I) l)

S 9 " ~

4
,

!I

'" I " ~

tlJ J
,

'"
31

"'1

,
3 S

,
" " ~

3 g ,
" ': .,

..... lJ

3.3 "
32 -, ~ I-
3 , - " 0
~ 8 ~ '1

2 g ~ ~f,

~ 3 , 6, - ,

" Q. "-

13 9 0 19

: 1 J

1

'i "
~ ~

,
-4 D- ,

"- I 4-,
0 ! 3-
g !

,-, ,,
I I,}

- 0] I 3

9 '-/ Q D

,) ~ !}

, < ,
"

)

), 3 \J</
) ~

1 - I) g

I) I,} 7

r) ') U 6

., 5 < 0

h I

SqU.iI.'it'i Luu:h..Lnl rC04L' gttu J

(C"c~'blla ~po mL/ooepo,
!ieee red 'Bel<J vlOig<JrlSl(5!
)'1ua<h. <cal lop

CucwbtiQ p~po tnLloper'f) I

iiroccoll
r'BraS5i.Ca olc"ac~a bolr~l1Si

Tomato "
iLuycopusicon escwen:w~i

C:.Kurnbc:" 'Cuc~.:s Salj"'~1

Spuuch ,SpU'l.UCl4] r...,i~rl.4£e:.J J

Cdef) Ap,....., ['.lveainu,

CJnbage
B.p..J.ss!.C,J I)(tNl£C,J (u.o~:u

POUl0 Sawl1i4M j;.;.1)~pOJ""'"

Com. sweet 'rna.It) ,Z.ta ""'kl',.J

Sweet poUlO 'fmpom<N!<J bu'''''''s
Pepper iC<Jp5lcum .l~n,,~,

Lelluce (wcll<Ca Sal,yai
RadIsh iR<Joiwn~ ral'VILSI

Onion iAllium. cepu;
CarrOl fDauclJ.,s CJrotiJ)

B~n ,PhastolllS vlJigar1Si

Tunup iPhastoll<.! Ywlga".5!

Forage crops
Whealgrass. lUi
Agrap"on tIOfli?<JI~,

'.\neJtgross. :aJr~'3) CIl:SleJ

-\~'OO.VO'" oro.s:.~tuml

Aermud3 g""s
C-'PrLi.Alu", ,kJd ... iol1, ; .... :'

~Jr1~j ;JC.-"'..J~(

Hurkwr: ...... r!u.Pt {~';

?,egra" x",nl'ral

\. egelable crops

Field crops
Barley (I/o-Jeum V..J~.1re; '4;

Culton iC~VJS)P'Uft1 i;;rsul:un.,

Sugarh<:<:l IBelu vwgar<si (5)
Sorghum f.'ior?itum. b.c%r i

\l.·hc.a.~ !7n(~cum aeslnll,unJ i~I. '6

"":heat durum 17rUlcWMlw-g.u:..ur..,

50yabc.1n 'Glyc= nut)
CO"'T'C" (1ilgn.J IUlg".culala.
Groundnul fpea~,

fArad"s "ypogaea)
~ce ' txdit. } (0,,;;.1:...11''''''
)ugJreat1e

SaccnJf"= orf:.;::nJrurr
C0m 1f7".u/4ll lLa"l'1.l';-.!/

FiJ.' i L.1tUPt ...r.:au.ssL.mW'.f"'1
:l~,",Jh.:.lr. \ ..coo '.1'U)

:~t:..Jn 'Dh.l.';~U(:.L.<; '...... ~Jr ...Y.

~. ',J



Table E-11 Conlinued

l.W"_<_____ 90<7<... _
cCe EC", EC, EC",

----------------
"'5qL __~_ )O~c .__ oac !TI.1:umum 'lJ
ECe EC", ECe FC", Ea EC",

Han.J:r.g grass (PhJlJrc~ tulJer'JSu'
FesClJe, tail fFesruca tialJor)

_\'.;h,,'~rall, standard Cl-"S",J

iAgrop:~rcn slblr,cwn,i
\":l.c...'"., crlfT':rq()n

r"CliJ angu.lllfollU I

Sud3r gra" ISorghwn sULtune""" ,
W dd"e. beardless

IEiymus Irulcoutu)

Cowpea !jorag<)
(\ij~na W1gwcuiara)

lrefoll, b,!~ {LoIUS II.l,gl"o'lL'i
Sc'tJ.lrua ISuba".a <.wilala,
SptiJ"r""hysa

. '5p~~roph~',5a saLsula;

-\lfa:fa 'M<d<eago Sall"'<1)
~"e~~ass E~ag.ro5Ct ..t; sp ; (9,
'~,\rr: »"J~t,1 '"'-J;:t' , (Uu. '""W~~',

_~,.'\.~; ~~o;;eem

-1';:r;.;""'-"'l:..uu .....r....1f':ltOV":

~ 6
39
3 <

3 (;

~ :1

=,)

1 -

I <

5

S 9
55
60

J 6

39
J (,

.1 ~l

, <

48

5 .j

SO
< '

5 :J
< '

6 <

~,b

, ,
) -

3 s

1 h

II
"1_

t6

tl

- I

11

s CJ

4.8

3 ~

6 1

b ~

is
20
:S

12

16

'6
. .1

~ \

~ 'I

, ,

• 'I

'J

Q ~ h (;

'-J ~ ,,", ()

~ '" "'J h
1../, ~ A tl

.~ i) ~

.", ,) 3

I -

< -

" ..

< -

1 2

1 ,~: "
: b

: 6

1 S

! i

1 ~

6
6

6
h

~ "
b

b

i)

1 ..,

u

5

"

: <31acKberry 'Rubl4S sp )
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Table [·13

Summary of requiremenb of Jord...tnian

Standard S93/199-t for treated domestic '-\\astc\\ater.

\laximulll a\lowahh' limit (ml,!.'L 1*

PJ L.IlTlt: ter

l ' h Co~mpcTlturc '-: ~inge I :

DO

TSS

COD
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.\B5
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Phenul

TFCC \lP:\, l')lOmL
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< lUUlj
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Reu,e r',f irrigation

~ Il,1 : 11

r '" 11)

'"

• All unll~ :lIe in rngjL C\ccpt ... hcre n<)t~'J

, 1\ Depends on d~grce \.)f"estflcuon I none. slight to m<1\kr3lt' l)f se\ '~re I

Dt:pe"J~ ,m rr,ethllll <Jr Ifn'::I(Un

" eem \ <.:r1uunJ! .... :lste ... Jln tr\'.!(I1l~·nt ;,LUlb
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APPENDIX F

PHOSPHATE MANUFACTURING
FACILITY PHOTOS
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Floor Drain Collection Trench
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Waste Ore Material Storage Pile
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