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EXECUTIVE SUMMARY

Development Alternauves. Inc. (DAl under contract with the (‘nited States Agencv tor
International Development (USAID) is performing an industrial Wastewater Discharge Prevention
Program (IWDPP) in Amman, Jordan. This Program is one of the tour components of the Water
Quality Improvement and Conservation Project (WQICP) funded by USAID. The program is
being pertormed by DAI with full coordination between the Ministry of Water and Irrigation
{MWI) and the Amman Chamber of [ndustry (Chamber). Harza Consulting Engineers and
Scientists ( Harza). Chicago, United Sates (U.S.). was retained by DAI to [ead the [IWDPP. Rovai
Scientitic Society (RSS) of Amman. Jordan was selected as a local consuitant to assist Harza with
the IWDPP. This program includes conducting the Pollution Preventions Waste Minimization

iPP.WM) audits. Feasibility Studies (FS). and design demonstration units at selected industriai
facilities.

Based on a ranking methodology. the PP/WM Committee selected ten industries with potential
needs tfor PP/WM audits. One of these industries is the phosphate mining industry. The
Harza/RSS team conducted an audit of the Al-Abiad Mining tacility ot Jordan Phosphate Mines

Co. Lud. (JPMC), representing the phosphate mining industry. as the tirst step ot the IWDPP.
This report summarizes the results of the audit

PHOSPHATE BENEFICIATION PROCESSES AT AL-ABIAD MINE

The phosphate beneticiation process used at the Al-Abiad facility primarnily consists of ore
crushing and screening and further processing of the material <12.5 mm by countercurrent
washing using fresh water. During this washing, coarser and very fine materials (slime) are
removed and the product grade phosphate material (>230 mesh) with 70 to 72 percent phosphate
content is recovered. The unit operations involved are wet screening, washing. cvclon separation.
centrifuging, drying, and loading for transport.

AUDIT

The facility audit was conducted on August 16. 1994, The JPMC statf and audit team members
toured and inspected the tacility. Due to the complexity ot the overall process and water
management. several specific details remained unanswered during this two-day audit visit. To
assist JPMC staff, the audit team developed a supplemental questionnaire. and Mr. Asst visited
the facility again om August 24th.

AUDIT FINDINGS

I'he intormation collected during the JPMC taciiity audit through extensive personnel interviews.
meetings and discussions with JPMC statt. site observations. and techmical data provided by
JPMC swatt was compiled-and thoroughly reviewed. Our tindings are as toilows

Lot
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Water Usage and Balance

The facility uses tresh water tor several purposes. however. the bulk of the tresh water 1s used
in the phosphate beneticiation process. The other usages are dust control. large vehicle wash
station. domestic use. irrigation. workshop. and small vehicles wash station. The total water
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 433 m’/hr. 360 m/hr of
which is used directly for benetficiation. This constitute about 79 percent ot the total fresh water
intake. Other 93 non-process usages constitute 21 percent of the fresh water consumed.

On an annual basis. the water consumption during 1993 was about 3.7 miilion m". During the
same year 1,551.400 tons of phosphate was produced at an average recovery ot 60 percent.

[he major non-process related water consuming sources are:

. Equipment Cuoling; and
. Dust Control.

These two sources consume about 64 m”'hr or about 14 percent of the total tresh water demand.

Wastewater Discharges

The following wastewater discharges were identified at the Al-Abiad tacility:

. Domestic wastewater and small vehicle washwater:

. Mechanical workshop wash water and domestic wastewater:

. Large vehicle washwater:

. Scrubber water: -
. Thickener undertlow: and

. Run-off water.

The disposal areas of concern primarily consist of ponds used to dispose ot domestic sanitary
wastes. vehicle washwaters. scrubber water, and thickener undertflow. The sludge pond water
used for irrigation may not be suitable for irrigation. The pond water sample analyzed exceeded
irigation standards® 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 underlving soil. The vehicle washwater may contain toxic orgamcs. petroleum hvdrocarbons.
and possibly metals. Domestic wastewater contains biodegradeable organics, human waste. and
pathogens. [hese contaminants. should thev reach drinking water aguiters. swould contaminate
groundwater adversely aftecung heaith ot the population served by the aquiters suppiving potable
waler.
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Air Emissions

A particulate emissions plume was very visible at the drver exhaust stack. In general. the nature
of the facility results in particulate emissions. particularly at crushing, grinding. loading. and
drying operations. Since all other beneticiation processes at Al-Abtad mine are wet processes.
air emissions are not a problem at the other operating areas.

Solid Wastes

The sources of solid wastes are:

. -12.2 mm reject matenal:
. 4.0 mm reject material: and
. <250 mesh (slime) material as thickener undertlow.

Our initial evaluation ot settling characteristics ot slime indicated that it settles extremely well.
At Al-Abiad mine. 24 tons ot slime (solid content) and ¥ twons of -4 mm reject material are
generated per 100 tons of ore processed.

Storm Water Management

The run-off water generated at the site 1s not collected or monitored. Currently. run-ott
discharges to the Wadi. which drains into the Sultain Dam.

Data Gaps

Data gaps exist in water quality and water quantity measurements. No data are available on
wastewater and sludges quality or quantity. Fresh water s monitored primanly at the
groundwater well discharges and at the water supply to the beneticiation plant.

PP/WM AND WATER CONSERVATION OPPORTUNITIES

Based on the audit findings. several PP/WM and water conservation opportunities were identitied.
They are brietly presented below.

PP/WM Opportunities

[ ]
Floor Drains: These discharges appeared to be resulting tfrom not properlyv controtling washing
and cleaning operations. (jood housekeeping and employee awareness of the importance of
PP'WM and water conservatton play an important rofe in reducing water consumption 1o areas
where no controls exist.  Developing protocols. training empiovee o use fess water. and
providing incentives tor those who follow water conservation measures are -some ol the key

factors in reducing waste ceneration. water consumption. and poHution. -~ The kev 10 common
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sense PP/WM s getting people to pay attention to reducing waste generauion when and where

it first occurs.

Other options are:

Reduce spills. overtlows. and leakages. by uood housekeeping and planned
preventive maintenance.

Collect all floor drains in a tank(s) and monitor the tlow after cach appiicaton.
Let the employee responsible for cleaning also be responsibie tor monitoring how
much water 15 used per event.

Instail tlow meters to monutor each water usage and record waier volume tor each
applicauon.

Implement ¢ dry vacuum svstem wnere teasible,

Eliminate the cause of spillage.

Sweep up dried matenat.

Use timer controlled valves tor controlling washwater.

Unlize water saving eguipment as much as possible.  Ditferent tvpes ob water
saving equipment include tlow regulating Jdevices. tlow shut-otf vaives. nozzles.
overtlow preveniors. etc.

Provide dikes. berms. and secondarv containment ror all storage tacilities and
operating areas. Collect all floor drains by implementing a properly designed
drain collection system.

Provide additional capacity to store tloor drains and leaks. if necessary.

Recvele and reuse all wash water etficientlv as many times as possible betore 1t
is tinallv discharged in the torm of limited blow down.

The above measuras should reduce tloor drains and washwater volumes.

Vehicle Washwaters: Smail and large vehicle washwaters can be combined. treated. recveted.

and reused.

EERRES S

S38EG KYMIOZE S



Scrubber Water: The scrubber water also can be treated. recvcled and reused.
Alternatively. the above discharges can be properly treated and discharged to the nearbv Wadi.

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

Water Conservation Potential

Water conservation opportunities. in adéition to those currently practiced by the JPMC facility.
still exist. These opportunities are discussed below. [t should be noted. however. that any aspect
ot water conservation should be weighed against its benetits and associated costs. Anv water
conservation measure which results in cost savings and directly atfects pollution (i.e. prevents it
from occurring) should be implemented first to protect the environment. The measures discussed
helow should be reviewed bearing in mind the above philosophy. [n addition. turther engineering
studies will need 10 be performed te determine the feasibility of the measures prior tw
implementation.

Process Water Category:

1. The JPMC should continue to loek for innovative process approaches to reduce the water
consumption without atfecting the product quality.

2 The slime sludge dewatering cam be improved by an application of ettective coagulants
or adding belt or coil filters. This will reduce the water discharged to the pond.

o

The JPMC statf should caretuliy monitor and evaluate all process water usages and
optimize them to attain additionzl water savings. if teasible.

4. Recvcle scrubber water.

Non-Process Water Category: [t should be noted that JPMC currently reclaims and recvcles
about 41.0 m’/hr of water trom cooling water systems and tloor drain water. However. additional
opportunities exist to conserve non-progess water. The primary areas are:

1. Follqw the PP/WM measures as described for tloor drains.

rJ

Treat and recvcele vehicle washwater.

3. Collect and use run-otf water.

L4l
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1. Explore using lake water for dust control. vehicle wash. and other suitable
applications.

[f ail recommended PP/WM and water conservation measures are implemented. JPMC should be
able to save up to 75 to 80 m hr fresh water in addition to the 41 m’/hr currently being saved.

This will constitute about 25 percent of total current tresh water use of 453 m ' hr. corresponding
to 200 tons per hour ot phosphate production.

RECOMMENDATIONS

To achieve PP WM and water conservation obiectuves. our recommendations are:

—

[mplement PP/WM and water conservation measures discussed above,

J

2. Develop a PP-WM and water conservation policy as part ot the JPMC
management operaung philosophy and distribute 1t to all departments.

(O¥)

Implement the policy through specitic goals and targets.

4. Make it each person’s responsibility to identity PP/WM and water censervation
opportunities.
5. Designate a PP/WM and water conservauon coordinator to eftectivelv implement

this program.

6. Publicize success stories and reward emplovees that identity cost-ettectve PP WM
opportunities.
7. _Train employees on aspects of PP/WM and water conservation that relate to their

jobs through awareness and incentives.

8. Perform a periodic assessment of PP'WM and water conservanon by Key
management personnel. the coordinator. and independent experts.

9. Show management commitment through the above actions and reintorce the policy
through meetings and company functions.
10. Let the company “"Mission Statement” include “Better Product through
Environmental Protection and Water Conservation”
iq 0
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RECOMMENDATIONS FOR ITEMS FOR FEASIBILITY STUDIES

We recommend that the following items be considered for teas:bilitv level studies:

. Vehicle washwater segragation. treatment. recycling and reuse:
. Closed-loop cooling water system implementation:

. Scrubber water recvcling and reuse:. and

. Use ot lake water tor dust control and vehicle w ashwater.

Data developed through the teasibility studies can bhe used for designing field tesung

Jdemonstration.
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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 processing facility ( Al-Abiad Mines) owned and
operated by the Jordan Phosphate Mines Co. Lid. (JPMC), Jordan. The report ailso
includes a project background and objectives. brief process descriptions. audit process

details, potential for PP/WM and water conservaton. conclusions, recommendations. and
tollow-up actions.

1.1 Background

Development Alternatives. Inc. (DAl under contract with the United States Agency for
[nternational Development (USAID) is performing an Industrial Wastewater Discharge
Prevention Program (IWDPP) 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 pertormed by DAI with full coordination between the
Ministry of Water and Irrigaton (MWI) and the Amman Chamber ot Industry iChamber).
Harza Consulting Engineers and Scienusts (Harza), Chicago, United States (U.S.), was
retained by DAI to lead the IWDPP. Roval Scientific Society (RSS) of Amman. Jordan was
selected as a local consultant to assist Harza with the IWDPP. This program includes
conducting the PP/WM audits. Feasibility Studies +FS). and designing demonstration units
at selected industrial facilities.

The PP/WM techniques are defined as any techniques to prevent or reduce waste
generation by source reduction or recycling activities. The activities must reduce cither the

volumes or the concentrations of pollutants generated prior to treatment. storage, or
disposal of the waste.

Based on a ranking methodology, the PP/WM Committee seilected ten industries with
potential needs for PP/WM audits. One of these industries is the phosphate mining
industry. The Harza/RSS team conducted an audit of the Al-Abiad Mining tacility owned

by JPMC representing the phosphate mining industry as the first step of the IWDPP. This
report summarizes the results of the audit.

12 Objective

The objectives of conducting a PP/WM audit were to understand the water and wastewater
management practices currently empioyed by JPMC at the Al-Abiad Mining facility, to

identify waste sources, and to assess opportunities for PP/WM and water conservation that
may exist at the facility.
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The tindings of the audit were used to develop recommendations and follow up actions to
assist JPMC in assessing the extent of pollution. Suggested approaches tfor water

conservation and process modifications to achieve additionai PP/WM and wastewater
treatment were provided.

1.3 Report

This report contains a description of the phosphate ore beneficiation process. audit
procedures. audit findings, and conclusions derived from the audit findings.
Recommendations and tollow-up actions necessary to assess the extent of pollution as well

as to implement PP/WM and water conservation measures at the Al-Abiad facility are also
included.

Appendices A. B. and C of the report contain information collected during the audit. an
additional questionnarie prepared to collect the water use information and the process and
water balance intormation provided by JPMC, respectively. A copy of the Background
Material Report is included. as Appendix D. Applicable regulatory standards for water
quality are included as Appendix E. Appendix F contains photographs of the Al-Abiad
mining facility. The reference material collected by Harza in the U.S. as part ot this audit
program is presented in a separate binder.
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2.0 PROCESS OVERVIEW

The phosphate ferulizer industry is totally dependent on phosphate rock as its major raw
material. After mining and preparation. the rock is used directly in the production of
phosphoric acid. normal superphosphate. triple superphosphate. nitrophosphate. electric
furnace phosphorus. and detluorinated animal feed supplements. Phosphoric acid is
subsequently used to produce superphosphate, ammonium phosphate. complex fertilizers,
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 contain a substituted tluorapaute. 3Ca.
(PO,). Ca.F. Nearly all phosphate ores contain a moditied form ot this structure n which
some of the phosphate 1s replaced by fluoride and carbonate The total tluoride content of
tvpical phosphate rock is approximately 4 to 3% by weight. expressed as fluorine.

The ingredient of the rock that is of economic interest is tricalcium phosphate  TCP),
Ca,(PO,),, also known in industry as bone phosphate of lime (BPL). The rock 1s usually
graded on the basis of its BPL content (e.g..62 BPL rock contains 62% TCP by weight).

Typical operations involved in the phosphate mining industry are crushing. grinding.
screening, flotation. thickening, filtering, drying. bagging, and storage. The mining and
beneficiation processes vary somewhat at different [ocations based on grade. screen analysis.,
and pebble concentrate in the feed.

2.1 Phosphate Mining Industry in Jordan

The JPMC was founded in 1934 as a private firm to explout the phosphate reserves of the
Russeifa area, 15 kilometers northeast of Amman. In 1953, JPMC was incorporated as a
public share holding company jointly owned by the government 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 mine (1979). and Elshidiya mine (1988).
The current yearly production by JPMC is approximately 7 million tons ot phosphate rock
ranging between 66 to 75% TCP. The design production capacities of these three operating
mines are given in Table |. Al-Abiad mine was selected for the PP/WM audit.

Phosphate mining an Jordan is typically open pit mining. An overburden laver is removed
and a layer of phosphate rock is exposed. The rock 1s then removed from the deposit by
dynamite blasting. The ore 1s usually hauled by truck to the processing plant.

The JPMC produces several grades of phosphate rock ranging from 66 to 73% TCP content
in addition to the lower grades (62 1 66 TCP) produced 1o meet the speciai requirements
of some customers.  Upon completion of new henericiation  units  at Elshidiva mine.
scheduled for 1995 4 higher crade production unit U approxvimately "7% [CP wiil be

«
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installed. After 1995, the production of mine-oriented materials should continue to follow
the increased production in Elshidiya mine through the vear 2000. and substantially increase

production after the year 2000. The production in Alhassa and Al-Abiad will stop by the
year 2000.

2.2 Phosphate Benefication Processes in Al-Abiad Mine

The following section describes the phosphate mining and beneficiation processes used in
Al-Abiad mine. Figure 1 illustrates these processes.

2.2.1 Mining

The overburden 15 drilled and blasted. Broken and loosened matenal s stockpiled
and loaded into dump trucks. Steriie material s transported o waste dump areas.
The uncovered phosphate bench is usually loosened by ripping and driiling and
blasting, if necessarv. The ore 1s lcaded into dump trucks and hauled o crushing.
screening, and processing areas at the Al-Abiad racihity. The phosphate beneticiation
process used at Al-Abiad 1s described below.

2.2.2 Ore Processing

Crushing and Screening: Raw phosphate trom the mine sites is hauled to two jaw
crushers. rated at 450 tons per hour each. All matenals are crushed and screened
where the oversized material > 12 . Smullimeter tmm) s rejected and stockpiled for
further treatment n the tuture. The <12 Smm material with 70 to 727% TCP is fed

directly to the dryvers. The lower quality material with the TCP content 66 0 68%
is fed to the beneficiation facility.

Beneficiation and Dryving: The standard grade phosphate trom the crushing and
screening operations, containing 70 to 72% TCP. ;s fed directly to rotary cascading
drvers operated with heavy tuel oil. A dry product s produced which contains 1-3%
moisture and is known as unbeneficiated usrade phosphate.  Phosphate ores which
contain 66 to 68% TCP are fed to the beneficiation process tor upgrading.

The beneficiation process at Al-Abiad primarily consists of counter current washing
of <12.5mm material using fresh water and removing coarser and very tine material
(stime) to recover the product grade phosphate matenal « > 250 mesh). The unit
operations involved are wet screening, washing, cvclone separauen, centntuging, and
drying.

The crushed ore < 12 3mm size s mixed with the thickener
screened 10 remove coarser material >4 mm oin size
mm)} isted to the Stage | washing operatuon

overtlow and s wet
The undersize matental < 4
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At Stage [. matemal <d4mm 1s washed with the centrate froom centrifuges and
overflow from Stage II cyclones. The slurry is fed to cyclone separators where <250
mesh is rejected through the cvclones overtlow and discharged to thickeners. The
underflow containing >250 mesh material and less than 1O percent of <250 mesh
material 1s fed to Stage II washing operation.

In Stage II, the <250mesh matenal is washed using tresh water. The slurry is then
ted to Stage II cvclone separators where most of the <250mesh material is removed
and the overtlow is recycled back to the Stage [ washing operaticon.  The > 250mesh
material from Stage II cyclones is discharged to centrifuges for dewatering.

The centrifuging produces phosphate cake with about 8 to 21 percent moisture.
The centrate 1s pumped back to the Stage | washing operaton.

The cake produced from centrifuges 1s stored in a pile for a tfew davs to turther
reduce its moisture content to about 16 percent. The partially dried cake is fed to
heavy tuel oil-fired dryers to produce beneticiated grades ot 7¢: to 72% TCP.

Fines from only one drver are separated using a wet scrubber. This drver 1s used
only to treat standard grade TCP produced directly after crushing and grinding
operation. Three other dryers treating beneficiated phosphate cake do not have
scrubbers and the air s emitted directly to the atmosphere.

The Al-Abiad facility has four process trains. each with the capacity to process 100
tons of ore per hour. At the time of audit. the facility was operating 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 idenuty the potential for PP/WM. wastewater cleanup. and
opportunities for water conservation appropriate tfor the phosphate mining tacility. The
following subtasks were undertaken to complete the audit report:

. Audit Coordination;

. PP/WM Background Matenal Preparation:
. Pre-Inspection Meetng;

. Audit;

. Post-Inspection Meeting, and

. Audit Evaluation Report.

Activities conducted under each of the subtasks are brietly described below

3.1 Audit Coordination

The Chamber informed JPMC about the intent and schedule of the audit. An audit
questionnaire specifically developed for this PP/WM project (Appendix A) was inciuded
with the request for JPMC to complete the questionnaire prior to the audit. Because 1wt was
not possible for the JPMC to supply the requested information in a timely fashion. JPMC
was requested to furnish an overall flow balance, process tlow 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 Report was to identity the currently
available techniques and clean technologies being practiced for PP/WM in the phosphate
mining industry in the U.S. and eclsewhere in the world. This objective was achieved by
performing a comprehensive literature review.

The literature review included the follewing sources: published literature, personal 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

articles, journal articies, conference proceedings, EPA documents and communications, and
books on pollution control.

As part of this task. Harza contacted severali national and intermauonal companies
determine if they have implemented any State-of-the-Art PP/'WM  techniques or water
conservation measures.  As expected. the response was not very posiive.  Harza s
continuing. however. the search on these issues and will forward to the PP-WM Commuttee
any new tnformation that becomes available. -
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Based on the facility operation information that was made available to us and the
information gathered through the available literature, Harza prepared the Background
Material Report (Appendix D). The Report included general information on phosphate
mining and processing as well as specific information 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 ot specific details was questionable. The
intent, however. was to collect as much information as possible prior to conducting the audit.

The Background Material Report also contained preliminary suggestions for PP'WM and
water conservation based on the limited information available at the time.

Harza also prepared a report containing appropriate reterence material. which was gathered
through our extensive literature search. The report is submitted separatelv. This reference

material contains process and waste management practices used in the similar facilities
located primarily in the U.S.

The knowledge gained through the extensive itterature search and process information
provided by the PP/WM Committee allowed Harza to develop a good understanding of the
process as well as problems associated with water and waste management, including air

emissions and solid wastes at typical phosphate mining and fertilizers manufacturing
facilities.

3.3 Pre-Inspection Meeting

The Al-Abiad facility audit, including the pre-inspection meeting, was conducted on August
16, 1994 at the JPMC facility. The imtial audit team consisted of the following personnel:

Dr. Usama H. Mudailal Amman Chamber of Industry

Ms. Rania Abdul Khaleq Ministry of Water and Irrigation
Dr. Shawn Niaki Program Director. DAI (Harza)
Mr. Krishna Mayenkar Lead American Consultant (Harza)
Dr. Riyad Musa Local Consultant (RSS)

Mr. Rafat Assi Local Consultant (RSS)

The intent of this meeting was to inform JPMC staff about the conduct and objective of the
audit and also to understand. from the JPMC staff, process details as they relate 1o 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 cxplained to the audit team the entire
beneticiation process using the facility model as a reterence.

A general discussion was held on water usage within the faciity. JPMC sttt explained the
major water consuming sources at the tacility. Since water 15 the principal component of
the beneficiation process. the amount of water required o carmy out washing and material
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separation process is critical. Tae non-process related water usages and other water
requirements were also discussed.

3.4 Audit

The facility audit was conducted on August 16, 1994 The JPMC staft and audit team
members toured and inspected the facility starting with the crushing and grinding operation
followed by main agitation, Stages I and Il washing and separation. centrifuging. thickening.
product drying, and thickened sludge disposal. The audit team also collected a sludge
sample to perform cursory thickening studies and to evaluate sludge setthing characteristics.

U'pon completion of the facility tour. discussion continued on overail water usage and
wastewater management practices currently empioyed.  Some of the specific details.
however, remained un-answered during this one-dav audit.

The audit team requested JPMC statf to provide specific details on specttic water usages.
To assist JPMC statt, the audit team developed an audit guestionnaire iAppendix A) and
a supplemental questionnaire (Appendix B). Additionally. Mr. Rafat Assi visited the facility
again on August 24th, 1994. During this second visit. several previously un-answered
questions were resolved. Mr. Rafat Assi also attempted to compiete the audit questionnaire
as appropriate and applicable to the facility.

3.5 Post-inspection Meeting

The audit efforts were extended trom one to two days. The post-inspection meeting.
however, was held on August 16, 1994, The JIPMC statt and audit team members reviewed
and discussed the preliminary findings based on the taciitv tour and intormation provided
by JPMC staft. Discussions at the meeung were primarily concerned with the thickener

undertlow, the use of final sludge pond overtlow for irrigation, tloor drains. pump cooling
water, scrubber water, and domestic water.

The 1nitial assessment by the audit team was that the fresh water usage per ton of product
produced at Al-Abiad mine was considerably lower compared to similar facilities in the
U.S. and elsewhere. The sludge (slime) sample collected 1indicated excellent settling

characteristics contrary 1o the extensive problems wn disposing of slime faced by similar
industries.

Based on the initial evaluation, the audit team dentiried the rollowing areas with potenual
for PP/WM:

. Scrubber Water:
. Sanmary Wastes. and
. Sludge Holding Pond.
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A copy of the background material was furnished to JPMC statf.

The information and waste managemeni analyses in the subsequent sections of this report

are based on the knowledge gained through the audit acuvities and support provided by
JPMC staftf.
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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 starf 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 phosphate beneficiation process.

The fresh water is obtained primarily trom groundwater wells. There are two uroups of
wells: one group supplies water tor the process. dust control and farge vehicle wash station:
the second group supplies water for domestic use. urrigation. the workshop, and smail
vehicles wash station. The total water consumption is about 227 m”’hr for 100 tons of ore
processed. The plant is designed to process 400 tons of ore per hour. Theretore. the
maximum water requirement could be in the range of 870 to 900 m’:hr. Since at the time
of audit the plant was operating at about 190-200 tons per hour capacity. the process flows

and other flows dentified 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 m/hr. 360 m’ hr of which
is used directly for beneficiation. This constitute about 79 percent of the total fresh water
mtake. Other non-process water usages are listed below and shown in Figure 2.

Item Usage Rate, m’ 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 4
8. Mechanical Workshop R
i Total Non-Process Water Usage E 93 ,
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The non-process related water usage constitute .about 21 percent ot the fresh water
consumed. i

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

. Equipment Cooling: and
. Dust Controls.

These two sources consume about 64 m'/hr or about !4 percent of the total fresh water
demand. The remaining six sources consume about seven percent of the total 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 during 1993 was about 3 ~ miilion m".

During the same vear 1[.551.400 tons of phosphate were produced at an average recovery
of 60 percent.

4.2 Wastewater Discharges

The following wastewater discharges were wdentified at the Al-Abiad facility:

. Domesuc wastewater and small vehicle washwater:

. Mechanical workshop wash water and domestic wastewater;
. Large vehicle washwater:

. Scrubber water:

. Thickener undertlow, 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
oxygendemand (COD), high biological oxygen demand (BOD), high total suspended solids
(TSS). and possibly other organics including o1l and grease. Wastewater from the
mechanical workshop may also contain solvents if they are used to clean mechanical parts.

The wastewater generated from the vehicle washers is expected to contain suspended solids.

oil and grease. volatile organic compounds such as benzene. toluene. and xvlene. other
petroleum hydrocarbons, phenols, and high COD.
L 3

The scrubber water is expected to contain primarily high suspended solids. Another
parameter that may require monitoring 1s pH.

The thickener undertflow is expected to have high TSS. phosphates. and possibiyv chlorides.
One sample collected Jurning the audit and chemically analvzed ~howed about 7 3 percent
TSS and 494 mulligrams per lter (mg-h chlordes. Fluorides were verv low and phosphates
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(ortho) were 4.4mg/l. pH was shghtly alkaline at 8.3. Table 3¢

ontains the sludge sample
analysis.

The run-off water generated at the site is not collected or monitored. [t will have large TSS.

and possibly high phosphates and chiondes.

The disposal areas ot concern primarily consist of ponds used to dispose of domestic sanitary
wastes, vehicle washwaters, scrubber water. and thickener underflow. The sludge pond
water used for irrigation needs evaluation to ensure its suttability for the application. The

pond water sample analyzed exceeded irrigation standards tor pH. total dissolved solids. and
chlorides as shown in Table 4

The septic tanks and ponds containmmg wastewater are not lined nor do thev have any
interceptor systems to collect seepage. As a result wastewater stored in these areas parually
evaporates and partially percolates through the underlving soil. The sepuc tanks located in
Jordan are. as we understand. unlined excavations where human and other
anaerobically biodegraded. while fiquid percolates through the subsurtace soil.  The
accumulated sludge is hauled away periodically by authorized haulers uand Jdisposed at
unknown locations. Over the years these percolated wastes may have reached tresh water
aquifers underlying the facility.

wastes are

The vehicle washwater may contain toxic organics. petrolfeun hvdrocarbons. ind possibly
metals. Domestic wastewater contains btodegradable organics. human waste. and pathogens.
These contaminants, should thev reach drinking water aquifers. would contaminate
groundwater adversely atfecting health of the population served by the aquiters supplying
potable water.

4.3 Air Emissions

A particulate emissions plume was very visible at the drver exhaust stack: In general, the
nature of the facility results tn particuiate emissions, particularty at crushing,
loading, and drying operations. Since all other beneficiation processes at Al-Abiad
wet processes, alr emissions are not a problem at the other operating areas.

vrinding,
mine are

4.4 Solid Wastes

The sources of sofid wastes are:

. > 12 Smm reject materal:
. >4 .9mm reject material, and
. < 250 mesh ishimey material tn thickener undertlow
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These solid wastes are essentially by-products of the ore benefication process. The
generation of these solid wastes. therefore, can not be minimized or eliminated. Based on
the quality of ore. the coarser and finer portions which do not contain recoverabie
phosphates will be generated at varying quanuties. The ftiner material which primarily

contains clay particles and colloidal material is discharged as slime through the thickener
undertlow.

QOur initial evaluation of settling characteristics of slime indicated that 1t settles extremely
well. Most mining companies in the U.S. and elsewhere find slime disposal as one of the
major problems. Phosphate slime. which constitutes about 25 to 30 percent of the total ore
processed, does pose a solid waste disposal problem.

At Al-Abiad mine. 24 tons of slime (solid content) and 3 tons of >4mm reject material are
generated per 100 tons of ore processed.

Due o excellent settling characteristics of slime, the facility 1s able to dewater the siime to
the greatest possible extent in thickeners and discharge it to the pond at 10 to 11 percent
solid consistency. In our opinion. this is excellent thickener perforrnance. A sludge
settleability test was conducted to determine if any improvements can be made 1n sludge
settling characteristics. The results indicated that the sludge settling characternistics are at

their optimum. Any additions of coagulating agent will actually reduce the seuling velocity.
Specific details of the settling test conducted are presented in Appendix A.

4.5 Storm Water Management

Al-Abiad mine does not have any stormn water management plan at this ume Storm water
at the facility follows natural gradient and contours and tlows 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 (0 septic tanks.

. Septic tank etfluent:

. Pond overtlow to irrigation (except chloridesy: and
. Scrubber water Jischarge.
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4.6.2 Water Quantity

Flows currentlv measured include all groundwater well flows arsd water supply to the
beneticiation plant from the main water storage tank.

Additional flows that require monitoring inciude:

. Small vehicle washwater flow:

. Large vehicle washwater flow:

. Domestic wastewater discharge to pond:

. Domestic wastewater discharge to the septic tank:
. [rrigation water supply:

. Cooling water supply; and

. Floor washwater.

The water tlow data currently available are best estimations nased on JPMC staff
gxperience.
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5.0 POLLUTION PREVENTION/WASTE MINIMIZATION POTENTIAL

The terms pollution prevention and waste mimmization are sometimes used interchangeably,
but each term has ditfferent meaning. Pollution prevention means to prevent pollution from
occurring in the ftirst place. It costs 10 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 Al-Abiad facility, PP/WM opportunities exist and are discussed in the following
sections.

5.1 Pollution Prevention/Waste Minimization - Water

PP/WM opporwnities exist for vehicle washwater, scrubber water. thickener sludge disposai.

and storm water discharge. The tollowing actions can be taken for pollution prevenuon and
waste minimization.

PP/WM Actions

i Segregatuion ot small vehicle washwater trom domestic wastewater and
combining it with large vehicle washwater.

tJ

Impiementing treatment of vehicle washwater to remove anticipated
contaminants (see Figure 4) and reusing treated water for floor washing or

any other suitable in-plant operational requirements. thus completely
eliminating use of the present pond.

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

4. Recycling scrubber water by providing settling and filtration treatment, if

necessary, and eliminating the pond currently used for us disposal.
L]

3. Closing the scrubber water pond and domesuc wastewater pond by excavating
contaminated soil and sludge that may have accumulfated at the bottom,
disposing of 1t in an appropriate landfill. backfilling the ponds with clean clay
type backfill material. and providing proper run-ott controls to mummize
percolation of water through residues.  Alternatively, upon removing the
accurnulated sludge. the ponds could be lined and converted (o new ponds tor
storage of <crubber water. other process walter. or run-otf for recvelmy purposes.
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1t

At present. no system exists to collect run-off from the operating areas or to
monitor its quality. Currently. run-off discharges to the Wadi. which drains
into the Sultain Dam. We believe that by properly grading areas around the
operating tacility and construcuing appropriate trenches. factlity run-off can be

collected and diverted through a single outtall, which can be monitored for
water quality.

The run-off also can be diverted to a lined storage pond and can be reused
and recycled to satisfy some of the operating requirements. The pond can be
used to remove suspended solids as well as to store water, 1t not needed tor
operations. The pond can be provided with an outlet to allow an operator to
discharge stored run-off water. if necessarv. The outlet can be used uas a
sampling point to monitor the water guality

Provide berms or dikes around liquid storage tanks and phosphate storage
piles to contain leaks and run-oft water. The accumulated liquids can either
evaporate or be discharged at a controlled rute.

Eliminate the cause of spillage. Do not just wash it down the drain.

Sweep up dried materials. Do not flush to the drain.

Utilize water conservation equipment as much as possible. Different tvpes ot
water saving equipment include:

- Flow Regulating Devices. When these devices are inserted into a

water line. increasing pressure restricts the flow to a constant needed
rate.

- Flow Shut-Off Devices. The most usetul devices are finger operated
shut-off valves, or guns. with nozzies on the ends of cleanup hoses.
When finger pressure is released. water tlow stops.

- Nozzles. Nozzles use less water than drilled pipe spravs. For rtaster.
more etficient cleaning, a "Vee" tvpe nozzle is preferred. as this nozzle
forms a fan shaped chisel pointed spray.

- Overtlow_ Preventors. These devices are emploved to prevent
overtlowing of containers. fanks. or reservoirs. thus stopping waste of
water or release of wastewater. Most of these devices are usually tloat
or electronic probe operated.

Install flow meters o monutor all wastewater flows so that appropriate  waste
tlow reduction measures <an be evaluated and implemented
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2. Sludge pond water quality may not be suitable for intended irrigation
application and such use should be carefully monmitored. and evaluated and
additional treatment If necessarv. implemented. A sample collected and

analvzed during the audit indicated high chlorides. pH and dissoived solids
(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 Figure 4.

As an alternative to recycling and reusing, the small and large vehicle washwaters. domestic
wastewaters, and scrubber water can be segregated and treated to meet vroundwater

recharge standards and discharged to appropriate Wadis or treated to meet urigation
standards and used accordingly.

Groundwater and Subsurface Pollution Prevention

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 reterred to as ponds. Depending upon the underlyving geology,
these wastewaters can percolate through the underlying soil and eventually contaminate
subsurface aquifers. If the aquifers are used for drinking purposes. the water quality could

adversely affect human health. The constituents of concern in the wastewaters noted above
may include;

Toxic volattle organic compounds (although they are expecied tw 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 exerting COD and BOD
. Pathogens. bacteria

. Phosphates

. Chlorides. and

. Nitrates
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The following actions are theretore necessary 0 prevent groundwater and subsurface soil
contamination:

1. Installation of new engimeered septic tanks and leach tield.

(S

Rediverting domestic wastewaters to new concrete septic tanks.

(W)

Installation of upgradient and downgradient observation wells at each of the

pond locations to monitoe the upper two to three drinking water aquiters and
immediately implement a monitoring program.

4. If the groundwater monsoring results indicate that groundwater s impacted
due to leachate originatmg from the waste disposal ponds. existung ponds will
need to be closed using proper ciay cover, run-otf control through proper
grading and erosion control. New ponds with an engineered clay liner, dikes.

and seepage collection and groundwater monitoring systems will be required
to manage the wastes.

5.2 Poliution Prevention/Waste Minimization - Air

The ore beneficiation process involves handling large amounts of soil. clay. and pebbles
associated with ore material. Partuiculate emissions are, therefore, inevitable at

crushing, grinding, drying. and loading operations.  Vehicular traffic also causes dust
formation contributing to air pollution. The other beneficiation 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 to tratfic 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 tour dryers is titted with a
scrubber. Other dryers discharge exhaust air directly to the atmosphere. During the audit,
a particulate plume at the operating dryer was visible.

The major air pollutant of concern, emitted by the production of chemical and fertilizer
minerals, is respirable particulate mateer (less than 7-um geometric mean diameter). These

particulates can contain free silica. the crystalline silicon dioxide which is mostly quanz.
tridymite, and cristobalite.

The American Conference of Government Industnial Hvgienists (AGGIH) has suggested a
threshold limit value « TLV) for respirable particulates as shown in the following equation:
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TLV =« 10 ) (for %quartz > 1%)
%quartz +2

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

Respirable particulates with less than | % quartz are termed “inert"and a TLV of | mg/im’
1s suggested for these. The criteria tor crystalline silica published by the National Institute
of Occupational Safety and Health (NIOSH). a U.S. orgamzation states that occupational
exposure shall be controlled so that no worker is exposed to a time-weighted average
concentration of free silica greater than 30 ug/m’. as determined by a full shift sample for
up to a 10-hr workday, 40-hr workweek. In addiuon. particulate matter s one ot the air
quality criteria and has a 24-hr primary ambient air quality standard of 260 ug:m’.

The sources of air emissions during phosphate rock mining and processing are illustrated
in Figure 5. The emussion factors which correspond (o each source are summarized in

Table 5. The emission factors are developed based on mining operations monitored and
studied in the U.S.

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

5.2.1 Wet Grinding

New methods to collect dust emissions from beneficiation plants, particulariy 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 in Jordan.

Wet grinding is one of the technologies being considered to minimize air poilution
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 grinding ot rock for the manutacturing of
wet-process phosphoric acid (WPPA). The rock is ground in a water slurry and then
added to the WPPA reaction tanks without drying. This has not heen done
previously because the water entrained with the ground rock would require a stronger
acid in the WPPA reaction (or be removed by evaporation) to maintain the 34% P.0.
strength needed for production of ferulizer
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Historically, 93% sulfuric acid has been diluted to 38% for the WPPA reaction. prior
to addition to the reactor to permit removal of the heat of dikution. If added to the
reactor at 93 % strength. the heat of dilution coupled with the heat of reaction would
exceed the capacity of the vacuum tlash cooler used tor temperature control. Also.
it was widely accepted that the higher temperatures would result in formation of

smaller crystals of waste gypsum which would complicate the separation of product
acid from waste gypsum.

Two companies have overcome their reservations about the wet grinding process.
They have designed larger flash coolers on the reactors to remove the heat of
dilution and have found no significant difference in the cryvszal size of the gvpsum.
The products from the reactor are fed to the evaporators at 2% to 32% P.0. acid. the
same as the conventionai WPPA process.

The major driving force for the process is not improvemersts ia wechnology, but
increasingly expensive fuel costs and stringent wur emisstons regulatons. It s less
expensive to (reat the wet rock than tw contend with high energy costs uand
increasingly stringent air regulations.

The impact of the wet grinding process could be tar-reaching since about 70% of all
phosphate rock ulumately used to produce ferulizer and 83¢ of 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 wild). the growth rate for
phosphate rocks dryers will be negligible. Of course. ther=2 will continue to be
requirements tor dry rock unless ways are found to introduce wet ground rock mto
the processes other than WPPA. Much of this nced may be tilled by the capacity ot
existing drvers rather than construction of new ones. The need for emission controls
on phosphate rock grinders. though diminished. will continue since the calcinauon

process will probably continue at its current rate of growth &nd calcined rock must
be ground.

Wet-rock grinding has five advantages:

1. Reduces about half the capital expense trom receipt o underground wet rock
through the point of feeding into the acid processing svstem.

2. Elinmnates dry-rock dust pollution.

3. Improves fuel economy by 2.5 gailons per ton ot ground phosphate rock,
combined with electrical power savings t0 reduce operating costs per ton of
P20S.

+. [Improves reliability. thus reddting the required amount of surge or ground
rock.
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5. Reduction in radiation levels will occur as dry-rock grinding is repiaced with
wet-rock grinding and drvers are eliminated. This will lower fugitive dust
levels, thus lowering escapng radionuclides. and also result in lower radiation
levels in the immediate vicinitv of the grinders and the eliminated dryers

The only problem created by wet grinding is the water balance around the piant.
Wet grinding is @ major water consuming process and adds 300 gallons per minute
to an effluent 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 air poilution
controls for the grinder) is a streng incentive to the operator. it may be difficult to
implement the wet grinding procwess in Jordan due to its limited water resources.

5.2.2 Instaliation ot Scrubbers

At present, a scrubber is used ondy for one dryer. The JPMC should install scrubbers
for the remaining three dryers ©0 minimize air pollution through stack emissions.

The scrubber water can be recycled with treaument. 1f necessary, for suspended solids
removal.
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6.0 WATER CONSERVATION POTENTIAL

The JPMC has instituted certain water reuse measures at Al-Abiad mune. including:

l. Reuse of centrituge cooling water, thickener pump cooling water. and other
process pump cooling water in the beneficiation process.

2. Reuse of tloor washwater and drains in the beneficiation process.

The total estimated amount of reused water through the above sources is about 41.0m /hr.
This is about 9 percent of total 453 m’/hr of fresh water consumed. However. opportunities
Jo exist 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 of water used for equipment cooling is about 37 m'/hr. We understand that
the facility staff is currently optimizing the benetficiation operation (o determine water
requirements at each specific stage. We believe that the beneficiation process may not be
atfected by elimination of cooling water trom process use for the tollowing reasons:

L. 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 [is 704 m'/hr. The 28 m’/hr consttutes only 4%
of the water demand at Stage [, which we believe can be reduced without
atfecting the process.

2. Similarly the thickener pump cooling water, at a rate of 9 m’/hr, is circulated
back 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 m'/hr tlow, which is
only 1 4 percent of the total 647 m’/hr flow, 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. .
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6.2 PP/WM Measures
The following PP/WM measures. if implemented. should resuilt in water conservation:
1. The vehicle washwater should be treated and reused for any in-plant

requirements such as ftloor wash. scrubber water, dust control, or
beneficiation. [t will result in saving 4 m'/hr of fresh water.

2 Recycling the scrubber water will save 6 m'/hr of fresh water. The recycled
scrubber water can be discharged to the Stage I washing operation. As an
alternauve. JPMC can install a closed-lcop scrubber water system.

3. Eliminating the cause ot spillage.

4. Sweeping up dried material or using a dry vacuum svstem.

5. Urilizing water saving equipment as discussed n Section 5.1

6. Installing flow meters to monitor wastewater flows and evaluating measures

for waste reduction.
The above measures could save an additional 10 m'/hr or more water.

6.3 Domestic Use

We believe that the domestic water use ot & m'/hr tor personnel operating an 8 hour shift
is rather high. Based on the available data, an operator uses about 0.1 m’ to 0.2 m’ ot water
during one shift. At Al-Abiad mine, an approximately 200 person staff works during each
shift. The total water need for 600 persons should, theretore. be about 90 m’ per dav or
about 3.75m'/hr. The dusty environment that the workers are exposed to may. however.
force them to use more water and take longer showers. [t is, however, our opinion that
there exists some potential to conserve water and reduce water use. may be bv 20to 25%.
to 6 m’/hr. 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 Obtimization

Al-Abiad mine. as we understand. has undertaken an optimization process task 0 umprove
process etficiency and turther conserve water. We encourage such etforts. L o1s
recommended that JPMC continue to look for ways to opuimize the beneficiation process
by either nstailing new State-ot-the-Art equipment or bv modifving processes such as using

belt filters to replace centrifuges or using suitable reagents tw mprove Jdewatering
ettficiencies of cvelones or centrifuges

NEJORDANPHOSRPT A Me N
HUEHD et =2



6.5 Use of Lake Water

The JPMC should also explore avastable options to use run-off water coilected n an
unnamed lake. We recommend that the lake water be used for dust control using 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 1{so should be 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. Recommended water reuse and recycling systems are shown i Figure 2.
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7.0 CONCLUSIONS AND RECOMMENDATIONS

Fresh water plays a critical role in the phosphate beneficiation process. About 20 percent
{360 m'/hr) of the total fresh water consumed (4353 m’/hr) s required for beneticiation.
The remaining 20 percent water (93 m’/hry 1s used tor equipment cooling. vehicle washing.

scrubber. floor washing, and irrigation. These figures are based on 200 tons of phosphate
ore processed per hour.

71

Conclusions

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

L

The following opportunities exist to conserve about 76 m/hr or fresh water:

. Closed-Loop Cooling System. 37 m’ hr:

. Vehicle Washwater Recycle. 4 m’/hr:

. Scrubber Water Recycle. 6 m'/hr:

. Lower Domestic Use. 2 to 3 m’‘hr: and:

. Use of Lake Water tor Dust Control. 27 m 'hr.

The fresh water consumed for beneficiation per ton of ore processed is only 1.8
m'/hr, which is very low compared to water consumed by similar industries in the
U.S. and elsewhere. High water consumption of as much as 7.0 m’ per ton of

product (i.e..equivalent to about 4 to 5 m per ton of ore processed) have been
reported.

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

Forty-eight tons of slime discharged to the disposal pond per hour with 387 m’ of
associated water indicates that the sludge is being discharged at about 12.4 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 siime dewatering
characteristies and using belt filters or coil filters to dewater slime to 20 to 25 percent

solids contents. However, it may be ditficult to pump dry sludge at higher soiids
content.

Implementation  of wastewater treatment and water recycle and reuse measures
should result in prevention of subsurtace contamination and conservaton of water.
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6. All untreated wastewaters are discharged to ponds or unlined excavations iseptic
tanks) without interceptor systems to coilect and return seepage. This mayv cause
significant wastewater percolation into underlving soil  The percolated water could
reach aquifers through underground channels and contaminate groundwater. The

wastewater management system, therefore. needs to be modified to mimimize 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 tor irngation.

8. Additional air poilution control devices such as scrubbers. if installed for the three
dryers. -hould mimmize air pollutuon.

7.2 Recommendations

To achieve the objecuve of the PP/'WM  and water conservation. the

tollowing
recommendauons are made:

1. Immediately initiate a wastewater monutoring program to determine the guality and
guanuty of wastewater discharged including sludge pond water used for irrigation.

2. Implement the PP/WM measures for vehicle washwater . domestic waste. floor drains.
and scrubber water as recommended in this report.

3. Construct secondary containments. berms and dikes wround storage tanks. process
areas, and storage piles to contain leaks. spilis. and run-off.

4. Implement run-off collection. transport. and monitorirrg systems. A storage pond is
preferred which will allow JPMC 1o use surtace water for operations. thus resulting
in additional groundwater conservation.

5. Evaluate feasibility of instailing a closed-loop cooling =ystem. [f it is economical and
does not affect the process water balance, then umplerment the same.

6. Continue process opumization through use of new technologies and equipment to
minimize fresh water requirements.

7. [nstall groundwater monitoring wells downstream ot the tollowing containments:

. Large vehicle washwater discharge pond:
. Domestic waste discharge pond.
. Scrubber water discharge pond:

FESORDANPHIDRET KM -
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. Workshop waste septic tank: and
. Slime holding ponc

Install a background monitoring we: All observiion wells or clusters of nbservation
wells. if required. should ntercept underiving aquiters. [nitaee a groundwater quality
monitoring program. e recommend that 2roundwater guahity be monitored
quarteriy tor the first two vears and then bi-annually it least three more vears ©
determine if there is any groundwater pollutic: trend.

X It the groundwater monuoring program ndicates that the agquifer underiving the
sludge pond s contam:nated. a new sludge holding pond with proper liming and
leachate collecunon system <hould be inswalled.

9. The pond overtlow used tor um:ation may not meet Jordan Standards 202 «-ee
Appendix E).  The IPMC shouid conunue 0 momtor pond overtlow gualiv,
determine the tvpe of crops neing imeated. and make sure the overfiow gualuy s
suitable for the crops.

0. Install scrubbers tor the three rematning drvers 1o nunimize air poiluton.

1t Evaluate the teasibtlity ot mstailing. in the ruture. a wet grinding system to minimize
air pollution. Such a system. however. wiil result in creating more wastewater which
will need treatment prior to recycle or discharge.

Air pollution ibatement sometmes works agamnst water conservauon.  Company
policies. reguiatory requirements. 4nd national mandate <ometimes Jictate the
priorities.

12

We recommend that the following items he considered tfor feasibility level smudies:

Vehicle washwater segregation, .reatment, recveling and reuse:
Closed-loop ccoling water syvstem implementation.
. Scrubber water recveiing and reuse: and

Use ot lake water for dust controi and vehicle washwater.
7.3 Success Stories

A phosphate manutacturer mmplemented 2 ciosed-loop process water svslein {or INOrganis

Tuonde removal. Lime s added s process water o create calcwum fluoride crecipitate

and
shen~water s passed through thickeners and 3 rifter press and recveled back ¢ scrubbers tor
reuse This resulted imsaving 44 mohr o water SRTGTKKY ner
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treatment per sear. Additionaliv. the Arab Steel Company in Amman. Jordan. upgraded
its cooling water svstem (0 a closed-icop cocling svstem. This resulted inreducing the daily
water consumption from 400 m dav o I m Cay.
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8.0 FOLLOW-UP ACTIONS

This section conmtains our recommendations 0 JPMO Concerning rollow-up actinns required,

i order of their prioriges, 0 meet the objectives
The PP/WM acuvities generallv are given priorit- over waler conservation.
to limited water resources in jordan, PP/'WM and water conservation
given equal mmportance.  With this philosopny. ne tollowing actions are recommended

ot the PPPWM and water conservation.
However, due
measures should be
i

order of their priority:

Develop and implement a plan to montor all wastewater tlows by installing flow
measuring Jdevices and establishing sampie coliection procedures ind protocols.  All
tlows shouid be memitored monindy at least tor a period of 12 months and quarteriy
thereatter. Flows should be recorded dJailv.

Segregate small vehicle washwater tfrom domestic wastesater and install 1 combined
vehicle washwater treatment and recvehing svstem.

Design and implement a scrubber water recveling system using 4 new hined pond, if
Necessary.,

Reduce floor drains by eliminating the cause »f spillage. sweeping up Jdried materials.
and utlizing water conservation cguipmeni as much as possible such as tlow
regulation aevices. flow shut-off devices. nozzles. and overtlow preventers.

Design and install « closed-loop cooling svstem.

Reduce domestic water usage by emplovee awareness and using water saving
equipment.

Perform and implement process opumizatuon 10 reduce process water,

Design and construct a run-off collecuon. diversion. storage. Jischarge or recycling
and monutoring system. Also explore using lake water ror dust control. tloor washing.
an¢ vehicle washing.

Develop a «PP/WM water conservation policy as part ot JPMC management
operating phtlosephy and distribute 1t o ail Jepartments.

Implement the pelicy through spectfic goals and targets.

Muake o 2ach persons responsihili o atenunn PPOWAD ond
ApportunIfes -

AUlEr Conservatien
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16.

18.

19.

M

.

CNGOR, A

S HSHL

Designate 4 PP/YWM and water canservation coordinator to etfectively implement the
program.

Publicize success stories and reward emplovees that denulv cost erfective PP WM
Dpportumnities

Implement the PP'WM and water conservauion programs through emplovee training,
awareness, and incentives.

Pertorm periodic assessment of the PP WM and water conservation accomplishments
by kev management personnei. the coordinator and independent experts.

show management commiment through he anove a.iions dnd reinioree the policy
through meetings and company iclions.

Design and tmplement proper ciosure ot the scrubber water. domestic wastewater.
and vehicle washwater ponds as well 3s existing ~eptic @ank excavanons

Design and install concrete sepuc tanks and a proper izach field to rreat domestc
wastewater and workshop wastes. A properly designed leach field will not umpact
groundwater

Continue evaluating the use of sfudge pond water tor urigation. High pH. chlornide.
and dissolved solids mayv have an adverse impact on crops and soil

Design and install groundwater monitortng weils. 45 recommended. o determine f
underlying aquifers are contamuated.

Carefully review groundwater monitoring results. 1If the data over 4 period of two
years indicate groundwater contamination. appropriate remedial actons will have to
be undertaken.

Design and instail an additional three scrubbers :nd associated

waler recvcelin
system.

G

Evaluate, as and when approprate, the instailation of & wet grinding svstem with
water recycding to minimize air potllution.
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TABLE 1: CURRENT DESIGN PRODUCTION CAPACITIES OF JORDAN PHOSPHATE

ROCK MINES
Mine Production (million tons/vear) {
Alhassa 335
Al-Abiad : 25
Elshidiya L 3.25 a5 of 1995) |
i Total 1Y 23 {as of 199)5) T{




TABLE 2: FRESH WATER BALANCE, AL-ABIAD MINE

Water in Water Out

i 7 T =
| Source Rate, m’ hr Source Rate. m’ hr

E{ Groundwater  Wells 433 | Thickener ['nderflow REN

% Moisture with Ore 16 Scrubber Water )

1 | Domestic Waste X

i ; IL\'-:hicle Washwater 4

li ' ; Workshop Wastewater 3

I@ Dust Control A

i Troigation 4

; Motsture 1o Atmosphere Al

Water with Rejects 2

i gLProduct Maoisture 2

] Total 09 | oo ]




TABLE 3: THICKENER UNDERFLOW SLUDGE ANALYSIS

| Parameter Result
pH 3.3
Total Suspended Sohids 75.632 my/l

Fluorides 2.17 mg/l

Chlorides 494 mg:l

Phosphates (ortho) ! 4.4 mg/l
Density j 1 051 |
* The sample was collected durmng the audit visit on August 16. 1994 at asbout 3 0p.m.
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TABLE 4: ANALYSIS OF SLIME POND CLEAR WATER USED FOR IRRIGATION’

Parameter pH TSS DS Cl F NG, PO,

Ui Su mg/! I mg/l 7 mg/l | mg/l | mg/l mg/!
Result 8.5 18 | 2080 681.8 184 13.6 0.41

Standards” 1 6.5-8.4 100 2000‘)‘ _ 350° (19" B 30 ) ]

+

sathpling Jdate 8:4,1994

Sitowvealbde ity of wastewater reuse detetmine the degree of restnction
fethod ot rngation s determined by wastewater quahty being used

Phe standard as tor groundwater techarge. No standatd exists for ingation
fotdaroan Standard 202

sy ses ate pertormed after sample tiliation

Vi b et
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TABLE 5: AIR EMISSION SOURCES OF PHOSPHATE ROCK MINING AND BENEFICIATION'

. Dragline
Stripping of Mining of Drying Silo Storage Loading Total
Overburden the
Ore
Emission factor, 0.025 0.0004 0.071 0.105 0.161 0.362
9/kg
Control devices:
|
Existing Types None None Cyclone and Scrubbers Enclosure b
wet
scrubbers
. e S _’ S N DU U Y SIS ST B T U i PO JESpTI. S SN
b ftectiveness, % None None ~95 -4h C b
. . - — - _’_1.... PR OO S P S —— o i
boture Trends None None None None Exhaust b
tugiive Aust to
] control device
“thaners were Aenved from six sample runs mads al one ste See Appendix M

Nt appheable
Nut available
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WQITZP WASTE MINIMIZATION AUDIT i
_ﬁkzﬁblué Mine Auditor/Pirm: tﬂﬂ&lﬁuﬁ&i& !
= Date: 21 10\99Y \1

Faciriicy Name:

ATTACHMENT A
AUDIT QUESTIONAIRE

SITE DESCRIPTION

Facility Name: Al-Bhiad Mise - Jordan ?hcsg\\oh Mines Co. Lid

Area:

Address; Bmmgn-—jorgou\. P.0.20x 30
Telephone: Y42-6- 66014i/66014F 5 d62-3-3%6915

Major Products: Phes phale

|

Production Rate:
SIC Codes: {435 ¢

1T0- 190 toens ofF Seed are Doy heac 5 &0 BT

Maior Sources of Wastewater Discharges:
- Domestic  wastewicter and Swel Vel ; wke
2- Mechanical e c£§§°°9 wach wioXy anh demehe weakewelay |

. ]ggtg Jensdle washweler Lo Scrulomey wolteweley B- ThiKeney \MJAIQMM
6. RuneW woker

Major Processes:
° i\ 5

Facility/Equipment Age.:

%ilbeem 3&{ S

| S
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'\ngms\(;c& g“\'\&ﬁch

C\O\SS i C\'(&L;On .

)

S



Facility Name: Al- Abvial Mine

WQICP WASTE MINIMIZATION AUDIT

Auditor/Firm:

i
'

whRZ2A- RS |
' 13

Date:
‘LL PROCESS INFORMATION
Operation Type: 1~~~ Contilnuous -- Discrete
-- Batch or Semi-Batch -- Other
Document Complete? Current? Document
(Y /N REaZs! Number
Process Flow Diagram Y* had
Material /Enerqgy Balance
Design Y i
Qperating - -
Flow/Amount Measurements - -
Stream
i f
l _Analvses/Assays ! ‘ i A
Stream ; \
’ JQ&&Q&L.ﬁ&m&%giwuLjﬁuﬂigﬁugn_ Y i §¥ |
Plant lavoul sl low '1agyans ‘ Y hd - ; e —_
Process Description Y ~ {
Operating ianuals Mot d
Equipment List/Age - —-
Egquipment Specifications ik v
Piping & Instrument Diagramg ~ * v |
Plot and Elevation Plan(s) | -
Environmental Audit Report N N
’ Permit/Permit applications NLA { ALA
* Raw Material Inventory Reccrds Y+ I S
I _Product Inventory Records Y * I re
I Management method pracriced for N b N
l cach wastewater stream ? ,
I Wastewatel treatment facilities N bON o i
45 Waste manadgemenl vractice IN| _\ N :
i ancillary faciliries i
} annual cost for manaqement oF ~N L o
‘1 the wastewater discharge
Photographic recocrds AL ~N
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Il Faciiity Mame: M. Ap,oo  MM.one Audrcor/Firm:  apg - 25X
Lol 39y

NQICP WASTE MINIMIZATION AUDIT

Date:

{
— ]
Il INPUT MATERIALS SUMMARY*}

Material

wn

Creaam lo Stream No. Ztream No.

Source/Supplier

Compeonent of Ccucern

N b
hAnnual Consumptilon Rate

cvovali

vurchase Price

S opeat

Overall Annual cCost

Del:vary Mode'

Shipping Contalner 3Size &4 {ype’

Stcraqe Mode'

Transfer Mode®

Empty Container Disposal /Management

Shelf Life

Supplier Would

Accept expired materiai (Y N

accept shipping containers iY/N)

Acceptable Substitute(s),  1{ any

Alternate Supplier(s)

Product Inventcery Recovds

i
i
b
i
!
S

i
1. Stream number, 1f applilicable, snould correspond to those used on proces
£low diagram
2. e.qg., plpeline, tank truck, etc.
3. e.a., drum, paper bag, tan«, etc.
1. e.g., outdoor, warehouse, underground, aboveground, =tc.
5. e.g., pump, forklift, convayor, etc.
6 . e.g., crush and dump, <lean and recycle, -return to supplier etc.
' . T .
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SETTLABILITY TEST FOR THICKENER UNDERFLOW

During the audit visit of Al-Abuad Prosphate Minc on X 16 1994 thickener
undertlow slumy samples were cotfected in tour plastic containers of 1L capaain 2uch.

It was obsenved atter 1 short ume Tom cotlecung e sample that the slum nas 4n
excellent setthing characrerisues,

On the <eccond day, 8 FO94, me contents ot il the feur containers werz mixed

rogether i g bucket. 1L sampie wis taken tom s mixture tor analy s G0W A
aboratory. The remaining siudge o« sterew 1 20 plastic contamer tor turther
SXPEnmeniation.,

The ~ettiabiiiny test was perfommed on sy 2

1
I
i

1994 unhizing tour beakers or 1L capaon
cach. The sludee from the 3L paastic contaimner was munod inad bucketand a 49 mL
sample was wansterred 0 2ach one of the tour beakers. Difterent doses ot alum were

¢

added o cach beaker s shown in the woilowing tabic.

Afor alum addition. R THXIUIC s L eTots tived v glass rod for tao ninutes

and  siowly tor fen cunuios. AT one nour.
meusured.

e s oarume o setticd siudee aas

Fhe rosults presented i the b shew that the sentlapility of the thickener undelow s

cxcellent without any tlocculant acdition.

Fhe addiion ot alum did ot mmpreve the setthng charactenstios. oo the ontrary
reduced the sertling relociny. This could e annbuted w0 the relatnvely fong nme
clapsed between collectine the sample and pertorming the test. Also. the ~olds
charactenstics might hay ¢ cnanged due to the delan in pertorming the sest.

Aum Added to 300 ml Volume ot Sludee atter Density of Sludgge g mh

Nadee Sample (man one hour i miy
0 7S Pis
s ERO R
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ADDITIONAL QUESTIONNAIRE
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PHOSPHATE MINING INDUSTRY

ADDITIONAL QUESTIONNAIRE

How much water is consumed by:

. Floor Washing
. Scrubber
. Equipment Cooling

Are the above flows collected and recyveled?

If not. how is the scrubber water disposed of:

What type of treatment is used to treat it betore discharge’

Besides counter current washing. where else is the return water used”

Are any flows overlooked?

How can we balance the total water tlow?

Where do vou get potable water from? How much?

[s there any treatment provided to the sanitary wastes’

How are the sanitary wastes disposed of?

How much sanitary waste 1s generated?

How much water 1s used for dust control?

What water conservation measures have been taken in the past?

What water conservation measures will be taken or are planned to be taken in the future?
.

What measures are planned to control dust trom three drvers, convevors.
grinding, and loading operations?

and crushing,
How many water tlows are measured?

Are there any plans to monitor other tlows?”

How much sater trom the pond is used tor rication



18.

19.

20.

Are the equipment cooling svstems once through?
What happens to the storm water”

Are there any water analyvucal reports tor:

. Fresh Water

. Thickener Undertlow

. Scrubber Eftluent

. Pond Water tor lrrigation

[f available. can we have a copy”

Is the sludge Pond lined?

How much teed material was processed in 19937 What 15 the recovery”
[T'wo tigures were given for water consumption during 19937?

. Industrial Uses: 3342492 m’
. Ditferent parts of the Mine: 352,728 m’

What does the last number include?

Do vou have any analysis for phosphate ore”

station. and the mechanical workshop?

Where does the discharged wastewater go?

vehicles wash



APPENDIX C
\ BACKUP INFORMATION
PROVIDED BY THE INDUSTRY
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English translation of the letter form Jordan Phosphate Mining Co. Ltd.
The Hashemite Kingdom of Jordan - Amman,

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

To : Secretary General of Ministry of Water and [rmigation t MW
Subject: Information related to questionnaire about water usages in Vines.

Reterence is made to Amman Chamber of Industry letter no. 12:44/1 200 dated
6/5/1994 regarding cooperation between USAID and MWI, reterence s also
made to the visit of your representative. engineer Rania Abdul Khaleq to collect
the informaton needed to tulfill the objectives of the program.

Please be informed about the tollowing:

Consumed water quantities in Al-Hassa Mine durning the vear 1993:

[ndustrial uses: 3.025.660 m?
Potable and domest¢c water : 1.108.390 m?
Total: 5.134.050 m3

Consumed water quantities in Al-Abiad Mine dunng the vear 1993

[ndustrial uses : 3.342492 m!
Different parts of the mine : 352,728 m?
Total : . 3.695.220m ¢

Also. kindly be informed that the emplovees housing 1y located near Al-Hassa
Mine.

Water used tor mdustrial purposes s pumped outside the Mine 1 the torm of

sitme which mamiy contams mue and chloride i rurther avarlable

S TEWTN [ER A ’ T T LI



Samples were collected during 4 week form the mud and water pumped to the
Wadi. These samiples were analvzed tor chloride and the results are presented in
the following table:

Conc. of Chloride (PPM) ‘,

i

Date Mud water Mud

|

7/25/1994 380 R10 |

T260994 | 250 XS0

N A

TO2T994 100 SO0 ‘;

7/30/1994 570 300

]

7/31/1994 570 1300

TR994 580 1220 ,

|

$1,1991 570 L ou0
R/1/1994 550 20
8/2/1994 500 L1300
8271994 600 1550

a i

L0 SNE | e : T . i T m



MIOMALON Can de Proy wded dunng the

on 8/16/1994.

VIS Of vour representatives o the Mine

Best regards

Enclosures:

I Al-Abiad Mine lavout plet plan showing equipment. thickeners and shime
lines.

5

2. Plan showing the groundwater wells locations supplving the Mine.
5. Water and matenal balance tlow sheet.
4. Chlorde analvses i wastewater.

Sianed hy
Eang. Samen AL Madam
General Manager



FLOW Sheet Discription

Material and Water Balance

LEGEND

S-  solid percentage (%)
p- Pulp (water +soiid) (t/h )
W= water (t/h)
O- Solid dry (t/h)
R_W. Return water (t/h)
F-W-— Fresh water (t/R)
+4mm over size (Reject) screening
—4mm Under size screening
-250H over flow [siime) ('sycloning’

+-250<H= Under flow Concentvate (syc)
= Mesh
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1.0 INTRODUCTION

('_)
Ll
o
w
o
Y
X
19
3
©
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This document preser!. the matenals ccil rnformation for a pollution

preventior. waste minar ~ation, and water conservat.on audd of the Jordar phoschals mining
incastry

1.1 BACKGROUND

Development Alternatives iInc (DAl under a contract with the Unled Si';«.i;;. Agerncy ol
b

Internationa! Deveiopment {USAID s performing an industnal WastewatorDachion g F
Program in Amman. Jordan. This Proygram s one of the four components ﬂ‘ t ae VWater Quality
Improvement and Consen ation project funded by the USAID Tne Program s beng perfornrod
by DAl wih full coordina’ on between the Mrmstey of ‘Water and lingaton and the Amrean
Charmper of Industty  This Frogram incudses ccrdm’mg couticn proventon and waste
minimization (PP awsits, feasibility studes, and designing for demonstiation acltvies a
seiected industnal fanillics

PRPVIA techniques are ¢ Tned as any tBehnagun s o
source reduchion or recyc g achivitics These agiwv!
concentrations of poliutarts generated prior to teatm

Based on a ranking mcihodoizgy the PRANVL Tesotiee has sele

RIS "{L,Cg_."d tor i 3
powential necds for PPAVIA audits. One of these ndusties s the "ploesphate maaa,

Harza Consulting Engirzers and Scientsts (Harca), Chooago/USA hae boon retamcd by
lead the PRPAVIA audt for this industry

The purpose of these audits 1s to assist the indust-es in the Amman-Zarca Basin

acsess
poilution praoblems and the alternative sowutions to achieve daesired icvels fpol’ Uon preverton
waler conservation. and wastewater treatment unce- in2 ‘cllowing subtasks

Subtask 1.1 - Audit Coordination.

Subtask 1 2 - PP/WM Background Materials Preparation -

Subtask 1
Subtask 1
Subtask 1
Sabtusk !

Pre-investigation Meeling,

- Audit,

Post-inspection Mecting and
- Acdit Bvawuation Repoid

o 0 O 0O 0 0O
Cr N B W)
L 1

1.2 OBJECTIVES

In this document. .ackground nformation has neen assemiied by r»'*!.'om'mxg; aromprenens:
lterature review  The purpose of the sferature reverw was 1o den!
and techuologies being pracliced for PP fur e ndastry under Subtasy 17
of this decument is to present the results of Cue rovea vt g fotes o the iy

techiugues and cican oonnologies Le g prattood o PR for the pl

'

ty the avio

(5)
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The lilera'ure review include:, at the least the foillcwing sources. published literature and
personal contacts with the United States (U S ) Envirarmentai Protection Agency (EPA). The
literature consisted of PP related articles. joumal artcies conference proceedirgs. U S EPA
documents and communicat.ens, and books or ocituticn and gailuticn contruls

o5
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2.0 PHOSPHATE MINIIG

The phosphate fertilizer industry is totaily perdent on p?"“-ss‘f ale rock as ts maer raw
matzaal. After mining and preparation, the wck s uees directy in the production of phosphicrc
acd. normal superphosghate  triple superphosgrate  nilroghosprate. =enc furnaze
phosphorus, and defluorinated animal feed supplements Pr,ow‘wwr acid s suceotaently used
to produce superphosphalzs. ammonium phesphetes compiex ferlilizers supe'prw "l”er ac.d,
and dicalcium phosphate  The phosphate rock industry consists of mining and rezx processing
opurations centered close (¢ ore rosenves

Chernically. phesphate rock may be considercd {o contairn a sutsttuled fluorapatie
3Ca;PO );.Ca,F Nearly all phosprate ores contin a modfied form of trus st iitire nowtich

scme of tne phcschate s 'cp(ac».:d vy Guatide and card

carbonate Tre ¢t Gucndo content of
tymica ohosys ale rock (s agoroximatt y 4 10 5% oy weight 2vgresssd as fugroe

AN E

The 'ngredient ¢f '2 o rock that s of economic interg

. LN - - T ey
s trcain o phosphate (TCHy Ca 770

1

ISR
also known it indusly as bcr'e o BLY) Tne roce s usualy graded on e
G

basiz of its BPL ¢ ;mt. Cq

2.1 PHOSPHATE MINING {iDUS. QY IN JORDAN

Jordian Pnosphate Mincs Co Lt (PO was founded in 1904 a2 a prvate finn to ¢ a,,icnt the
pho-nbate reserves of tne Rulccifa area, 15 Kilomaters (kmy northeast of Amiman. In 10503,

JEAC was incorporated as a public shareholding company jointly owned by the g-:'-;(--'(xfn»-m of
Jordan and the private sector. From 1853 unt! 1988 thrac other
developed in south Jordan namely the Alhassa nune (1962),
Elshidiya mine (1988}, The current yearly prozuction of JPMC s apoproxirnately 7 mihan tons
of priosphate rock rang:ng betwecn 53-75% TCP  Tne desy gu oroduchion capacitics of thasa

three operating mines are givenin Tatie 1 The Alaba:a mine nas ceern seecie s for the PPAWM
audit.

produchion sdes woie

the Alabaid mine (1979 and the

~

The phosphate formations mined in Jordan cover about 60% of the country's tota! area in the
formations of the Upper Cartaceous covenng a w.dc belt of central J’eran and he near the
surface The phosphate deposits 3! Alhassa and Alabad are found
fenticular bed whereas at Russeifa and Eishidiya th

Zons i a

t\vJ “u

sy oScour i continuous heds
Phosphate mining in Jordan s typcatly open pit nin *nt_} /\w O””DUFd("‘; |ay c71s removed and
a layer of phosphale rock 1s exposed  The rock s then removed from the de

s 1 by dynamite
blasting Rocks are usuaily hauled by truck to the p:ucessmg piant
]

JPNC procduces several grados of

add-tion to the lower grades \;x 1o 65%

rhate ol ranging from 48 w7

1CP) p rcduced to Mmoot the sragiar oG saents of

(N i
some custemers. Upon compiction of new berefoatonunts & Dishvdn s < uiod for
19505 a hwter grade prodag ol approarrote o TV TOR wt be sty
the prodact.on of mme-crents deoshoad Lot L o o g m e

Eisird pa v Uergugh D067 RSP IET ceoovont e gt ey

produttion n Alngseg and AL Cowe stop Dy e e U velre

L) B T i



2.2 PHOSPHATE MINING PROCESS IN JORDAN

The following secticn generally described the ohesgrate mirung process used

srdan. show™
pictoriaily in Figure 1 of this report

Mining

The exploitation of phosphate stated atthe Russefa moo by monuzt undergrourd mining using
the "room and pills 7 metniod. In 1858 senu-mechan !ZLd TG wWas adopied and was 2l used
at the Alhasse mine starting :n 1962 Mechanized open cast iining was first appliod in 1659
at Russeifa where the stupping retc of overburden to phosphiate i3 fovirabls Sirce then this
method has been in continucus use 3t Russefa It was introduced in 1966 at Alngssa 2nd
1379 at Alaba d

r. cpen cast Tang the cverturden s dnliec siasied and the brovan and Iocsorod naens
1s pred ard lcaded into dutiptruchks  The stenle matenal s trano oo d o was's fumg areas

“

less than ' 000 meters away

The uncoverad pi “csmh,eta beording usually leascned by nppeny. dobed and biantes i nocessary
and icaded o damptiyachs for hauling to crustung and s:u.:n.l.._,, plants

Piles of tiinied phoophalo cardiiterally form mountairs thot may polentia’ly pre

2oVl shotacios for
water courses, contanuiawe groundwaler basws, and morease the salindy of so-fuce and
groundwater

Ore Processing
Crushing and Screening

Raw phosphate from the mine sites $ hauled ‘o ;aw or imgact crusners rated a! 250 - 42

0 tons
per nour All material s fed to the crushing and screening plants where the overs zed material

(> 1/2 inch) is rejected and stockpded for further treatrient in the future The < 12 nch maternial
is either fed to Uie dryers or to the bereficiation piants

=ficlat.on and Drying

Prosphate from the crushing and screening plants winch contanns 66 to 687% 1CH from the
Russeifa mirc or 70 to 72% TCP from both the Athassa and Alabard nunes 15 fod directly to
ratary cascading dryers operated with heavy fuel ol to produce a dry product which contain 1 -
3% moisture, knew as unbeneficiated grade phospham Phosphate ores which contan 60 -
62% TCP at Russs "1¢r 66 - 68% TCP at Alhassa and Alabad are fed to bereficiaton plants
for upgrading

intre boncfoamtc
the 4 mm (¢ + 5
hydroc c’orwrg weture the
10 produce oros;

BeN
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hydrocyclones is rejected s siimes which certain pcor phos.phates with 'mpurties of siiica.

carbonatcs, and clayey materials  Tne phosghate cakes are fe:d to heavy fue!l od-fired dryers to

produce beneficiated grades of 56 - 68% TCF at Ruzseifa and 73 - 75% TCP at Ahassa and
labaid

Fine phicspnates from dryers scpirated by the electrostal ¢ preciptztor at R

ussefa mine are
collected and bagged in 5C xuogram bags This matera’ named "JoRPHOS s so'd for arect

applicat:on in acidic soils. it contains 29 3 - 30 2% P.0O. and its granutation 's 8575 <100 mesh
size Wraoh cortaing 30% <200 mesh s.ze

«h
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3.0 PHOSPHATE MINING AND I'RC
IN THE UNITED STATES

Typical urit operations involved i the phoschate miming noustry are orl

crush m 3. gnniing

screening. fiotation, thickening, fitenng. drying. baggng and storage The muning and

beneficiation processes vary somewha? at different location
and pedbie concenliate in the feed.

[¥2]
o
n
(, )

on grade, sci

cen anahsis

Thore are two reporied bencficaton processinthe US  eavorm ontweslorn Trey are brigfiy

descnbed below and shown in Figures 2 and 3
Eastern Process

This process 2onsists of 1ne folcwing und sgeratens

. Screcaed slury pompg to the beneficiaton fa oty
. Visibong uomg hamme nulls and EO-;; v.as?;e's
. Sera v of sand and dlay (shimes) fiom phosprate bearing pabl 25 ar sandds
by screcring
. Cycicne szparaton of simes ‘celicidar ciays. fine sands)
. Shmes d:stharge to ponds
. Undeifloa coarse matenat to fiotaton processing tadings o .oy b
. Diying and grinuing
J Packaging
Western Process
This process vanes signtly from the easlern procsss na zorss's of the foiicwing unit

operations

. Crushing and scrubbing of ore matena! R

. Screenirig crushing by pug nuil and ciassificaton

. Slimes removal using cyclones and thickoners (Sames to s2tliing o
pond)

. Undeiflow coarse matenal to ficatation and fitratcn

. Drying and grinding

. Packaging

rondortar s

The process usedtin the Jordan faciities appears to be similar o the castern proc-ss but withuit

the fiotation oparation

(@3]
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4.0 WASTEWATER, SOLID WASTES AND PARTICULATE EMISSIONS

The significant poilution prociems reportad in the prhosphate mining ndusicy are
Wastewater

. Thickencr overfizws

. Hydrocycione cverfiow

. Fictation cell undeficw

. Minev.zter dramage

Air Emissions

doyr g anl 2at<Igrg Cceeral s

Solid V' ustes

Eaczh of these waste discha
4.1 WASTEW A ATER DISCHARGES

Phosphate mining oparations use large amounts cf water prinanly for washung, wot scrzening.
flotation proceszing and transpottation Othpr uses are for non-certact cooling vaater and for

domestic purposes typical water usage rate is 41 dOm’»’z:’ Ztne ton of product

Other discharges such as -ainfai a~d surface runcff, may cortnbute toth
generated at a mining facility

Suspended solids are the principal pollutant inwastewaler discharges Treatmen! technologics
available for removing suspended solids are vaned. and ouly a small nuniber are widely used
The unlined sctting pond is. by far. the most wide'y used furm of conbic! technoigy

The phosphate rock slimes protier may well be tho mast important of aill phosphate ore
processing difficulties. The industry has been active for a number of years att pmg to device
methods for dewatering the slimes, but unlil availaiie sihemes becw\c eceroracally feasible,
settling ponds will contirue to bie widely used

L ]

Prhosphate sf&".*ﬁ which consttitos nhout one th

wd of the tota moiny nuned Moot o nadispos
probiem 1o the phoszhate mdus u\y C ,Lr siice muning begzn s Polk County Flone s about 1590
The disposal .'.f:tw;-'i"e nereasod ! Ay mthe ate ffi s w:'.v o ntroductor O U e figtation
precess the matio nned fu ﬂr,»’.at _rnas a mghor Say contaatthar gre i e teefore the use
of fictaran
Tre teatme it ¢f womies conso of ranty st o ot eufnomis AUZ e
Sroemnas s L Cror e e LTt DTl SRR e EE LA
e Lo LD ety N Ve s TUT LTS

,
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After an inital sellling ard clarfcation pericd some of 're water contaring the stimes s
S

reclamed and can be recycied o the plant. Howeover subsequent setthing of the <

relcase more water s very siow  The slow setting charactenstic or inadilt A dewalcr s a
common preperty of Fionda priospra‘a shires Al present over 2025 x 10° ' of active and
inactive settling areas ex:st, surrounged oy more than 480 km of earth dams A..)C 18 2 x TG

m’ of new setlling arcas are veing construcied each year The megnitude of i

: of e disposal
problem is readily appreciated when ts realzed that the mmdusty produces su~e 36 million
rctric tons of these waste clays (dry basis) annuat, A chemical analys's of s mes solids s

presonted n Table 2

Current ausaterng concepts are br.fy presenied m Figure 40 Other proze 5sc3 R

beer proposcd include freeze-thawng  elect7o-csmos s chemcal coagulalinr sprercal

P a~d the qwer g of fedog
Gonars vty aosd
Moo wator wrainags s goenzial L on'y wiir phoso hate mmes b2 bolow U a o el
the -2 cazor the walortawe mountl be lowerne Dwln mase o0 pueopng W dre o Ul ang
s

i RAT <
4.2 AR EXNCEIONS
The maor a Tuti e :>y e prodhictos OF chonaeat and fo oo manerals

™y
'1\
is resprrable {less tha
contams free
ciiztobalte

omsan diameler: partooalate matter. Tre padiouinle

w

n

Hica, the crystahors ;izx:z honde which gs mostly quartz tdye e and

)

The Amerncan Confere~ce of Govermmental Industra’ Hygerisis ‘ACGIH, nas ¢
threshold timit vaiua TLV for resoiraoie patticulates 3as showr in the foilowing 210

10

TLL { S s ) (J(' P:c;‘h ! \’1(‘ i
[ frqr - Il
3 (.{hdrxk -
where TVL o hreshels limer solue mgin
" e 'y P y - . . !
("1 [FERRTERI pereshd 4‘_4 GrecrlToas ,'(.\/'H/a".’wl (1/( !

Resprable paticutates with jess then 1% quartz are tern =4 “inert” and a2 TLV of 1- mgim’ s

suggested for thege. The crtena document or crystaliine silica published by the National
Institute of Occupaticna! Safet/ and Health {(NIOSHD states v..* at u..urah oral exposure \ha‘ oe
CGrires ‘ed sut ol no o workor fs 2201 hilad avis

. A i
ISAEY by O a pick U M
i O c
i " HEARS : N
~a e e - . ; " . -
A =Ll v S g L s . < E E - v
5

e - oonw A : ) " 1l



to run an industry of its size For evampie. the icading of raiiroad hopper cars, a major source

of particulates, is an cperation used orly by ‘ndustries with large amounts of matenal to hardle
The sources of airem.ssions during preschate .'Ofk mining and pro COeSSING 272 D LTss T F gure
S The emussicn fastor which corresponds o each source and the foll L$5.00 ate

summanzed in Table 3

No sampling for the dragline source in Fionda has besn done  Hower

ver some astrmates have
been made on fugitive emissions frem otner source ascossnent studes or g Dunt
emissions from surface muning of coal were measured b MRC as 0 0&S givg o cvorhorde

removed Studies have indicatcd that overburden remov! was the larg

strip mines. estimated at 0 05 g/kg  Engireering Rﬁ\sw argn a"»j Techrolagy, whon providing
nput on the arr gquaity aspects of coal developmznt n v Co'orado oropessd an
emiss.cn fazter of C C24 g kg ofoverburdanremoval ind' o dr orizrenr o lendtins
and zortrol measures (watenng: at ine nunes

Overbuden remova’ for pnos 2 roch mening | 3L ey ~fa aust
source than wn cocal mining b use much ess poateal s by S PLgta
overpurdon depths im Flerda are abm;‘ 0 m Versys 0o for oo i/ olosnree
rock deposits in Fi('w;?a are generaly moned in areas where e waler ol o s neg tre sarface
Becetse the moisture content of the oveiburden 1s hugh ?r_-ss dustis pion o

An emission factior e the overburdon removal of prasphate rock hes tovea g v Wt of the
range offered by PPLL )C 0024 g/kg o G 05 gka of ovarburden PEDCo 20l

emissons from dragl ne arerations at an cpan it coanar meone n Butte Mo

rate of ore mined was G 04 g'hg Trsralass, oo arcavoas noted to e o Lt ane
Allhough actual measurements ware 1ot ‘(aw nat ph c%,-m e rock NINeS, 2% enys

this order of magnitude was feit to be representalve for the muning of the cie

After the overburden is removed the ore s placed intd siuis pits broxen o
p € L

by hvdrauiic

monitors. and subsequently pumped to the benefical:on piant  Each company's neneflicaton

methaods differ slight'y and are dependent on the charactoristics of the matnx  in m*ﬁ case.
however the benefiration is a wet precess and therefore net a source of arr emiss on

The beneficiated rock is transferred (¢ open s?ord"' ciles  As tivs matoenal s often moist no
contrals are used or expected in the future although scme enussions do resut from the

operations. The mao:st matenan 1s usuaily conveyed to a ratary diyer

Linucsion factors for phosphate mining are sased on Flonda phosrhate eparators Westen

phospha\e mining ©perations are recognized as having grealar air emMiss;ons bec use the "ock
1s not generally wet-wluiced to beneficiatior 2perations and dust may octuf i tarspart frore it

fi
to pracessing plant inaddition the overburden removal for westomn phcs:f*un.' NTHnT AVETages
mare than 6 m and s drer than the Flenda ove oo moen Fory oo goere ted sl
ovi tordden emiss o ferlorwolld e on e SR e

Thios for western = on e ovoratt ool i t7 H

for ionda mines

-

nyiw ;i - : -



4.3 SOLID WASTES

Solid wastes generated in mining oceration are ncn-phosphate pebbles ciay and sands
separated frcm phosphate beanng matena's These s048s are Jischarged as siimes (very fine
and colloidal materials) and taiings (Zsatser materas; and swred n ponds for permanent
disposal.

o I W i ! . - -



5.0 STATE OF THE ART -
POLLUTION PREVENTION AND CONTROL

51 AIRPOLLUTION

If the overturden stripping and phosghate matlrix mining is ¢ cwhat "wetl”
cordibions, industry dees net corsicsr this & source of ar erissicns Therefors :uc,/ have no
controis on this operation ard do rct expect a future nesd | f

nthe ztoence of st condtions
controls may be neoded

The beneficated rock in sger slorage giles s~ 28 N2 20000 3re usald T exneied rone

future aithcugh sime emiss ors do esat

Typically, the moist matz inderground belt 1o a ratary o, 20 The dost
B

from the dryer is handie: 1 yoleme waol serubner convnnalons s a0, the enussian

beoomes a stack enussion

f ol controt ey ce are 3 o than §°%
an J no furfnu contruis are exg the At s pomt the mater ol may be ground.
sometimes u .Jder wet cond'tians the procedure vanes from plant o plant G plunt does nat

use a grnaing operation at a'

The matenal s transiorred from the diyer to steral

]
junctions are ’ypsun scrubbars with an average co’
the storage siics, tha rock is dropped into raircad hopper cars for trangy«
manufacturing centers. in faciites typical of the p?*os iate industry, i0ading s accomphshed
manually from overhecad sterage by an operator standing at the ool lever of e rasiroad car
Usuaily the drop areas have ;.M;b!e rubbe” coupiings w* cndelivertherock o wiminaboui 610
m 2 ft) of *he oo of the 'ocading docor this he'ps Jirect the rock. However e Cadirg orcbiem
is not dusting caused by the drop. but the pckup »f dust n the displaced ar rem the radrsad
car. The industry is working to conteot the dust in this operation

Compganics have instalied extensve ductwers systems o capture the dust &~ oxhaust it o a
scrubber. Howovp‘ tr' e equepment must be used pr ;’»:'y Dust-catchung enziosuros must he
clamped onto the railcar docrs tight emugh to cagture the dust One plant uscs a mechanized
system in which the ends of eght loading ducts fit over the tops of the eght ra-car deors and
exhaust the displaced air to a scrubber. In gider facimses‘ this may not be Vcssﬂcie Al one
focation, for example the available headrocm between the bottom of the stora 12 o ard the
top of the railcars is imited. and zass are typicaly not of uniferm he.ght or deur cenfiguration.
This situation reduired the des:ign of a system to Icad the cars from an outsie ~arper adjacen!
to the sdos, allowing for micre aorheng space  In ether case it acceass that o fgture trend s
first to contan the fug tive erussion and then to reat it as a stack enssan

Tug' © lS"\ ‘,\s \,1"_”: ‘::“, o )K'i‘j :C s ey oy
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are fixed by the compoiition of the cre Good ~ouseh-eping. leaks ard spiils have itte mpact
on waste loads Nan-contact waler s rarely used in these processes

The areas where control 1Is:mporznt ncude wastewa'ter contanment and swafa' crardc
ofmune dra:nage waler process wz'2r andrain 427 Tnose areas are furtrs ‘

=1

521 Containment

Most wastewatar treatment and contro: facites in the chemical and fort
use cnhe or more setting pords  Dunng :)erlods of neavy rainfal thos
washed out, and tne settied solids may be swept along as woll In many 24 45 re |
may remain intact durrg rainfall but s function as a selthing pond s sig7+ficantly nipaired b

y ipaire ¥
the ‘arge amcunt of water ﬂw.ing trroug” t In addeon to prebrems caused oy m20fat and
qoc2rg waste ff“a"f entinpondscanberoubiel wih Srourd se2gzce aroL-d 202 semsath
the 2ond. escaps hrouy .pothu'cs fauts ar Crsurale and e pryecal

.
fature of pond dams and dikes

In maost cases, sal vladt oy P';-.“d :vef""f“a“-c»ﬂ Can e all oDy propsr Gt VTun oS
not possible. alternative treativent methads-thickonars, ¢ rsotube a~dlan o @ separstors

fillers hy"”‘cy“‘*nm’ and cemr:f;ges--:a"- beouhized
52.2 Sepuaration and Control of Weztcwater

in these industines, wastewator may be separated into thres categeornes
process water. and rain water runoff

Mire drainage waler and process water are ypically contrelled and contansd oy pumped or
gravity flew through pipes cnarnels diches and ponds  Ran wsa'er trcugnh s ofte
uncontroiled; t may ether zontamirale process and mire dranage wa! 7 ff n
independently as nenpomnt-scurce dscharges  Ramn water runoff increases suspended sohd
matter in rivers. streams. creeks or other surface wa'ers used for process waler sup

Suspended schids are the pr nupal poitutantin the wastewater discharges ofine r neral in
The treatment technclogies aval'at.e for removing susponds
nurrerous and vared but only a re'anvely small number are uscd widely

Tabie 5 shows the approximate breakdown of usage for the var.ous technigues

Generally, the curreat industry expenence wih saiting ponds shows effiucnts wih total
uspended sclids®concentrations ranging from 14,000 mg'm to 703,000 mg e’ Pedormance
ata for some realmont systems ane presented i Table ©

Crermcatl and el Ny R0t T ans
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6.0 POLLUTION PREVENTION, WASTE MINIMIZATION AND
WATER CONSERVATION OPPORTUNITIES

Poilution prevention is achieved by imrlementrg programs which wilresu’t nredutnor nowasts
generation. Waste generation. in turn, ¢an be acheoved Ly 0oxing 1o ways 1o inprove andior
modify unit processes and eperat zos and process cfficaency without i ¢t athe prozact guality
Some of the agproaches being evaluatzd are discussed below

¥

6.1 EMERGING TECHNOLOG

New metnods o lzct dust emissons from bercfic 2100 plaris particuicdy n the raid car

ole) o

ioadirg area a2 Comung nto vew

Tne develcpment of aydromc :A.v";xrg C& LrOCESSCS 2 (Ll or phogiborus fromn matrx or
concentrates by direct ac:dulation may mare it possioia o s At reduce
water dispesal probiomz Now NG pre o o outhze
tha poleria e 0 ol the F o nonothe

Weat grinding 15 one of the techr sl
rock processing facihities It is des

Wet Grinding

The most orom.s.ny 3.

g Ltor control technigee for dryors \ N N S ol 44
move toward wet gandig of roek for the manufacture of wel-process phosphone acid
(WPRPPAYL The rock 1s ground in a water siurry and then added to the WPPA react

v Al
tanks withcut drying. This has not been done prev.ol usly because the water entrained
with the ground rock weoula regqure a stronger acid inthe \WPPA reaction or ‘De r; moved
by evaporation) to mainta:in the 54% P.O, strer gth needed for product erilizer
Historically. 93%% sulfuric acid has been diluted 1o 58% for the WPPA camon griofr to
addition to the reactor to permit remcval of the neat of diution {f added to the reactor

i3
al 92% stiength. the neat of diuton coupled with the neat of reaction would exczcd the
capaut, of the vacuum fiash ceeler used for temperature control Aisc it was widely

accepted that the higher tempe-atures would resuit in formation of smailer 2rystals of

waste gypsum wiich would cemplicate tm; separation of product aca froe
gypsum

waste

Two compaies have overcome therr reservations about the wetg nnding process They
have desgned larger flasn cooers on the rea77ors i

SO

.\f [STH Lo amd

have found e sigoficant difference in the ::’y:ﬁ:‘: e rrodocts from
the readtor are fed o e cvaporatore at 27 to 2270 PO acd e same as tne
con NERA oo ox
Tre oy «arficant oo an R

- piant LEAS st I we s i Voot oy
anie & g 3 et : . . T
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6.2 WATER POLLUTION CONTROL, PREVIENTION AND NIRIMIZATION
As distussod earor e S w o dhnonn e g e o snre of wotewator Ay
PRLUILETET A e 5t g ) C e AT ;S
. |
R

WPPA plants are already finding diffici't to controi. However, the potential savings
(elimination of the energy ntensive phosphate rock dryer and its air poilution cantrol
system and ar pollution cantrois for the grinder, s a strong incentve to the cperator

Piant managemert contends that the majer arving force for the process is not
mprovements in technology. but increasingly expensive fuel costs and smngom arr
emiss:ion regulations It is now less expensive o treat the wiot rock than to contend with

high energy costs and increasingly stringent air regutations

The impact of the wet grndirg process could be far-reaching since about 70% f all
phosphate rock is ultmately used to produce fertilizer, and 85% of the r2ck used for
fertiizer rmust first be converted to phosphoric acid  If we! grinding praves 0 2e a trend

in the industry {and present :ndicatons are that f wlly the growth rate for orosgrate
rocx dryers wli necome neghoilt'e Cfocurse trers all zertimrue to e areour
dry rock uniess ways are ‘curd o ntroduce wct rould roCK i ne protesses other
than WPPA. Much of this ni..d may be filied by ‘hi=s capacly of ex ~tna - ath

than corstruction of new ones  The need for erossoon contrals on gt oo aphate roce

~ oy far
Trenl T

gundare though danimishad, wil continug since tre fdn mation protess o probaby
continue at its current rate of goowth and caicined "ok must be ground

Wet-rocx gnnding has five advantages

(1) Redu~es by about half the capital axponse - fiom recept of ungroond wet rock

through the poit of feeding it into the aud processing system
(2) Elirminates dry-rook dust poliution

{3) improves fuel economy by 2 5 gallons par ton of ghospnate rock ground whrich
combines wih electrical power savings to reduce operating costs by 37 00-34 .25
per ton of P,O..

mproves reliabidity, thus reducing the required amount of surge of ground rock.

4 fmy. liabdity, th d g tt quired t of fg d '
if 2 plantis focated nearaminc a rcck slurry can be pumped direclly to the piant
from the mine. eliminating rail transportation and belt conveyors

(5) Reduction in radiaton levels wi'™ coour as dry-rock grinding s replaced with wet-
rock grinding and dryers are eliminated. This will lower fugitive dust levels, thus
lowering escaping radionuchdes and also result «n lower radiation levels in the

it

immediate vicinity of the grinders and the etiminated dryers.

By converting from dry to wet grnnding. a coripany cwpects o save 3 mitcon gallons of

fue! ol and '8 mullion KW of eleddnaty per year in producing wet procoss

phosphors
acid at its New Na'cs camplex Converson vt oast abort $11 3 mulhse

e nm i : o TN
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water associzted with siime discharge. thereby aiicw ng the industry to "ecyc’e more and better
quality water.

The mprovement in setlling of colloidal or fire clay carticies 2an te acheved oy using =fecuy
and apprepnate flocculating and coarjuiatirg agents Clay partices are negavey '"a'ﬂeu A
coagulating agent such as alum {aluminum suifa’e: can effectively bind these paicies and
improve their settiing rate. An addition of other polymeric fiocculating agents. ethier zationic or
non-icnic. generally further improves the settling properties.

Addition cf flozculaling agentis prior to dissoived air fioatation, hydroclanas centrifuges, or slirre
pond will improve the dewatering performance of these systens  This will result in better
solidiwater separation. The important asgect is to determ ne f additen of such a
impact the groduct quality Ceriainly aiditon of ficccuiating a3erts prcr o tre sim

senls will
e 35 g
ponds w'l heip mgrove settirg and cvaerlow water guaitly

As stated in Sccaticn 4.0 other processes current s freeze-
rawing. spherical aggt@ncra n and dra%r-?_‘f»; NS sUth
as tube settiers, inclined plate ciarifiers, and ro car be

further considered to improve te stme selthing 3
recycle quality.

it should hoar. - be noled that an addiion of a chemica! agent may increase the siudge
volume b i wii Be ofiset by increased density and sludge compuaciness

improving the setting characteristics should allow the faciity to recycie animprey 2 d quaiity wa'er
from shme hoiding ponds or clanficat:on devices. The c\»/cred water canbe used fur washing
and wet screening A small amount of water will need to be blown down to control the buld-up
of impurities within the system  The impurties that il need to te cortraied are

. Total suspendged soiids

. Totai phosphorous. R
. Fluonde, and

. pH

The blowdown water can be treated and further recycled A two-stage lime reutralization
process can be used for the bivwdown treatment

L]
The fust treatment stage provides sufficent neu '-'":a”*'"r an 1o raise the conta nated waler
(Containinng up to 95000 msu_ Fand apto 6500 mgt Py frempd 10-20t0pH ~5-40 The
resulta~t trentnant effeoty 55 1% ‘"Mﬂ‘v dorardent oo constancy of the pr oo oot A g pH
leveiof 3510 40 the ..ucujea e precnitate pro sty s ca o fuende (CaT
The pati") CoTAL g se Y y 3N AT o coantains
3260 Mgt gl P dre A red Wt s o floant to
FOTEnIE e TONE D LT L .
<
L] I T



The reduction of the P va'ue s strongly dependent upon the final pH level. hoid: g time. and
quality of the neutraiization facilities. particularly mixing efficency. The sludge from thase
systems can be disposed in the slime ponds  Ultimately. however the additiona’ fivondes and
particulates (phosphate) anc other muncr impurities coilected become part of the sclid waste
generated through the system™.
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TABLE 1: CURRENT DESIGN PRODUCTION CAPACITIES OF JORDAN PHOSPHATE
ROCK MINLES

AMine Production (mill:ion tons/vear)

Alhasea 3.3
Alabaid 23

Elshidiya 3.25 ias of 1995

.L“TOIdI 9.25 ias of 1997%5)
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TABLE 4: AIR POLLUTION CONITROL TECHNOLOGIES

[:Ujut O;ierdtnun o ] Nﬁn(\r Ap ,wmd Pollution Control Tt‘(llf;(;.r::g;‘j;T
,»ywism.ﬁffm S T T W s mining atea b, G e
20 Beneficatioy NGO A cmissions due to wol Gperaion
3 Conveyance T T Generally rock s wet. No controbs required.
4 Drying Scrubhers

5. Calcining Scrubber,

6. Grinding Fabric Filtors

7. Material Handling and Storage | » Enciosure G comvaevors and piles

> Fabric filters for pneumatic
convevance _
[ ]

i

S LTS R | S T o=



TABLE 5: CONTROL TECHNOLOGY AND ITS USE FOR
REMOVAL OF SUSPENDED SOLIDS

Control Technology Percent of Facilitics
Using Technology |
S B R AN S
Settling ponds suntineds 95 to 97
Setthing ponds dined? <1
Chemical flacculation {usually with Jws
ponds) !
Thickeners and clariiiers 2103 |
Hydrocyclones <1
Tube and lamella settlers <1
Screens <1
l Filters < 1
; —
Contrifuges <1
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Jordan Phosphate Mines

1. Historical BRackground

Jordan pPhowsphate Mines Co.ltd., (IPMCy, was fco.i.d

1924 as a private firm to explolt tite phssphats reserves
at Russeilfa arez, -5 Kka horth east of ~nran, a

on, in 1953, JPMC was incorporated as a public
shareholdirng company jointly owned by the o T
Jordan and the private sector. Througn 1%53-_628
other productism sites were developed 1n scuth ]
namely Alhasa nine (1982), A'ataid mine (1%7%
Esnidiya mine 15338 ' T

-~

IThe current pcoodacsoon 2

> j I
7 millicen Teons of varicus vhcsphate roe~ ranglng
Cu=-75% TCP.

The phosphate {forrmaticns cover Aapout 0% 2 the Toutal
arca Oof Jordar In the formaticons of the "puat CTartac
covering a wide pelt in Central Jogian, ana lie near the
surface. he phosph

ate deposits 4T Allasa and Alarad
ara founa 0 Two hoeriz i 2
Fusaelfa and Tanidyva o
The dewsigned ~apacit 163 of the thre=s oper T .37 Tlaes o
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- Geology

Phosphate-bearing nonzons occur at /arying degins, coverirg about 60% of tre total
of Jordan. The Phosphate formatons ie near the surfaca mrougncut il the area novere
the Upper Cratzceous in the Maestirichlian Leve forming a wide beit sbaut 20

Wil mssteors m antont

To the east of the country sedimantary -ocks of th
tions, cover some 22,000 54 ¥m

~
[CIR

The country’s three principle Phosphate bearing regions, are Busaifa
Shigiya areas, which are found in the 3¢iga series ‘locally named;

\ =
PHzssa/ T Aniad

m

At Rusaifa, the Phasphate bearing horizon has a total trickress of 12-16 nerres
of tour explonable Phosprate beds secargsed hy three stenic beds.

The average 'thickness of Phosphete Yeds ranges from 1 29-3.00m, with 56-7
iayers.

The Phosphate at £l Hassa and €' Azad areas s frund in the same Belqa seres.

Q. w

oy

500 square

acene, overlying Phaspnate forma-

2o,
L/

‘5
Tricaiciurn Phosphate (TCP) content in the 50t Phosphate ‘ayers and 453-55% ~“C%in the nard

W3

horizans, the Upper and tha lcwer. But hera the deposits have a lenticular shepe which is i

contrast to the Rusaifa area, where they come n continuous beds. The Phosprate s ‘ound

mostly in the upper hcrizon, 1N one Sed of two 'ayers seperated by a thir band 3 mar Tne

thickress of the upper layer ranges cetween 0.40 and 0.80 meters: it contains 55-62% TCP

v

the soft Phosphate. The ‘ower layer is from 1.50-2 50m thick, and contains 86 70°% [CFinte

soft Phosphates.

The Phosphate at Shidiva ared 1s also found in the Belga senes, in two borizons: butin ¢on-
tnuous beds. The Phosphate is found muostly in the lower horizen, with 3 thickness of 8-10m
it comprises three exploitabie beds serarated by two stenie beds consisting of crerts, siicifiag

Hmestones, c:ays and tripoli

5. PHOSPHATE PRODUCTION

5.1: Mining

The expioitation of phaospnate star
the roam and pillar method. i

d i atar 3 i ;
used at £l Hassa mine slacting in 1362, Mechanised open cast mining was

ted st Rusaifa mine by manual undergrourg min ng. »8iNg
n 19%6, semimechanised mining was adopled wrch was alsa

751 3pgied 0

1859 at Rusaifa, where the stapping ratio of overburden to Prosphate s tavcurgbe Snce

then this methoc has been n CONUNUOLS Jse 3t Rusata
and in 1979 35! Ei AYad

In oper cast mining, the averburder is drilled. Mtasred, and the prokan s-n
matenal is piled and ioaced nto Qumietriacks The sterde imater sl S transpcsel o
2 : o [SHLe P i NELSH AR S 4

'twas ntreducedin 1968 31 £ ~a

354

T_OGsEned

. . BN o Eaie
Sump areas ess an 1 000 awa,
‘he Jrccveres “hospnate tencr s JSUBily CCSETEl v T ppiIng, droes 1o das
} . - < o

NeCessary, anc ioaded nto dumrptrucks ‘e e R T ‘
Mta QUIMPLILCKs “Cr nauing 1o rushing and $¢raering £ g s

IFIN 5 T

=
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3n secinic ~valking fragte 3 323 ic 310 he lverturges g IriTiae. e Tl ome Ui
dle Zast hasa 95 6mocomand 3 30 6 2o M. Juske!, ~as TINSNLCIES, 1OMMSsoned
has been put into operation since February 188" . with 2 cagacity of agout ¢

day. Drilling of the overburden is done w'th two eiectiic n1gs.

6.2: Ore Processing

5.2.1 Crushing & Screening: Raw Phosphate from the mire sites s hauled to jaw crimpact
crushers, rated al 25G-450 tons per hour. Al materiai s fed 10 the ¢crusning and screening
plarts, where the oversize matenal of mare than %—"materrai s rejectcd and stockp ed for Tur-

-

ther treatrrent in the future The minus = material s either fed 10 the dryers or tothe

2
benef:ciation plants.

-

2.2 Beneficiation and Drying: Phcsphate from the crushing and screening plants which
intain 66-68% TCP and 70-72% TCP ‘rom 2usafia Mine ¢ 750-72% ~CP farr hoth
Fassa and EiAtiad Mines, 3re ‘ed Jirecily 10 rOlary $ascacing 1Uers operated A th noivy
ei ol to produce dry procucts which contain 1-3% moisture unbeneficiated Ggrade
rosphate. Phosphate ores which contein 80-62% TCP at Rusafa of 665-58% TCP at
~3sss and Ei Abiad are fed to berefication plants for upgrad rg.

in the beneficiation plants, Phasphate is fed to slurrifiars, log washers and wet screens to
ject the 4mm {or + B8mm) oversize. Two or thrae stages of agitation are followed by
drocycloning, where the underflow of + 270 mesh products are fed 0 pusher centrifuge
ters to produce phosphatic cakes which contain 16-18% moisture. The averflow of the
drocyclones are rejected as slimes which contain poor Phosphates with impurities of silica,
irbonates and c':iayey materials. The Phosnhate cakes are fed 1o heavy fuel oil-tired dryers to
oduce dereficiated grades of 66-58% TCP at Rusaifa and 73-75% TCP at E! Hassa and ©J
aad. '

Fine phosphates from dryers seperated by the electrostatic precipitator at Rusaifa Mine are
llected and bagged in 5C <gs bags and named JORPHOS which is sold for direct application
a:tidic soils. It containg 29.3-30.2% P,0¢g and its granulation s 80% minus 1CO mash s:zo
uch contains 30% minus 200 mesn.
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6. PHOSPHATE EXPORT FACILITIES AT AQABA

All Phosphates ¢ be exporied are ttansported from the three mines 0 Agana cort. Rock
Phosphates from Rusaifa Mineg are transporied exclusively by trucks. Seliveries from poth £l
Hassa and Ei Abiad Mines are mostly made by the rai!wav and partigily by trucks. Deliveries
by the raitway fram ZF Hagsa Ming started in 1876 and frem Ei Apiad Mine startec .n 1381

Aqaba has heen developed intu 3 rmodern port canable of receiving 60,00C-tcn bulk car-
ers, and can casily be expanded to receive 10C,00C-ton bulk carriers.

Berth A, the first of two plicsphate loading berths, has been in operation since 1950 its
210 metres long and can handic vesseis up to 15.000 dwt. with a maximum draught of 30 feet
and a width of up tc 54 ft. Berth A has twe 20,000-ton covered stores. They are equipped with
two truck intakes and completely mecharised handling systems fer sicring pnesphates ard
evacuating it to a ship loader. Dunng 1985 the shiploader anc the main belt convevor were
reslaced by bigger casacities of 1000 th, and will be commssiored n the keginnirg of © 3886
~rere then 3erth A 3lgne cannandie Lpto ¥ 3~ lidn "ans of phospnate car v2ar

Berth 8, commussicnedin 1363 and exparded :n 1378, is ' 30 matres ong .t zan nancle
vassels ap tn AN NNO Adwt witn a maximim dranght of R84 and a width of LD 10 22 metres.
Berth B has four covered stores otailing 300,000 tons in cacacity, with tnree LLek '1takgs and
tw o rail intakes. The stores are also equipped with compieiely mecharised Nandhing sysiems,

and twao 2,100 t/h shipiocaders. Berth B alone can handie ug 10 4 5 muilicn py of Phosphate.

. UTILIZATION OF JORDAN PHOSPHATE ROCK
IN THE CHEMICAL INDUSTRY.

Jordan 'phsoahate reck is saft, porous and friable rock of marire sedimentary onign
Upgrading of phosphale rock is cone by wel benehciation 1o get high grade products 'ow o
impurities. -

Only smail guantties of the raw phosphate rock in the form of fine pacspha.e s used i
dirget applicstion in acidlc soils. while most of the phosphate rock IS ngcassary ‘0 be pre-
cessed chemicaily in order to change it inlo more solubice fertilizer products Jordan phospnate
rock is used to oroduce prosphoric acid which is the basic ntermediary mater:al n the pro
duction of high gnalysis fertilizers such as; Tripte super phosphate (T.S P} Monammoe wum
phosphate (M. A P}, Diammaonium phosphate {D.A.P) and other complex fertiizers (N.2. X}
Also this acid is used for the production of nonfertilizer matenial as S.T.2 P, whichisa basic
ingredient in the detergent industry, it is also used tn the produclion of singie super phasphate
(SSP) as well as in the cirect production of Nirrophosphate with nitric 3eid artack

Technical aspects*descrined Fere are based on actual plant expericnce in several countries

1 - Phasphoric acid production

Phosphoric acid s generally produced by reactng the raw phosghate rocx wiih sulphunc
acid. Jordan Phosphate, mostly El Hassa, and El-Abiac 72-74% and 73-72% 7CP and the
Rusaifa 66-58% TCP. arnd 70-72% TCP are used ‘o :)“O_)D*\ﬂr c acid producton by 3 variety
of processes
-Norsk Hydro {Fis0ns) Process sused n YunGos.avd
- PRAYON Pracess is used in india and Greece

MY ITHE | K i v e
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- RRONE Pouienc Process is used in Jordan, France, Greece, Yugaoslavia, Ausling
- NISSAN Process is used ir indig, Jaoar, Bangladesh, Australia, Turkey ard Indoresa
- SIAPE Pronessis used in Turkey.
The 73-75% grade is also used for ghospheric acid production in Romania and Bu'lgana

Due to the very solt nature of apatite mirzmls in Jordan tock, the grindability s high which
reduces cower consumplion,

Reactivity is also very tugh  The pe-centage ol PoOg ioss a5 uhglaced 10%k 1 the sonc hoe

system is low, and the byproduct gypsum 1s ol high quabty with mnsrmamompiiitie s
Sulphunic acid consumption is moderate, chout 2 7 1ons pes ton of P06 produced

Fiuration of gypsum lrom acid slurry 15 about 6 O metnc lons PyOg per day
metre of the filter arca Filtration ¢tficiency cxceeds 989% thus ensunng tugh P,0
in the plant.

Jare

[BISSENCIN
5 T2COvEly

Low chiorine content {200 407 opm: and 2n opumum fiuarre 10 silica r3»0 mear
minimum Corrosion.

Low R203 loxides cf moo and aiominium) means minimurn (0ss on nedtrabzauon and

minimum sludge formation on standing and transport of noth the dilute and the corcenirated
acids.

2. Super phosphates

Single super phosphata {SSP) is madae simply by reacting the phosphate rock with sulphurie
acid and the product contains 18-22% Polg. whie tne ulple supst phiuspliate 1TCM) s mado

by reacting the phosphate rock with phosphorc aci¢ and the croduct contains 46-48%
P20s.

The Jordan phosphate -ock 's highly reactive and thus requires minimum cuting Wime 0
singie super phosphate as well as in the triple super ptosphate production. ir t-ple super
phosphate the phosphate rock can te reacted with low acid temperalures ard low acid con-
cenlration without sericus effect on y:éld or product properties.

3. Monammonium phosphate (MAP) and Diammonium phosphate (DAP).
These products are made by reacting ammaonig with phosphoric acid in differeat iatias
MAP gradeis 12:62°:0 andtheDAP grades 18:48'0
Other Ammconium phogphate products frgm Jordan phosphate rock are the.

Nitro prosphate 20:2C.Q0 ard theUres ammenium phosghate  28:28 O
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APPLICABLE REGULATORY CRITERIA

Current Status of Environmental Regulations in Jordian:

L d

In order to assess the Arab Potash Company (APC) compliance with apphicable
Jordanian standards and regulations. it 1s of importance at this stage to present an
overview of Jordan's environmental protection control laws, standards. and
regulations. Interestingly. Jordan has no comprehensive law to control water, air,
and soal pollution. However, a Jordanian Environme nt Act (JEA) was drafied two
vears ago to achiecve the principle objectives mentioned in the National
Environment Strategy (NES) for Jordan. JEA is currently awaiing approval from
the Parliament.

In general. the nature of water pollution standards and regulations in Jordan van
according to sources. Indusimal wastewater discharges are regulated by the
Jordarian standard specitication number 202 i Table E- T adopted in 1951 by the
Deparunent of Standards and Specificanons iDSS and revised in 1996, Standard
202 regulates industrial wastewater discharges to rivers, wadis, groundwater, the
sea. and reuse tor irmigation. This standard cover= 37 pollutant parameters and
sets maximum allowable concentration himiuts ot pollutants 1n the discharged
industnal wastewater eftluents. Moreover. the standard also contams narrauve
conditions to protect public health, aquatic life, worker health: and groundwater
quality. The standard is not associated with a permitting mechantsm and therefore
1s self-implementing.

Drinking water quality 1s regulated by the Jordaman standard number 286.
Tables E-2a - E-2e present quantitative requirements of perunent characteristucs
including physical, chemical . radiation | and health related 1ssues. Wath regards to
regutations related to the quality of wreated domesuc wastewater to- be reused in
irrigation, Jordan has neither standards nor guidelines. However, it 15 a common
practice to use the Food and Agniculture Organmizaztion (FAG) and World Health
Organizaton (WHO, Guidelines as a reference .Tables E-3 through E-3 are
related to the qualuty of treated domestic wastewater ettluents to be reused in
imgating agncultural crops. The remaining tables E-6 - E-12 present the tolerance
and sensitivity of crops to salimity and other specific 1ons like Sodium, Boron and
Chlonde. These are adapted from the FAO Guidelines (19851 Treated domestic
wastewater 1s regulated by the Jordaman Standard 893 (Table E- 12, adopted in
1994 by DSS. Regarding air pollution, Jordan does not have any existing
standards or regulations to control air poltution.

Regulations Apphcabie to the APC Dischuarges,

Durning the course of conducting an environnen il pollution presenton waste
minimization audit ot the APC the audn 2o cdenntied three conunualhy
discharged effluents. Tao of these discnares dre industriad wastew ater etfiuents
disposed in the Dead Sea and the Truce Line Floed Channel

o
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These effluents correspond to wastewaters produced from the intake pumps
packings and hine fiuching and wastewater generated through facility drains,
washings, and overflows.

The third wastewater discharge, however, originates from the Potach Township
wastewater treatment plant effiuent. This effluent 1s discharged into an unnamed
neighboring wadi. The Township administration has no monmitoring program
instituted and therefore no analyses were performed on the etfluent since start-
up. The sludge produced in the treatment facility ts being hauled and buried in
the lisan area near The Dead Sea. Sludge generated during the course of
municipal or industnal wastewater treatment has no detailed standards regulatung
its disposal.

Pertunent Jordanian standards regulating disposition into the Fiood Channel and
the Dead Sea are gzoverned by the Jordanian standard 202 discussed before.
However, it 1s worth noting that the most relevant parameter in this case
(disposition into the Sea) is the total disseived solids ¢ TDS1. TDS 15 not detined by
the Jordanian standard 202, Simularly regulations to control and prevent ilhicit
disposal to storm sewers, underground injection, or marine dumping do not exist.

It 1s highly recommended that APC insttutes a monitoring program in order 10
test for the quality ot their wastewater effluents. This action, 1f adopted. will
enable APC to be prepured when the new JEA will be passed.

E2
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Table E-1

Summary of requirements of Jordan Standard 2021991 for disposal of industrial eMuents.

Maximum Allowable Limit, (mgTi+
Parameter Disposal To
Wadis & Rivers Sea Groundwater Recharge Reuse for Irrigation®*
BOD3 SON oSN N
coD 150N 200 1508
O I* b 1= i
TDS 000¢ L - 1500 1) 200002
TSS 50 - - 1003,
pH (su) 6590 5.5-90 6.5-90 6554
!Color {unit) 15 73 15
iTC - 4 .
FOG 5 10 Absent 5
{Phenol 0.2 ! 0002 02
'MBAS 2% f i ;
NO3N 12 : IR i
NH3 . Lo 3 -; :
TN [
PO4-P IS ; :
il S00 00 BN
S04 SO0 | <0 i
¥ 1.8 } LS :
{HCO3 - g : <N
INa ‘ 200
i
'\\!g |
,La | I' )
ISAR . ! - Y
LAl s ! 33 5
LAY N (VN E 0t T
B ! Pos
WCr 01 R s i
Cu N ’ 01 N i
‘Fe | 2 ! 2
|\Mn 02 02 ! 02 02
INi 02 002 0.1 (2
|Pb 0.1 01 | 01 !
|Ne 002 ne TN TEEN
cd (0 007 0.02 5 R
1Zn 3 % 13 :
(:\ i)l i ‘} i | il
Hig 0001 Doot 0.0 0001
CTCC MPN/100mI Sooe : :
CTFCC MPN100mi L6 ‘ LU 6) 00 6
I Nematodes o L -
= All unnts are v mgA except where noted
*: Muumum vaiue
**: Depends upon. type and quantey of Crops, UTIZALOn meiRoG, TP T & gronnd e e a0 g afed Loncerne
-1 Lndetermmned.
My Monthis average
Nales:
- N
NI ORI ELONY LW Ed 4t IO ST T ;“\::. <ol ALl ta
Loowd reach g

CoLCNE T mean
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Table E-2a
Jordanian Drinking Water Standards
A: Physical characterstics

Parameter 1 Permissible Limit Max. allowable conc. in case
{
| no better source is availuble
i _—
Taste \ aestheticaily acceptabie -
| |
Odor b gestheucaliy aougptible i
Color ‘ RURTIIN : LS unars
Turbidity Punit JCUY : S units
pHl 6.3<pl <9 3
@ |
' \
Temperature X280 1
[ )
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Table E-2b

Jordanian Drinking Water Standards

B: Chemical Charecterstics

Parameter MMav. Allowable Conc.
mg'l
Pb 0.03
Se 0.01
As 0.03
Cr 0.05
CN 0.1
Cd 0.003
Hg 0.001
Sb 0.01
Ag (101

N TN (W



Table E-2c¢

C: Health related

Jordanian Drinking Water Standards

Max. allowable conc. in case

Effects within max.

Parameter Permissible Linmut no better source is avialable allowable limits
mel
TDS SO0 ! 150X) desthete
THt CaCO3) TO0 ; SO6 testheue
ABS 0.3 | { ndwcator
Al 0.2 0.3 destheugd
Fe 0.3 1 aesthetd
Mn 0.1 (2 eNThete
Cu ] FA aesthetic
Zn 3 13 aesthetic
Ni 200 100 desthetc
N1 AN 0.1 health
ol 200 300 aesthete
F ! | L3 health
SO4 200 500 aesthetic
NO3 43 | 70 health
.
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Table E-2d

Jordanian Drinking Water Standards
D: Radiation

Parameter | Maxvimum limit
1 Bql
Alphua-enntters texcert for Radon a1

i
Bew-enutters g
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Table E-2¢e

Jordanian Drinking Water Standards
E: Organic pollutants*

N
Parameter Mavx. Permissible Cone,
me |
A Chiorinted
iy drocarbons
Endrin ez
Lindane CREE
Mewmoxchior 0.1
Toxuphenc 0003
B) Chiorophenoxys
24-D 0]
24.-TP NN

(Trichlorophenoxy proponic acid o

*

hmi <20 by WHO

I TN [E

Cther srgunic polivane should not excced the max. ablow abic




Tabie E-3

Guidelines for interpretations of water quality flor irrigation {1;

{

Degres of rests

None

Porent:al impatinn probiems Unis

Salinxty {affects crop water
avmadiay, (2)

EC, tor: 45m <0 9730
TDS mgh <% ES . £ O > daxs

infiltrsuon (affecs .nfiltratica

mate >f waler o the soil

Fvaiumeunng ‘FC and SAR wgriber 72
SAR =02

N . IR PN
= LE B >0 FEP I « 23
ER SN = > + 0 <
= NV = sl M E <
= - = ] LRI <
Specfic ar taxy ‘allecis
sensve Tops
somtiar Na 3
Surisie smgae AR ’ > .
Sorvic.er rrgauan 7l < >
Chiende (Cliid:
Sarfece urigation me < 4 <00 > D
Sannker rtigalon me <3 >
oron B8 T <27 ° u -
Trace coamensitee ahie Ed)
Misor.ianecus eifects
[HORTRIRTC TR 41 71
Niwogen iNOW-N {6} meit 3 $ W > W
Bicarn nawe (10O,
(Overteas spria.ng ctiy!? et <t Ts oy >
ort Noera o ange oAl
L Acaptec rom Lmivernaty of Calzomia foommitiee o Lot atangs (TE
b

E‘_(_‘ TLACS CElUICA, Tond .&Cl.V.i)_ 3 Tedsure oD e Maler 13
are =g

v.oredored o ded.Siemens per ™
iva.ear TDS means wia. dsioived scuds. reoeried wn mudigrams per tter mg L
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Table E-4
Recommended maximum concentrutions of
trace elements in irrigation water {1,

LAR)

— - — — - T ———y
i © Recar, ’,
i maximum i
i | eoncentrat: i
d .
| ime T - Remarks ]
P T TS - -
PAL aiameanuy, 2 v (AN 24058 NOT-ProduChvIlY N AChE SOt (Pl < 350 but mure skaiing ot 4l ;
b 1 . it
! ob! > 7 0 will precepitate the con and chminate any Woxains !
i I . N . ~
!As rarsenic) ! {Toxiciny o plants vanies widely, ranging from .2 mg 1 for Sudan grass (o .¢59 &
: ¢ H -
i ! j
! tthan 728 mpAl for nice. ’
B¢ per-a.um. NG e 10 piants vanies adly, amng rom S gl torkaie o Smg U
i .
L faT muEn Reans
1Cd rcadmaurn) ! 0.0t |Tex 0 peans heets and WMIPS 3t CORISNTILONS 3% [OWw a5 . :
| i
i i :
' : 'l:n rotrent soiutiens Conservauve Lmits recomumier Jod duc to s peten ab for '
! i
H ; = 3130on o Diants and soils 10 fondsalrinons th g mas ne
o scobasti )8 e w rermato plamts at 01 mg L on autrent sotuton i
nds oo ne inactn ated by neutral 3nd aikanne soils J
- - B
Crcnrzrmum) It %\o: generaiiy recognized as an essentat growth ez ment Conserative mats re ommended
Ddue todck of knewtedge on s oxiy o nants i
5 —— —
iCucorpers [ Yl te 2 numher of plants at O -0 Y me 1l in nuu et olutions
i
F o fluonider [ Hinacts at=d by neutral and atkaline soiis
Yo aron Sy PNCUeTe o plants in derated sotis Dul oan conlnrule W sl a ot iahen
| L and foss of avaniability of essentiai phosphonss and munvbdenum
! | ) f
! :
rgs
L1 elirum) s Tererated by most 1rops 0 S mg L mebie i 5o TOu 0 SiUS 40w oo ndaie N
' TSm0 ACls simary L deron
Mnmanganeses: 320 T ORI L0 4 umber of Crups al 3 Tew enths o g te s mg L Sut usuaiiy ey o ac.d sodds
Mo moiybdenumi SV INobLexis e paants ot normal concentrdions o sicl and water Can be Wuxid (o by esloek )I
i ULt 1y fow i siobs wath D™ condenirations of v siabic mobaenum i
INprarckeld [ Clots g numner of prants 403 341 dme L redulsd Lo GOty 81 neur e’ o aikalre o !
r =
iPd teadd Can nnibit piant cell growth at erv high concenwrasons §
e B ~ . oy
!Se seienium, 02 DR e DIANLS At concentrations as fow a5 028 mp T and txic w nvestock ;
i Hf torage 55 grownn soils with reialiveiy hugh les els of added seiemum i
1 | An essential element Lo animals but in very jow concentrations
:Snuny
T titanium) |Effecuvely excwged by piants. specifis tnerance unknown
IW ‘wngsien) L] i Jl
T N T 1
IV rvanadium B TToric o many Diants al relalivey 10w onsenations ;
(o ano : 2 )

)

FTONIC W AN DURLS dbwidely varving Coneeny st

PrESLLed WoRicily 3L DD S M NG N NG (CVIUIES O OfRar D oy

Llaped irom Natona Adadems CLoand Prae Tl
"Rz omavimum oM nirai I s S £ &0 arNlanion f1le Aot oo ey
GO0 g alion Pract LT Xid v Mg ears LEIRe AT D Lale et e
JrZ MAGITIUR, JONCERITdL D T S A APY SURI Saoat
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Table k-5

Recommended microbiological quality goidelines for wastewater use

in agriculture (a)

Faecal
cohforms
(peometr ic mean
no. per

106ml) (¢

Wistewater
treatinent expected
to achieve the
required microbiological

quality

OO0 Ly

No ctandard

jecommended

VNHlv

apphable

A senes of stabilization
ponds designed 1o a hieve
the micrabiological

yualiy mdicared, or

jcquivalent treatment
Retenhon in
stabihizanon ponds

tor X 10 days or cquvaleant
helnnnth and taccal cohilonm

removal

Pretreatment as requred by
the nrrgation technology,
but not less than prmvny

sedimentation

e .
Category Reuse boaposed { Intestinal
conditions proup nematndes (b)
(arithmetic
mean no, of egps per
f hitre (¢))

frnganon of Workers, <
crops hkely to Consinmer,

A be caten uncooked public
sporis Tields,
Jf:llllc parks, (h) L )
Irrigation of Waorkers .
cereal crops,

B andustrial crops,
tandder crops,
Pasinre and trees (¢)
Locaiized irmgation Nowe Not
ol Cropsan category apphicable

C Bt expostire of
workers and the pubhic
does nof oceur

(a) In speabic cases local eprdemialogical socieateyd and envorenmiental tactors should be taken o acconnt and the gy

(h) Ascans and Tnchuns species and hookwerme

(¢) Duning the imgation period

() A more stnngent pwdehne (<

With which the public may come sto direct contact

(c) In the case ol fnntirees, wagaton should ce

Sprinkier nganon <hould not be used

Source Soentitic group on health aspects of vae et ved wastewater fora

200 faecal cohtoms per 100 mbiis appropniate for public lawns, such

ay horel fawns

ndehnes medied ac unlnwh

ave 1w o weehs before frut s proked ) and no oot should be pa ked off the ground

procultural and agquacntire WALO Geneva 1R 23 Nowv HOR7




Table E-6

Chloride tolerance of some fruit crop cultivars and rootstocks.ta}

Masximum permissible
Cl in water
without leaf injury (b)uc
Crop Rootstock or cultivar tmg L}

Avocido Westindun PN
(Persea amencana) Guatenmuiian SN
Menwan 19
Curus
:Crtrus spp.) Sunkr mandann, grapeinuit
Cicopara mandann, Rangpur ime 600
Sampson @ngelo, "ough ieman, sour prange. 153
Ponkan muncarn
Cirumelo 2730 mifelue orarge,
Cub shaddock, Caaamond
Sweetarange, Savago s
R . 2%
Grape Sl
(Vi Npp it
Stone tu i Q!
(Prunus spp.) Loveil. Shain T
Yunnan L8O
Cultivars
Bermies Buvsenbemy Y
:Rubus spp.» Olallie Dlackpemy Y
[ndian Summer raspoery S
Grape Thompson sezdioss. Perieie a0
(VLS spp.) Cardinai. nidCa rose 230
Srawbemy Lasser T80
«Fragania spp.) Shdsid AL

‘a)  Data are adapted from Huaas (13

(b)  For some crops. the concenrations given may exceed the overa’ sahinity toferance Di it Crop anc fause some sield
reducuon before chloride on toxicities. Values given are or the Maximwm cordenirdlion 10 the 1meaion water. The
values were derived from saturation extract data *ECer »v the following relalionship - saluration 2xaclhion

concentranon = 1.5 water concenranon

1¢)  The maximum pegmussible vaiues apply oniy o surtace @7igaied Crops. SPRnkicr UTI2auon mas Jause excessive
teaf bum at values far oetow these, see Tanie 31

Source FAO Guidehnes RS Avers & 0w Wesicor - uns

NI m e = T



Table E-7

GUIDLINES FOR INTERPRETING LABORATORY DATA ON WATER SUITABILITY
FOR GRAPES

De:oree of Restriction on Use

Potential Irrigation Problem Unita None Stight to Moderate  Severel
Salinity 3 {affects water availahiliy to crops)

ECw dS'm < 1 Lo-27 >27
Toxicity (Specific ions which affect growth of crop

i Lt Ny

Sodium Na me/l < 2 -

Chlonie  C me/] <2 <~ - 1F (S

Boron B: mzl < 3 2
Misceltaneous

Bicarbonute (HCO3, me/] <} 8 PR oTE >73

Nitrate-nitrogen 1 NO3-N) my/l <3 S A0 > 30

1 Adapted from Nejaetal 1978,

2. Special management pracuces and favorable sodd conditions are required for successtul producuon.

3 Assumes that rainfall and extra water applied owing to mnetficiencies of normal wrigation will supply the
crop need plus aboul 15 percent extra for salinity control

4. With overhead sprinkler syrrigation. sodium or chionde in excess of 3 med under extreme drving conditions
may result in excessive feal absorpuon, leal hurn and crop demage. If overt2ud sprinkiers are used tor
cooling by frequent on-off cycling, damage mayv occur even at icwer concentrations.

3. Bicarbonate tHCO3' in water applied by overhead sprinklers m av cause white deposits on frut and leaves
which reduces market acceptatiliny, but s not 1oxIC © the plant
- Table E-8
PELATIVE SALT TOLERANCE OF VARIOUS ¢ ROPS AT GERMINATION!
Crop 30 percent
Emergence reduction
tECe in dS ni)
Barley . tHordeum vulgare) 16 - 24
Cotton CGossvpium hirsutum, 153
Sugarbeet tBe valgaris - 127
Sorghum Sorshum bicolor, R
SatfNower Carthomus Unctorius 1232
Wheat tTriticum aestvam) 14 - in
Beet. red fBetq vuloarss 13 %
Alfalfa CMedicao sans g, 2 d
Tomuato Locopersaoon Ly opervioam. Tn
Rice Clrraoalog ~
Cabbage Broo o werdocn apinill ,
Muskmelon T e 4
Muaiee lea o mon AR 23
Lettuce Lo fdod cdind. Pl
Onion Yl Jond. SH TS
BC'J” Frogse v Ay LI

TN IN T



Table

Relative boron tolerance of

Very Sensitive (<0.3 mgl»

Lemon Citrus Limeon
Blackberry Rietrer s p
Sensitive 2.7 mg L.

Avocado Persea amercang
Grapefrunt Curus X paradisi
Oranyz Criras stnents
Apricot Prusc 1rmeudca
Peach Prunies perzica
Cherry Prunus avium
Plum Prurus domesuca
Persimmon Dunsparos Kaki
Fig, Kadota Ficus carica
Grape Vs vinufera
Walnut Jugians repud
Pecan Cuarva dinaencs
Cowea Viznd ungutcudaid
Onion Adtcam Cepu
S:nsni\g {Q 7<.| )] me ! }

Gartic Allum sanvum
Sweet potato {pomoea hatatas
Wheat Triticum eastivum
Barley Hordeur: vulzgare
Sunflower Heltanihug anraius
Bean. mung Veonad raduna
Sesame Sevamum indizum
Lupine Luptnus hdrinegu
Strawberry Fragara spp

Aruchoke. Jerusalem
Bean, Kidney

Heltunihus tuberosus
Phaseolus vulgar:s

Bean, lima Pruseolus iunatus
Groundnut/Peanut Arachus hypogaea

U Datr wken trom Maas o juNa

G20 MANIMUM COnCe TGOS IooTaEd 10 saothea Q2T W it

E-9

agricultural crops (1), (2)

Moderately Sensitisve (1.0-2.0 mg'L)

Pepper, red Capurum crucum

Peu Pisuri caniva

Carrot Dawcus 2araia

Ruadinh Raphanus satvus

Potato Solanur: luberosum

Cucumber Cucurys sgitvus

S v {(2.0-4.9 a1l

Lettuce Laciuca satva

Cabbage Brassica oieracea capit.ud

Celery Apium  graveolens

Turmip Brusacarua

Bluegrass, Kentucky Poa praiensis

Oaw Avend auva

Muasze Leda mays

Artichoke Cynura scolvmus

Tobucco Niolang [@apacum

Mustud Brusic i uncea

Clover, swect Mebias indica

Squash Cucurrua pepo

Muskimelon Cucurmie melo

Tolerygnt 140.60 mg L

Sorghum Sorgnum bicolor

Tomato Lycopersicon Lycopersicum
Halla Medicuaeo sainva

Vewh. purple Victa heryhalensis

Parsley Perriselinum crispum

Beaot, red Bew vuig.ars

Sugarneet Beiwa vuigarts

Very Tolerant {6.0-150 mg'l)

Cotton G ovpium Arsutum

paragus

Aoparagus officinaliis

PR}
HENE

el or s ogetative gtowih uctons. Boron tolerance

vary dependiig amon JHimale som ComGons GG oD et Maanm Conieniratons an e (T auon s ae
Are approimialony sl Wonese LU ar DNy
Source: FAO Uuideime s, =0 Aaenn & O W W Ll s
L L) ) | A -



Table E-10

Relative tolerance of selected crops to exchangeable sodium (1),

Concifiv 5

Avocado

rPersea americana;
Decitduous Fruits
Nuts

Bean, green
tPhaseolus vuloarisi
Cotlon fat germinaiion.
1Gossyplum hersulum:
Maize

Zea mavs)

2248

Pisum sditvurt
Grapefruit

“Cutrus paradisi
Orange

cCurus sinensi
Peach

Prunus persicsi:
Tangenne

Curus redcuiaia
Mung

(Phaseolus duris)
Mash

1Phaseolus munyo)
Lenul

tLens culinars,
Groundnut «peani:
CAraos pURued
Cram

‘Creer drtetirum:
Cowpeas

Nigna sinensis

Adapted from daw of FAO-Uneson
Source: FAQ Gurdeline~ RS

TR Pearsen teecs and Abrob [UND:

NN M o TN,

Semi-tolerant

Carrut
(D Saroia)
Clover, Ladine
iTrifolwm repeny
Daltisorass
tPaspalum dilaiaium;
Fascue, tall
iFestuca arundingceas
Letuce

Lo a3 saiivd
2

Penniceiur nproiiec
Sugarane
Saccrarum officiarart
Borseem

Drifoiurs dlexancrinen:
Bena
Melidotus parvilora;
Rava
‘Brasuca wnced:
Oat

AVenu SAlvVG s
Onion

Alliurm cepa

Radish

Ruprinws salivas:
Rice

fhrezg gioiws

Rue

Secdie ceredled
Ryograss. twhan
Lodiam mufiniorum.
Sorghum

Surcrum vulgare
Sprnach

Sptnacis oleracea:
Tomawo

Aoveopersicon escuivnion,
Veth

Vicwa sanva

Woheo!

Dricicurs vwivare:

NN T

Tulvrantiay

Altitg

(Moder oo cativa
Buric Y

tHordeur: vidgare)
Beet curden

iBeta ulyans,
Beet sugar

tBes vulgarns)
Bermuda grass
1Cyvnrdon dacroon,

Coween

SO iam i atum
Puraraes

Brice i mancds
Rocaies zruss

O 2avanay
Whoatonass, crested
FAZreDL IR cristatum
Wheatgrass. tairway

fAC oy ron Cristatum
Wheatgrass, fairway wall
Avreparon siongatum;
Karnal urass

1Dipeacnra fuscas



Table E-11

LABORATORY DETERMINATIONS NEEDED TO EVAELUATE COMMON IRRIGATION
WATER QUALITY PROBL 4MS

Water paramcter Symbol Unnt Usual range in
frrigation water

SALINITY

Electncal Conducuviy EC. dS/n 0 -

.
c
7
>

(or
Total Disserved Sends TS mo SRR <1

Catens and Amons

Calowm Ca™™ mae 0 -
Magnesium MyT~ mel -
Sodium NaT me/t 0 -
Carhonate CO me/l 0 -
Bicarbonate HCOR" mie/l 0- 10
Chlende ' me/1 0 - 3

FONE T B
oy
3 3
=
Ty (8]
TS oTm I

Sulphuate S04 me 0 - 2o

-+

NUTRIENTS®

Nitrate - Nitrogen NSO LN

m\;] [RESER Y m:vﬂ
Ammonium - Nirogen NHa - N mg 0-3 mgA
Phosphate - Phosphorus PO - P my/] -2 mg/l
Potassium K~ my -2 - my/l

MISCELIANEOLUS

Boron ).

Aad  Basiaiy ~H NS 1 al) .~ %

Sodium Adsorpuion Ratio” SAR S TSR -3
»

[

4S'm = desiSiemen'meter in SUL amits cegquinaleni o Lo mmee ome L mafhmmtc Jenumetern.
m 21 = mudhgram per hire - parts per mifhon - ppae
me = mudliequivalent per hre -mg b - cquivaiont asons = me T Samis, - e b= 1 maimold
hre adiisted tor elecuon charge

Z NON means the aborators wdT analvee tor S0 gt & L roport tne NOY p e o chemaalby
cauialent miroeen Sadarn . tor NEON e et salb anaese tor NS rus oot o lermes ot
CheTiically Sty alONL Sl aino Dot Do e e T e dalis W Thal e D st ot
e rguh e dienle P

Ty ey . TR EN cap .
RATGOHIE VAFRIRTELAN BN I (N

A s . + . o v N orane R .
S AR 1y calcwialcdd ront e NaL Uaoanad M e e

1N W : C e e - . -



Table E-{2

Crop tolerence and vield potential of seiected crops as influenced by
irrigation water salinity (ECw) or soil satinitcy (ECe;

Yield paxential (2)

8% —
ECe ECw  ECe ECa

Field crups

Barley (Hordewn Viuigare) '4; % 7 <3 10 67 13 87 El V2 oK
Colton ‘Gossypuum rirsatwn, T b 56 54 13 %4 H P2 2"
Sugarbeet (Beta vulgarj (5 aRE 4 §7 3 TS is i 24
Sorghum 1Sorghwn bicolor; [l 48 T4 50 84  S6 49 [P 13
Wheat Triicum aestivum, (35 (6. 6 T 17 T4 19 9.5 63 i3 ) 2t
Wheat durum Traicwm twrg um, £ 7 33 "6 S0 16 54 i< o 24
Soyabean ‘Glycine max) S0 3 $.5 37 63 4 7S $0 10
Cowpea (Vigna unguicata, 15 1z 738 T 4T 9 Ao D
Groundnut fpeanid 32 R s 24 i 7 19 33 né
(Arachus hypogaed;
Rice padds; (Oriaz sativa 1 M T S S U S I S S S S
Sugarcane o : Ty S <y T . -
:Sacchargm of fiainarun: -
Com rmaize, Zea mays; B 23 h iy s e - n
Flax iLinum ssuanssomum, i i 23 i B 3 . 57
Aroadbean Ve ey B In - 12 0 ~ 1 LF I
Hedn  pAdseoius vw gL, ) N s NS : T sk - L2
Vegetable crops
Squash zucchuni rcowrgetie, 47 i bR} 3y 74 A e 6" s 16
{Cucurbua pepo melopepo:
Aeer, red Beta vuigars S, 19 2T 1 14 6% 35 4 b 64 15 10
Squash, scallop 2 2 38 26 LR 32 53 EIN RIS TN AN
Cucwbua pepo melopepo:
Broccob 2x ) 1y 6 ss 37 ¥ 2 <s HE R
{Brassica oleracea boirytis
Tomato 25 [ s 23 S0 24 "6 SO [ I8
ilaycopersicon esculeniwm;
Cucumber *Cucwms sativus, z= R sl IR T A3 12 oA
Spinach ' Spuaca cierucea. 2 : i3 N N 3 Xt <7 s 0
Celery ‘Apium graveoiens, B N 3 M SR S ~6 N2
Canbage D 2 N ‘ LI SN T i R
Brasswa Xeracca capuaia:
Potate s Soanum iuverosum. ) ol 23 ” IR e ‘ DA
Com, sweel ima.ze; Zea mass . U 23 i L. S 9 RS SV
Sweel potato fmpomoed bawsias B o4 -l 3g 1=t 5.0 3 N
Pepper (Capsicum 3nnuwmn, LS 1Y 22 1S 313 22 RN s $6 %y
Lettuce tLactuca sativa; 13 bR 2 13 120024 S 13 RRVE N
Radish fRaphanus sativus, - T8 MR P3 3t ! <0 B §9 9
Omion fAllium cepai V2 08 18 P2 28 1S 13 Iy T
Carrot /Daucus carowdi ) 5T i i I8 0w 16 L] L B
Bean i Phaseoius vuigaris) 10 07 15 10 23 s i6 o3 53 12
Turmup (Phaseolus vulgars) 0y g6 29 13 TS A< i 20N
Forage crops
Wheatgrass, tall 7 s <0 39 o] {3 90 19 13 3 2
Agropyron elongaium,
Wheatgrass, fairway crested T s T Y onu i T4 f ‘o 2 <
CAgropyron orsiatum,
Bermuda grass * & (e N SA . Tl 1< ‘s 21 i
Cenodon 2acivion, ()
3aney orage s i BT RN : < N 3
Hor iewn vwgare (4]
Ryvegrass perensral e T ~dan v < 2 * i X
Laiium perenne
Trefod, narmowieal hirdsfoot 18, bRy ~3 LS T < i N

Lot [ora wiliks enuifonwn .

“ENIE W | R



Tabie E-12 Continued

Yield potsriual

1009 309, 5% 0%

£Ce ECw ECe ECw ECe f£Cw  ECe ECw  Ece ECw

Harding grass Phalaris tuberasa, 46 31 $9 3 78 53 th 4 18 12

Fescue, tail (Fesiuca elatior, 39 26 <5 16 T8 sz 12 Tx 20 i3

_Whratgrass, standard crested 3¢ 23 650 10 I8 6S 16 | 2% 19
fAgropvron sthiricum,

Vetan, coammon 38 A 19 L . IS o SO 12081
Vica angustifolia)

Sudar grass /Sorghum swilaneme, ) < 34 56 57 i3 96 26

Wildne, beandless 27 18 44 M 69 16 H 74 19
iElymus truicoudes;

Cowpea /forage) 2s 1.7 24 23 48 32 "1 4.8 1278
Vigna ungwcuiata)

Trefoil, big "Lotus wliginacws; oz 1S Y 19 36 24 49 3z 6 D

Sesparua iSesbana ewitau, M 1S 37 25 e 3% 94 5.2 7

Spriazrophysa 22 15 36 e SE 0 3w 5.3 62 6 U
Sphaerophysa salsula)

Alfada ‘Medicago satna) 29 12 T 22 5 16 8y |

Lovegrass - Eragrosies sp i (9, 20 3 2 2. S0 33 49 4 3

Jom Corager macce, (Zea many ¥ - vl 2 £z s <5 : N )

Jover mecseem N . 2l <. A K aos e :
Triu M dieXwndrinwm

JrTnate grass - . L 2 °F e i A o3 s 2

Daavis giomeraias

Foxay meadow oS [ T T N 2T 57 4° 127y

“Aicoecurus pralencs.

Clover red Trifoliwn pratense 1 N 16 360 203 7 Fx IN kA

Clover, alsika - . o S e I <7 R YR ARk
Trifoisum hybridum,

Clover, ladino (Trifolium repens: 1 5 v 23 16 Is 24 <7 3N QX hh

Clover. strawberry 1S 1o 23 16 36 24 b 38 3 AN

Trifolwum fragiferum)

_Fruit crops (10)

Date paim ‘Phoena dactyiifera. ERV s 45 1 T oy 2 A2 o

Grapefrunt (Cutrus paradisei i1 . P2 o3 io 33 . 19 33 3 i ]

Orange /Curus sinenss) . P A 16 EER o2 4N 1 X i1

Pean Prunus persical P P 2 - 2w D 1 oC s < 1

APRC - Pranws drmenacd, tii s . I i I o T NN Ty i

Grape ‘Yaus sp il by L J Zs VT 4 N no 4 12 Ty

Almond Prunws dulcsi (11 [ ; 2 |4 M IR 41 % Y 43

Plum. prune ‘Prunws domesiica: 111 S - Ds 2y ] 13 2 T 17

3lacxkberty 'Rubus sp J - 1a I8 13 ) L LK niY 4

Bovsenberry (Rubus wiinus. N 10 Y 13 16 03 A N4

Strawoerry (Fragarw sp 1¢ 0~ L3 0w 18 12 s 3027

1!

‘1t Adapted from Maas and Hotunan (1977 ane Maas 1984, These Jata shouic oniv serve as 1 guide 1o relaine
tolerances among crops  Absolute tulerances vany depending upun ctimate. sod condilon s and Juitura;
oracuces. In gypsitcrous sorls piants will toizrate abost 2dsim fugher sou saliniy ECe: than ndicated
hut the water satnity ECw i wil remain e came g5 shown i tas wanei

< ECe means average 100t zone sainity as medsured ™y electneal conductivity of the saluration zxiract

of the soul, reporied in decisiemens per meter ‘as:my 4t 25C ECw means elecucal conducusity of the

imgauon watern deci Siemens per meter 35 mo The relauonship betacen soil salinily 10 water gt

tECe=1.5 ECw) assumes a 15 20 lesching traction and « 40-30-20-1

(% water use pattern tor the upper o
lower quarters of the rogt zone

T The zero vield potenual or maximum ECe indicates the theoretical sou! salinity +ECe) at which crop growth
czases.

‘4* Barley and wheat are less wolerant dunng germinauon and seedling stage “Ce snuld nx 2voees 4 < uSm
wn the upper sod dunng this penod

'S. 0 Beets are more sensiuve Junng gemunator ECe snould notercerd o m i the serdls g area for garnien
eets and sugar beets

o~ Sermudwarnt. shor culluvar mas e less vies

- inlerance ZIVENLS AN svurdde N oieverg: UMW ATHE 40 L sl
% more tolerant, w niie oo noe s DT T e 2rds . ans

. Hroadlea” Bieds! 0 Tretog seriny o ciwrat e Narmwcdl tasioax ey,
TOLETANCE RIVED AT g STage o Mot A agng g MWeerpn o ety sy vl
seemis aboGl S e
Theae Satdoare APCL OIS AP e B AK T [ S Y R A .
ATES NTE s D6 N et gt o

~~)AC.'1!'\~'.I [ E TUTISIC SNETST ATV IR N (SN SEAE BN IeTC IR S TR TR o

sourcr FAO Cwdehings, RS Avers & O W he o0 TasS

nwim



Table E-13
Summary of requirements of Jordanian

Standard 893/1994 for treated domestic wastewater,

—
’* Maximum allowable imitimg T *
Parameter Disposed to wadis. rivers. surface water l Reuse forarrigation
! bodies. and sroundwater recharge
pri : N3 S
Temperature chunge (C7y <3
HO | 21 |

DS A0 | iy

5SS S 20004, SRR

BODS SOy Ay

COD 1 SO 1A
NHS f e

FOG 5 | <

, i
ABS : 2 %
! |
% |
12 i a3 |
Phenol ’ 0> :
TECC MPN, Ll | Ly ~§ RN TORT:Y
|
N i
Intesunal nemazodes : < <L 6
* All umits are in myg/L except here noted.
1y Depends on degree ofYestncuon tnone. shight o moderate or severe
2 Depends on miethod of imigation
oo Comvenuional wastewater eatment plans
=Y e abiiirauon ponds
N TR oy oomurenum Same o covitial L hion ; MY o4 oA RIBLRTOY RN
TAU G PN R sl e U At oS e Lk 1t Goonderaio n

L] IR (] ! T [ .{



APPENDIX F
PHOSPHATE MANUFACTURING
FACILITY PHOTOS
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Floor Drain Collection Trench
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