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Dear Al ..

On Behalf of the Organizing Committee , | would like to express great gratitude and appreciation to his
Excellency Mr.Faisal Al Fayez, Senators Council chairman, for his patronage of the eightieth Jordanian
International Mining Conference ( JIMC 8), and | am pleased to welcome all participants , authors and
guests to the conference, organized by the Mining , Geological and Petroleum Engineering Branch of Jordan
Engineers Association under the slogan:

“Natural Resources: Projected Investment , Reality and Aspiration

The Organizing Committee has chosen the conference themes that reflect the interdisciplinary nature of
today’s science and technology and emphasis the importance of mining and energy sector in addressing
communal and economic problems . Controlled mining of nature resources with non-harmful sequences
on environment is the goal of modern mining activities for better future of the mankind on earth . The five
themes that cover the goals of this conference are : Oil ,Gas and QOil shale, Industrial Rocks and Minerals,
Geotechnical Engineering, Water and Environment and Mining Strategies and Safety.

Thirty three papers and presentations have been carefully selected by Scientific Committee . These
papers and presentations are coming from about 55 researchers and specialists from different countries
in addition to Jordan . The conference will compromise eight sessions over three days . In addition to the
paper presentation , three Keynote speakers were invited from USA , Morocco and Jordan to talk about:
Understanding A Phosphate Ore and The Engineering Principles to be Applied, the role of the Arab Industrial
Development and Mining Organization in supporting and developing the Arab mining sector, and Energy
and natural resources in Jordan. Also, two panels will be organised to discuss the investment opportunities
in this regard.

In concurrence with the conference, a specialized exhibition is held to give a chance for mining and energy
companies to present their activates , latest technologies and products related to mining and earth sciences

Special thanks and appreciation goes to all panelists , keynote speakers , authors and delegates for their
participation , and | wish our distinguished guest a pleasant stay in Jordan and a safe return to their home
countries .

| would like also to express my deep appreciation and thanks to my colleagues in the organizing committee
for their hard work, continuous follow up, whom have made a lot of efforts to make this conference a reality .
Sincere thanks and gratitude to members of the Conferences Division of JEA for their support and hard work
and for all their people who also have worked hard and complete other activates.

Chairman, Organizing Committee

Eng. Omar Al Tahat
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Diamond Sponsor

MANASEER
GROUP

Golden Sponsors

Manaseer Group is working on the development and optimization filed of the economic
environment and industry in Jordan, the Group investment is committed to a powerful and
successful work plans for the purpose to implement them in a proper way, including the
provision of a qualitative value to encourage investment in Jordan

The company adopts a strategy to expand its business and to leave an influential impact in the
market field, through its commitment to provide quality standards combined with transparency
and reliability in all aspects. Manaseer Group investments have contributed to the development
of the business environment along with the availability of sustainable jobs, as well as to provide
the market with new skills and technology, in addition to promoting a culture of creativity, which
is one of the most stimulating economic growth factors.

Our mission is rooted from a deep faith commitment towards our citizens and the founding of a
promising future for the coming generations that combines quality, knowledge and prosperity.
Today Manaseer Group includes more than 18 companies, in addition to partnerships with
leading companies in Jordan, and it employs approximately 10,000 employees in Jordan with
investments up to 2 billion dollar.

Al-Own Advanced for Contracting (AAC) is a Jordanian contracting company incorporated
in 1983 with its headquarters in Amman. The initial paid up capital is JD 10 million ($14 million).
AAC has been classified by the Ministry of Public Works and Housing in Jordan as:

First Grade: Earthworks/ Excavation and Mining, Road Construction, Asphalt Pavements,
Water and Sewage, Concrete Works/ Bridge and Intersection and Tunnel.

Second Grade: Electro-Mechanical and Renewable Energy.

Third Grade: Building Construction.

Contacts: Al Rabiyah — Building No. 4B., Amman-Jordan

Tel. No. :0096265518466 Fax. No.: 0096265518467

E-Mail Address :info@atgce.com , Web Page: www.al-own.com

P. O. Box 4942 Amman 11953 Jordan

Arkan for Contracting Construction & Mining Works L.t.d was established 2011 as
Joint company between Jordan Phosphate Mines Co. PLC & Alown Advanced for Contracting
to develop mining sector to be Limited liability Company with a paid capital equal one Million
Jordanian Dinars. It has been registered by the Companies Control Department in the Ministry
of Industry & Trade.

Keep building highly qualified & well organized mining company that is capable to exploit
Jordanian ores which habituation to Jordan as country and citizens.

Contact : Gf, Bldg. 32, Saad Bin Abe Wakas St, Um Othaina - Amman, Jordan

Tel : 00962 6 5549841 , Fax : 00962 6 5549843

E-mail : info.arkan@orangepro.io , Web : www.arkanjo.com



Arab Potash Company a leading company in Jordan attracts best talents in various fields
and disciplines through best practices in the selection recruitment and training.

The company is distinctive in providing competitive Compensation and Benefits for its
employees, includes 16 salaries per year, saving fund, housing loans, health insurance,
transportation, scholarships and many other benefits.

The company is interested in the cares about its employees and their families, and provides
various means of social support and appreciation for their contributions.

The company gives priority to provide a healthy, safe, secure and stress-free work environment
within the highest safety standards through a series of procedures, policies and training and

awareness programs.
Contacts: Al Jeahad St. No. 6 Al Shmesani
Email : info@arabpotash.com
Chemical and Mining Industries Co. Chemical and Mining Industries Company (CMI)
is a Jordanian Limited Liability Company, established in September 1993, by the Controller of
Companies of the Ministry of Industry and Trade in Jordan.
e The company>s activities are in the fields of manufacturing Commercial Explosives, Dry Mix
M

Geophysical research, Environmental studies and consultation in mining and mineral processing
within Jordan and the neighboring countries.
Tel: +962 6 5336111 Fax: +962 6 5336110 Email: manager.cmi@gmail.com

ADDRESSES HEAD OFFICE: King Abdullah Il Str. Commercial Building No. 69, Amman — Jordan

P.O. Box. 1470 Amman 11118 Jordan  Tel : +96265200520 Fax : +96265200080
Fertilizers and Engine Coolants as well as Mining, Drilling & Blasting Operation, Geological and
Contacts: King Abdallah Il Street  P.O.Box : 5255 Amman — 11183 Jordan

POSTAL ADDRESS: P.O. Box 5255 Amman 11183, Jordan

F.A. Kettaneh.

Contacts : Al Quds Street
P.O.Box : 485 Amman 11118
Tel : +96264398642

Fax : +96264339258

Amman Chamber of Industry

Address: Al Kulliyah Al EImiyah Al Eslamiyah St 33, Amman
Phone: (06) 464 3001

Email : aci@aci.org.jo

Ma’an Contracting Company
Address: Ma’an
Phone: (03) 213 4040
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* Asphalt and Heavy Oil Recovery From Hamza and Wadi Rajil Area Located In
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Asphalt and Heavy 0il Recovery From Hamza and Wadi Rajil Area
' Located In The Azraq Region Using Thermal 0il Recovery Methods I

Dr.Mehaysen Ahmed Al- Mahasneh
Al-Balga> Applied University/Al Huson University College

Mahsneh2008 @ hotmail.com

Abstract

Exploratory drilling for upper cretaceous ( Cenomanian —Turonian ) crude oils in the wadi
Rajil- Hamza area of the Azraq depression in the north east of Hashemite Kingdom of Jordan
has confirmed the presence of large quantities of residual hydrocarbons (Asphalt and heavy
oils )within three zones ,with limestone ,dolomite and sandstone .The estimates area 296520
acres (1200 km2) could possibly contains 5 billion barrels of original hydrocarbon in place.

It should be noted here that the main purpose of this study has been the evaluation of
the hydrocarbon potential of the Ghareb and upper Amman formations .A suitable recovery
technique is proposal a pilot project for in —situ combustion underground and horizontal
producer wells to increased the productivity , reduce the viscosity of the residual hydrocarbons
, and , should prove to be an economically viable means of heavy oil and asphaltic extraction.
The study of a pilot project of in-situ combustion to drill one vertical well for injection air in
the top reservoir ,the other horizontal well for injection in the middle reservoir and the third
horizontal producing well in the line of reservoir .

If the project proves to be profitable producing 124.43 bbl per day at least which means the
recovery of capital expenditure in around 999.9days (2 .732 years ) and the recovery efficiency
proves to be high and by applicable the horizontal producer wells technology to increased the
productivity . The project could be expanded in the Azraq region area .

The possible method is proposed forthermal recovery of this reservoir ,a dry Forward combustion
and wet combustion underground project is preferred one or alternatively a combination of
steam soaking and steam drive .



“Applying Performance Management System in Energy Companies:
Enhance Performance and Provide competitive advantage for the
4 Company and its Customers” >

Dr. Moh’D Al-Nemrawi
Oil and Gas Advisor

mhsnemrawi @yahoo.com

Abstract
Developing and applying effective Performance Management Process will improve company
performance, allow senior management to set business objectives, challenge the targets and
monitor progress toward strategic goals.
This paper will outline the different phases of the performance management process, how to
link the organization strategy to measureable targets and clarify priorities, roles, responsibilities
and accountability.
The paper also, will discuss the structure of the performance management system and its
deferent elements.
In addition, the role of performance management in supporting other processes, such as
planning process, human resources and people development, management decision making
process, ..etc. will be reviewed.
As case study, this paper will present the findings of a 3-years performance assessment of a
oil company against a pre-set Key Performance Indicators (KPIs).
Finally, the paper will end up with conclusions/recommendations and way forward.



Stratigraphic and Hydrocarbon potential of the Paleozoic

succession in Jordan
4 Maher Khatatneh1, Abdulwahab Khatab2 ,Anas Qasems3 >

Head of Petroleum Geology Dept. / National Petroleum Company1
mkkhat @ hotmail.com

Abstract
Jordan is part of the Arabian platform in general 46- km of sedimentary rocks over line the
crystalline basement, however the sedimentary section is up to 10 km thick. The section
comprises sediments ranging in age from late Proterozoic to Holocene. The Paleozoic rocks of
Jordan crop out in the south western of the country. The sediments are situated conformably on
the basement and dip gently to the west. In the eastern part of the country the sediments sub
crop the Hercynian unconformity and are buried to depth of some 2000 m or more.
Northwards, the lower Paleozoic is unconformable overlain by Cretaceous clastic deposits,
which in turn are seceded by Tertiary sediments and volcanic rock in the NE Jordan
The Early Paleozoic (Cambrian to Silurian) rocks are croping in southern Jordan. These
sediments are entirely penetrated in two wells in Wadi Sirhan and Jafr areas (WS-3 and JF-
1) and penetrated partially in more than 50 wells in Risha, Wadi Sirhan, Mudawwara, Azraq
and northern highlands areas in Jordan. More than 3500 m of continental and shallow marine
clastics with minor, but remarkable, carbonate section of Early-Middle Cambrian age (Burj
formation) were encountered. In the Eastern parts of Jordan, the sequence recorded much
more thickness, indicated by seismic.
In the outcrop area, the Cambrian section consists mainly of arkosic sandstones of the Salib
and Umm Ghada formations. The Salib is situated directly on the Basement. The Burj formation,
which consists of dolomites and shale, overlies the Salib and Umm Ghada formations and
constitutes and important seismic marker in the area.
The Burj formation is overlain by the Umm Ishrin formation, which mostly consists of sandstone.
These Cambrian formations have not been penetrated in the Risha area but the Burj seismic
marker, which can be correlated over a vast area of the Middle East, is present.
The Disi and Umm Sahm formations consist of mainly braided fluvial to deltaic sandstones
intercalated by minor shale beds of more marine origin. These formations are Ordovician age.
The Hiswa formation, which consists of shale and siltstone often bioturbated and with ripple



marks, attesting to its marine origin. The RH-3 well encountered the top of the Hiswa formation.
Above the Hiswa formation is the Dubeidib formation. In outcrop it consists of a lower fine
grained sandstone with skolithos burrows, a middle part with channel fill and intercalated
sandstone with hummocky bedding and an upper sandstone similar to the lower sandstone.
The total thickness is 125 m in outcrop. The three units were deposited in a shallow marine
environment.

The area constituted a major depositional center during the early Paleozoic Hercynian uplift
reactivated fault in Jordan and Strike-Slip faulting created isolated high such as the Risha
platform. The Risha Platform area was characterized by non-depositional and erosion during
most of the Mesozoic and Tertiary time.

In the Risha area the Dubeidib formation is much thicker and much more Shaly. There it consists
of basal sand, a lower Shaly Silty unit, a middle unit with sandstone beds often showing
coarsening upwards log profile and a upper Shale/Silty unit with few Sandstone intercalations.
Due to its more Shaly nature, it was probably deposited in a slightly deeper marine.

The Late Paleozoic (Devonian to Permian) rocks are cropping out in Northern and Northeastern
Saudi Arabia. These sediments were penetrated entirely in Jordan, whereas, sediments from
Devonian to Permian age were reported. In Jordan, sediments from Carboniferous and Permian
ages were reported environment compared to the outcrops.
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Oil & Gas Potential In Jordan

Zuhair O. Alsadiq
General Manager/Al- Azraq Co. for consultancy and oil services

Zuhair-sadig @ hotmail.com

Abstract
Jordan is located within the producing sedimentary basin in the north — west Arabian plate .
Jordan has two basins with potential for shale gas and shale oil, the Risha area and Wadi
Sirhan. Also Jordan has al Azraq basin which consists of several geological structures. About
«1500» square kilometers of Azraq area were under study which prepared for NRA with a
cost of about USD (2) millions evaluated the hydrocarbon potential in the area. The study
indicated that an estimated of about (430) million barrels of oil have been generated from WS
— 2 member which is the source rock in the Azraq area .
Two heavy oil wells have been drilled in the area, the data obtained from these wells indicates
the presence of a vast amount of heavy oil and asphalt which could obtain crude oil by converting
it by technical methods.
The Dead sea area is about (3750) square kilometers, many oil seeps are available in the area,
most of the oil fields in the world have been explored and discovered through the seeps around
it.
A core — hole drilling program in the area produced samples with an average organic carbon
content (TOC) over 10%.
One of the wells which had been drilled in Wadi Sirhan area gave us the best quality of olil
(sweet oil) with a gravity of (430) API.
Other (5) blocks in Jordan that we can work on it for oil exploration are: East Safawi Block, West
Safawi Block, North Jordan Block, Jafr- Central Jordan Block, and Wadi Sirhan Block.
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A new stratigraphic correlation for the upper Campanian

' phosphorites and associated rocks in Egypt and Jordan .

Fayez Ahmad* Sherif Farouk** and Mohamed W. Abdel Moghny***
*Department of Earth and Environmental sciences, The Hashemite University,
Zarga fayeza@hu.edu.jo,

“*Exploration Department, Egyptian Petroleum Research Institute, Nasr City,
Egypt geo.sherif @ hotmail.com)

*** Geology Department, Al-Azahr University, Nasr City

Abstract

Facies analyses and a sequence stratigraphical framework with regional correlation of the
upper Campanian phosphate province are described and interpreted based upon three main
sections located in Egypt (Gebel Duwi and Abu Tartur sections) and north Jordan (Umm Qais
section).
Fifteen facies types were grouped into: phosphate (FT1-5), carbonate (FT6—11) and siliciclastic
(FT12-15) facies associations. The main component of phosphate rocks are pellets in situ and
common reworked biogenic debris especially in the upper phosphate beds (e.g., fish teeth
and bones) with abundant Thalassinoides burrows suggests that the skeletal materials are the
main source for phosphatized inputs in Egypt, while the common authigenically phosphatic
grains (pristine) in Jordan reflects upwelling regime in oxic to suboxic zones.
Based on age assignment as well as stratigraphical position, the phosphorite beds show great
similarity that may suggest the similar origin and adjacency during the period of deposition
of the Duwi Formation in Red Sea coast of Egypt and its equivalent the Al-Hisa Phosphorite
Formation in Jordan that represents the early transgressive system tract.
On the Abu Tartur Plateau, the presence of sandy pyritic phosphatic grainstone (FT1) and
glauconitic quartz arenite (FT12) in the middle part of the studied section, along with the
absence of the chert facies (FT14), reflects shallower marine depositional environment with
increased fluvial sediment-supply than in those along the Red Sea coast and north Jordan.



Carnallite Froth Flotation Optimization and Flotation Cells

' Efficiency in the Arab Potash Company - Jordan .

Eng. Abdel Fattah Alamer
The Arab Potash Company — APC

Abdelfattah.a @arabpotash.com

Abstract
Arab Potash Company (APC) was formed to develop minerals from the Dead Sea which is the
main and only source for the potash industry in the form of potassium chloride.
Dead Sea salts are converted into a final sailable product in the form of potassium chloride
which is commercially known as Potash.
Currently, APC is producing potash for agriculture, chemical industry, industrial salt, bromine
and NPK (Nitrogen, Phosphorus, and Potassium) fertilizers.
The flotation unit at APC is a significant part of the overall processes, which end up separating
Halite from mixture, Halite separated as float, while Carnallite as sink.
The current study aims to provide a better understanding of flotation process. In this
investigation, several laboratory experiments were conducted that covered main factors which
affect significantly on flotation cell.
The best flotation cell efficiency in experiments was achieved in term of Halite removal and
Carnallite recovery.
Tests were covered: Agitator speed, pulp density, reagent quantity, conditioning time,
temperature effect, Ph effect, additives effect, size distribution effect, and wet screening
analysis were performed.
The conclusion is based on analyses of the obtained results incorporated with direct observation
from APC flotation cells.
Obtained results indicated that considering certain significant experimental parameters will
reduce the loss and the overall cost, and, consequently, will increase the overall production



Peak Phosphate in Jordan: An analytical Study

Rami Al Rawashdeh, Awwad Titi and Khalid Al Tarawaneh
Al-Hussein Bin Talal University, College of Engineering, Department of Mining
Engineering

r_rawash @yahoo.com.au
Khtarawneh62 @yahoo.com
awwadtiti@hotmail.com

Abstract

The benefits and impacts of mineral resource extraction and processing in Jordan are changing
and whilst our vast endowment of phosphate will not be exhausted soon, extraction and
production are becoming more challenging. This paper establishes a conceptual analysis of
‘Peak Phosphate’ as a powerful tool and it uses Gompertz and logistic models for measuring
the peak phosphate in Jordan. Our results showed that Jordan’s phosphate is likely to peak in
2044 and 2048 according to Logistic and Gompertz models respectively. Phosphate production
has already passed the peak year in Al-Hasa and Al-Abiad mines. The logistic model for Jordan
phosphate which had a peak year of 2048 and a production value of 15.2 million tonnes
matched exactly the Gompertz model for Al-Shidiyah mine with the same peak year and
production value which confirms that Jordan’s future phosphate production will totally depend
on Al-Shidiyah mine.

10



Uranium resources and extraction: critical review
Prof. Khalid Tarawneh and Prof. Salah Al-Thyabat
4 Department of Mining Engineering /Al-Hussein Bin Talal university >
Khtarawneh62 @yahoo.com
salah.thyabat@ahu.edu.jo

Abstract
Uranium deposits are widespread throughout the sediments rocks in central part of Jordan.
Uranium contents are not the same in each locality. The average thickness of the radioactive
zone (Host Rock) ranges between 0.55-m. Uranium distribution is inhomogeneous and follows
porous weakness zones of chalk marl/travertine and caliche/top soil deposits. The source of
uranium and other redox sensitive metals Cr, Ni, V, Zn, and Zr is the combusted bituminous
marl (varicolored marble).
The increase demand for reducing production costs, depletion of high grade deposits, and
fulfillment of strict environmental constrains lead to the development of new technologies to
extract uranium(U308) from its conventional and unconventional resources.Technologies have
been developed to concentrate low grade surficial deposits with carbonates and clay gangue,
uranium in sandstone ores, uranium associated with carbonaceous shale, and uranium in
saline leach solutions and phosphoric acid .
In this work, a critical review of these technologies over the world will be presented by comparing
their advantages and limitations, aiming at choosing the best technology suitable for Jordanian
uraniumadeposits.

11
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Advanced Technologies in digital 3D-Surface, -Deposit und -Mine-

Modelling
4 Dr.-Ing. Marc Dohmen, >
General Manager at DOHMEN, HERZOG & Partner GmbH, Aachen Germany

marc.dohmen @dhp-gmbh.de

Abstract
Nowadays digital data management in the mining industry becomes more and more important
to optimize the modelling, planning and operation process. New developments, increasingly
efficient hardware combined with professional database- and web-technology open new
opportunities in several mining segments. The lecture will give some practical examples from
surveying, deposit and mine modelling to show advanced technologies in the aggregate and
oil shale industry
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Review of 50 years geotechnical studies at Amman-Jarash
Highway landslides in Jordan
4 Dr.Nasser Al- Nawasreh >
Arabilla Center for Engineering studies
dr.nasseralnawasreh @yahoo.com

Abstract

Landslides in Jordan caused many problems during the last 50 years which causes the loss
of millions of Jordanian Dinars in addition to the waist of efforts and times for the government.
The review of Amman-Jarash Highway landslides defined the main causes of landslides and
rock mass movement. Previous works of geotechnical studies are summarized, and stability
measures are discussed and analyzed to establish solution and recommendations.

The present study aims to convert the dangerous areas to green areas and the needs for
annual maintenance to the drainage system along the highway before the winter season. In
addition to concrete injection in unstable areas along the highway and construct emergency
road to the east parallel to the highway particularly from Zarga river bridge to the bridge of
Jerash entrance due to presence of geodynamic activity which leads to landslides. Moreover,
construct gabions in weak and unstable area along the high way to protect the area from mass
rock movements and rock fall. Finally, annually evaluation highly is needed to the highway by
competent and experience geological engineers as they are specialists.
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A comprehensive overview ahout the reality of investment in the
mining sector of Aggregates in Jordan
4 Heba Naser , Ala’a Al Mghareeb >
haboosh_1983@yahoo.com

Abstract

It is impossible to construct a city without using natural aggregate sand, gravel and crushed
stone. The amount of these essential construction materials we use
each year is likely to surprise you.
Annual production of aggregate worldwide totals about 16.5 billion tons (15 billion metric tons).
This staggering volume valued at more than $70 billion makes aggregate production one
of the most important mining industries in the world. In view of the urban and infrastructure
development and the package of tax exemptions on the property during the past years as well
as banking facilities and political reasons experienced by the region, which led to the influx of
a large number of displaced people to this hospitable country, which increases demand for
residential buildings in particular and the accompanying Which leads to an increase in the
demand for the production of aggregates as the volume of investment in the housing sector
increased.
Although potential sources of sand, gravel, and crushed stone are widespread and large, land-
use choices, economic considerations, and environmental concerns
may limit their availability. Making aggregate resources available for our country’s increasing
needs will be an ongoing challenge. Understanding how aggregates are produced and how the
related environmental impacts are prevented or mitigated can help citizens, communities, and
our nation meet this challenge.

Given the right information and access to suitable resources in appropriate geologic settings,
aggregate producers can meet the nations demand for aggregate without causing undue harm
to the environment.
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Integrated Water Resources Management & Environment in Jordan

Dr. Bashar R. Al-Shreideh
General Manager at Efficiency Development for Energy and Food Co. (EEFCO)

alshreideh @ hotmail.com

Abstract
Jordan is classified among the countries of very limited water resources with shallow and fragile
eco systems. Jordan shares some of its most important water resources with its neighboring
countries. These resources from a large percentage of the presently exploited water resources,
which the country depends on for meeting present and future water demand.
One of the most important shared water resources is the Jordan River system. Other important
shared water resources include the groundwater resources of north Jordan (Disi, Azraq,
Yarmouk and Amman Zarga basins), where a large percentage of the natural recharge occurs
in the Syrian territories.
Water resources in Jordan consist of surface and ground water resources as conventional
water resource and treated wastewater used in irrigation as a non conventional water resource.
Renewable water resources are estimated at about 938 MCM per annum, 276 MCM per year
ground water and 662 MCM per year surface water. An additional 143 MCM per year is expected
to be available from fossil aquifers and 50 MCM from brackish aquifers after desalination.
Available treated wastewater for irrigation is about 155 MCM per year. Water sector suffering
mainly from un accounted of water which keep on a level of 50% , more over water resources
suffers of evaporation tension which come to 2600 mm/year from the free surfaces with
fluctuation and limitation to the precipitations.
Due to the up normal population growth resulting from Syrian refugees and Arab spring
( about 2.5 M ) with extra 1.5 M staying for different purposes ( study, work..etc,), the total
population is about 11 M, the available renewable water resources per capita share are falling
from around 170 m3/cap/year at past to < 90 m3/cap/year this year 2017. current use is already
exceeding the renewable supply. The deficit is made up by overdrawing highland aquifers,
resulting in lowering water table and declining water quality. The agricultural sector is the most
affected sector in the country it's consume about 78.2% from the ground water, 2519 official well
around the country pumping about 280 MCM/ year, more over 735 infracted well were damage
by MWI teamwork’s within the last few years, unless new resources are made available. The
scarcity of water will affect the socio economic and well-being of the people.
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Integerated Management For Water Resources And Enviroment

Both Local & Regional
4 Case Study: “Reprocess Agriculture Run 0ff Water (Subsurface >
Drainage Water) For Potash Production

Eng. Ala’a Omari
Solar Pond Superindendent/ Technical Directorate /The Arab Potash Company
alaa.o@ ArabPotash.com

Abstract

Water is a major and essential element in potash production. To produce one ton of potash
a five cubic meters of water is required. Potash factories consume about 12 million m3/year.
Process water is used mainly for decomposition of carnallite, dissolution of sodium chloride in
crystallization unit, washing of the sylvinite cake, cooling of pump seal and general purposes
such as cleaning. This high consumption uses up mainly the good quality water on the account
of farming and local community domestics’ uses.
Since Water is also limited source in the area, a special attention has been given by The Arab
Potash Company for water securing, even though the company has its own resources there is
a gap between the water needs and the current available water resources, this gap is expected
to be increased with the future potash planed expansion in addition to expansion in the farming
fields in the surrounding area.
The principal goal of the Arab Potash Company has been to attain the best performance
consistent with environmental compatibility at APC sites in both Safi and Agaba and reduce
environmental impact as far as possible in accordance with highest international standards.
To bridge this gap, decrease good quality water consumption and protect the surrounding area
from pollution (this water are not suitable for domestic or agriculture reuse), the agricultural
run-off water are targeted resources for potash production.
This paper will highlight further details on reuse of agriculture runoff water in potash industry
at the Arab Potash Company particularly quantity, quality and suitability of this water for Potash
Production and project implementation works including the engineering design stage
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The Characterization of Jordanian Porcelanite Rock in Water

Treatment
4 Jumana K. Abu Hawas1, Khalil M. Khader2, Salem M. AL-Musleh3 >

1 Zarga, Jordan
2Department of Earth and Environmental Sciences, Hashemite University,
Zarqa, Jordan
3Department of Earth and Environmental Sciences, Al- Balga» University, Salt,
Jordan
Jojo_putterfly @ hotmail.com

Abstract

The adsorption of Pb ions and 3,5-Dimethyl phenol from aqueous solution by Jordanian
porcelanite rock has been investigated as a function of initial concentration, adsorbent dose
and contact time at constant temperature and pH of solution. The equilibrium process was
described by Langmuir and Freundlich isotherm model with maximum sorption capacity equal
to 19.562 mg g-1, removal efficiency of 95 — 98% at about 40 minute of contact time, with 0.5
g of porcelanite and 10 — 30 ppm concentrations in metallic solutions, which is simulated by
applied on car washing station wastewater. And get removal efficiency equal to 99.71% at
about 1 hour of contact time, with 20 g of porcelanite and about 50 ppm concentrations of
3,5-Dimethyl phenol in organic solutions which was indicated by Total Organic Carbon and Ultra
Violet/Visible absorption spectroscopy technique. The physical and chemical characterization,
i.e. X-Ray Fluorescence, X-Ray Diffraction, Scanning Electron Microscope, Thermogravimetry
analysis and Specific Surface Area have also been investigated for the Jordanian porcelanite
rock which represents an alternative natural adsorbent. Porcelanite is a low cost material could
be used for the removal of toxic inorganic and organic materials, in addition to its ability to be
used as a filter.
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The Red Sea - Dead Sea Channel Project Influence upon the Dead

Sea Water Balance Equation
4 Abu-Qubu J. and Rimawi O. >
1 Ministry of Energy and Mineral Resources, 2The University of Jordan,
Amman Jordan

qubu.jamal @ gmail.com
rimawiom @ju.edu.jo

Abstract

At present time, water balance of the Dead Sea indicates an annual shortage reaches about
one billion cubic meters of water due to high evaporation rates, industrial abstractions and lack
of coming inflow. This deficit in the water balance of the Dead Sea caused a critical decline
in its water level as time went by. The drop of the water surface level increased dramatically,
and the estimations include different figures of annual decline range from 0.79 m per year as
a long term average calculated by the authors, and 1 m per year according to Arab Potash
Company (APC) records in the last decade. There were many different proposals to come over
this problem, the most accepted and agreed was the construction of the Red Sea — Dead Sea
conveyance channel (RDSC). Therefore, the water balance equation of the Dead Sea should
include a new component expressing the inflow of the Red Sea water. Then the changes of
the water column height and the related volume of water in the Dead Sea Basin (DSB) will
be calculated for successive years until reaching the preferred water level of (-395m), the
calculations will use the annual increment of the RDSC inflows as a positive component, where
the annual shortage will be subtracted from it. The calculations will include the annual loss rate
of water, the impoundment per unit time and the total impoundment end value. The calculations
where conducted through two different mathematical methods, the first is the direct numerical
summation method and the second is the compound numerical equations. The compound
equations solving for the loss rate, the annual impoundment and the end impoundment value
can be utilized to build up a mathematical model to simulate for different unknown parameters
in related equation.
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The Role of Nuclear Techniques in Water Resources Investigation,
' Protection and Management in the MENA Region I

Eng. Mohammad Radwan Almomani
Water Expert

malmomanirad @ gmail.com
Abstract

The Middle East and North African countries are characterized of an arid environment, Also In the Arab
region, because of already high level of water stress especially for drinking water supply and food imports.
This paper emphasize the role and importance of nuclear methods and technique of peaceful application
in water resources studies, water supply, water and environment protection. It outlines future requirements
and aspects of using nuclear techniques in various water issues toward better utilization and management of
water resources, also highlights some examples and pilot areas of shared water from the MENA region and
Arab countries.
Several studies implemented in the region some of them through a technical cooperation, as environmental
isotope hydrology applications in most of the MENA countries for hydrological investigation, paleo-water and
fossil groundwater studies, pollution and pollutants transport for water protection. This is mainly through a
regional technical cooperation projects with the International Atomic Energy Agency (IAEA) and cooperative
involved organizations, also with involvement of other regional laboratories in the Maghreb and Mashreq Arab
countries as the regional Isotope laboratory in the Water Authority of Jordan (WAJ). Actually the application
included of stable isotopes of Oxygene-18 ( 180), deuterium (2H), Carbone-13 (13C) and radioactive isotopes
mainly for Tritium (3H) and Carbone-14 (14C), and others.
Taking into consideration the water scarcity, rainfall irregularity, variability of drought events,. .. water vulnerability
to contamination and pollution risks, indicating that Integration of nuclear techniques to a quantitative and
Qualitative models in water resources management can significantly reduce the cost of investigation and
exploration and potential water resources exploitation..
The existing groundwater use in the MENA region caused severe depletion of the groundwater table and
equipotential heads. These regional aquifers especially the non-renewable groundwater exploitation at the
MENA region, needs to be improved for a shared use of mega water basins in a regional basis, also highlight
to sustainability and management of the non-renewable fossil groundwater. It is essential, application other
environmental isotopes as Chlorine-36 (36CL) for groundwater dating especially for the confined groundwater
systems, so could be necessary sampling the Chlorine-36 (36CL) /or Uranium isotopes to address the
mixing/flow of very old groundwater. Accordingly increased the use of environmental isotopes for effective
management, especially in water scarce areas.
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Moderate and Excessive Gonsumption of Pure Water During
the Process of Manufacturing Jordanian Phosphate .

4 By Eng. Ata Mureb
Consultant Engineer

murebata @gmail.com

Abstract
It is well known that there are four main ways to treat phosphate in order to increase its grade

(beneficiation) ......
The uses of these methods vary according to the difference ofimpurities accompanying the

phosphate ore.
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DIFFERENT METALLURGICAL PROCESSES APPLIED FOR THE
4 DEVELOPMENT OF COPPER ORE RESOURCES >

Dr. Francisco J. Sotillo
PerUsa EnviroMet, Inc. USA

fsotillo@msn.com

Abstract

Metallic ores are present in different types of deposits around the world, such as in copper
ore resources. Clearly, metallic ore deposits are the most abundant. As is well known, metals
are used in all modern human activities, and they have been exploited since the raising of
the human civilization. Even though metallic ore deposits are spread all around the world,
specially copper ores, the grade for a copper ore resource to be considered attractive has
decreased from metallic-native copper, pure metallic ores of >80% Cu to 4% Cu content to
the now low limit of economic copper ores of 0.4% Cu for certain copper sulfides deposits.
Therefore, technologies to be applied to copper ore resources from exploration to exploitation
and metallurgy depend on the origin of the deposit and the mineralogy of it. The copper mineral
species present defining the metallurgical processing of the copper ore.
In the case of the Kingdom of Jordan, little to no information on copper ore resources was
obtained from literature. Personal communication was necessary with Eng. Ibrahim Rabba. In
his MPhil. Thesis, Chapter 4, Eng. Rabba described ten hand specimen size samples. Using
transmitted light microscope, X-ray powder, and electron-probe micro-analysis, it was identified
chrysocolla (CuSiO3.2H20) followed by malaquite (Cu2CO3(OH)2) as the most abundant
mineral species in the Finan and Timan deposits. In addition, planchite (3Cu.Si05.H20),
atacamite (Cu.Cl2.3Cu(OH)2), besbeeite (Cu.SiO3.H20), and mottremite ((CuZn)PbVO4.
(OH)) copper minerals were identified. In general, these mineralogical species were observed
filling cavities, fractures and cracks as well as granules scattered in sandstone units with
quartz, and in Numayari dolomite veins and in the Umn El Ammad and Wadi Khalid areas. An
interesting fact corresponded to the presence of barite (BaS04) associated with the scattered
grains, which indicated igneous origin (hydrothermal veins and replacements). In the case of
malaquite, it occurred as cement for grains of quatz, among planes of cross-bedding indicating
deposition, synsedimentary of sandstone, cement and replacement of chrysocolla.
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Copper ores could be present in different types of deposits from sedimentary, metamorphic,
and mainly igneous. However, the source of copper is traced to igneous-hydrothermal origin,
which could result in deposition in veins, ore bodies, etc. Therefore, the primary hydrothermal
intrusion of magma fluids rich in copper may be worked by the elements and re-deposit as
synsedimentary, and/or transformed into metamorphic type deposits. Consequently, studying
copper ore resources would require to evaluate not only oxidized out-crust part of the deposit,
but to perform deep exploration drills to obtain cores from the oxidized more superficial zone,
follow by the intermediate zone where secondary enrichment copper sulfides are found such
as covelite (CuS) and bornite (Cu5FeS4), to the primary zone where primary sulfides such as
chalcopyrite (CuFeS2), chalcosite (Cu2S), bornite, etc. are present. In general, the primary
copper sulfides constitute the main part of the deposit, and it could be present as veins, ore
bodies, or porphyritic or disseminated copper ore. Copper sulfides minerals correspond to
three distinct groups: Pure sulfides: Cu2S chalcocite (79.8% Cu) and CuS covelite (66.4% Cu);
iron-copper sulfides: CuFeS2 chalcopyrite (34.5% Cu and 30.5% Fe) and Cu5FeS4 bornite
(63.3% Cu and 11.1% Fe); and complex sulfides: Cu3AsS4 enargite, Cu2FeSnS4 stannite,
and Cu3SbS3 tetrahedrite; so called sulfo-salts.

Even though limited information on the Jordanian copper ore resources is available in literature,
the one available point out towards igneous origin deposits. In general, copper ore resources
are determined and defined not only using prospection, geological recognition, and exploration
but by a well structured drilling program with deep-long holes to produce strategic information
by analyzing the cores obtained from diamond drills (DD), reverse circulation (RC) or new-
advanced sonic drilling. In order to review the metallurgy of copper ore resources, a hypothetical
deposit containing an oxidized out crust, an intermediate secondary enriched copper sulfides
zone, and a primary copper sulfides zone is visualized. This paper would only give a general
view of the copper ore resources metallurgy and it wills not intent to describe in detail any unit
operation, technology, or process. Reference for the technologies presented are based on the
Copper Industry of Peru, Chile, USA, and Canada.

First, crushing has to be considered independent of the copper ore resource zone. However,
the final crushed material size would depend on the metallurgical process designed for the
downstream operations, the capacity, and the zone of the deposit considered. Gyratory crushers
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(high capacity, large size material fed, and coarse product of about 5080- mm) correspond to
the first stage of crushing, follow by one to three stages of cone crushers (products about
2.03.0- mm), and finally tertiary crushing on specially design cone crushers (product <1.0
mm). There could be other type of crushers to be used in all these crushing stages, such as
jaw crushers, roll crushers, impact crushers, etc. However, it is important to point out the high
pressure grinding roll (HPGR) as a most efficient comminution system between the secondary,
tertiary crushing, and even partial grinding stage. Here, bed comminution is the predominant
mechanism, which could result in even selective comminution.

In general, the development of copper ore resources is designed for large capacity processes,
which consider storage steps from out of mine to fine crushed material, using stock piles,
feeding pockets or bins, and transfer bins. Following these crushing steps, it requires to continue
the comminution of the ore by grinding from coarse (rod mills), middle and fine (ball mills) to
ultrafine (vibrating minerals, vertical mills, ISA mills, etc.), which depends on the economic
liberation size of the copper minerals, the metallurgical process used or available, and the
downstream unit operations.

Since multiple mining methods are designed and available depending on the state of oxidation,
origin, and natural re-working of the deposit, this paper will not focus on mining. It is assumed
that whether open pits, trackless, or underground front systems are used, the appropriate
metallurgical technology is to be applied.

In the case of copper oxides, such as cuprite, chrysocolla, malaquite, atacamite, etc., several
options are available. Flotation is possible, but it is not considered the first option due to limited
success and complicate surface chemistry. For example, flotation is used in combination with
sulfidization (use of Na2S or NaHS) to transform the surface of the mineral into that of the
equivalent sulfide. This is used mainly for carbonates, sulfates and oxides. Other mineralogical
species, such as chrysocolla, atacamite, and other copper silicates have been floated using
hydroxamates and hydroxamic acid derivatives. Extensive research and development is taking
place in this area relating crystal chemistry and surface chemistry to develop a selective,
efficient, and economic flotation process of oxidized copper ores. By far, the most common
metallurgical technology applies for copper oxidized ores is leaching mainly using sulfuric
acid (H2SO4) as the leaching agent. Great advances have taken place in leaching of copper
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oxide ores: The stock piling of crushed copper ores to just about 50mm to 38mm, the sealing
of the stock pile leaching area during the preparation of the stock pile, technology to avoid
channeling and blinding of the piles, better distribution of the aqueous leaching acid, recovery
of the pregnant solution, and the purification/filtration of the liquor. Also, extensive work has
been made to develop other leaching agents, such as ammonia-thiosulfate. Other leaching
methods may include vat vessels, agitation tanks, etc. depending on the capacity, leaching
kinetics, and characteristics of the ore.

Independent of the leaching agent, the loaded liquor requires being purified/filtered to proceed
to the recovery of the copper contained. The most common route after a clear (free of
particles) liquor is obtained, it is the use of solvent extraction. This process consists of two
unit operations, the transfer if the copper ions from the aqueous liquor to an organic phase
(organic reagent), and the stripping unit operation, where the organic phase releases the
copper ions into a pure copper aqueous solution. Once pure copper aqueous solution is
obtain, electrowinning will transfer the copper from solution to be deposited in a metallic copper
cathode producing >99.99% copper cathodes, the final product of this process. This route
requires auxiliary installations and processes to deal with degraded organics, potential impure
solids residues, large consumption of electricity (which has to be available), handling of both
diluted and concentrated solutions, and copper cathodes (solids).

Depending on the economics, precipitation of metallic copper from copper acid solutions has
been used since the first half of last century, the Cementation Process. The Cementation
Process consists on the use of the oxidation-reduction potential to precipitate copper using
scrap iron, which is dissolved. This process is carried out in launders or in tumbling drums
producing slurry that reaches 70% to 83% metallic copper content. Here, the control of the
pH of the solution, and its composition is critical since ferric ions are to be avoided. Ferric ions
will undo this process by re-dessolving the precipitated copper. Downstream unit operations
include solid/liquid separation, filtration and drying. This copper cement is usually processed
using pyrometallurgical routes.

Contrary to the case of oxides, copper sulfides whether secondary or primary are mainly
processed using flotation, previously being adequate grind for the economic liberation of the
copper minerals. For this purpose, thio-compounds are mainly used as collectors, thicarbonates
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(xanthates and dialkyl xanthates) being the most commonly used. However, several types
of thio-compounds are used, such as mercaptans, dithio carbamates, dithio phosphates,
thiocarbanilides, and mercaptobenzothiozoles. Also, non-thio ionizable compounds are used
both as collectors and frothers, such as alcohols, aldehides, amides, and esters. Copper
sulfides flotation is based on chemisorption of the collectors; thus, a slow adsoption process
(overcoming the thermodynamic barrier), but more selective. Therefore, copper flotation
requires a long conditioning time with collectors and modifiers at pH above 8.0 (up to pH
11.0) since pyrite is one of the main contaminants. The surface chemistry of copper sulfides
resulted also in long flotation time (slow kinetics) and complicated and extensive circuits
whether using mechanical (sub-aeration, forces aeration, etc.), pneumatic, columns, jet types,
etc. Consequently, flotation circuits include long rougher circuit follow by several stages of
scavenger flotation cells. Recirculation of products is the norm in this type of circuits, so
large circulation loads are possible. Similar type of design is used for the rougher concentrate
handling, which is cleaned in several cleaner, recleaner, and re-recleaner cells before a
final concentrate of adequate grade and low contaminants is obtained. This implies large
ratio of concentration, which means treating of large amount of material to produce a limited
amount of product(s). The copper concentrates after thickened, filtered, and dried are sent to
pyrometallurgical extractive routes. Usually, the concentrates are blended, smelted (Reverver
furnaces or flash smelters), oxidized in a converter, and de-oxidized in an additional furnace
to cast the metal into copper anodes. Then, electro-refining of these anodes is carried out in
electrolytic cells using CuSO4/H2S04 as electrolyte. Here, the copper anodes are dissolved
and the copper re-precipitated in the cathode with a purity of >99.999% Cu. Also, a residual
anode sludge could be produced which may contain valuable impurities, such as gold and
silver that are recovered in secondary metallurgical processes.

Hydrometallurgical processes have been applied to the processing of mainly secondary copper
sulfides. These processes correspond to stock piles (not as much used as for oxides), agitated
tanks, and pressure leaching in vessels. Besides the use of aggressive chemicals (nitric acids,
chlorine, etc.), bacterial leaching using thio-bacillus ferrooxidans, ferro-bacillus ferrooxidans,
thio-bacillus concretivurus, etc. to dissolve copper sulfide ores are considered. The remaining
of the metallurgical processing of the dissolved copper from these ores is similar to that for

35



oxides, which follows the purification/filtration, solvent extraction, and electrowinning route.

In summary, copper ore resources could be developed using a large variety of technologies, unit
operations, and processes. It is of utmost importance to define the resources; characterize it,
the ore, and the copper minerals; and follow the most convenient route to obtain an economical
product from the copper ore resources; whether a copper concentrate, copper cement, or
metallic copper of the highest purity possible. Also, this implies a great variety of well prepared
engineering expertise. This paper is aimed only at showing large possibilities in dealing with
copper ore resources, and not to deliver technical details of the different topics.
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Prospects of using solar Energy in Mining and Minerals processing

industry
4 Professor Salah Al-Thyabat >
Department of Mining Engineering /Al-Hussein Bin Talal university

salah.thyabat@ahu.edu.jo

Abstract

The current market for minerals commodities suchas phosphate, oil shale, and cement
is very competitive, and the main goal of any project is to reduce the production costs in
order to be competitive in the market. one of the key factors that contribute significantly to
the production chain is the cost of energy. In Jordan these project were located in remote
areas with a plenty of sunshine almostthroughout the year, therefor there are opportunity to
utilize electricity from solar energy either by traditional photovoltaic(PV) technology or by more
advanced technologies such as concentrated photovoltaic cells (CPV) or solar concentration
collectors such as parabolic troughed collectors(PTC) . In this paper a general overview of
these technologies will be given. A worked example evaluating the cost of energy in a proposed
minerals processing circuit showing the prospects of using solar energy will also be given.
Keywords: phosphate, oil shale, cement, solar energy, collectors
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Sustainability of Mineral Reserves in Jordan: The case of

Phosphate and Potash
4 Rami Al Rawashdeh, Awwad Titi and Khalid Al Tarawaneh >

Al-Hussein Bin Talal University, Department of Mining Engineering
r_rawash @yahoo.com.au
Khtarawneh62 @yahoo.com
awwadtiti@hotmail.com

Abstract

The purpose of the paper is to estimate the level of necessary reinvestment ‘user costs’
needed to repay forthcoming generations for the depletion of phosphate and potash reserves
in Jordan. El Serafy equation technique has been used to estimate the user cost for both
resources from 2002 to 2015. On a discount rate of 3%, phosphate resources had a user cost
of $US 0.99 million in 2002, $US 0.86 million in 2005, $US 0.09 million in 2010 and $US 1.22
and $US 1.76 million in 2014 and 2015 respectively. Also on a discount rate of 3%, potash
resources had a user cost of $US 10.13 million in 2002, $US 41.39 million in 2005, $US 92.07
million in 2010 and $US 24.86 and $US 78.75 million in 2014 and 2015 respectively. The
Sustainable Budget Index (SBI), used to measure whether the user cost was reinvested or
used for public consumption, surpassed 1.0 from 2002 to 2015 which indicated that mineral
revenues have been used for public consumption rather than for investment purposes.
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Toxic Metals Distribution and Extraction from Two Forms of

Exhausted 0il shale
4 Fadia. M. Musleh1 Khalil. M. Ibrahim,2, Yahya S. Al-Degs? >

The Hashemite University
fadiajokhan @yahoo.com

Abstract

The distribution of toxic heavy metals in different forms of processed oil shale was investigated in
this research work. Both XRF and proximate analysis were used to follow up metals distribution
in processed oil shale. For comparison purposes, the levels of metals were also quantified in
unprocessed oil shale. Upon processing oil shale, many heavy metals were concentrated in
the final residue. The most concentrated metals were Cr, Cu, Co, and V with enrichment factor
more than 2.0 in both solid forms. Compared with raw oil shale, leaching of toxic heavy metals
was increased many folds and percentage of extraction was higher than 60% of all metals using
HNOB. Total characteristic leaching test (TCLT), a standard test to stimulate metals elution in
the environment, confirmed that retorted oil shale was more toxic when contacted with aquatic
environment. TCLT indicated that the released amount of Cr was 4.4 higher than the safe limit
set by international agencies.
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Using of Activated 0il Shale for the Removal of Heavy metals from

Aqueous Solutions
4 Ass.Prof.Dr.Ehssan Nassef11,Prof.Dr.Yehia Eltaweel? >

Assistant Professor in petrochemical Eng. Faculty of Engineering, Alexandria
University

ehssan.nassef@pua.edu.eg

Abstract

The purpose of this study is to evaluate the possible use of locally available oil shale as a
raw material, thermally activated and chemically activated in the removal of Cu2+ and Zn2+
from aqueous solution by adsorption .The effect of different operation parameters such as
concentration of heavy metals, sorbent concentration and time on the uptake of heavy metals
by this adsorbent is studied. It was noted that Oil shale is able to remove appreciable amounts
of copper and zinc ions from aqueous solutions. An increase in the adsorbent concentration
with constant copper or zinc concentration resulted in greater metal removal from solution. An
increase in the copper or zinc concentration with a constant sorbent concentration resulted
in higher metal loading per unit weight of sorbent.Langmuir isotherm model was found to be
applicable for the experimental data of Cu2+ and Zn2+. The results showed that oil shale
could be used for the adsorption of the Cu2+ and Zn2+, the chemically activated oil shale is
giving the best removal for Cu2+ up to 99% and thermally activated oil shale is giving the best
removal for Zn2+ up to 99%.
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UNDERSTANDING A PHOSPHATE ORE AND THE ENGINEERING
PRINCIPLES TO BE APPLIED: Key Steps for a Successful
4 Beneficiation of the Ore >

Dr. Francisco J. Sotillo
PerUsa EnviroMet, Inc. USA

fsotillo@msn.com

Abstract
The demand for food in the world will continue to show strong growth due to several important
factors, such as population growth mainly in the middle income countries from 5.3 billion in
2015 to 6.8 billion in 2050E. This world’s population growth results in increasing the estimated
Gross Domestic Product of 2.5%-3.0% up to 2017. Therefore, the growth consumption of
agricultural products will be driven by the increase in income in the middle and low income
countries resulting in an increase of 8% and 9% of Daily Protein Intake per Capita (g/day/
person) by 2024E. This corresponds to increasing billions of agriculture products of grains,
oilseeds, and sugar estimated in 58- billion up to 2024E.
The Kingdom of Jordan has world class phosphate mines in a world that is full of poor soils
lacking of nutrients, which creates a huge demand for fertilizers NPK (nitrogen-phosphorous-
potassium). Jordan holds large phosphate mines, Eshidiya Mines, with 731.5 Mt of measured
and indicated reserves and 350 Mt of inferred resources. The deposit considers three types
of ores: Phosphate Ore Type A1, which requires only washing; Phosphate Ore Type A2,
which is direct shipping ore (DSO); and Phosphate Ore Type A3, which requires washing
and beneficiation including flotation. The three types of phosphate ores produced 5.2 Mt of
products per year. Jordan may consider as potential markets for its phosphate rock the EU,
Russia, Africa, and even North America.
Therefore, it is of utmost importance to discuss the technical aspects of the Phosphate Industry
since the economical success of Phosphate Rock commercialization in a competitive world
requires sound and efficient engineering and technology. Even though | will concentrate on
washing and beneficiation of the phosphate ore, it is important to define the type of deposit
between sedimentary, igneous, metamorphic, and organic (Guano) since the technology
applied depends on the type of deposit. Jordan, phosphate deposit is considered a sedimentary
deposit.
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Next, a good metallurgical processing design of phosphate ore deposits start with a good
understanding of its geology. In general, a good understanding of the geology is a constant
task of exploration, drilling, sampling, and evaluation to obtain the basic information for not only
interpret the deposit genesis and define the exploitation mining methods, but more important
for the metallurgist, the acquisition of representative samples. These samples are of utmost
importance to carry out studies from the conceptual design of a suitable metallurgical process to
the control, improvement, and modifications required to maintain the technical excellence of the
phosphate ore washing and beneficiation. Based on these objectives, Characterization Studies
of the representative samples would allow the metallurgist the opportunity to take advantage of
the proprietary characteristics of the phosphate ore. These Characterization Studies are not
limited to chemical analyses, screen assays (size by size analysis), or mineralogical studies
and QEM Scan (Quantitative Electron Microscopy Scan), X-Ray diffraction, EMPA (Electron
Micro Probe Analysis), but include physical characterization, such as specific gravity (Sp.G),
apparent densities, comminution parameters (SMC tests parameters and Drop Weight Index
(DWi), Bond Work Indices (Wir, Wib, Impact Index, Bond Abrasion index, etc.), hardness,
grindability, etc.), rheological parameters, etc. These types of studies should not only be carried
out when designing the metallurgical process, but when there is an indication that a change in
the characteristics of the phosphate ore may occur.
With these characterization studies, it is also important to apply the engineering fundamentals,
principles of operation of different pieces of equipment and unit operations for a given process.
In the case of the Phosphate Industry, there are important rules that have to be followed to
achieve a successful operation according to extensive phosphate operation experience:

» Keep a steady feed load to the washer and downstream unit operations.

 Scrub strongly the phosphate ore to release clays and impurities.

» Deslime thoroughly the phosphate ore.

* Size the phosphate ore into narrow size fraction ranges.

» Condition the prepared phosphate flotation feed at the highest solids content possible when
using anionic collectors as flotation reagents.

* Float at lower than 35% solids content.

* Remove the phosphate concentrate (froth) as fast as possible.
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* Float to produce final tailings on each flotation stage.
* Reduce as much as possible middlings recirculation products.

Using this basic technical and engineering knowledge, the proper selection and studies of the
required unit operations for the process must be carried out on a continuous basis during the
life of the mine as the phosphate ore deposit changes. For example in the washing section, little
attention is given to new technology, such as the potential use of selective comminution, which
could be achieved by using high pressure grinding rolls (HPGR). Here, the new concept of bed
comminution is applied due to the choke feed conditions of this HPGR. Under this concept,
the rolls are more a conveying media for grinding of the weak-soft minerals, such as clays
and carbonates by strong-harder minerals species, such as phosphate particles, silica, etc.
Consequently, the weak impurities are separated from the phosphate and silica particles using
a simple desliming unit operation, upgrading the phosphate ore for the required beneficiation
process. In addition, washing and desliming of the phosphate ore could be enhanced using new
generation of reagents to improve the aggregative stability of the phosphate ores (dispersants).
Following the Phosphate Industry principles of operation, scrubbing unit operations both
horizontal (drum) and vertical (attrition) are wrongfully considered simple unit operations in the
beneficiation of phosphate ores. In general, the operating conditions are fixed at high solids
content based only on the experience of the engineering or equipment manufacturing company
responsible of designing this beneficiation step. Nevertheless, scrubbing is a complex unit
operation designed to clean surfaces of phosphate mineral particles of slimes, break loose
weak inclusions or attached particles of impurities, and break aggregates of clayish material.
Therefore, it is considered that as high solids content as possible should be used to enhance
particle-particle interactions (impact and rubbing) without taking into consideration the rheology
of the system. However, scrubbing unit operations design requires studying the balance
between the increase of particle-particle interactions with the cushion effect that may occur
when slimes, clays, and fines decrease the availability of free water in the system, increasing
the apparent viscosity of the phosphate slurry up to that of a paste consistency, the cushion
effect. Thus, laboratory tests to determine the best operating conditions for the design of these
unit operations are based on the highest P205 grade to be obtained with the lowest impurities
for different size fractions.
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Next in the beneficiation of a phosphate ore, it is required a good sizing of the scrubbed and
deslimed phosphate ore to complete a good flotation feed preparation. This unit operation
requires steady feed load and sizing in well defined narrow size particles ranges to feed the
flotation process, the flotation feed.

The flotation process in the case of the Jordanian Mines corresponds to that using anionic
flotation reagent (collector), which require good conditioning of the phosphate ore at the
highest solids content possible. The conditioning step corresponds to the unit operation where
conditions are set up for proper adsorption of the flotation reagent on the phosphate surfaces,
the collector. For this purpose, the first step is to feed the conditioner at the highest solids
content. Again, the balance between the proper contact of the reagents and the slurry, and
the right rheology of the system plays an important role. The right pH adjustment for the
actual phosphate ore (usually above pH 9.0) and any modifier reagent for the enhancement
of the collector adsorption should be added before the addition of the collector and flotation
froth modifiers. Since chemisorption is the mechanism of adsorption for the anionic collector,
an optimum conditioning time is of great importance to be defined. Conditioners could be
horizontal (drums) for coarse size fractions (usually about +0.420-mm particle size), or vertical
conditioners for the fine size fractions (usually 0.420x0.050-mm size fraction). Only after a
good conditioning step, it is possible to carry out a successful flotation process.

The flotation process is designed to separate in a slurry the hydrophobic particles, which
are those that adsorbed the collectors from those that are kept hydrophilic. Under these
conditions, the phosphate is collected in the froth and the impurities in the aqueous tailings
(sink). Many types of flotation machines has been designed for this purpose, from mechanical
(sub-aeration, forced aeration, etc.), pneumatic, columns, jets type, etc. In general, phosphate
ore flotation circuits are short and simple with minimum recirculation of products, “or it float or
it does not float.” However, some cleaning of the floated phosphate may be necessary under
certain circumstances due to entrapment of impurities in a thick-viscous froth. Finally, the
phosphate concentrates must be dewatered to be commercialized using thickeners and filters
(usually vacuum type). Also, tailings requires to be dewatered, usually by using thickeners
and a tailings pond, or directly a tailings pond. In areas of limited water availability these unit
operations are of utmost importance and a must.
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To summarize the message of this presentation, | would like to focus in the technical aspects that
shows that each unit operation in a metallurgical process depends on the previous one, that it
is of utmost importance to characterize your phosphate ore, to know it, and that understanding
the technical and engineering principles of each unit operation is of great importance to proper
utilize them to obtain the maximum benefit that the phosphate ore is willing to give you.

50



rohig pea (14 Gua=illg daclinil droiil) duyll dolhiall j9a

Rl pa=il glad
1o 3a0a)l aue /3wl

pa=illg drclinll il dupell daAiall / duaall 6gyill §jlal pao
oadim.mining @ gmail.com

ualall

G825 yUl Waai dnnaioll agell Joall d=ola Glokhio (1aal (a=illy drclinll draiill dypell dokiall
ji= Loy guwldollg wlanigallg (nasily délallg & clin)l GUlo (1d ashad apawig gyl JolKilg @il
dadll wlpoigo ayéas (il ¢ pnitall gyl alnisll Josll dashiw] Usl (1é clig dualillg alill pghhi
rohig guinil dlae gaa) dojlll dwlwll ollhioll 4485 ladlaal §4éai Juw (1d dokioll gUgi .yl
gl ile & éallioll 8,129)gikillg & yalnidll g hill ciSlgd &yl Jgadl g1 duiazoll 89 il gling
Qoly Audijg déln JUA o duyll Joall 1é yiiga=illg yielinll glndly pAgall yile dalioll Josi. ol
wlédilallg Glpoigall ade JUA o cUi aig clacll dyell Joadl olangi go gublaii &nniio Gllleag
O3kl lido (16 audll oligeall oyadig aluwlall alaelg &wjail algall dolély Jasll Jiygg wligailg
89 i)l glihé (nd 2020-2017 daliall gu & nylAl 1344159 dalhioll Jae Jlany & dlell li Gleladllg
izl gyailg Wbkl bLis gaais JUA go glhdll 1aa pghi gl gieaws dalhioll gla & iasall
d el & dhhiall ay 1455 Lal I AS clJig & el & kasall ¢lgyill dolaiwall & paiilly giiyasil jlodiwil agul
6ac (1a 6aalgio diclin galeog jgAng dyjlallg dyjld Glolh (o dwasoll Olbdolly cwlghl o ayaell
Jiay 13l agle doilall olelinllg (nasill glad (1é jlodiwll gaaiilg .8 egito d4aglgn Gliy Gla ghlio
@i~ isl Auais JUA oo Gupbll &bd Jusdai 14 dohioll giews byl Joall dyalnidll jHis Pl pal aal
aal gog gyl =il glaéd jighig d0i5 6034 (1d Laio lolawl dLdinallg & Yl lase))litog Ladolng
Ul &nld waas (il AIDMO Geoportal dupell J9all duia=allg daaglguall dulgll dulidinoll @ilegyiiwo
ol 650b e Wgag Lupe diaeill dylodiwll gapall augyill
dnlh dan) sl gladllg dole dany (ielinll glndll drai5 (1. dodAioll )92 jlpl gl a6l 03a aadig
&l jolaall Jols JUA go gyl ghgll 1o
aahioll (e G080 -
aypll Joall 16 duasoll cuwlgyly &nglgunll wliwl -
duy=ll Joall 14 duasall gl elndl gulall galgll -
duell Joall (na (pa=ill glad aalgi gl il -
Ayl Joall y1a pa=ill glad pghi Ol -
.Aldiwollg aJbl @aolyg Wikuivl JUA go gyl (pasill glhd duais (14 dalhioll doaluo -
olngill -

51



iyl guwaiaall alés
Jordan Engineers Association

WWWw.jea.org.jo

OOEOEO®E@O®

C)._I'*Jljj.” grwaiaoll wlas



o

3 = — 14 ! . ‘ .
B¢ W TV Rppe —— x| - e ———— -
MmN e — W



