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Dear All ..
On Behalf of the Organizing Committee , I 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 I 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 Oil 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 I wish our distinguished guest a pleasant stay in Jordan and a safe return to their home 
countries .
I 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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Chairman:
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Sponsers:

Diamond Sponsor

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.jo , Web :   www.arkanjo.com
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Silver Sponsor

Sponsors

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.
The company›s activities are in the fields of manufacturing Commercial Explosives, Dry Mix 
Fertilizers and Engine Coolants as well as Mining, Drilling & Blasting Operation, Geological and 
Geophysical research, Environmental studies and consultation in mining and mineral processing 
within Jordan and the neighboring countries. 
Contacts: King Abdallah II Street     P.O.Box : 5255 Amman – 11183 Jordan
Tel:  +962 6 5336111     Fax: +962 6 5336110    Email: manager.cmi@gmail.com             
ADDRESSES HEAD OFFICE: King Abdullah II Str. Commercial Building No. 69, Amman – 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 Elmiyah 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

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
P.O. Box. 1470 Amman 11118 Jordan     Tel : +96265200520     Fax : +96265200080
Email : info@arabpotash.com 
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Content:

• Asphalt and Heavy Oil Recovery From Hamza and Wadi Rajil Area Located In 
The Azraq Region Using Thermal Oil Recovery Methods 

• “Applying Performance Management System in Energy Companies: Enhance 
Performance and Provide competitive advantage for the Company and its 
Customers”
 
• Stratigraphic and Hydrocarbon potential of the Paleozoic succession in Jordan 

 الصخر الزيتي يتربع على مصادر الطاقة التقليدية •

• Oil & Gas Potential In Jordan

• A new stratigraphic correlation for the upper Campanian phosphorites and 
associated rocks in Egypt and Jordan

• Carnallite Froth Flotation Optimization and Flotation Cells Efficiency in the Arab 
Potash Company – Jordan

• Peak Phosphate in Jordan: An analytical Study

• Uranium resources and extraction: critical review

الإستثمار في خامات البنتونايت الأردني ومعالجته وتركيزه •

الصلصال •

تطبيقات الإنتاج الأنظف في صناعة الأسمنت •

جيوتقنية على خامات حجر الترافرتين في منطقة الفيصلية/محافظة مأدبا •

1

2

3

5

6

8

9

10

11

12

13

14

15



9

17

18

19

20

22

23

24

25

26

27

28

29

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

• Review of 50 years geotechnical studies at Amman-Jarash Highway landslides 
in Jordan

• A comprehensive overview about the reality of investment in the mining sector 
of Aggregates in Jordan

التصدعات والتشققات في قلعة الكرك •

• Integrated Water Resources Management & Environment in Jordan

• Integerated Management For Water Resources And Enviroment Both Local & 
Regional

• The Characterization of Jordanian Porcelanite Rock in Water Treatment

• The Red Sea - Dead Sea Channel Project Influence upon the Dead Sea Water 
Balance Equation

• The Role of Nuclear Techniques in Water Resources Investigation, Protection 
and Management in the MENA Region

 استثمارات المياه  الجوفية  من الطبقات المائيه العميقه في الاحواض المائية الكبرى في الوطن •
العربي

الادارة التشاركية لمياه الري في وادي الاردن •

• Moderate and Excessive Consumption of Pure Water During the Process of 
Manufacturing Jordanian Phosphate
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Oil , Gas and Oil Shale
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Asphalt and Heavy Oil Recovery From Hamza and Wadi Rajil Area 
Located In The Azraq Region Using Thermal Oil Recovery Methods

Dr.Mehaysen Ahmed Al- Mahasneh
Al-Balqa› 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 for thermal 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 .
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“Applying Performance Management System in Energy Companies: 
Enhance Performance and Provide competitive advantage for the 

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.
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Stratigraphic and Hydrocarbon potential of the Paleozoic 
succession in Jordan

Maher Khatatneh1, Abdulwahab Khatab2 ,Anas Qasem3
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 
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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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الصخر الزيتي يتربع على مصادر الطاقة التقليدية
د.طراد الأحمد

trad0@yahoo.com

الملخص
الكتلــة البيولوجيــة ذات المنشــأ النباتــي والحيوانــي تأثــرت بالمعــادن ذات البيئــة الرســوبية، بوجــود عوامــل فيزيائيــة أهمهــا 
ــد الزيــت(، الــذي يمثــل العامــل المشــترك بيــن مصــادر  الضغــط والحــرارة بالاضافــة الــى الزمــن تــم تشــكل الكيروجيــن )مول
الطاقــة التقليديــة )فحــم، بتــرول، غــاز( وبيــن الصخــر الزيتــي، التغيــرات الكيميائيــة والفيزيائيــة التــي طــرأت علــى الكيروجيــن 
أنتجــت مصــادر الطاقــة التقليديــة، طبيعــة الصخــور الرســوبية الحطاميــة والكربوناتيــة هــي التــي تحــدد كميــة المــادة العضويــة 

المحمولــة وامكانيــة حركتهــا أو بقائهــا محتجــزة داخــل مســامات الصخــور.
كل مصــادر الطاقــة التقليديــة عانــت ومــا تــزال تعانــي مــن مشــاكل معقــدة أثنــاء عمليــات اســتثمارها، هــذه المشــاكل كانــت 
أحــد أهــم أســباب تغيــرات أســعار تلــك المصــادر، عــدم ايجــاد حلــول مناســبة لتلــك المشــاكل جعلنــا ننتقــل مــن مصــدر الــى 

آخــر بالاضافــة الــى تدنــي ســعر ذلــك المصــدر.
وهنا نشير الى أن جميع مصادر الطاقة تواجه مشاكل حقيقية، مثلا:

الفحــم الحجــري يحتــوي علــى نســبة مــن المــواد العضويــة، الكبريــت، النتروجيــن، الهالوجينــات، المركبــات الأوكســجينينة 
ــى ارتفــاع نســبة الرمــاد. بالاضافــة ال

البترول الخام يحتوي على الماء والغاز المصاحب، والمعادن الثقيلة بالاضافة الى العناصر الأكالة.
الغاز يرافقه عناصر ضارة بالاضافة الى صعوبة نقله وتخزينه.

الصخــر الزيتــي كان الأســوأ حظــا بيــن تلــك المصادرحيــث أدت النتائــج المحبطــة فــي اســتثمار الصخــر الزيتــي لــكل مــن عمليــات 
)الحــرق المباشــر، التغويــز، الاســالة، الطريقــة المركبــة، الطريقــة المكانيــة، التقطيــر الســطحي(، الــى عــدم وجــود تقانــة فاعلة 
فــي معالجــة الصخــر الزيتــي وأعــاد اخــراج عمليــة الحــرق المباشــر مــن خــلال عمليــة خلــط الفحــم الحجــري مــع الصخــر الزيتــي.

 لــكل 
ً
 أساســيا

ً
الصخــر الزيتــي أحــد أهــم مصــادر الطاقــة الجديــدة، معالجتــه بتقانــة التعديــن الاســتخلاصي تجعــل منــه مصــدرا

مــن )الغــاز، الزيــت، المــاء، الوقــود الصلــب، متبقــي الوقــود الصلبالــذي يمكــن اســتخدامه فــي مجــالات صناعيــة أساســية(، 
 وســلامة مــن التعامــل مــع مصــادر الطاقــة التقليديــة

ً
آليــة التعامــل مــع هــذه المنتجــات أســهل وأرخــص وأكثــر أمنــا
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Oil & Gas Potential In Jordan
Zuhair O. Alsadiq

General Manager/Al– Azraq Co. for consultancy and oil services
Zuhair–sadiq@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 oil 
(sweet oil) with a gravity of (43o) 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.



7

Rocks and Minerals Ores
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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, 

Zarqa 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. 
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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
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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.
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Uranium resources and extraction: critical review 
Prof. Khalid Tarawneh and Prof. Salah Al-Thyabat

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(U3O8) 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 
uranium deposits. 
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الإستثمار في خامات البنتونايت الأردني ومعالجته وتركيزه
م. عمر طاهات م. حنين العطعوط  م. أريج الشورة

وزارة الطاقة والثروة المعدنية
o.tahat@yahoo.com

الملخص
  الأردن غنــي بالصخــور والمعــادن الصناعيــة التــي تعتبــر الأســاس فــي الصناعــات التحويليــة والإســتخراجية التــي توفــر مــا 
قيمتــه %70 مــن صادراتنــا الوطنيــة، وهنــاك العديــد مــن الخامــات التــي لــم يتــم إســتغلالها ومازالــت قيــد الدراســات فقــط، 

ومــن هــذه الخامــات خــام البنتونايــت.
البنتونايــت هــو اســم يطلــق علــى نــوع مميــز مــن خــام الصلصــال، ويعتبــر صلصــال طــري دقيــق الحبيبــات يتخــذ مظهــر 
نســيجي ومــن ظواهــرة المميــزة أن الرطوبــة تجعــل ســطحه رغــوي زلــق، وعندمــا يجــف يتشــقق ويتكســر. ويعتبــر البنتونايــت 
ناتــج عمليــات تجويــة الصخــور والرمــاد البركانــي، وهــو أحــد الصخــور الصناعيــة التــي تدخــل فــي صناعــات متعــددة، وهــو مــن 
الخامــات المتواجــدة بكميــات وفيــرة فــي الأردن خاصــة فــي مناطــق عيــن البيضــا، قــاع الأزرق ومنطقــة اليمانيــة فــي العقبــة، 

ويبلــغ أعلــى إحتياطــي مــن هــذه المناطــق فــي منطقــة عيــن البيضــا.
مــادة البنتونايــت هــي مــادة يتــم اســتخدامها لســند جوانــب الحفــر وخاصــة فــي اعمــال حفرآبــار البتــرول والميــاه ولكــن يجــب 
ضــخ البنتونيــت بشــكل مســتمر ومنتظــم لضمــان ســند جوانــب الحفــر والا ســيحدث مايســمي بظاهــرة عنــق الزجاجــة نتيجــة 
لعــدم الضــخ المســتمر والمنتظــم لمــادة البنتونايــت اثنــاء الحفــر. وهــي مــادة تأتــي علــى شــكل بــودرة بأكيــاس معبــأة 
ــد بالنســبة للســوق الخليجــي . وظيفتهــا الأساســية  ــع أكثرهــا انتشــارا متواجــد فــي الهن )50كــغ( متوفــرة مــن عــدة مصان
تعمــل هــذه المــادة بعــد خلطهــا بالمــاء علــى تدعيــم جوانــب الحفــر للأوتــاد, وذلــك مــن خــلال ضخهــا أثنــاء عمليــة الحفــر فــي 
مــكان الوتــد ويُجــدر الإشــارة هنــا أن نســبة كثافــة هــذه المــادة تعتمــد علــى نــوع طبقــات التربــة فــإن كانــت التربــة ضعيفــة 

نزيــد مــن الكثافــة وإن كانــت متماســكة نوعــا مــا نقلــل مــن كثافــة هــذه المــادة. 
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الصلصال
م. محمد الزواهرة, م. نهى ابو عواد, م. محمد الابطح, م.مجد سيف

وزارة الطاقة والثروة المعدنية / مديرية المختبرات والجودة

الملخص
  يمكــن تعريــف الصلصــال )المــواد الطينيــة( بأنــه خــام يتواجــد فــي الطبيعــة بمظهــر ترابــي قابــل لامتصــاص المــاء وإنتــاج 
عجينــه دبقــه ولدنــه القــوام قابلــه للتشــكيل تســتعيد تماســكها وصلابتهــا إذا جفــت فــي الهــواء أمــا إذا حرقــت )شــويت( 

فإنهــا تعطــي مــاده متماســكة متحجــرة لا تتداعــى إذا مــا عوملــت بالمــاء
مــن حيــث المنشــأ فــان المــادة الأصــل لجميــع الرواســب الصلصاليــة هــي الصخــور القويــة الغنيــة بالالومينــا حيــث تتفــكك هــذه 

الصخــور كيميائيــا بفعــل العوامــل الجويــة المختلفــة أو بفعــل التحــول البســيط معطيــه معــادن طينيــة ونواتــج أخــرى 
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تطبيقات الإنتاج الأنظف في صناعة الأسمنت
م.محمد الخالدي

وزارة الصناعة والتجارة والتموين
Mohamed.Nafe›a@mit.gov.jo

الملخص
ــم تســتعرض واقــع صناعــة  ــة ث   تســتعرض الورقــة مقدمــة عــن القطــاع الصناعــي الاردنــي وبعــض المؤشــرات الاحصائي

الاســمنت فــي الاردن .
توضح الورقة انواع  التلوث البيئي والصحي الناتج عن صناعة الأسمنت :

تلوث الهواء , النفايات  السائلة , المخلفات الصلبة و الضوضاء والاجهاد الحراري
ثــم شــرح موجــز حــول مفهــوم الإنتــاج الأنظــف وفوائــده وآليــة تطبيقــة فــي المصانــع, تــم تشــرح الورقــة إجــراءات الحــد 
مــن التلــوث فــي صناعــة الاســمنت مــن خــلال توضيــح  إجــراءات الحــد مــن تلــوث الهــواء و إجــراءات الحــد مــن تلــوث الميــاه و 
إجــراءات الحــد مــن التلــوث بالمخلفــات الصلبــة  وطــرق المحافظــة علــى الطاقــة )ترشــيد اســتهلاك الطاقــة( وذلــك بالاســتناد 

الــى مؤشــرات عالميــة وتجــارب عربيــة فــي هــذا المجــال. 
ــة هــي : الادارة،  ــاك أربعــة اســس للســلامة المهني ــة حيــث ان هن ــادئ الســلامة والصحــة المهني ــم تســتعرض الورقــة مب ث

ــة  ــح الأهــداف العامــة للســلامة المهني ــن , وتوضي ــة العمــل واشــراك العاملي ــب، بيئ التدري
واخيــرا توضــح الورقــة  المتطلبــات البيئيــة المطلوبــة لترخيــص المنشــآت الصناعيــة وتشــمل  الضوابــط والاعتبــارات البيئيــة 

لترخيــص مصانــع الاســمنت.
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دراسة جيوتقنية على خامات حجر الترافرتين في منطقة الفيصلية/
محافظة مأدبا

م. نبيل صالح عديلات
رئيس قسم التربة والصخور والجودة ميكانيكا / وزارة الطاقة والثروة المعدنية

nabiledellat@yahoo.com

الملخص
  يعــرف الترافرتيــن بأنــه صخــر رســوبي كيميائــي المنشــأ، يتكــون فــي الغالــب مــن كربونــات الكالســيوم، ويترســب الترافرتيــن 
نتيجــة فقــدان غــاز ثانــي أكســيد الكربــون مــن الميــاه الســاخنة أو البــاردة نتيجــة لانخفاض الضغــط والحرارة المفاجــئ بالإضافة 

إلــى بعــض العوامــل الأخــرى المســاعدة فــي عمليــة الترســيب.
ــاه الســاخنة هــي الأوســع انتشــارا، وتتميــز بدرجــة مســامية عاليــة، كمــا يعتبــر الكالســايت  تعتبــر رواســب الترافرتيــن مــن المي
المكــون الأساســي لهــا أمــا المكونــات الأخــرى فتشــمل: الكوارتــز، واكاســيد الحديــد، والمنغنيــز، والبازلــت، بالإضافــة إلــى 

المعــادن الطينيــة.
 يســتخدم الترافرتيــن فــي أعمــال الديكــور وكســوة جــدران الأبنيــة مــن الداخــل والخــارج وأعمــال الأرضيــات المكشــوفة والغيــر 

مكشــوفة وكذلــك فــي بعــض الأعمــال الإنشــائية الأخــرى.
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Geotechnical Engineering
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Advanced Technologies in digital 3D-Surface, -Deposit und -Mine-
Modelling 

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 

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 Zarqa 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 about the reality of investment in the 
mining sector of Aggregates in Jordan 

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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التصدعات والتشققات في قلعة الكرك
 م.سمير الشيخ/ مكتب الجسر العربي للدراسات الهندسية

 م.أسماء شخلتوغ / دائرة الآثار العامة

الملخص
  نظــرا لظهــور التشــققات والعديــد مــن المشــاكل فــي مواقــع مختلفــة مــن قلعــة الكــرك وخصوصــا فــي الجــدار الغربــي 

حيــث يوجــود هنلــك عــدد مــن الصــدوع والفوالــق المــاره فــي مدينــه الكــرك وتحديــدا اســفل القلعــة.
يمــر اســفل القلعــة فالــق رئيســي يدعــى )الفيحــاء( بالاضافــه لعــدد اخرمــن الفوالــق القديمــه والتــي تؤثــر و تتــرك اثارســلبيه 
لهــا فــي المنطقــه علــى مــر الســنين والعصــور ولكــن يبقــى هــذا التأثيــر محــدود تقريبــا ويرجــع ذلــك عبــر مئــات وآلاف 

الســنين.
ولكــن مــا حــدث فــي الســنوات الاخيــره مــن ازديــاد نســبة الشــقوق و التصدعــات فــي اماكــن مختلفــة مــن القلعــة ادى الــى 

اغــلاق تلــك المنطقــة )الجهــة الشــمالية الغربيــة و تشــمل القاعــة الناصريــة و المســرح و المتحــف(.
وحســب الدراســات المختلفــة التــي قمنــا باجرائهــا )جيولوجيــة , جيوفيزيائيــة , جيواثريــة , انــزلاق التربــة و الجيوتقنيــة( حيــث 
ــي تحــدث عنهــا  ــة( الت ــق والصــدوع و انزلاقــات الترب ــة )الفوال ــك الطبيعي ــر تل ــاك عوامــل واســباب اخــرى غي اظهــرت ان هن

ــن. ــراء و المختصي الخب
.
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Integrated Water Resources Management & Environment in Jordan 
Dr. Bashar R. Al-Shreideh
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     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 Zarqa 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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Eng. Ala’a Omari
Solar Pond Superindendent/ Technical Directorate /The Arab Potash Company
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     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 Aqaba 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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     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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     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, 
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     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 ( 18O), 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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الملخص
  تبلــغ مســاحة الوطــن العربــي 14.20 مليــون كيلــو متــر مربــع، لكــن معظــم هــذه المســاحة الشاســعة تقــع فــي المناطــق 

 mm/year 100. الجافــة التــي لا يـــــــــــزيد معــدل الهطـــــــول فوقهــا علــى
ــم العربــي  كمــا تبيــن الانهــار  ــر مــن دول العال ــاه فــي كثي ــر لمصــادر المي ــل الجانــب الاكب ــاه الســطحيه مــا زالــت تمث ان المي

ــان نحــو 60 بالمئــه مــن مياههــا ياتــي مــن خــارج الوطــن العربــي.  الرئيســيه ب
 تأتي بشكل رئيس من أحواض النيل والفرات ودجلة والسنغال وشبيللي وجوبا والقاش.

 ونظــرا لزيــادة الاســتثمارات فــي الفتــره الاخيــره فــي الوطــن العربــي فــي جميــع القطاعــات فــان ذلــك ســيؤدي الــى ضغــوط 
كبيــره علــى مصــادر الميــاه المتاحــه ومــن ضمنهــا مصــادر الميــاه الجوفيــه  العميقــه وغيــر المتجــدده.  وللتغيــرات المناخيــة 
 فــي 

ً
المتوقعــة، وتكرارموجــات الجفــاف التــي تســيطر علــى المنطقــة منــذ عقــود، والتأثيــرات الســلبية المتوقعــة مســتقبلا

الأنظمــة المائيــة الســائدة,  فإنهــا تعيــش حالــة مــن العجــز المائــي المتفاقــم، ومتوقــع وصــول العجــز المائــي بحلــول عــام 
.
ً
2025 إلــى حوالــي 220 مليــار م3 ســنويا

  فقــد  كشــف تقريــر دولــى صــادر عــن برنامــج الأمــم المتحــدة الانمائــى، أن إمــدادات الميــاه فــى المنطقــة العربيــة ســتصل 
فــى عــام 2025 إلــى %15 ممــا كانــت عليــه عــام 1960 بســبب تغيــرات المنــاخ والنمــو الســكانى والاقتصــادى.
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الادارة التشاركية لمياه الري في وادي الاردن
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الملخص
  تعتبــر تجربــة الإدارة التشــاركية لميــاه الــري فــي وادي الأردن مــن خــلال جمعيــات مســتخدمي الميــاه مــن التجــارب الرائــدة 
ــت ســلطة وادي الاردن هــذه التجربــة كخيــار إســتراتيجي ضمــن خطتهــا الاســتراتيجية مــن أجــل تحســين 

ّ
والمميــزة حيــث تبن

إدارة ميــاه الــري وتقليــل الفاقــد عــلاوة علــى المحافظــة علــى مصــادر الميــاه وأنظمــة الــري .
بــدأت فكــرة مشــاركة متلقــي الخدمــة )المزارعــون( فــي إدارة ميــاه الــري عــام 2001 وذلــك بالتعــاون مــع الوكالــة الألمانيــة 
للتعــاون الدولــي ))GIZ حيــث تــم العمــل فــي مناطــق رياديــة مــن أجــل تشــجيع متلقــي الخدمــة علــى تبنــي هــذه الفكــرة 

و مشــاركتهم فــي إدارة ميــاه الــري جنبــا إلــى جنــب مــع ســلطة وادي الأردن.
  ببنــاء الثقــة مــا بيــن كــوادر ســلطة وادي الأردن ومتلقــي الخدمــة 

ً
 وقــد مــرت هــذه التجربــة بالعديــد مــن المراحــل تمثلــت أولا

, ومــن ثــم تــم العمــل علــى تأســيس جمعيــات مســتخدمي الميــاه تحــت مظلــة المؤسســة التعاونيــة الإردنيــة , فــي ذلــك 
ــق المشــروع ))GIZ علــى تدريــب لجــان الإدارة فــي هــذه  الوقــت عملــت كــوادر ســلطة وادي الأردن و بالتعــاون مــع فري

الجمعيــات علــى مهــام توزيــع ميــاه الــري.
فــي بدايــة العــام 2008 كانــت أولــى خطــوات نقــل بعــض مهــام ادارة ميــاه الــري فــي ســلطة وادي الأردن إلــى جمعيــات 
 إلــى جنــب دأبــت ســلطة وادي الأردن 

ً
مســتخدمي الميــاه وهــي مهمــة  توزيــع ميــاه الــري علــى الوحــدات الزراعيــة. جنبــا

وفريــق المشــروع  إلــى تأســيس جمعيــات مســتخدمي الميــاه ونقــل المزيــد مــن الصلاحيــات حتــى وصلــت لغايــة عــام 2017 
إلــى 22 جمعيــة , 18 جمعيــة منهــا وقعــت إتفاقيــة نقــل بعــض المهــام مــن ســلطة وادي الأردن , أمــا باقــي الجمعيــات 
 لتغطيــة كافــة المناطــق الزراعيــة فــي وادي 

ً
فهــي فــي مرحلــة التدريــب والمشــاركة التطوعيــة , ومــا زال العمــل مســتمرا

 إلــى الإدارة المتكاملــة فــي ميــاه الــري . حيــث بلغــت نســبة التغطيــة لــلادارة التشــاركية مــن مســاحة وادي 
ً
الأردن وصــولا

الاردن %86 , ونســبة المشــاركة بعقــود نقــل مهــام %51 مــن مســاحة وادي الاردن.
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Moderate and Excessive Consumption of Pure Water During
the Process of Manufacturing Jordanian Phosphate

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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     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 (CuSiO3.2H2O) followed by malaquite (Cu2CO3(OH)2) as the most abundant 
mineral species in the Finan and Timan deposits.  In addition, planchite (3Cu.SiO5.H2O), 
atacamite (Cu.Cl2.3Cu(OH)2), besbeeite (Cu.SiO3.H2O), 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 (BaSO4) 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/H2SO4 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 



36

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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     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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     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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     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 
HNO3. 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. 



40

Using of Activated Oil Shale for the Removal of Heavy metals from 
Aqueous Solutions

Ass.Prof.Dr.Ehssan Nassef11,Prof.Dr.Yehia Eltaweel²
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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الملخص
  فــي ظــل الاوضــاع الاقتصاديــة الصعبــة التــي تمــر بهــا المملكــة وعجــز خزينــة الدولــة والمديونيــة المتراكمــة المتزايــدة 
والبحــث عــن المنــح الدوليــة للخــروج مــن الازمــات المتتابعــة التــي يواجههــا الاردن، الامــر الــذي ادى الــى تخبــط اصحــاب القــرار 

فــي البحــث عــن حلــول لــم يجــدوا لهــا الا طريقــا واحــدا »وهــو جيــب المواطــن«.
وبالتزامــن مــع كل تلــك التخبّطــات يســعدني ان ابيــن هنــا بــان الاردن يملــك ثــروة معدنيــة تكفيــه لتغطيــة مختلــف المشــاكل 
 ادنــاه اهــم المعلومــات والنتائــج التــي توصلــت اليهــا مــن 

ً
الاقتصاديــة التــي مــر بهــا الوطــن ســابقا وحتــى يومنــا هــذا، مبينــا

خــلال ابحاثــي ودراســاتي التــي قدمتهــا بعــد الدكتــوراه وقبلهــا فــي جامعــة لنــدن ، والمتعلقــة بالجــدوى الاقتصاديــة 
لمجموعــة المعــادن الصناعيــة الاردنيــة الرئيســية التــي عملــت بهــا وقمــت بدراســتها منــذ بدايــة الســتينات، وخاصــة منهــا مــا 
ــد فــي منطقــة وادي  ــة منهــا وبالتحدي ــرة الموجــودة فــي باطــن الارض الاردني ــات الكبي يتعلــق بمعــدن »النحــاس« والكمي
عربــة، وعوائدهــا الايجابيــة المتوقعــة علــى الاقتصــاد الاردنــي.اود فــي بدايــة حديثــي عــن المعــادن فــي الاردن، »وبالاخــص 
 للحكومــة فــي مشــروع 

ً
 ممثــلا

ً
معــدن النحــاس فــي وادي عربــة ابتــداء مــن عــام 1962 ، حيــث كنــت عُيّنــت آنئــذٍ مشــرفا

( للقيــام بالتعــاون مــع شــركة ›اوتوجولــد‹ الالمانيــة فــي مجــال التنقيــب 
ً
النحــاس مــن وزارة التخطيــط )مجلــس الإعمــار ســابقا

 مــن 
ْ

ــت
َ
عــن النحــاس ضمــن برنامــج المســاعدات الالمانيــة التــي قدمتهــا لــلاردن آنــذاك بقيمــة 180 الــف دينــار«، والتــي توصّل

خلالهــا الشــركة الالمانيــة الــى اكتشــاف مجموعــة مــن المعــادن الصناعيــة الاردنيــة الرئيســية التــي تتواجــد بكميــات تجاريــة 
كبيــرة وهــي ›النحــاس والمنغنيــز‹ والتــي قمــت بدراســة جدواهــا الاقتصاديــة والفنيــة بالاضافــة الــى دراســة 20 معــدن آخــر 
مــن المعــادن علــى اســاس كمياتهــا ومواقــع تواجدها.وبالتركيــز علــى معــدن النحــاس، فقــد اكتشــفنا كميــات كبيــرة مــن 
النحــاس الخــام فــي منطقــة وادي عربــة، وبالأخــص فــي منطقــة وادي ضانــا التــي كان تركيــز النحــاس فيهــا عالــي )بنســبة 
. والمشــكلة التــي واجهتنــا وقتئــذٍ هــي عمليــة فصــل 

ً
بــة مــع معــدن المنغنيــز بنســب اخــرى عاليــة عالميــا

ّ
20-%26 ( مرك

ــف مبالــغ باهضــة لــم يكــن بالامــكان توفيرهــا مــن أســعار البيــع، بالاضافــة الــى تكاليــف 
ّ
النحــاس عــن المنغنيــز التــي كان تكل

اســتخراجها مــن الباطــن. وكانــت النتيجــة الاخــرى ايضــا اننــا اكتشــفنا النحــاس فــي مناطــق أخــرى جنــوب منطقــة ضانــا هــي: 
وادي ابــو خشــيبة ) بطــول 70 كــم وعــرض 20كــم بالمعــدل ( الــذي يقــع فــي شــمال ووســط وادي عربــة بمعــدل تركيــز 
 مــع اي معــادن اخــرى وعمليــة اســتخراجه وصهــره لا يكلــف الكثيــر علــى شــكل كبريتــات 

ً
0.8–%1 والــذي لــم يكــن ممزوجــا

النحــاس.
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الملخص
  تعتبــر الثــروات المعدنيــة والمتواجــدة فــي العديــد مــن الــدول العربيــة ذات اهميــة فــي تعزيــز النمــو الاقتصــادي والتجــاري 
للــدول العربيــة حيــث ان الاســتخدام الامثــل لتلــك الخامــات واســتغلالها , والاســتثمار مــن خــلال اتبــاع الانظمــة والقوانييــن 
البيئيــة والتــي تضمــن ديمومــة اســتغلال الثــروات المعدنيــة والمحافظــة علــى البيئــة مــن التلــوث ويســمح ببيئــة محيطــة 

تضمــن اســتمرارية عمليــا الاســتغلال والتعديــن .
تتواجــد فــي الاردن العديــد مــن الخامــات المعدنيــة الفلزيــة والغيــر فلزيــة , و منهــا مــا هــو مســتغل ومنهــا لايــزال فــي طــور 
الدراســات والتقييــم ومــن اهــم تلــك الخامــات خامــات الصخــر الزيتــي و يعــرف الصخــر الزيتــي بانــة صخــر رســوبي مكــون مــن 
الحجــر الجيــري والمــارل الطباشــيري ويحتــوي علــى مــواد عضويــة غيــر ناضجــة وتعتبــر خامــات الصخــر الزيتــي مصــدرا هامــا مــن 
مصــادر الطاقــة حيــث يمكــن انتــاج الطاقــة الكهربائيــة ناتــج عمليــات الحــرق المباشــر للصخــر الزيتــي  وانتــاج النفــط والغــاز بعــد 

تســخينها علــى درجــات حــرارة تصــل الــى 500درجــة مئويــة
تتواجــد خامــات الصخــر الزيتــي فــي الاردن بكميــات واحتياطيــات كبيــرة تقــدر بحوالــي 23 مليــار طــن وتحتــوي هــذه الصخــور 

علــى نســبة مرتفعــة مــن زيــت تصــل الــى %15 مــن النفــط والغــاز ومعــادن اقتصاديــة نــادرة هامــة .
لقــد قامــت الحكومــة الاردنيــة بطــرح مناطــق شاســعة للاســتثمار فــي الصخــر الزيتــي لشــركات محليــة وعربيــة  وعالميــة  , 
وقــد تقدمــت العديــد مــن الشــركات المحليــة والعالميــة لاســتثمار فــي الصخــر الزيتــي امــا لتوليــد الطاقــة الكهربائيــة مــن 
خــلال الحــرق المباشــر او تقطيــر الصخــر الزيتــي بعــد حرقــة وقــد تقدمــت العديــد مــن الشــركات وتــم منــح حقــوق  تعديــن 
للعديــد مــن الشــركات المحليــة والعالميــة  وهنالــك خمــس شــركات تعديــن محليــة وســت شــركات عربيــة وعالميــة منهــا 
شــركة شــل العالميــة وشــركات  ســعودية واســتونية وهنديــة وصينيــة حصلــوا علــى حقــوق تعديــن ومــن المتوقــع المباشــرة 

فــي الانتــاج فــي المســتقبل القريــب
ــج  ــك نات ــرة , وذل ــة كبي ــه اضــرار بيئي ــن والحــرق المباشــر, ل ــات التعدي ــن و اســتغلال الصخــر الزيتــي مــن خــلال عملي ان تعدي
عمليــات الحــرق المباشــر للصخــر الزيتــي لإنتــاج الطاقــة الكهربائيــة  او الحــرق لعمليــات التقطيــر حيــث ينتــج غــاز الكبريــت 
وغازتانــي اكســيد الكربــون بكميــات كبيــرة وهــي غــازات ســامة ومخلفــات عمليــات التعديــن والحــرق , ولهــا اضــرار بيئيــة 
ــت الحكومــة الجانــب البيئــي  ــك اول ــرة   لذل ــات كبي ــاه بكمي ــات الحــرق بحاجــة الــى مي ــان عملي ــة إضافــة ب مدمــرة علــى البيئ
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الاهميــة القصــوى وذلــك لمعرفتهــا بالإضــرار البيئيــة  الناجمــة عــن عمليــات التعديــن والحــرق , قامــت الحكومــة الأردنيــة 
بســن التشــريعات والقوانييــن البيئيــة والتعدينيــة  الصارمــة والملزمــة للشــركات التعدينيــة للمحافظــة علــى البيئــة مــن انبعــاث 
الغــازات الســامة  وضمــان اســتدامتها  وعــدم اســتغلال ميــاه الشــرب فــي اماكــن التعديــن  , وانمــا اجبــرت الشــركات بالبحــث 
عــن مصــادر ميــاه غيــر نقيــة لاســتخدامها فــي عمليــات التصنيــع , وعلــى الشــركات وضــع مخططــات بيئيــة واضحــة تضمــن 
التــزود بالميــاه واتبــاع تقنيــات حديثــة للمحافظــة علــى البيئــة وضمــان عــدم انبعــاث الغــازات الســامة الــى الغــلاف الجــوي 

ــك. ــة المنظمــة لذل ــة والعالمي وحســب التعليمــات والقوانيــن الاردني
 وســتتطرق ورقــة العمــل شــرح مفصــل عــن عمليــات التصنيــع والانظمــة والتشــريعات التعدينيــة والبيئيــة المنظمــة  التــي 
اقرتهــا الحكومــة الاردنيــة مؤخــرا , وادرجتهــا ضمــن الاتفاقيــات المبرمــة مــع الشــركات المحليــة والعالميــة لضمــان المحافظــة 

علــى البيئــة وضمــان اســتمراريتها 
.
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دور وأهمية التحاليل الكيميائية  في خدمة الاستثمار في قطاع 
التعدين

م. ميسون الخزاعي
وزارة الطاقة والثروة المعدنية / مديرية المختبرات والجودة

maymaysoon4@yahoo.com

الملخص
  تعد الثروة المعدنية في اي بلد احد اهم الموارد الهامة لتحقيق الاهداف الاستراتيجية في

 تنوع القاعدة الاقتصادية . 
ان اعمال التحري والاستكشاف والتنقيب عن الخامات المعدنية وبيان القيمة الاقتصادية

 والمعدنية لا تكتمل الا باجراء التحاليل  الكيميائية والفيزيائية  اذ ان نتائج التحاليل 
هي الفاصل  في تقييم الخامات وبيان القيمة الاقتصادية. 
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UNDERSTANDING A PHOSPHATE ORE AND THE ENGINEERING 
PRINCIPLES TO BE APPLIED: Key Steps for a Successful 

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 I 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 P2O5 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, I 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.
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دور المنظمة العربية للتنمية الصناعية والتعدين في دعم وتطوير 
قطاع التعدين العربى

الأستاذ/ عبد الحميد ثامرى
مدير إدارة الثروة المعدنية / المنظمة العربية للتنمية الصناعية والتعدين

oadim.mining@gmail.com
الملخص

  المنظمــة العربيــة للتنميــة الصناعيــة والتعديــن، إحــدى منظمــات جامعــة الــدول العربيــة المتخصصــة، تهــدف الــى تحقيــق 
التنســيق والتكامــل العربــى وتعضيــد قدراتــه فــي مجــالات الصناعــة والطاقــة والتعديــن والمواصفــات والمقاييــس بمــا يعــزز 
تطويــر الإنتــاج والإنتاجيــة وذلــك فــي إطــار إســتراتيجية العمــل الإقتصــادى العربــى المشــترك التــى تقرهــا مؤتمــرات القمــة 
العربيــة. تتولــى المنظمــة فــي ســبيل تحقيــق أهدافهــا تهيئــة المتطلبــات الأساســية اللازمــة لدفــع عجلــة التصنيــع وتطويــر 
قطــاع الثــروة المعدنيــة فــي الــدول العربيــة ليواكــب التطــورات الإقتصاديــة والتكنولوجيــة المتلاحقــة علــى المســتوى 
العالمى.تعمــل المنظمــة علــى النهــوض بالقطــاع الصناعــى والتعدينــى فــي الدول العربية من خــلال صياغة وتنفيذ برامج 
وفعاليــات متخصصــة تتماشــى مــع توجهــات الــدول العربيــة الأعضــاء، ويتــم ذلــك مــن خــلال عقــد المؤتمــرات والملتقيــات 
ــة فــي مختلــف المياديــن  ــات الفني ــم المعون ــة وإعــداد الدراســات وتقدي ــدورات التدريبي ــدوات وورش العمــل وإقامــة ال والن
والقطاعــات ذات العلاقــة بمجــال عمــل المنظمــة  وتنفيــذا لخارطــة طريــق المنظمــة 2017-2020 فــي قطــاع الثــروة 
المعدنيــة، فــإن المنظمــة تســعى الــى تطويــر هــذا القطــاع مــن خــلال تشــجيع نشــاط الأستكشــاف والتحــرى المعدنــى، 
ــة  ــه المنطقــة العربي ــك نظــرا لمــا تزخــر ب ــة وذل ــة العربي ــروات المعدني ــة المســتدامة للث ــج للأســتثمار التعدينــى والتنمي التروي
بالعديــد مــن الرواســب والمؤشــرات المعدنيــة مــن خامــات فلزيــة ولافلزيــة وصخــور ومعــادن صناعيــة متواجــدة فــي عــدة 
مناطــق ذات بيئــات جيولوجيــة متنوعــة. ولتشــجيع الاســتثمار فــي قطــاع التعديــن والصناعــات القائمــة عليــه، الــذى يمثــل 
أحــد أهــم الركائــز الإقتصاديــة للــدول العربيــة، تســعى المنظمــة فــي تفعيــل خارطــة الطريــق مــن خــلال تنفيــذ أنشــطتها 
وبرامجهــا ومشــاريعها الحاليــة والمســتقبلية اســهاما منهــا فــي خدمــة تنميــة وتطويــر قطــاع التعديــن العربــى ومــن أهــم 
مشــروعاتها المســتقبلية، البوابــة الجيولوجيــة والمعدنيــة للــدول العربيــة AIDMO Geoportal التــى تهــدف خاصــة الــى 

الترويــج للفــرص الأســتثمارية التعدينيــة عربيــا ودوليــا عبــر شــبكة الأنترنــت.
وتهــدف هــذه الورقــة إلــى إبــراز دور المنظمــة فــي تنميــة القطــاع الصناعــى بصفــة عامــة والقطــاع التعدينــى بصفــة خاصــة 

فــي الوطــن العربــى مــن خــلال تنــاول المحــاور التاليــة:
- مقدمة عن المنظمة

- البيئات الجيولوجية والرواسب المعدنية في الدول العربية
- الواقع الحالي لقطاع الثروة المعدنية في الدول العربية
- التحديات التي تواجه قطاع التعدين في الدول العربية 

- آليات تطوير قطاع التعدين في الدول العربية 
- مساهمة المنظمة في تنمية قطاع التعدين العربى من خلال أنشطتها وبرامجها الحالية والمستقبلية.

- التوصيات
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