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ABSTRACT

To achieve and maintain high levels of safety and security in nuclear
facilities, these facilities must be staffed with an adequate number of
highly qualified and experienced manpower and workforce who are duly
aware of the technical and management requirements of safe operation.
The main challenge facing countries embarking on nuclear power is to
enhance the capacity building and human resources. This paper presents
a regional strategic road map to enhance and strengthen human resources
capabilities in Arab Countries (ACs) embarking on nuclear power pro-
grams, which is the case of United Arab Emirates (UAE), Egypt and
Jordan. This strategic road map could be applied by establishing an
Integrated Regional Administrative System (IRAS) within the frame-
work of the Arab Network for Nuclear Regulators (ANNuR). The main
objectives of this system are to activate, support and enhance capacity
building and human resources development programs. This system could
be administrated under the umbrella and supervision of both AAEA
(Arab Atomic Energy Authority) and IAEA. This paper discusses and
formulates a framework for the various aspects and structural compo-
nents of this system. Egypt regulatory capabilities regarding nuclear and
radiological regulatory activities are reviewed. The paper outlines and
discusses the goals and capabilities of the AAEA and ANNuR regard-
ing supporting IRAS objectives. Challenges and needs of ACs regarding
nuclear energy utilization are reviewed. Emphasis is focused on Safety
and Security (S&S) issues in ACs, and IRAS capabilities and its role for
supporting and assisting ACs embarking on nuclear power.
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INTRODUCTION

he introduction of civil nuclear power

in the Arab Countries is driven by a

set of common motivations: economic

growth combined with increasingly

expensive fossil fuel-based power gen-
eration. The growing concern over carbon emissions
and other types of pollution have led Arab countries
to see nuclear energy as a secure carbon-free source
for power generation. The role of adequate human
resources for achieving the objectives in the field of
peaceful use of nuclear energy cannot be neglected.
The stake holders in nuclear field, comprising gov-
ernment authorities; industry; various regulators;
research, development, technical support and train-
ing organizations; educational institutions; vendors;
construction and commissioning organizations; and
international and professional organizations; must
rely heavily on the competent, specialized, highly
trained and motivated managers and personnel for its
safety and sustainability. In the following sections,
human resource development (HRD) strategies and
development status in the Arab Countries embarking
on nuclear power programs; the United Arab Emir-
ates (UAE), Jordan, and Egypt are reviewed and as-
sessed (Report on the Integrated Nuclear Infra-
structure Review (INIR), IAEA, 2011).

ARAB COUNTRIES (ACS) EMBARKING
ON NUCLEAR POWER PROGRAMS,
STATUS REVIEW

The Following are the Key Drivers of the ACS
Interest in Nuclear Power

e Growing energy demand — to double by 2030
(Nuclear Power United Arab Emirates,
2018).

e Domestic security-of-supply concerns

e Volatility of fossil fuel prices and low opera-
tional costs of NPPs.

e Global climatic changes and desire to minimize
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hydrocarbons emissions

e Nuclear industry increasing experience and im-

proved safety
e Ability to apply nuclear power to desalination
The Challenges and Needs

e The need to develop the infrastructures and
capabilities for the legislative and regulatory
framework, nuclear safety, nuclear security,
emergency preparedness, radiation protection
and response and radioactive waste management

activities.

e Most ACs have currently limited nuclear activi-

ties and capabilities

e There is an urgent need for national and multi-
lateral infrastructure and capacity building at in-
stitutional, organizational and technical levels to
initiate and sustain a safe and secure utilization

of nuclear technology and power programmes.

e Need for human resources development espe-
cially for nuclear safety, security and radiation
protection.

United Arab Emirates (UAE)
Nuclear Power Program Status

e The UAE has made the most progress towards
the development of a civil nuclear power capaci-
ty (Policy of the United Arab Emirates, 2008).
Following the release of its policy paper in 2008,
the country established a legal framework and in-
stitutional basis for the program with the forma-
tion of the Emirates Nuclear Energy Corporation
(ENEC) and the Federal Authority for Nuclear
Regulation (FANR). After a “competitive dia-
logue” with a series of prospective vendors, the
UAE agreed to purchase four nuclear reactors
from a Korean consortium led by the Korean
Electric Power Company (KEPCO) in 2009. The
agreement made provision for the construction
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and initial operation of four APR1400 nuclear
reactors with a combined power generation ca-
pacity of 5600MW. The agreement between
the UAE and KEPCO made provision for as-
sociated fuel supply, maintenance, and training
and education for Emirati nuclear professionals.
According to the UAE’s national strategy, the
first of the country’s nuclear reactors is sched-
uled to be operational in 2017, with all four reac-
tors scheduled to be online by 2020, a timeframe
that is highly ambitious for a new nuclear en-
ergy state. In November 2010, ENEC, received
licenses from FANR for site preparation-of the
nuclear power plant in Barakah, in western
UAE. This was followed in July 2012 by envi-
ronmental approval for the Barakah site as well
as the awarding of full construction licenses for
the first two reactors. Since ENEC has started
construction of the first of four nuclear reactors.
UAE set up in May 2016 the Nawah Energy
Company to operate and maintain the four
Barakah units, with 82% the Emirates Nuclear
Energy Corporation (ENEC) equity and 18%
Korea Electric Power Co. (KEPCO). The opera-
tion license to enable fuel loading was awarded
to Nawah. Korea Hydro and Nuclear Power Co.
Ltd. (KHNP) supplied 400 qualified staff to sup-
port Nawah Energy until 2030 (Nuclear Power
United Arab Emirates, 2018).

National Strategy for HRD and Challenges in UAE

The UAE’s 2008 policy paper (Banks, J. M.
and Ebinger, 2012) stated that “any undertaking by
the UAE to develop a nuclear power program would
be accompanied by a strategy to strengthen human
resources to meet future staffing requirements”. The
document laid out the need for the development of
sufficient resources to regulate, manage, operate, and
maintain the safety of nuclear facilities, and the need
for a “skilled cadre of nuclear engineers, technicians
and regulatory personnel”. (IAEA Action Plan on
Nuclear Safety, 2011). Both its UAR nuclear regu-

lator and nuclear energy implementation organiza-
tion have detailed, institutionalized approaches to
HRD, and the establishment of a graduate program
for nuclear engineers as well as a vocational program
for nuclear technicians demonstrates a multi-facet
education and training strategy (Training the Staff
of the Regulatory Body for Nuclear Facilities,
IAEA-TECDOC-1954, 2001) and Status and
Trends in Nuclear Education, IAEA Nuclear
Energy Series No. NG-T-6.1, 2011). The principal
challenges for the UAE relate to its ability to recon-
cile the extensive needs of its civil nuclear program,
which is being implemented according to an aggres-
sive timetable and based on a reactor technology that
currently has no operational history, and the objec-
tives of recruiting the requisite number of qualified
nationals into training programs and professional
positions. The need to maintain quality control in its
educational programs may run counter to the neces-
sity of recruiting and retaining the number of stu-
dents necessary to provide the future nuclear- related
workforce (IAEA Workforce Planning for New
Nuclear Power Programmes, 2011). Moreover
the drive toward achieving minimum levels of na-
tional participation in the nuclear energy work-
force, (IAEA Milestones in the Development of a
National Infrastructure for Nuclear Power, 2007)
if indiscriminately enforced, may have negative con-
sequences for competency in the sector.

Jordan
Nuclear Power Program Status

Jordan has completed the first stage of a tender
for its nuclear energy program. The country has a
large educated population with thousands of gradu-
ates in technical disciplines graduating every year;
the country has far fewer financial resources. As a
result, Jordan can neither afford the same level of
direct investment in its nuclear power assets nor the
same level of support for educational and govern-
mental institutions with a role in nuclear sector HRD
as that found in the UAE. However, Jordan’s chal-



(118) J. Nucl. Tech. Appl. Sci., Vol. 6, No. 2

lenges go beyond those related to financial consider-
ations. Some of the biggest obstacles with regard to
its nuclear program are the result of a lack of public-
sector coordination and communication. With no
overarching strategy for the implementation of its
nuclear program (Banks and Ebinger, 2012).

National Strategy for HRD and Challenges in
Jordan

Jordan’s policy makers have come under in-
creasing pressure from the public to justify the need
for the nuclear power program. Failure by the gov-
ernment to address these concerns through adequate
Stakeholder (Stakeholder Involvement in Nuclear
Issues, 2006) engagement has led the public to fur-
ther question the economic rationale and the legiti-
macy of the program, and to reluctance on the part of
some officials to support it. With decreasing politi-
cal and therefore financial support, concerns about
the program have multiplied. The consequences of
this negative spiral for HRD are particularly clear as
interest among potential students in nuclear-related
degree programs has diminished. Jordan[ls case
demonstrates the critical importance of stakeholder
engagement in building the public support and the
human capacity to enable the deployment of nuclear

power.

Egypt
Nuclear Power Program Status.

The adoption of nuclear power was foreseen in
Egypt since 1960s. In Sep. 2006, a national debate
was initiated to develop a comprehensive energy
strategy and to assess the feasibility to use nuclear
energy. Several top-level committees have been
structured in order to manage, and coordinate differ-
ent activities necessary for NP program. Based on
the outcome of the national debate including the re-
sults of the performed technical and economic stud-
ies with close cooperation with IAEA, the president
of the country at that time declared the strategic deci-
sion in October 2006. The declaration states:
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e Construction of a number of nuclear power
plants for electricity generation.

e Implement the necessary steps to construct the
first nuclear power plant.

e Develop the program in cooperation with our in-
ternational partners and IAEA.

The program to be conducted within the frame-
work of transparency and respect of commitments of

the non proliferation regime.

Since the announcement of the strategic deci-

sion, several activities have been carried out:

e Contract with an international consultant en-
gineering to support Nuclear Power Plants
Authority NPPA (Utility) in the implementation
of the first NPP.

e  Issue Nuclear Law and its Executive regula-
tions.

e Establish an independent Regulatory Body
(RB).

e  Updating and submit Site Permit Documents
to RB.

e  Complete nuclear technology assessment.

e Develop the financing, fuel supply and local
participation issues.

Conduct several training sessions in and outside

Egypt as a part of HRD plan.

e Complete and review by IAEA experts the (Bid
Invitation Specification BIS) documents since
2011(Banks and Ebinger,2012)

Current Status of the 1st NPP

The Egyptian President and his Russian coun-
terpart met in Cairo on December 11, 2017, to at-
tend the signing of an agreement officially launching
work on Egypt’s nuclear power plant at El -Dabaa.
Egypt’s Minister of Electricity, the Director General
of Russian state atomic energy corporation Rosatom,
have signed the document to officially commence
the project.
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Upon the completion of the El - Dabaa project,
Egypt will not only benefit from having a nuclear
plant but also from gaining the latest and safest tech-

nology of nuclear energy.

Rosatom has announced that work on the El-
Dabaa plant, situated west of Alexandria, will start
in December 2017and that the company will service
the plant’s four reactors for 60 years.3 The first re-
actor, with a capacity of 1,200 MW, is expected to
begin commercial operations in 2026.The remaining
three reactors should be online by 2028 (Egypt and
Russia to Sign Contract for Dabaa Nuclear Power
Station, 2017)

The Type of Reactor is VVER Version I11+

The Russian abbreviation VVER stands for
‘water-water energy reactor’ (i.e. water-cooled wa-
ter-moderated energy reactor). The design is a type
of pressurized water reactor (PWR). The main dis-
tinguishing features of the VVER compared to other
PWRs are:

e Horizontal steam generators

e Hexagonal fuel assemblies

e No bottom penetrations in the pressure vessel

e High-capacity pressurizes providing a large re-
actor coolant inventory

Reactivity is controlled by control rods that can
be inserted into the reactor from above. These rods
are made from a neutron absorbing material.

Safety features

The nuclear part of the plant is housed in a
single building acting as containment and missile
shield. Besides the reactor and steam generators this
includes an improved refueling machine, and the
computerized reactor control systems. Likewise pro-
tected in the same building are the emergency sys-
tems, including an emergency core cooling system,
emergency backup diesel power supply, and backup
feed water supply.

A passive heat removal system had been added
to the existing active systems in the AES-92 ver-
sion of the VVER-1000 used for the Kudankulam
Nuclear Power Plant in India. This has been retained
for the newer VVER-1200 and future designs. The
system is based on a cooling system and water tanks
built on top of the containment dome. The passive
systems handle all safety functions for 24 hours, and
core safety for 72 hours ( Essam El — Din, 2017)

Other new safety systems include aircraft crash
protection, hydrogen recombine’s, and a core catch-
er to contain the molten reactor core in the event of a
severe accident. The core catcher will be deployed in
the El Dabaa Nuclear Power Plant build.

National Strategy for HRD for Regulating NPPs in
Egypt

In Egypt, it is recognized that the development
of skilled and qualified nuclear workforce is a vital
key for realizing the success of the implementation
of the Egyptian nuclear power programs.

Vision: “Egypt will have the necessary com-
petencies to manage the nuclear power program,
participate in the implementation of the nuclear
power plants and safely and efficiently operate them
according to the national and international nuclear
standards”.

- National or local capabilities shall be utilized to
the maximum extent possible.

- EPC contractor shall provide proposal for
training and technology transfer to the Egyptian
staff.

The main objectives are:

e To develop a sufficient and competent number
of qualified staff necessary to carry out all the
NPP program activities in safe and reliable
manner.

e To ensure the availability of the nuclear experi-
enced workforce at the proper time.

e To make effective and efficient use of the
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available national resources and of the foreign
partners in certain specialized and advanced
nuclear technical areas.

e To assure the involvement of the stakeholders
as well as the long term governmental commit-
ment.

e To co-operate with the relevant international
organizations and particularly IAEA.

e To gain and enhance the mutual benefits from
the bi-lateral agreements.

Opportunities

The Existence of Experienced Staff (Banks, J. M.
and Ebinger, 2012):

e  Contract activities of the Nuclear Power Project
(with Russia)

e Conventional Electrical power plants

e Industry and engineering firms

e Good educational infrastructure.

e  Existence of nuclear engineering departments
in universities.

e Existence of two research reactors.

e  Existence of civil construction and consultation
companies.

e Assistance from IAEA.

e  Activation of bi-lateral agreements (with EU,
koriea, IAEA).

Challenges Facing the HRD in Egypt and Possible

Solutions:
Challenges:

§The repeated delays of the NP program led
to the following negative impacts on the human
resources development (IAEA Action Plan on
Nuclear Safety, 2011):

e Many of the highly qualified personnel left the
country to join nuclear organizations in other
countries.

e The existing nuclear engineering departments
are not able to attract good students due to
limited employment opportunities.
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¢ [Inability of the nuclear authorities to attract
high caliber graduates due to competition from
other industries and private sector.

e  Most of the experienced staff retired or about to
retire, but the matrix are in connection with the
action.

e Lack of national specialized nuclear training
centers, other than EAEA centers.

e Large financial requirement for the human re-

sources development.

Possible Solutions to Face And Overcome these
Challenges:

e Develop a comprehensive re-structuring plan
that includes better working environment, to at-
tract employees and retain qualified human re-
sources.

e Recruit and train a number of personnel greater
than required.

e Make use of Egyptian experts who have been
recently retired from national or international
nuclear organizations, and who still have the
ability to work efficiently.

e Utilize existing expertise in the Egyptian elec-
tricity and industry sectors that have relevant
experience in construction, installation and op-
eration of large thermal conventional plants.

e Utilize
opportunities from IAEA, Consultant, EPC
(Engineering, Procurement and Construction)

available international cooperation

contractor and advanced nuclear countries

(Shay, 2017)

REGIONAL STRATEGIC ROAD MAP FOR
ENHANCING AND STRENGTHENING HR
CAPABILITIES IN ARAB COUNTRIES

The Arab Atomic Energy Authority (AAEA)

The AAEA is a sub organization of the Arab
league. Its Headquarter is in Tunisia it consists of
13 Arabic states. The structure of AAEA is similar
to that of IAEA and shares the same principles and
objectives. The missions of the AAEA are:
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e Coordinates among member states in the field
of peaceful applications of atomic energy,

e Suggest and sponsor many coordinated re-
search projects between Arab States in different
fields of atomic energy applications,

e Assisting in human resources development and
transfer of knowledge and information concern-
ing the nuclear sciences & technologies,

e Setting up unified Arab regulations for radiation
protection, nuclear safety and security and safe
handling of radioactive materials.

e Recently AAEA developed with member
states The Arabic Strategy for Peaceful use of
Atomic Energy up to 2020 approved by the
Arab summit,

e A ten year program up to 2020 has been de-
veloped by Arab experts touching all fields of
nuclear applications including nuclear power,

e AAEA is ready to assist Arab states to develop
their nuclear infrastructure and act as coordi-
nator between member states to foster exchange
of experiences.

e The AAEA contains within its stricture a regu-
latory net for Arab countries, with the name
Arab network for nuclear regulators, 13 Arab
countries are member of this network.

Enhancing Multilaterals Networks among
Regulators

The most important networks among Arab regula-
tors are

e Forum of Nuclear Regulatory Bodies in Africa
( FNRBA)

e Arab Network of Nuclear Regulators
(ANNuR)

The main objectives and purposes of ANNuR
are:

e To ensure that safety and security knowledge,
experience, and lessons learned are made vis-
ible and available through links between part-
ners platforms, and are exchanged broadly,

e To enable and support interaction and collabo-
ration between competent people and organiza-
tions.

e To enhance, strengthen and harmonize the ,
regulatory infrastructure among ACs;

e To provide mechanisms for ANNuR to be an
effective and efficient internationally recog-
nized network for exchange of regulatory expe-
riences and practices among the nuclear regula-
tory bodies in Arab states.

e To interact positively with other international

and regional regulatory networks as well as :

- International Nuclear Regulators
Association (INRA)

- Western European Nuclear Regulators

Association ( WENRA)

- Network of Regulators of Countries with
Small Nuclear Program (NERS)

- Asian Nuclear Safety Network (ANSN)

- Global Nuclear Safety and Security
Network (GNSSN) developed by to pro-
vide linkages between the IAEA to and

existing networks

Integrated Regional Administrative System (IRAS)
Objectives, Merits and Evolution.

According to the objective of the Arab Network
for Nuclear Regulators (ANNuR), the IRAS system,
within the framework of the ANNuR could be an ef-
fective mechanism to activate, support and enhance
capacity building and human resources development
programs for regulating the nuclear power programs
of new comer countries embarking on nuclear power
in the Arab Region. Examples of these countries are:
UAE, Egypt and Jordan, which are planning to in-
troduce nuclear power plants and some NFCFs like
fuel fabrication and spent fuel storage facilities. This
system could be administrated under the umbrella
and supervision of both AAEA and IAEA. Various
nuclear and radiological facilities and stakeholders
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in different ACs can achieve an important task, ei-
ther on national or regional scales, in enhancing and
development of HR capabilities in these facilities.
This could be achieved either for operational safety
and security or regulating of these facilities. These
tasks could be implemented throughout the IRAS
system. The IRAS system could be formulated by
a Multilateral Agreement among ACs under the um-
brella of both the Arab Atomic Energy Authority
(AAEA), and the International Atomic Energy
Agency (IAEA) .The establishment of this integrated
Regional Administrative System (IRAS) coordinates
and collaborates technical efforts and experiences
in nuclear and radiological fields in these countries.
The IAEA throughout INFCS (International Nuclear
Fuel Cycle System) and Technical Assistances can
take the initiative and open communication chan-
nel with the AAEA to establish the main bulk of this
integrated regional system. This system, to a large
extent, can facilitate and enhance the IAEA- NFCIS
(Nuclear Fuel Cycle Information System) regarding
updating information and data acquisition for differ-
ent NFCFs (Nuclear Fuel Cycle Facilities) in these
countries on regional scale. Fig.1. depicts a simpli-
fied Structural components and Evolution for IRAS
(Training the Staff of the Regulatory Body for
Nuclear Facilities, IAEA-TECDOC-1954, 2001)
and (Status and Trends in Nuclear Education,
IAEA Nuclear Energy Series No. NG-T-6.1, 2011).

TIAEA AAEA

A 4

NFCIS
Tech. Asc.

A I Regulatory Body H

Nuclear

Tech. Coord.
Commit.

ANNuR

Planning For:

A

\ 4

Technical
Advisory
Commit.

<=
Authorities

- Training

- Tech. tranf
-T.M
- Work shop

0

I Security II . I

Fig. (1): Structural Components and Evolution for IRAS.
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IRAS Goals and Activities

Recently AAEA developed with its member
states “The Arab Strategy for Peaceful use of Atomic
Energy up to 2020 which is approved by the Arab
summit. This ten year program up to 2020 had
been developed by Arab experts in 2010 touching
all fields of nuclear applications including nuclear
power. However, AAEA is ready to assist ACs to de-
velop their nuclear infrastructure and act as coordi-
nator among ACs to foster exchange of experiences
in nuclear and radiological fields.

The IRAS, under the umbrella and supervision
of both IAEA and AAEA, guarantees, supports and
enhances co-operation in many nuclear and radio-
logical fields e.g. safety and security of the nuclear
power and NFCFs for new comer countries embark-
ing in nuclear power. Which is the case of some Arab
Countries like; Egypt, Countries, planning to intro-
duce nuclear power plants and some NFCFs like fuel
fabrication and spent fuel storage facilities. Can take
benefits throughout supporting and strengthening the
following subfields:

e Human resources development and Management
Co-operation in establishing a legislative frame-
work and regulatory bodies

e Developing their nuclear infrastructure and act
as coordinator between member states to foster
exchange of experiences

Security, Radiation

Workshop

e Focusing on Safety,

Protection Training, and
TM.(technical meetings)

e Establishing Data Base acquisition System for
different Nuclear power and NFCFs in ACs in
co-operation with IAEA- NFCIS

e Promotion and enhancing Inspection and
Safeguards Systems for NFCFs in AC.

e Enhancing Safety and Security (S&S) Issues

e The nuclear safety and security measures that
need to be taken to protect workers, public
and environment from radiation hazards are of

outmost importance and interest to the Arab
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Countries and the international communities

e Nuclear safety & security are a global issue,
since accident anywhere is accident every-
where.

e AAEA facilitate enrollment of Arab country in
the International Nuclear Safety and Security
Regime

e There are many instruments for achieving high
level of nuclear safety on a global basis, such as
nuclear-safety-related conventions, IAEA safety
standards and guides, safety review services and
guides provided by the IAEA. (IAEA Action
Plan on Nuclear Safety, 2011).

CONCLUSIONS

Based on the conclusions from three Arab
Countries case study, the paper offers a series of
recommendations on competence and sustainabil-
ity-related HRD risks for the three reviewed coun-
tries and emerging market nations looking to enter
the civil nuclear sector. These recommendations

are:

1. HRD should be an essential and central part of
a new nuclear energy state’s strategy

2. New nuclear energy states adopting new reactor
technologies should allocate additional HRD
time and resources to become an “intelligent

customer”

3. HRD programs should place a large emphasis
on safety culture and Security

4. Quality control initiatives should include merit-
based recruitment, international benchmarking
and vendor involvement

5. Stakeholder engagement should be a core ele-
ment of new nuclear energy programs’ HRD
strategies

6. HRD strategies should be designed around the
operational needs of the nuclear industry rather
than around high profile academic programs

National quota policies should be flexible to the

needs of new nuclear programs

Regional cooperation should not be relied upon
as the primary or major source for HRD in the
nuclear sector.
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