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Abstract: The nuclear power plant (NPP) project (NPPP) usually faces with the complex quality, health and safety, and
environment (QHSE) risks, so that it is vital to establish the QMS, OHSMS, and EMS, as is called QHSEMSs, according to ISO
9001, ISO 45001, and ISO 14001 standards, as is called the three ISO standards, respectively. Meanwhile, the QHSEMSs need to
be supplemented and improved according to IAEA safety standards due to its industry particularity, and the special QHSEMSs
need to be established and then implemented. However, during establishing and implementing the special QHSEMSs for NPPP,
problems including huge numbers of documents, complex organizational structures, cumbersome management processes, lower
management efficiency, and higher management cost are encountered. In order to solve these problems, a generic model for
integrating the special QHSEMSs into an integrated management system (IMS) for QHSE (QHSEIMS) for NPPP in China was
proposed according to the three ISO standards and TAEA safety standards through PDCA, process, and system approaches, as is
called the three integration approaches. The proposed model was applied to establish and implement the QHSEIMS in a typical
case, and the application results indicated that the proposed model was of great help to streamline the documentation,
organizational structure, and management process for QHSE, and to effectively and efficiently manage the QHSE for the NPPP.

Keywords: Nuclear Power Plant Project, Integrated Management System, QHSE, Integration Approaches, ISO Standards,
IAEA Safety Standards

1. Introduction

The nuclear power plant (NPP) project (NPPP) usually
faces with complex quality, health and safety, and
environment (QHSE) risks [1, 2]. Therefore, it is vital to
establish the quality management system (QMS),
occupational health and safety management system (OHSMS),
and environmental management system (EMS), as is called
QHSE management systems (MSs) (QHSEMSs), according to
International Organization for Standardization (ISO) 9001,
ISO 45001, and ISO 14001 standards, as is called the three
ISO standards, separately for NPPP [3, 4]. Meanwhile, due to
its industry particularity, the QHSEMSs need to be
supplemented and improved according to International
Atomic Energy Agency (IAEA) safety standards, and the
special QHSEMSs need to be established and then

implemented to manage the QHSE [5, 6].

However, during establishing and implementing the special
QHSEMSs for NPPP the following problems are encountered
[7-9].

1) Three sets of system documents should be established to
regulate the QHSE management, resulting in huge
numbers of documents;

2) Three organizational structures should be set up to
operate and maintain the QHSEMSs, causing the
complex organizational structures;

3) Three management processes should be built up to
control the processes for QHSE, making the
cumbersome management processes and lower
management efficiency;
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4) Three kinds of manpower, material and financial
resources should be allocated, leading to the higher
management cost.

Previous studies have shown that those problems can be
solved by establishing a model for integrating the QHSEMSs
into an integrated management system (IMS) for QHSE
(QHSEIMS) [10]. This model can be used to establish and
implement the QHSEIMS so as to streamline the
documentation, organizational structure, and management
process for QHSE, to reduce the management cost, and to
enhance the management efficiency [11, 12]. Some
researchers have proposed specific models for establishing
and implementing the QHSEIMS for road, railway, port,
building, hospital, and hydroelectricity projects [13, 14].
However, there have been no study on how to propose such a
model for NPPP.

Therefore, this paper aims to propose a generic model for
establishing and implementing the QHSEIMS for NPPP in
China according to the three ISO standards and IAEA safety
standards through Plan-Do-Check-Action (PDCA), process,
and system approaches, as is called the three integration
approaches, and to apply this model to a typical case in East
China.

The structure of this article is as follows: the first part is
introduction, in which the authors describe the research
objectives of this paper; the second part introduces the
literature review and background; the materials and method
is presented in the third part; the fourth part proposes a
generic model; the proposed model is applied in a typical
case in the fifth part; and in the sixth, the authors give the
conclusions.

2. Literature Review and Background
2.1. International Standards on QHSE Management

2.1.1. ISO 9001 Standard

ISO is an independent and non-governmental international
agency on standardization [15]. Its main work is to formulate
international standards, to deal with the relevant
standardization issues, and to coordinate the standardization
work around the world. So far, ISO standards have become the
ones that international organizations have to comply with
when they establish the standardized systems [16].

In 2015, ISO issued the ISO 9001 standard (5th edition). As
the general requirements for QMS, the standard provides a
scientific method for quality management and quality
assurance for international organizations and helps them to
improve their product quality and service level [17].

Any organization can establish and implement the QMS
according to ISO 9001 standard so as to standardize its quality
activities, to strengthen the quality process control, to reduce
the quality loss, to manage the influence factors on project
quality, to minimize the quality risk, to produce or provide the
high quality products or services meeting the stakeholders'
expectations and requirements, to establish a good quality
culture to improve quality performance, and to achieve the

established quality objectives [18, 19].

2.1.2. ISO 45001 Standard

In March 2018, ISO issued the ISO 45001 standard (1st
edition). Although the standard is a new one, it replaces the
Occupational Health and Safety Assessment Series (OHSAS)
18001 standard issued by British Standards Institution (BSI),
and its foundation is strong enough [20]. Currently, all the
international organizations which have passed the OHSAS
18001 certifications have three years of transition time for
recertification, that is, they should accomplish the certification
transition from OHSAS 18001 certification to ISO 45001
certification before March 2021 so as to meet the requirements
of ISO 45001 standard [21].

Any organization can establish and implement the OHSMS
according to ISO 45001 standard or BSI 18001 standard so as
to standardize its occupational health and safety (OHS)
activities, to identify the OHS hazards and to assess and
control hazards-related risks, to prevent the OHS accidents or
effectively control the consequences of OHS accidents, to
establish a good safety culture to improve OHS performance,
and to achieve the established OHS objectives [22].

2.1.3. ISO 14001 Standard

In 2015, ISO issued the ISO 14001 standard (3rd edition).
As the widely accepted international environmental standard,
it provides a scientific method for environmental management
for international organizations and helps them to improve the
environmental management level [23].

Any organization can establish and implement the EMS
according to ISO 14001 standard so as to standardize its
environmental activities, to reduce or control the generation,
and discharge or waste from pollutants or wastes, to find out
the potential environmental problems and to eliminate or
reduce the negative effects on the environment, to minimize
the environmental risk, to establish a good environmental
culture to improve environmental performance, and to achieve
the established environmental objectives [24, 25].

2.1.4. IAEA Safety Standards

TAEA is a scientific and technological cooperation
organization in the field of international atomic energy
between governments [26]. Its main work is to formulate
the international nuclear safety standards, to deal with the
nuclear safety issues, and to promote the nuclear safety
worldwide [27]. So far, IAEA safety standards have
become the foundation stone of international nuclear
safety system [28].

IAEA has issued lots of safety standards. These standards
require that the member states should establish a sustainable
management system for their nuclear facilities and
comprehensively take into account the QHSE so as to ensure
the coordination, unity and effectiveness of QHSE
management in member states [29].

In China, the relevant national standards, which are
identical to the three ISO standards and IAEA safety standards,
are published [30].



172 Rui Ding et al.:

2.2. Integration Approaches for QHSEMS's

Currently, the three integration approaches are usually used
to establish and implement a QHSEIMS or to establish its
model for the above mentioned industrial projects [31].

2.2.1. PDCA Approach

PDCA approach, also called PDCA cycle or Deming cycle,
is a scientific one used to guide the quality management for an
organization. It divides the quality activities into Plan, Do,
Check, and Action four stages so that they can be conducted in
a clear and systematic process to promote the continuous
improvement on quality [32].

All the new international standards on MSs by ISO have a
uniform High Level Structure (HLS), and they have the
identical structures and chapters. These chapters align with the
four phases in PDCA approach [33].

Jorgensen et al. [34] believed that an IMS for QHSE and
corporate social responsibility (CSR) should be established
based on the policy and planning, implementation,
corrective action, and management review, which
constituted a PDCA process. Muzaimi et al. [35] used the
PDCA approach to implement the QHSEIMS including
setting the milestone to be achieved at the Plan stage,
providing training, inspecting the QHSE, reviewing and
completing the QHSEMSs, and defining the processes at
the Do stage, slightly adjusting the QHSEMSs through a
difference analysis at the Check stage, and determining the
future improvement at the Action stage.

2.2.2. Process Approach

Process approach is a scientific one which studies and
deals with the used processes for an organization. It is used to
determine the objectives for an organization, and to
systematically identify and manage the interrelated and
functional processes in the process of achieving the
objectives [36].

Sanorlam and Thawesaengskulthai [37] considered that all
the MSs can be integrated through process approach so as to
streamline the process and improve the system effectiveness.
Ahidar et al. [38] used the process approach to establish a
practical framework in which the implementation of IMS
was divided into a series of continuous processes and each
process contained continuous activities. Asif et al. [39]
designed an IMS for QHSE and CSR implementation
through process approach which contained 3 successive
stages including designing core processes, improving

process performance, and integrating strategy and operations.

In the first stage, each activity was designed from the
stakeholders' requirements and expectations. In the second
stage, all the processes were managed effectively and
efficiently. In the third stage, the improved processes
(through the above two stages) were embedded into the
mainstream of QHSEMSs.

2.2.3. System Approach
System approach is a scientific one which studies and deals
with the problem in a system by system thinking. It regards the
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research object as a single system, analyzes the composition
and function of the system, investigates the interactive
relationships among the elements in the system, and finds the
best way to deal with the problem and optimizes the system by
system analysis [40].

Pojasek [41] believed that the three ISO standards could be
embedded into a QHSEIMS through system approach,
employee focus, and process view. Rocha et al. [42] built an
IMS for QHSE and CSR containing 7 key elements through
system approach, and incorporated the sustainability in line
with mainstream business infrastructure into it.

2.3. Models for QHSEIMS

A model for the QHSEIMS can help an organization to
integrate the QHSEMSs, to promote the sustainable
development, to improve the management performance, to
support the development of the QHSEIMS [43], and most
importantly, such model can provide the guidelines and
practical recommendations on the QHSEIMS within the
industry [44]. Therefore, many investigators have tried to
establish the models for the QHSEIMS through the above
described three integration approaches.

Bernardo [45] proposed a model to study the connection
between the IMS and innovation management performance.
Dale [46] established a model for the QHSEIMS which
showed what the organizations needed to consider in
implementing the QHSEIMS. RoBler and Schlieter [47]
presented the design proposals for proposing a model-based
method to integrate the MSs and provided methodological
support for implementing an IMS for QHSE and emergency in
practice. Tari and Molina-Azorin [48] proposed a model
which was used as the foundation for integrating the QMS and
EMS. Zeng et al. [49] proposed a 3-level synergy model for
implementing a QHSEIMS for an empirical research project.
Olaru et al. [50] made a comparison study on various models
for the QHSEIMS.

Rofi’udin and Latief [51] put forward a conceptual model
for the QHSEIMS by PDCA approach which included the
policy of leadership system at the Plan stage, supporting
processes and operations at the Do stage, audit and
management review at the Check stage, and continuous
improvement at the Action stage. Rebelo et al. [52] proposed a
model for the QHSEIMS containing seven components based
on PDCA approach. Hamid et al. [53] suggested a model for
the QHSEIMS containing six components by PDCA
approach.

Badreddine et al. [54] believed that the process approach
can be used to model all the processes for an organization and
put the interaction between them into the same model. El
Idrissi et al. [55] applied the process approach to propose a
conceptual process model for the QHSEIMS consisting of
three main dimensions, which were function dimension
including leadership, politics/strategy, and communication,
tactical issue dimension containing planning, implementation,
measures, analysis, and improvement, and strategic dimension
containing labour, matter, equipment, environment, and
method.
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Juréevi¢ [56] proposed a system model for an IMS using the
system approach in which QHSEMSs and CSR and financial
MSs were considered as parts of a system and analyzed so as

to satisfy the requirements and expectations from stakeholders.

Karapetrovic and Jonker [57] used the system approach to
propose a system model for the IMS for QHSE and CSR
which included determining the objectives, planning and
designing the system, acquiring and deploying resources,
operating the system, and evaluating and improving the
system. Algheriani et al. [58] used a system model to
implement the QHSEIMS through the QHSE objectives,
processes, and resource management.

All these studies show that it is necessary to use a model
compatible with the integration approaches for harmonizing,
aligning, and finally integrating the QHSEMSs. However,
there is no suitable model for the QHSEIMS for all
organizations because the model is dependent on the
characteristics and culture of the organizations [59].

The above literature review demonstrates that the
QHSEIMS or its model for other industrial projects was
proposed according to the three ISO standards through PDCA,
or process, and or system approaches. However, there has not
been a model for establishing and implementing the
QHSEIMS for NPPP; and it is hard to judge which integration
approach is more suitable to be used for proposing such a
model because each integration approach has its own
characteristics. In addition, the QHSEMSs for NPPP are
required to take into account the IAEA safety standards, but
there has not been such reference on how to do it.

Therefore, a generic model for establishing and
implementing the QHSEIMS for NPPP should be proposed
through the three integration approaches according to the three
ISO standards and TAEA safety standards. In addition, the
proposed model should be applied to establish and implement
the QHSEIMS in a typical case so as to verify whether it can
manage the QHSE effectively and efficiently.

3. Materials and Method

The questionnaire method has widely been used to establish

and implement the QHSEIMS [60]. So, this method was used
to propose a generic model for establishing and implementing
the QHSEIMS for NPPP in China.

For the sake of the effectiveness of research, the authors
consulted a large amount of literature on QHSEIMS and a
great deal of information and data on QHSE management
for NPPP in China, made face-to-face interviews with
management representatives and employee representatives,
and conducted on-site investigation in each NPP. Based on
the work, a preliminary questionnaire was designed, the
questionnaire was then corrected according to the advice
from the experts in universities, and the formal
questionnaire was defined. The formal questionnaire
includes the following four items: 1) contents for
establishing the QHSEIMS for NPPP according to the three
ISO standards and IAEA safety standards; 2) processes for
establishing and implementing the QHSEIMS for NPPP
through PDCA approach; 3) processes for establishing and
implementing the QHSEIMS for NPPP through process
approach; and 4) processes for establishing and
implementing the QHSEIMS for NPPP through system
approach.

From January to March 2019, the questionnaires were
distributed to the relative personnel including leader layers,
managers, internal auditors, employees, and on-site
workers through the information systems for all the NPPPs
in China. The authors distributed 600 questionnaires,
received 557 questionnaires, and kept 494 effective
questionnaires, which showed that the effective rate was
88.9%.

Finally, all the effective questionnaires were studied, the
information and data were summarized and statistically
analyzed, and the research contents in questionnaires were
ascertained.

4. Proposed Generic Model

The processes for establishing and implementing the
QHSEIMS for NPPP were determined through the three
integration approaches, which were shown in Table 1.

Table 1. The processes for establishing and implementing the QHSEIMS for NPPP through the three integration approaches.

No. Approach Processes

1) Determining the QHSE policy, allocating the necessary resources, and establishing the organizational structure at the Plan stage;

2) Implementing the QHSEIMS, and organizing and carrying out the activities at the Do stage;
and evaluating the effectiveness of the system through the effective monitoring and

1 Ez)(rjoAach 3) Checking the system implementation,
measurement at the Check stage;
4) Formulating measures to continuously improve the system at the Action stage.
1) Analyzing the requirements and expectations from stakeholders, and determining the QHSE objectives;
5 Process 2) Systematically identifying all processes and relevant activities during implementing the QHSEIMS;
approach 3) Making clear the orders and interactive relationships among the processes and relevant activities;
4) Improving and optimizing each process and relevant activities timely.
1) Taking the QHSE management as a system;
3 System 2) Systematically designing the elements, objectives, processes, and resources for the QHSEIMS;
approach 3) Based on the results of step 2, designing and implementing the plan for establishing and implementing the QHSEIMS;

4) Systematically analyzing the information and data related to the QHSEIMS so as to optimize the system functions.

Based on the determined processes in Table 1, a generic model for establishing and implementing the QHSEIMS for NPPP in

China was proposed, which was shown in Figure 1.
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Figure 1. A generic model for establishing and implementing the QHSEIMS for NPPP in China.

5. Model Application
5.1. Typical Case

In this section, the model was applied to establish and
implement the QHSEIMS for the NPPP in Fujian Fuqing
Nuclear Power Corporation Limited (FQNP). Units 1-4 in
FQNP have been under operation. Units 5-6 have been under
construction since May 2016, and they constitute the NPPP.
The construction of Units 1-4 has provided valuable
experience for that of Units 5-6.

During the NPP under construction, it is hard to ensure the
project quality and protect the workers' OHS and environment,
because the QHSE risks are very high due to many
participating teams, complex organizational structures and
management processes, and dynamic working environment.
Consequently, it is vital to establish and implement a
QHSEIMS so as to effectively and efficiently manage the
QHSE, and to ensure the project quality and protect the
workers' OHS and environment while the NPP is under
construction.

5.2. Establishment of OHSEIMS

The QHSEIMS for the NPPP in FQNP was established in
terms of three key variables including the integrations of the
documentations, the organizational structures, and the
management processes according to the three ISO standards
and IAEA safety standards.

5.2.1. Integration of the Documentations
The integration of the documentations included QHSE
management manual in the first layer, procedural documents

in the second layer, and technical documents in the third layer.

(1) QHSE management manual

The three ISO standards have a uniform HLS and common
elements, and this creates favorable conditions for
establishing the QHSEIMS. The elements of QHSE
management manual were established according to common
elements, and the QHSE management manual was then
established according to the general requirements of the three
ISO standards and IAEA safety standards.

The QHSE management manual is the programmatic
document for QHSEIMS, which puts forward the principles
on the integration management on QHSE, and is the standard
and principle of conducting the QHSE activities.

(i1) Procedural documents

The procedural documents were established to further
satisfy the requirements of the three ISO standards and IAEA
safety standards.

The procedural documents, which are the expansion of
QHSE management manual, stipulate the specific methods
and ways to achieve the QHSE objectives, and describe the
responsibilities, measures, resources and activities for the
integration management on QHSE in detail.

(iii) Technical documents

The technical documents including operating procedures,
working plans, detailed working codes, construction drawings,
records (forms, images, and reports), etc, which are the
supporting documents and detailed rules of procedural
documents, are the management methods or operation
schemes for specific matters. They clarify the achieved results
or provide the evidence for activities.

5.2.2. Integration of the Organizational Structures
Based on the basis of the integration of the documentations,
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the organizational structures were integrated from setting up a
new management structure, forming QHSE management
and

committee, appointing management representative,
appointing employee representative.
(i) Setting up a new management structure
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A new management structure was set up to define the
responsibilities and authorities on QHSE management for
leader layer, departments, working groups, and personnel. The
new QHSE management structure for the NPPP in FQNP was
shown in Figure 2.
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Figure 2. QHSE management structure for the NPPP in FONP.

(i1)) Forming QHSE management committee

The QHSE management committee was formed. Its main
responsibilities were as follows: 1) guiding the establishment
and implementation of QHSEIMS; 2) arranging the QHSE
activities; 3) discussing and deciding the major QHSE matters;
4) reviewing resource allocation and providing enough
resources; and 5) coordinating and solving the problems in the
integration management on QHSE.

(iii) Appointing management representative

The deputy general manager in charge of QHSE
management was appointed as the management representative.
His main responsibilities included: 1) organizing the
establishment and implementation of QHSEIMS; 2) presiding
over the internal audit meeting; 3) reporting the demand for
improving the QHSEIMS performance to the top leader
regularly; and 4) taking charge of external communication and
liaison on QHSE matters.

(iv) Appointing employee representative

The chairman was appointed as the employee
representative. His main responsibilities included: 1)
protecting the employees' legitimate rights and interests; and 2)
reflecting the opinions and suggestions from employees on
QHSE to the leader layer.

5.2.3. Integration of the Management Processes

During the establishment and implementation of QHSEMSs,
three management processes need to be established, and each
one includes: 1) education and training; 2) document control; 3)
record control; 4) communication, coordination, and
cooperation; 5) operation control; 6) monitoring and
measurement; 7) compliance evaluation; 8) information and
data analysis; 9) internal audit; 10) management review; 11)
nonconformity control; 12) external audit; and 13) continuous
improvement. On the basis of the integration of the
documentations, the three management processes were
integrated into one management process for QHSE.

5.3. Implementation of QHSEIMS
The QHSEIMS for the NPPP in FQNP was implemented in

the following four steps.

5.3.1. First Step

In the first step, the main work included preliminary
evaluation, allocating resources, formulating QHSE policy,
and identifying requirements and expectation from
stakeholders and determining QHSE objectives.

(1) Preliminary evaluation

The preliminary evaluation was to investigate and analyze
the status and understand the QHSE management conditions.

(i1) Allocating resource

The demand plan for allocating resource was formulated by
identifying the QHSE activities based on the principles of
safety, availability and efficiency, and its implementation was
inspected and audited so as to adjust and optimize the
resources timely.

(ii1) Formulating QHSE policy

The following QHSE policy was to describe the purpose
and behavior principle of the integration management on
QHSE, and it was formulated by the top leader of the FQNP: 1)
safe production and people orientation; 2) prevention first and
elimination of potential hazards; 3) prudence and rigorousness
and well execution; and 4) continuous improvement and
pursuit of excellence.

(iv) Identifying the requirements and expectation from

stakeholders and determining the QHSE objectives

The requirements and expectations from stakeholders
including society, sharcholders, customers, suppliers,
employees, and local community, etc were identified
regularly, the relevant information was collected, and the
feasible QHSE objectives were determined. The fulfillment
of the QHSE objectives was monitored and audited
effectively so as to satisfy the requirements and expectations
from stakeholders.

5.3.2. Second Step

In the second step, the main work included education and
training, document control, record control, communication
and coordination and cooperation, and operation control.
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(i) Education and training

FQNP educated and trained all its personnel. The training
mainly included the three ISO standards and TAEA safety
standards, and QHSEIMS. Through the education and
training, all personnel could have a clear and
comprehensive  understanding of the integration
management on QHSE.

(i1)) Document control

FQNP controlled the compilation, review, approval, release,
distribution, revision, cancellation, retention, and storage of
the documents so that the personnel could obtain the latest
version of documents timely.

(ii1) Record control

FQNP controlled the generation, collection, cataloguing,
identification, distribution, classification, inspection, volume,
processing, storage, and keeping of the records so as to
provide the evidence that could meet the requirements of the
three ISO standards and TAEA safety standards, stakeholders,
and integration management on QHSE.

(iv) Communication, coordination, and cooperation

FQNP established the mechanism for internal and external
communication, coordination, and cooperation, and defined
the channels and methods for communication, coordination,
and cooperation for the QHSE affairs, especially the control of
major QHSE risks, so as to ensure the timely and effective
exchange of information on QHSE.

(v) Operation control

FQNP made the overall plan for QHSE activities on the
premise of meeting the feasibility and effectiveness, and
controlled these activities. It mainly carried out the
operation control from the following five aspects: 1) design
and development of NPP products and services; 2)
governance of products, services, and processes which
were provided by external organization; 3) release of NPP
products and services; 4) QHSE hazards identification and
risk assessment and treatment; and 5) emergency
preparedness and response.

5.3.3. Third Step

In the third step, the main work included monitoring and
measurement, compliance evaluation, information and data
analysis, internal audit, and management review.

(i) Monitoring and measurement

FQNP monitored and measured the satisfaction degree of
requirements and expectations from stakeholders, the
completion degree of objectives and indicators, the
implementation processes of the QHSEIMS, and the
characteristics of products. It collected and kept all the above
information and data.

(i1)) Compliance evaluation

FQNP regularly identified and analyzed the suitability of
the three ISO standards and IAEA safety standards, and
evaluated the compliance of the QHSEIMS with the standards
so as to fulfill the commitment to complying with them.

(ii1) Information and data analysis

FQNP regularly analyzed all the information and data
related to the QHSEIMS, and determined the development
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trend of the integration management on QHSE so as to provide
the basis for formulating the corrective and preventive
measures and improving the system performance.

(iv) Internal audit

FQNP formulated the internal audit plan every year, and
carried out the internal audit in accordance with the plan so as
to make sure that the QHSEIMS meets the requirements of the
three ISO standards and IAEA safety standards to verify the
conformance of QHSE activities with the QHSEIMS, and to
provide references for management review, external audit and
continuous improvement.

(v) Management review

FQNP carried out the management review every year, and
examined the corrective and preventive measures for the
nonconformity in internal audits to comprehensively evaluate
the effectiveness of QHSEIMS, to discuss and approve the
important corrective and preventive measures, and to clarify
the next step for the integration management on QHSE.

5.3.4. Fourth Step

In the fourth step, the main work included nonconformity
control, external audit, and continuous improvement.

(i) Nonconformity control

FQNP checked the nonconformity timely and took the
corrective  measures immediately to eliminate the
nonconformity. It investigated the major nonconformity,
analyzed its direct causes and root causes, and formulated and
implemented the corrective and preventive measures to
prevent the similar nonconformity.

(il) External audit

The third-party certification organization conducted
external audit every year. It reviewed and evaluated the
compliance of the QHSEIMS with the three ISO standards
through the seminar, document and record audit, and on-site
investigation, and finally decided whether the company could
pass the three ISO certifications simultaneously or not.

(iii) Continual improvement

FQNP regularly carried out the continual improvement
actions including peer evaluation, external supervision, and
experience feedback, etc to continuously improve the
effectiveness of QHSEIMS.

5.4. Results and Discussion

In November 2019, the third-party certification
organization conducted the annual external audit for the three
ISO standards for the NPPP in FQNP. The external audit
indicated that the QHSEIMS was effective and FQNP had the
good conditions to pass the three ISO certifications
simultaneously by the end of 2020.

The organization also evaluated the integration degree of
QHSEIMS in terms of the integrations of the documentations,
the organizational structures, and the management processes
for the NPPP. The evaluation results indicated that FQNP
achieved the full integration of QHSEMSs and could
effectively and efficiently manage the QHSE. Therefore, the
model applicability was verified.
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6. Conclusions

In this research, a generic model for establishing and
implementing the QHSEIMS for NPPP in China was proposed
according to the three ISO standards and TAEA safety standards
through the three integration approaches. The generic model
was applied to a typical case in East China, and to help it to
establish and implement the QHSEIMS. The results indicated
that the QHSE risk level was well for the ONPP in FQNP. The
establishment of QHSEIMS included the integrations of the
documentations, the organizational structures, and the
management processes, and the implementation of QHSEIMS
was elaborated in detail in four steps. The results showed that
the proposed model was of great help to streamline the
documentation, organizational structure, and management
process for QHSE, to effectively and efficiently manage the
QHSE, to reduce the QHSE risks as low as reasonably
achievable, and to achieve a high quality, healthy and safe
working condition, and clear environment for the NPPP.

The contributions of this research lie in: 1) the literature
review was increased on the QHSEIMS for NPPP; 2) a generic
model for establishing and implementing the QHSEIMS for
NPPP was first proposed; and 3) the proposed model was of
great help to establish and implement a QHSEIMS and
effectively and efficiently manage the QHSE for NPPP.

But, the limitation of this paper is that the model is only
applied to a typical case. Thus, in further studies, we will: 1)
apply the model to all the other NPPPs and guide them to
establish and implement their QHSEIMSs; and 2) assess the
effectiveness of the established QHSEIMS.
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