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Abstract — Based on management characteristics in the lifecycle of a large-scale cross-sea bridge-tunnel project, we analyze the 
environmental management risks and requirements. Then, we propose an overall solution framework model based on 
owner-dominated environment management from the environmental protection content, process, mode and system in various 
stages, and investigate the implementing strategies. 
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I.  INTRODUCTION 

 
Since the beginning of the 21st century, with the 

development of scientific and technological level and 
building technology, a number of cross-sea bridge projects 
with the world advanced level have been completed, such 
as Donghai Bridge, Hangzhou Bay Cross-sea Bridge, 
Sutong Yangtze River Bridge, Qingdao Bay Bridge, 
Shanghai Yangtze River Bridge-Tunnel Project, etc.; 
meanwhile, some more challenging super-large cross-sea 
bridge-tunnel projects are under construction or planning, 
such as Hong Kong-Zhuhai-Macao Bridge, Qiongzhou 
Strait Channel, Bohai Bay Cross-sea Channel, etc.  

Traffic infrastructure construction has such 
characteristics as production mobility, construction 
diversity, comprehensive synchronization and labour 
intensity, a series of issues relating to occupational health, 
safety and environment in the construction process has 
gradually aroused attention. Particularly, the impact of large 
cross-sea bridge-tunnel projects on marine environment due 
to the limited natural conditions is receiving an increasing 
concern from the society. Therefore, this paper analyzes the 
environmental management requirements and explores the 
environmental management mode and strategies based on 
the construction characteristics of a large cross-sea 
bridge-tunnel project.  

 

II.  THE ENVIRONMENTAL MANAGEMENT 

AND DIFFICULTIES OF A LARGE CROSS-SEA 

BRIDGE-TUNNEL PROJECT CONSTRUCTION 

 
Large cross-sea bridge-tunnel projects are all important 

channels of traffic network in economically-developed 
areas, where the traffic regional advantage is obvious and 
the project significance is great. Marine bridge-tunnel 
projects are complicated, with a huge investment, high 

technology, long design service life and long construction 
cycle. Compared with general traffic infrastructure projects, 
they have characteristics in the following two aspects[1]:  

(1) Engineering construction characteristics: the project 
scale is large; with project content covering offshore 
bridges, off-shore artificial islands, sub-sea tunnels and the 
supporting interim works (such as prefabrication processing 
plant, interim channel dredging  and  interim wharfs, etc.) 
, with a great building difficulty and a long construction 
cycle; there are a large number of offshore construction 
ships and special equipment, mostly large ships and 
machinery equipment; there is a great number of 
construction personnel whose environment awareness is 
weak, and the construction logistics guarantee is great 
(traffic, communications, water supply, power supply and 
catering, etc.); a cross-sea project usually connects to 
different administrative regions, and therefore, the 
management and coordination is difficult correspondingly.  

(2) Engineering environment characteristics: the marine 
climate is changeable, and is apt to the influence of 
typhoons, rainstorms, thunders and high temperature; the 
geological and hydrological conditions in the construction 
sea area and the navigation environment on the sea is 
complicated, the demand for marine environment protection 
is high with many environmentally-sensitive areas, usually 
involving the issue of marine wild animal protection.  

Large cross-sea bridge-tunnel project is traffic 
infrastructure construction, which is developing toward the 
direction of upsizing, standardization, factory and assembly 
orientation. Large cross-sea bridge-tunnel project 
construction process constitutes a lot of high risk operations 
and environmentally-hazard factors due to such factors as 
natural environment, weather, personnel, equipment and 
material emission, etc. At present, for constructions 
projects, including large cross-sea bridge-tunnel projects, 
the early stage environment approval and completion 
acceptance are the two main points in environmental 
management. However, the environmental management and 
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environmental protection measure implementation in the 
construction process are the weak links[2] , forming a 
“Phenomenon of Saddle”[3] in Fig.1. Therefore, the 
environmental protection in construction process becomes a 
key step for the control of environmental impact in the 
engineering construction period in construction projects 
with an ecological influence, such as a large cross-sea 
bridge-tunnel project.  

 

 
Figure 1. The “Saddle” Phenomenon in Environmental Management of 

Construction Projects. 
 

III. ENVIRONMENTAL MANAGEMENT CONTENT 

 
Build an environmental management requirement and 

content frame model for a large cross-sea bridge-tunnel 
project in consideration of natural environmental factors, 
technical risks in the project construction process and the 
management defect or inadequacy in accordance with the 
management content and characteristics in the lifecycle of a 
large cross-sea bridge-tunnel project, as shown in Fig. 2. 

Based on this model, it is known that the range of 
impact on environment in the lifecycle of a large cross-sea 
bridge-tunnel project is the land area, marine ecosystem and 
potential protected species, and the process of impact 
involves two phases of construction and operation. The 
impact on and destruction to the environment in the 
construction phase originates from various construction 
activities, and the degree of impact is directly related to the 
complexity of the construction activities, the advancement 
of the building technology, the completeness of the 
construction machinery and tools, the construction time 
limit and strength, and the degree of the environmental 
management; the impact on and destruction to the 
environment in operation and production phase originates 
from the project design scale itself and operation 
characteristics, and the project structure taking up land area 
and marine area will bring an irreversible change to the 

marine ecology and land area ecology, and the 
transportation service activity of the project itself and the 
derived various pollutant emission will cause a lasting 
impact on or destruction to the surrounding environment of 
the project. 

In term of the environmental management content, it 
can be divided into four aspects, namely, environmental 
approval management, monitoring management, 
supervision management and emergency treatment. A strict 
approval management is a source management and control 
measure, an important guarantee of “Three Simultaneous” 
management, as well as the basis and starting point of the 
follow-up management. Cross-sea bridge-tunnel projects 
mainly involve environmental impact assessment, sea area 
use demonstration, project dredging spoil area 
demonstration and potential protected species special 
demonstration, etc.; environmental monitoring 
management, which is an effective technical means and 
basis for implementing environmental protection 
management and control, can be divided into three phases 
of background monitoring (before construction), 
construction period monitoring and operation period 
monitoring. The content is the land area environment, water 
environment, sound environment and biological resources 
monitoring in the range of the project impact, etc; 
environmental monitoring management refers to the 
monitoring and inspection of the implementation situation 
of the environmental protection measures taken by the 
project participants in the process of project construction 
and operation, and the main management and control 
objects are the operation status of the facility and 
equipment, human environmental protection behaviour and 
the environment situation in the construction area; 
environmental emergency treatment refers to the emergency 
management and control implemented after an 
environmental destruction or pollution incident, including 
marine environmental pollution emergency treatment, land 
area environmental pollution emergency treatment and the 
anti-pollution treatment under a road operation emergency.  

The above-mentioned objects of management and 
control are not separated one another but correlated. 
Therefore, a traditional environmental management mode 
can not adapt to the particularity and complexity in the 
construction process of large cross-sea bridge-tunnel 
projects, and it is necessary to find a solution by top-level 
design through application of system control theory. 
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Figure 2.  The environmental management requirements and contents framework model of a large cross-sea bridge-tunnel project in life cycle. 

 

IV. ENVIRONMENTAL MANAGEMENT FRAMEWORK MODEL  

A. Implementation of a Large Cross-sea Bridge-tunnel 
Project Environmental Management 

 
A large cross-sea bridge-tunnel project involves a wide 

range of areas with a great number of participants, such as the 
development organization (the owner), design/consulting unit, 
project supervising unit (the supervisor), project construction 
unit (the contractor), etc. The owner (the project construction 
unit) is the project legal entity, which plays a leading role in the 
project lifecycle, establishes a cooperative partnership with all 
parties (designer/consultant, supervisor and contractor, etc.) 
through contracts and agreements, and implements 
management and coordination functions using various 

contracts and agreements. In term of environmental 
management, the owner needs to undertake a leading 
responsibility of an overall planning and coordination, and 
its main responsibility is to select qualified participants and 
supervise/guide them performing their responsibilities and 
undertake environmental protection duty in the operation 
period. The designer/consultant mainly provides technical 
services and support relating to environmental management 
for the owner, and performs the design responsibility of 
“Three Simultaneous” in the solution design stage of the 
project. The supervisor is authorized by the owner to 
implement supervision and management in the process of 
project construction. The contractor is the entity 
responsibility unit in the process of project construction, 
which will implement various environmental protection 
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measures in the process of project construction, complete 
project construction contents agreed in the contract, and be 
responsible for the environmental status in the project 
construction process in line with laws and regulations and 
contract clauses. 

The project construction unit (the owner) , which is the 
main propeller and leading player for the realization of 
various management goal in the project lifecycle, has an 
un-transferable leading role and coordinating responsibility 
in engineering construction process, and therefore, is 
responsible for implementing comprehensive supervision 

and management on each participating units. For 
complicated system engineering, the system goal cannot be 
realized through any sub-system, and it is important to 
establish a stable organization system and efficient 
operation system. Therefore, as far as the environmental 
management in the lifecycle of a large cross-sea 
bridge-tunnel project, it is essential to set up an 
environmental management mode and system with the 
owner taking a leading role and maintain its efficient 
operation.  

 

 

 
Figure 3.  Framework diagram of environmental management mode in a large cross-sea bridge-tunnel project
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B. Analysis on Environmental Management System in a 
Large Cross-sea Bridge-tunnel Project 
 
As analyzed above, the environmental management 

mode of a large cross-sea bridge-tunnel project should be 
determined in combination with the responsibilities of 
various parties in lifecycle, forming a management and 
control organization mode of “supervision of government 
competent departments, the leading role and monitoring of 
the owner unit, technical services of the consulting and 
advising and monitoring unit, field supervision of the 

supervising unit, and the contractor performing the duty in 
accordance with the law”. See Fig. 3 for details. 

 

C. Analysis on Environmental Management System in a 
Large Cross-sea Bridge-tunnel Project 
Environmental management system is a component of 

the comprehensive management system in an organization. 
It includes organizational institution, planning activity, 
institutional responsibility, usual practice, program, process 
and resources required for formulating, implementing, 
realizing, assessing and maintaining the environmental 
guideline [4]. 

 

 
Figure 4. The overall solution framework model of environmental management in a large-scale cross-sea bridge-tunnel project 

 
The establishment and operation of the environmental 

management system are important measures to implement 
environmental management. For engineering project 
management, the cost of construction, progress and quality 
is the core “Three Elements”. Occupational health & safety 
and environmental management are important management 
and control factors generated from and depended on 
engineering project progress, which have gradually become 
key factors for the smooth implementation of engineering 
project with the social progress and the improvement of 
scientific and technological level. Therefore, for the 

environmental management in the lifetime of a large 
cross-sea bridge-tunnel project, it is important to establish 
an intensive management mode, that is, an integrated HSE 
management system that covers the project construction 
process, integrates organically with project quality 
management, occupational health & safety management, 
and operates efficiently, in combination with the 
characteristics of the project management task, based on 
ISO9000 Quality Management System Guidance, 
GB/T24001-2004 Environmental Management System 
Requirements and User Guide, GB/T28001-2001 
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Occupational Health Safety Management System Code, and 
Q/SY1002.1-2007 Petro China HSE Management System 
Compilation Guide, incorporating the basic principle of the 
self characteristics and applying system theory, cybernetics 
and information theory[5]. All environmental management 
activities carried out around the engineering project are 
reflected in the operation of HSE management system. 

 

D. Framework Model for Environmental Management 
General Solution of a Large Cross-sea Bridge-tunnel 
Project 

Summing up the above, it is feasible to build a 
framework model for environmental management general 
solution of a large cross-sea bridge-tunnel project, as shown 
in Fig.4. 

In the model, a framework of management mode 
integrating "HSE organizational guarantee system, HSE 
institutional guarantee system, HSE training and education 
system, HSE pre-control prevention system, HSE 
examination and evaluation system and HSE emergency 
management and control system” with HSE management 
and control of the project owner as the leading role, 
environmental management and control goal in the lifecycle 
as the core, HSE system construction and operation as the 
measure, which runs steadily to realize a closed-loop 
management and thus realize a continuous improvement of 
environmental management efficiency in accordance with 
“plan-do-check/assess-action (that is P-D-C-A)” following 
the control theory of “Deming Cycle” [6].   

 

V.  ANALYSIS ON ENVIRONMENTAL MANAGEMENT 

IMPLEMENTATION STRATEGY  
 
For large cross-sea bridge-tunnel project environmental 

management, it is important to pay attention to the 
following key links and requirements in combination with 
the characteristics of the engineering construction [7]: 
 Analyze and assess the result in accordance with 

environmental risks, plan the general thinking and 
mode for environmental management in the lifecycle, 
and implement them in accordance with the plan 
starting from the project proposal stage by following 
the concept of “top-level design”. 

 It is necessary to link environmental management with 
occupational health and safety management 
organically, standardize and control the HSE 
management behaviour and performance of various 
parties through HSE system construction and operation 
management. In the management process, strengthen 
the executive force in each link of “six-in-one”, and 
firmly grasp the management connotation of 
“organization guarantee is the key, system construction 
is the basis, publicity and training are the foundation, 
pre-control prevention is the pre-condition, 

examination and assessment are the measures, and 
emergency management is the bottom line”. 

 Pay great attention to the related environmental 
monitoring and assessment, set up a whole-process 
monitoring and control assessment system covering 
“project proposal assessment monitoring, background 
monitoring before construction, tracking monitoring in 
construction process, and environmental monitoring in 
operation period, and timely grasp the degree of impact 
on the environment in the project construction and 
operation period. 

 Pay high attention to and carefully implement “Three 
Simultaneousnesses” management requirements, while 
strengthening the control on the interim facility input in 
the engineering construction process. 

 Set up and introduce the system of environmental 
management advising and consulting system, and raise 
the environmental management technical capability in 
the project lifecycle through environmental 
management consultation and environmental 
monitoring technical services. 

  Strengthen the communication and coordination with 
the competent authorities at various levels and the local 
government administrative departments, understand 
various monitoring requirements and control 
procedures, give full play to the leading role of the 
owner in environmental management, and supervise 
and guide various parties performing their duties. 

 
VI.  CONCLUSIONS 

 
In combination with the characteristics in engineering 

project management, the environmental management 
content and range in the lifecycle of a large cross-sea 
bridge-tunnel project involves environmental approval 
management, monitoring management and supervision 
management, and the objects of control in various aspects 
are correlated. 

Through an analysis on the environmental 
implementation subject, management flow and management 
mode in a large cross-sea bridge-tunnel project, an overall 
solution framework model for environmental management 
in the lifecycle is constructed. The framework model, which 
is dominated by the project owner, forms a framework of 
management mode integrating “HSE organizational 
guarantee system, HSE institutional guarantee system, HSE 
training and education system, HSE pre-control system, 
HSE examination and assessment system and HSE 
emergency control system.  

The environmental management in a large cross-sea 
bridge-tunnel project should follow the concept of 
“Top-level Design”, link up with occupational health and 
safety management organically, and improve environmental 
management level by applying environmental management 
advising and consulting mechanism and environmental 
monitoring assessment measures. 
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