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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

Modular construction is used as the main construction technique in AP1000 nuclear power construction project. 
The technique can reduce installation workload in nuclear island, reduce cross operation relative to the traditional 
construction method, and shorten the construction period. While in the assembly process of large structure modules, 
there are frequent high risky operations including lifting, scaffolding, intensive welding & cutting, and so on. 
Accidents can be triggered and project schedule could be delayed if the control for the construction process is not 
sufficient. In this paper, the CA01 module assembly is taken to study as an example. The potential risks during the 
construction process of CA01 module are analyzed through Job Hazard Analysis, then the technical and 
management measures are put forward, which include construction scheme review & approval, safety and technical 
briefing, personnel training, special tradesman management, management system of mechanical equipment, work  
permit management on high risk work, construction housekeeping. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of IYNC2016. 
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1. Introduction 

Modular construction is used as the main construction technique in AP1000 nuclear power construction project. 
The prefabrication of modules assembly is conducted outside the nuclear island area; this can reduce installation 
workload in nuclear island, thereby reducing cross operation relative to the traditional construction method, and 
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Fig.1. lifting work of CA01 module                                     Fig.2. CA01 Module Assembly Site 

shorten the construction period of AP1000 nuclear power plant Project [1]. However, while the workload of site 
installation has been reduced, the workload of site module assembly has increased substantially. In the assembly 
process of large structure modules, there are frequent lifting, scaffolding, intensive welding & cutting, and other high 
risky operations. In addition, because the assembly work is conducted outdoor, the assembly process is also affected 
by possible adverse weather. Thus, if the control for the construction process is not sufficient, it can trigger object 
hit, lifting damage, falling from height, collapse, fire and other accidents, which may result in human injury and 
property damage, and cause delay of the construction project. Therefore, in order to avoid the occurrence of safety 
accidents in the process of module assembly and reduce the loss and impact of the accident, it is important to study 
the safety management and control measures on the assembly of large structure module. 

In the past years, several studies are conducted on the assembly of large structure module, while the studies 
mostly focus on the quality control of the construction process: Zheng Donghong and Xiao Hongtao have studied the 
anti deformation design for large structure module (2012); Wang zenggao and Qi Hongbin have studied the welding 
quality controlling system for the assembly of structure module in 3rd generation of Nuclear power (2013). 

2. Overview of major structure modules 

In AP1000 Nuclear Power Project, the major structure modules mainly include CA01, CA03, CA20 and CB20, 
among which CA01 module is the most complex one. CA01 module is the structure in which reactor vessel, steam 
generator and pressurizer are installed, and it is located in Containment Vessel Building [2]. The Module’s size is 
about 28.9m long, 27.9m wide and 23.5m high, and about 788 tons in weight (not including concrete associated with 
the module, various welding plate, supporting, angle beam, slab reinforced and embedded parts, equipment, 
equipment module, auxiliary supporting and spreader). Fig.1 displays the lifting and placement work of CA01 
module. Fig.2 displays the assembly site of CA01 module. 

3. Construction process and potential 
risks of module assembly 

3.1. Construction process of CA01 module 
assembly 

CA01 module is composed of 47 sub-
modules, every sub-module is a structure 
made up of steel plate, profile steel and bolts, 
all sub-modules are fabricated in Shandong 
Nuclear Power Equipment Manufacturing 

 

Fig.3. Assembly process of CA01 module  
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Company. Among the sub-modules, the heaviest one is 22.8m high, and about 39.8 tons in weight. 
On the module assembly site, most sub-modules can be erected and lifted onto the overall assembly platform upon  

acceptance; while considering from integral dimension control of CA01 module, connection convenience and 
continuity of field assembly, several sub-modules are firstly assembled as one unit which is called sub-assembly, then 
erected and lifted. Fig.3 displays the main assembly process of CA01 module. 

3.2. Potential risks existing in module assembly process  

The assembly process of CA01 module can be divided into several working steps, through Job Hazard Analysis, 
the potential hazards can be identified. Table 1 displays the job hazard analysis for CA01 module assembly. 

 

Table 1.Job Hazard analysis for CA01 Module Assembly 

Working Processes Working Steps Potential Hazards 
Layout survey before assembly Set reference point Trip, Fall from height 

Layout survey 
Weld and Install locating guard plate Electric shock, Burned, Hit by object 

Lift and erect sub-
module/assembly unit 

Fix the sub- module/assembly unit to turnover device Hit by object, Crush injury, Machinery injury 
Install the lifting slings Fall from height 
Erect  sub-module/assembly unit Lifting injury, Hit by object 
Dismantle the connection between sub- 
module/assembly unit and turnover device 

sub- module/assembly unit topples, Machinery 
injury 

The crane rotate and make the sub- module/assembly 
unit set onto overall assembly platform 

Lifting injury, sub- module/assembly unit 
topples, Machinery injury 

Fix sub-module/assembly unit 
temporarily 

Fix the bottom of sub- module/assembly to overall 
assembly platform  

Hit by object 

Fix the top of sub- module/assembly to ground anchors 
through wire rope 

Fall from height 

Dismantle lifting slings Workers get up to the top of sub- module/assembly Fall from height, Hit by object 
Dismantle the lifting slings 

Erect the operating scaffolds Erect horizontal tube and vertical tube Fall from height, Hit by objects, scaffolds 
collapse.  Lay scaffold boards 

Fix the scaffolds to the module. 
Erect safety  net 
Check, accept and install the sign board 

longitudinal seam welding of 
module  

Arrange welding machine Fall from height 
welding Electric shock, Burned, Fire, inhale welding 

dust  
Quality inspection, Non-
destructive Examination 

Visual inspection Fall from height 
Penetration test Fall from height, Inhale testing reagent 

Install the internal accessories Transfer accessories to the place Fall from height, Hit by object 
Weld and install the accessories Fall from height, Hit by object, Electric shock, 

Burned, Inhale welding dust.  
Dismantle temporary components Gas cutting, grinding work Hit by object, Electric shock, Burned, fire 
Paint Repair Mixing paint Fire, Inhale  harmful gas 

Painting  Fall from height, Inhale harmful gas 
 

4. The safety technical and management measures to control risks during module assembly 

To control the potential risks identified in the module assembly, the safety technical and management measures 
shall be taken from following aspects: construction scheme review & approval, safety and technical briefing, 
personnel training and qualification, management system of mechanical equipment, work  permit management on 
high risk work, construction housekeeping.  
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