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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 

COre and System INtegrated Engine for design and analysis (COSINE), is an integrated nuclear engineering code package, which 
is developed by State Nuclear Power Software Development Center (SNPSDC) in China. Reactor radiation shielding is an 
indispensable part of nuclear power plant design. According to relevant regulations and guidance, and based on the discrete ordinate 
method, the reactor shielding design code cosSHIELD was developed and verified preliminary using TEKEDA and Kobayashi 
benchmark. The results show that cosSHIELD can solve the critical and stationary source problem very well, in addition mitigate 
the ray effects efficiently. 
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1. Introduction 

COre and System INtegrated Engine for design and analysis (COSINE), an integrated nuclear engineering code 
package, is being developed by State Nuclear Power Software Development Center (SNPSDC) in China [1]. Reactor 
physics codes, thermal hydraulics codes, severe accident analysis codes, probability safety analysis software, etc., are 
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included in COSINE. The reactor physics codes contain the lattice physics code (LATC), the core simulator analysis 
code (CORE), the kinetics code (KIND) and reactor shielding design code (cosSHIELD), etc. [2]. 

In full power operation, because of the fission and decay of the fuel and neutron capture by the structure material, 
reactor will release a large amount of radioactive particles. After shutdown, gamma from the fission and activation 
products becomes one of the most important radiation source, which do harm to biological tissue and produce thermal 
deposition and irradiation damage in equipment and devices. Thus before the design of a plant, it should be made a 
calculation and analysis by using software. Recently, there are many famous code over the world such a DOORS [3], 
Denovo [4], which developed by ORNL, DANTSYS [5], PARTISN [6], which developed by LANL. As a result, it is 
necessary and valuable to develop a self-reliance radiation shielding code. 

This paper provides an overview of the development and preliminary verification of the reactor shielding design 
code cosSHIELD, which is mainly used to ensure the security and conservatism of important devices such as pressure 
vessel, concrete shielding and auxiliary building. 

 
Nomenclature 

SN discrete ordinates method 
PN spherical harmonics method 
keff effective multiplication factor 
Σt total cross section 
Σs scattering cross section 

 

2. Basic Methodologies 

The program is a multi-dimensional discrete ordinates particle transport code which solves multi-group transport 
equation. 

2.1. Discretization of transport equation 

According to conservation, the transport equation in a given energy/time unit is as follow [7]: 
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 is the change rate of neutron flux. 

In steady state, equation (1) can be described as: 
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In cosSHIELD, the multi-group approximation is used universally to represent the energy variable, the discrete 
ordinates method is to discretize the angular variable, and to the spatial discretization, the diamond difference scheme 
is provided. As a result, the multi-dimensional discrete ordinates transport equation can be finally expressed as: 
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2.2. Ray effects mitigation 

Ray effects [8] is an inherent deficiency of discrete ordinates approximation which caused by the inability of 
quadrature set in the discrete ordinates approximation to accurately integrate the angular flux because that the 
quadrature set in the discrete ordinates approximation can not integrate the angular flux. This generally creates 
problems for isolated point source, strongly absorbing medium and deep penetration problem. 

First collision source method [9] has been employed to mitigate ray effects in cosSHIELD. The method analytically 
calculates the uncollided flux and the first collision source term. Then calculate the collided flux by using the standard 
SN method. The total flux is composed of the uncollided and collided fluxes. 

3. Results and Analysis of Verification 

3.1. TAKEDA Benchmark(NEACRP-L-330) 

TAKEDA Benchmark [10] is a set of 3-D neutron transport benchmark problems proposed by the Osaka University 
to NEACRP in 1988. By calculating the keff  and region-averaged fluxes for the four proposed core models to validate 
the correctness of  Monte Carlo, SN, PN, Nodal Transport and other method.  

The model I ~ III are considered in this paper and the geometry is listed below. All of these models contain three 
regions: core, control rod, and reflector. In addition, each model contains different cases: for model I, with and without 
control rod are considered; for model II, we considered two cases which is the control rod position is filled with Na, 
and the control rod is half-inserted; for model III, there are three cases, the first is the control rods are inserted, the 
second is the control rods are withdrawn and at last the control rods are replaced with core and/or blanket cells. 

More detailed geometry and cross-section parameters of TAKEDA shown in reference 6. The keff  of three model 
is listed in table I ~ III and the 3-D flux distribution is shown in Fig.2 

 

  
Model I Model II Model III 

Fig. 1. Model I,II,III of the TAKEDA Benchmark 

 

  Table 1. Calculation of keff and of Model I 
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