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COMPONENTES:
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TRANSURANUS

 Programa computacional para a análise do comportamento termo-mecânico

de varetas de combustível em reatores nucleares

 Código programado em FORTRAN 95

 Ferramenta computacional desenvolvida no Instituto para Elementos

Transurânicos (ITU)

 Pode ser aplicado a diferentes condições: regime estacionário,

transientes operacionais e acidentes

 A escala de tempo a ser estudada pode variar de milisegundos a anos

 Pode ser aplicado na análise de varetas refabricadas
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TRANSURANUS - Verificação

Etapas aplicadas no processo de verificação do código:

 Verificação por meio da comparação com cálculos analíticos

 Verificação extensiva de modelos

 Verificação por meio de comparações com diferentes códigos

 Verificação por meio de comparações com dados experimentais
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TRANSURANUS - Verificação

Experimento de Irradiação (OECD-HRP):

 Comparação da temperatura central do combustível medida em experimento

da OECD-HRP (IFA-432, vareta 30 com a temperatura calculada pelo código

TRANSURANUS
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TRANSURANUS – Dados de Entrada

Dados de entrada: estado inicial + histórico de potência

 Dados geométricos da vareta de combustível

 Opções do código para as propriedades dos materiais (combustível,

revestimento)

 Opções do código para os modelos incorporados (densificação, corrosão etc)

 Dados de entrada variáveis com o tempo (potência linear da vareta,

temperatura de entrada do refrigerante etc)
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TRANSURANUS – Estrutura do Código
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TRANSURANUS – Nodalização
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TRANSURANUS – Dados de Entrada
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TRANSURANUS – Dados de Saída
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“The comparison of the main properties for non-irradiated annealed AISI

304, 316 and 348 shows that the properties for AISI 316 and AISI 348 are

very close which enable to expect a similar performance for both materials

under irradiation.

Based on the literature research, the following properties related to the

annealed AISI 348 were introduced in the TRANSURANUS code to obtain

the adapted version: elasticity constant, Poisson’s ratio, strain due to

swelling, thermal strain, thermal conductivity, creep strain (thermal and

irradiation creep rate), yield stress, rupture strain, burst stress, specific heat,

density and melting temperature.”

TRANSURANUS – Modificação do código
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TRANSURANUS – Modificação do código
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“It was assumed that correlations already programmed in TRANSURANUS

for the AISI 316 are acceptable and validated enough being the

TRANSUNARUS originally developed to deal with fast breeder reactor fuel

and considering its validation program [6]. In addition, the new correlations

related to the AISI 348 properties somewhat reflect the same structure of the

equivalent formula already programmed for the AISI 316. These correlations

similarities should (at least partially) ensure that code numerical stability

issue is not to be expected.

The AISI 348 behavior predicted by the modified code version has been

compared against AISI 316 behavior which is part of the original (hence

validated) code version. In general, the two steels present, as expected,

similar trends. AISI 316 has shown a bit more conservative results in respect

to AISI 348.”

TRANSURANUS – Modificação do código
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“The Yankee Rowe PWR has been owned and operated since startup in 1960

by the Yankee Atomic Electric Co. at Rowe, Massachusetts. The reactor and

its initial core and stainless steel reloads were designed and built by

Westinghouse. Yankee Rowe was the first fully commercial PWR of 250

MWe, which started up in 1960 and operated to 1992 [10]. Yankee Rowe

produced 44billion kilowatt-hours of electricity from 1961–1992 when it was

permanently shutdown for economic reasons. The plant was successfully

decommissioned between 1992–2007 with structures re- moved and the site

restored to stringent federal and state remediation standards [11].

Starting from its 7th cycle of operation, the reactor began to change to

zircaloy cladding, the transition was completed with cycle 12. The stainless

steel clad reactor core consisted of 76 assemblies and 24 cruciform control

rods. A typical stainless steel assembly was made up of 9 subassemblies

each arranged in a 6x6 array, to make up an 18x18 fuel rod array. The

subassemblies were tied together along their length to form a complete

integral fuel assembly.”

YANKEE ROWE NPP
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YANKEE ROWE NPP
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“The clad material was both seamless and welded annealed AISI 348 and

represents the only large scale fuel experience with this steel in a PWR.

The chemical composition of the adopted AISI 348 is identical to the

niobium stabilized AISI 347, with the exception of a 0.10% limit on

tantalum to reduce the neutron absorption cross- section. The fuel rod was

also unique in that 6 physically separated fuel stacks spaced by equally

spaced stainless steel discs. Each segment contains about 25 pellets. The

objective of such design was to minimize differential thermal expansion

between fuel and clad. There were no reported stainless steel clad fuel

failures. The average fuel rod heat generation rate was 114 W cm–1, the

design rate was 353 W cm–1 (with a peak as high as 410 W cm–1). The

maximum cladding surface temperature was 343°C. A total of 16

assemblies were examined, all the assemblies were in excellent

conditions with a minor amount of crud deposited [1].”

YANKEE ROWE NPP
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“In order to prepare this model, it was considered the following

information: the fuel rod had six physically separated fuel stacks with a

perforated stainless steel disk between them localized at equally spaced

axial locations, each segment contains about 25 UO2 pellets, the active

fuel length is 229.9 cm and the height of the fuel pellet is 1.46 cm.”

YANKEE ROWE NPP
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“The parameters attaining to the Core I cycle are reasonably reproduced by

the TRANSURANUS code (Tab. 3), noticeably the burnup matches fairly

good in all four locations.

Regarding the fuel temperature calculated by the code, centerline and

surface values are provided since for the reference data no specification

about the radial position is provided. It can be seen that reference fuel

temperature is within the code prediction for all the four axial positions.

The same considerations apply for the clad temperature (apart for the top

position which is slightly underpredicted due to the underestimation of the

coolant temperature) in relation with both reference data radial position and

calculated values.

Additional calculated data are provided in Table 3 regarding fission gas

release which remains very low; fuel and clad axial elongation, both are lower

than 0.5%; maximum fluence value and plenum pressure which is double of

its starting value.”

RESULTADOS
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“Table 4 compares reference and calculated data related with the Core II

cycle. Also for this irradiation step the code gives reasonable results, showing

the same (as in Core I) good compliance regarding the burnup data.

Calculated values of fuel and clad temperature include the corresponding

reference data. Notwithstanding the accumulation of the burnup, the fission

gas release is still low (0.12%); fuel and clad axial elongation do not change

so much from the previous cycle (both slightly increased); the gap is reducing

but still open; the plenum pressure is slightly increased from the previous

cycle.”

RESULTADOS
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“Table 5 reports the comparison discussed above but at the end of the Core

IV cycle. Also at this stage of the simulation, the code shows the same

capabilities in relation with the burnup, fuel and clad temperature. Coolant

temperature is also reasonably predicted as well.

At the end of the whole simulation, the fission gas release is below 0.2%; fuel

and clad elongation are well below 1%; the gap kept open with a minimum

value of about 16 mm (about 1/4 of its initial value) and the plenum pressure

is less than the triple of its initial value.

In relation with the fuel and clad relative elongation it can be seen that the

code is able to reproduce one of the objective of the particular Yankee Rowe

rod design, namely to minimize the differential thermal expansion between

fuel and clad.”

RESULTADOS
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“In general, the TRANSURANUS code performed reasonably well even

facing with a rod design which is quite far from the typical (current) PWR

technology (e.g. clad material, filling gas type, lack of gap pressurization,

presence of different segments within the fuel rod). Any predicted parameters

for the simulated fuel rod are of no concern regarding their corresponding

design data.

The carried out calculations show reasonably agreement with available data

confirming the modified code capabilities. This constitutes an indication of the

modified TRANSURANUS code capabilities to perform fuel rod investigation

of fuel rod manufactured with AISI 348 cladding material.”

CONCLUSÃO


