CycLus : An Open, Modular, Next Generation Fuel Cycle

. Simulator Platform

WlSCONSIN Kathryn Huff | P. Wilson | M. Gidden | R. EImore, Nuclear Engineering and Engineering Physics U. Wisconsin - Madison

MADIS ON

CYCLUS is a top-level, next generation, nuclear fuel
cycle simulation framework designed with an open

development pmfcess and mOdu,lc?r platform. It employs Open Source Development Process Materials Tracking at the Isotope Level Discrete Region, Institution, Facility Data
lessons learned from previous efforts to pursue

uantitative assessmgnt of worldwide nuilear ener T = Quantitative assessments are driven by information about Model
q : : . gy ransparency the state of the world’s nuclear material at all stages of the LWR Fuel
production, material flows, energy costs, environmental nuclear fuel cycle. Enrichment Fabrication
impact, proliferation resistance, and robustness against = Open source code on a publicly available repository = CycLus therefore tracks the history of each isotope involved
supply disruption. encourages peer review of algorithm implementation in the entire simulation. TARCRNEY BWELy

of fundamental simulation framework and basic fuel = Each facility type deals with the fuel at a different stage of its

1 1 d process models volunteered by developers. life cycle. These stages are treated as different commodities

essons Learne in the CycLUS simulation. X

CycLus is the result of a refactoring of the GENIUSv2 fuel . Facilitatgs colla_boration among a large group of
cycle simulator. In addition to replicating GENIUSv2 geographically dispersed developers. Gaclogio

Repository

functionality, CYcCLUS seeks to emphasize a design basis in
computational science and software development that can

liver: _
delive User with

- . . Proprietary ABR Fuel
» Usability directed toward a wide range of user Data Fabrication

sophistication

« Performance solving simple problems in interactive time
scales

* Fidelity accommodating a range of levels of detail
commensurate with user sophistication

Figure 5. Distinct facilities in the nuclear fuel cycle perform distinct
tasks, but are significantly interdependent, each relying on the
production capacity of others upstream.
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_ Partner
A number of other software development practices have (Open)

been identified as highly valuable for this effort.

Market-Based Materials Trading

= Each facility in the simulation makes requests in order to
fulfill its needs for feed commodities every month.
= For example, a reactor with no fresh fuel on site
might request some in order to be ready for refuel
requirements of its next cycle.
= Simultaneously, each facility makes an offer of its current

 Openness ensures transparency and lowers institutional Consortium
& technical obstacles to collaboration. (E‘?S;EJ)

« Modularity allows the core infrastructure to be
independent of proprietary and/or sensitive data and/or

models. stocks of product commodity.
* Extensibility with a focus on both robustness and = For example, a fuel fabrication facility might offer
flexibility allows for myriad potential developer extensions. Figure 2. Only the skeletal CycLus engine, basic fuel cycle to sell the amount of fuel it has in stock from
models, and volunteered developer content are made publicly fabrication in the previous months.
Dynamically Loadable Modules available. Proprietary and secure data and algorithms can be kept = Finally, Market Models apply a matching algorithm of
. . . ivate or shared selectively. Figure 3. Each color represents a separately traded their choice to find a best fit for all of the offers and
D ly- le modul th h f priva . ) N . | .
eér;?\rcllqilr(\:; g)v?:igzbweithmnoevbj rensoggTs 'I?hznpmri?rr]}ellrr;i(;nae?iltsrc:‘ tﬁirs commodl’Fy._Whlle each facility receives a different input feed, requests for that month. The match is then sent in the
' many facilities produce spent fuel destined for the repository. form of instructions to the various facilities which then

approach is encapsulation: the trunk of the code is made Modularity

completely independent of the individual models and all buy, sell, and trade accordingly.

customization and extension is implemented only in the loadable = Secure and proprietary model developers can be Facility Hierarchy in the Nuclear Fuel Cycle -
module. similarly encouraged to utilize the CYCLUS framework Current and Future Applications
CYCLUS Engine = Another aspect of this development process is a = Facilities in the nuclear industry owned by distinct
[Simulation Logiﬁ prelfe(;encbe fc_;r Qr;en tsou:ce thlrdhpart3;.|I|b.rar|et7. -I;hlst governments and institutions buy, sell, and trade nuclear = Benchmarking is a key step in software development,
NCIUAES DAsIC INITastructre such as e NPUL/oUIpuL, materials. and Cyclus is currently being benchmarked against
as well as model-specific capabilities like integer similar codes
i imizati Instituti t . S .
programming for n.etwork. flow optlmlzelltlor?. " C"f,ﬂ;‘;‘:.?:ﬁ ;ﬁgtiigmmem = Economic Analysis to evaluate the cash flows in the fuel
= A secondary benefit of this encapsulation is the ability " . . .
: ribut o oh e ¢ distributi q entities. To our knowledge, this e — cycle will be pursued in the near term.
» Inst. Interface OF CONTHDUIOrS 10 ChOOse difierent distribution an modeling layer is unique among | = Analysis of fuel cycle robustness against supply
. Facility licensing strategies for their contributions. comparable fuel cygle codes. . . .
Region Interface Market Interface - Modular f < all ndividual devel t — disruption is in the beginning stages.
mfcsace 0 Iu ar d_:c?mevz(?r al OV\:CS n |v|| u? ?t\r/f ther.s 0 = Development of generic geological repository models
explore dirferent [evels of compiexity within thelr 0, e and interchangeable waste package models are a top

modules, or wrap other simulation tools as loadable
modules for CycCLUS .

priority in Cyclus development.
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