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As part of the advanced small modular nuclear re&dduid Metal Reactor.

tor (AdvSMR) R&D program, Oak Ridge National

Laboratory (ORNL) is developing a Dynamic Sys- )

tem Modeling Tool (MoDSim) to facilitate researc. I ntroduction

and development related primarily to instrumentatio

and controls (1&C) studies of small modular reastoBmall modular nuclear reactors (SMRs) are modular

(SMRs). nuclear power plants that are smaller (300 MWe or
less) than current-generation base load plantsiinom

The primary objective is to produce a demonstrati§@!ly 1,000 MWe or larger). SMR designs may in-
product of a dynamic system modeling tool fgrude factory-fabricated reactors that can be trans
SMRs. Functional Mockup Interface (FMI) has bedtprted by truck or rail to a nuclear power plané si
used to allow the development of scoping models fofa!l modular reactors offer the advantages of fowe
non-Modelica users. This tool includes a web-basifial capital investment, intrinsic safety, sdaldy,
interface using Xogeny's FMQ platform for modefnd siting flexibility at locations unable to accom
configuration with local application deployment fofiedate larger reactors. In addition, SMRs offer the
simulation using FMI Add-in for Excel from Potential to construct and operate a first reaatat

Modelon; this toolchain is designed to allow plultér @dd more reactor modules at the same site
and play access for users of various skill levdlge (Phased construction). This approach offers econom-
web-based interface allows true web-based acclés@dvantages but could generate numerous configu-

and solutions without requiring local application§@ions of reactor modules, power conversion, and

The initial installation of this tool has been tespn n€at sink that will require unique capabilitiesrfro

a liquid-metal small modular reactor (ALMR) con€ontrol and support systems.

cept modeled using Dymola and exported via FMI.

This tool allows simulation to be performed withir] N ObPjectives of this project are to establisioa-c
Excel without expertise in the native simulation-la figurable framework for the development of a dy-

guage (Modelica) or model development and simuf@@Mic simulation environment for SMRs using pre-
tion environment (Dymola). This toolchain fulfillsd€veloped simulation modules, initiate the develop-
the Department of energy (DOE) project scope g(;apnt of selected modules, and demonstrate their use
of developing a toofin a common and familiar en- Within an initial integration framework.

vironment to support a range of research activities _
requiring dynamic behavior simulation, modelind "€ DOE Work Scope includes the development of

tools with easily re-configurable modules that reglu@" intérface and workflows (or guided processes)

data input to typically available system level plaﬁhat allow the cr_eation_ of s_elf-consistent reactor
power system designs without in-depth knowledge of

data”. ; : ) . )
the native modeling language or simulation envi-
ronment. This interface must allow the user to pro-
vide input information, process input information
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Dynamic Modeling of Small Modular Nuclear Reactors using MoDSim

derived from the ruleset (i.e., preconfigured ipuing classes of components in series or parallel, an
based upon the user’s choices) and create exeeuthll specifying the important parameters of the ob-
files to calculate a time-dependent response fer fbcts. Fluids are defined as special classes thdem
system. Currently the workflows established in thihe medium behavior using semi-empirical correla-
interface for novice users are limited to configlrdions or first-principles equation-of-state modsiat
architectures that have been precompiled in Dymojéeld the full state of the medium as a function of
Novice users can select the subsystems and modifp known states (e.g., pressure and enthalpy).
parameters for the generation of results without rfEhese models can be sophisticated enough to support
quiring knowledge of Dymola or Modelica. Addi-a wide range of operating regimes for fluids at the
tionally, the current interface tool also allows- adost of computation time—and sometimes numerical
vanced users to create new systems, new modstability. These property functions are frequently
even new architectures via access to source codedhed during execution of simulations to calculate
GitHub and wuse with Dymola. GitHubvarious engineering variables such as heat transfer
(https://github.com/) is a web-based platform thabefficients and friction factors. The properties o
allows users to share, modify, and comment on cosater are already built into the standard Modelica
for project collaboration. The use of GitHub integr Media library for use with the Modelica Fluid li-
tion provides a framework for advanced users lboary. In addition to the Modelica Fluid Libraryig
push changes back to the ORNL project team gmuject has made extensive use of the ThermoPower
collaborate as part of the Open SMR community. Library developed by the University of Milan [1].
The built-in water class has a complex set of radi
The ability to configure models easily (plug-andhat support working with water from sub-cooled to
play) with software tools requires a formal modealupercritical regions. As part of the project, ORNL
architecture. This configurable model architectisre implemented a number of heat transfer media, in-
required to enable configuration via web applicaluding liquid salts (flibe, flinak, KFZr and liquid
tions. The configurable architecture also enabties pnetals (sodium, NaK, PbBi eutectic) for use in Mod-
tential scripting of executable system configunasio elica. The Modelica models were based on the com-
and FMU generation. The web-based applicatiponents and systems presented in [3] for the Power
makes use of this hierarchical architecture stractiReactor Innovative Small Module (PRISM) design
to simplify the creation of new models from assemencept. For validation and verification purpodks,
bled components. results from running these models were compared
with the results documented for the PRISM concept.
While it is difficult within the page length conaints
to include all aspects of the project, it is veny-i 2.2 SOLVER (Dymola)
portant that both unique aspects of this project be
described within this paper. Thus, this paper ihhe simulation development and execution platform
cludes the application of this approach to a nowaosen for this SMR modeling effort is Dymola [4].
space-advanced nuclear reactors as well as the g&mola is a commercial modeling simulation envi-
eration of FMU simulations and application of wegonment developed by Dassault Systemes. Dymola
based solutions. Unfortunately, a detailed disonsshas been used extensively within the automotive,
of both aspects is not possible within the pubiicat aerospace, robotics and process system disciptines
constraints. Additional detail will be provided irpart due to the extensive set of libraries develope
further publications. and available within Dymola. The libraries include
thermal and fluid dynamics. As a full simulation
environment, a graphical interface to the model ob-

2 SMR Dynamic Modeling jects, as well as tools for the compilation andudeb
ging of the models and analysis of the resultare
2.1 LANGUAGE (Modelica) included. To meet the project objective to provide

access to dynamic simulation capability without-spe
Traditionally, modeling of complex reactor systenfgal tools, export of Functional Mockup Units
has been based on extensive, complex Fortran-ba§ddUs) from Dymola is used in conjunction with
subroutines. Considerable time and effort were ndd\ll Add-in for Excel (FMIE) [5] from Modelon to
essary to understand and manipulate these modelgllow simulation in Microsoft Excel. Co-simulation
contrast, the Modelica language has built-in feegurf=MUs are generated for dynamic modeling in FMIE.
and open-source-toolsets for modeling fluid power
systems. Physical systems are modeled by connect-
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2.3 Architecture tor core, piping and primary pumps that make up the
reactor and primary systems. Additional piping,thea

Modelica and Dymola provide a highly conveniemixchangers, pumps and steam generator are also in-
means to create reconfigurable model architectutstgded that make up the intermediate loop subsys-
which include high-level rules for systems, interfatem. Finally, turbines, and process system compo-
es, and connections. As shown in Fig. 1, the ALMfents are included in the power conversion system a
Power Reactor Inherently Safe Module (PRISMyell as generators and other grid related compsnent
end-to-end plant systems architecture includes fthethe grid subsystem. A discussion of the spexifi

following systems: of these systems is included in the sections below.

1. Direct Reactor Auxiliary Cooling System

(DRACYS), The dynamic models are implemented by equations
2. Primary Heat Transport System (PHTS), in Modelica using a hierarchical modeling approach.
3. Intermediate Heat Exchanger (IHX), The component models are often based upon various
4. Intermediate Heat Transport System (IHTS), ~ model libraries that are available as open source o
5. Steam Generator (SG), as commercial products. Additionally, a user can

create component models from their own Modelica
code to supplement the existing libraries. Some of
the reactor modeling includes component models

These systems will be defined later in the report crreated by the ORNL team.
more detail. In addition to the plant systems,ftile
lowing modules are included in the architecture:

6. Power Conversion System (PCS), and
7. Electrical Grid.

The ALMR reactor design that has been modeled is
based on the variation proposed by GE in the mid-
1. Event Driver (ED) 1990s and documented in GEFR-00793 [3].The end-

' ’ to-end system models developed are based on the
2. Control System (CS), and systems, components, and equations included in this
3. Communication bus. reference. For validation and verification pugms

_ i the results from running these models were com-

The ED module generates signals for exciting thgreq with the results documented for the PRISM
system. It performs two basic functions: concept. System behavior was confirmed compared
1. operational transients and to previous model studies.
2. injection of faults.
Operational transients include power changes Ioz'ofl'1 Reactor Core
following commands, and intentional reconfigur viost of the component mode_l§ for SMR’s are specif-
tion. A fault injection function introduces failiger ic implementations of traditional thermal_ power
performance degradation in identified plant Compggmpone_nts. Ho_wever, Fhe rgactor core Is unique
nents. Anticipated operational occurrences (AOO%Ed requires Spec'?' conS|derat|op. As a r_eslufli, t
are handled through the fault injection functioheT equations for modeling the core will be considered.
CS module performs continuous-time control func-
tions for all actuation interfaces in plant systems
based on sensory feedback.

Event Driver Contro| System

Reactor Core

24 Models Fig. 2 Reactor core component

Fig. 1 SMR modeling architecture

A small modular reactor consists of several typi

components and subsystems. These include the rcﬂ'(? prompt portion of normalized heat generation is

implemented with theoint kineticsequations.
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6 the fuel element. This particular representation is
dn pt — B 1 ood for a wide range of reactor classes, but not
=———n() + ZZBL’ ) (1a 9 9 ’
i=1

dc A quite so for Boiling Water Reactors, where flux
shape is significantly skewed due to the boailing

de; process.

. [n(®) — (D] (1.b)  For a given number of axial nodes, the integrated
nodal flux is calculated with the following
expression:

wheren(t) is normalized reactor powaer,(t) is the

normalized concentration of theh group delayed ¢ L.

neutron precursof; is the fraction of théth group —2+io

precursor/; is the decay constant for théh group = f @y COS (n E) dz (4)
precursorp,(t) is the total reactivity, and is mean L L

neutron generation time. The rate equations are -3+ (-1§

subject to steady state intitial conditions, i.e.,

n= ¢ =0.

2.4.2 Primary Heat Transport System

The PHTS includes a reactor core model, a fuel pin
"thermal model, a discretized one-dimensional core
flow model, a cover gas model, and a mechanical

The delayed portion of normalized heat generato
implemented with the following:

0 - 01 [(t pump model. The Dymola/Modelica model diagram
n-decay ' layer is shown in Fig. 3. The performance pararseter
n 10)% of the mechanical pump are taken from the ALMR
1 PRISM primary EM pump performance characteris-
— (t+Ty)'5 tics curve at 650 V, which is the operating poifit o
+ 087(t+Ts (2) all EM pumps under normal conditions. The me-
Ty—s chanical pump will later be replaced with an EM
+2x107)75 . :
— 087(t+2 pump model in thg subsequent phases of the project.
1 The model also includes four 90-degree turn ele-
X 107)‘5] ments to incorporate irrecoverable pressure losses

due to turns and sudden expansion and contractions
where ¢t is time after shutdown andy is the in the flow path. These loss elements are inteided
operation time prior to shutdown—~both in secondsmatch the total pressure drop during normal operat-
The reactivity feedbacks are modeled as follows: ing conditions across the core to the ALMR PRISM

specifications.
pr = ar(Tre = Tro) (2.2)
pe = ac (Tee — Teo) (2.b)
pe = rhocg + py

2, fromDRACS
+ rho, (2.c) &
wherepy is the fuel Doppler reactivity feedbagk,
is the coolant density reactivity feedback, ands M i, o |
the total reactivity feedback.

The axial neutron flux shape is implemented
follows:

toDRACS

®D(z) = DpygyCOS (n E) 3)

controlBus L

sy

where z is the axial spatial variable that varies Fig.3 SMR Primary Heat Transport System
between- L/, andl/,, andL is the active length of
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2.4.3 Intermediate Heat Transport Systembheat capacity, can also be defined and changed usin
The ALMR PRISM baseline design includes twi'® Dymola dialog interface.

IHX ingle IHTS. The IHTS fl ) . )
s connected to a single S N S O\Aﬂ]\e default medium on both sides of the IHX is so-

loop (Figure 4) also includes a mechanical sodiu . . X
purﬂp( agsodiu)m expansion tank. sodium—to—wafé;m' However, both fluid media can be selected via

steam generator, and a sodium dump tank. The s > system dialog interface. A number of fluid mod

um dump tank is not modeled in the IHTS implee—S are provided in the drop-down menu for both

mentations. However, this tank should not have gﬂell—_side ﬂUid. and tube-side fluid, suc_h as ine_om
pressible sodium (default), compressible sodium,

impact on simulation results as this safety systen : ; .
b ¥ 5y ompressible NaK, and compressible NaK. Addi-

activated only under accident conditions where t{ﬂ,\c v th lection includ b ¢
sodium in the IHTS reacts with steam or air. lonatly, the menu Selection includes a number: o

incompressible salt models; however, selecting in-

compatible media may result in numerically unstable
The ALMR PRISM intermediate sodium pump is gonfigurations as the default initial and boundary
vertically oriented, single-stage, double-suctiogonditions are specified for the ALMR PRISM de-
free-surface, centrifugal pump driven by a constagign in the implementations. In the later phasebef
speed, 4000-hp (approximately 3000 kW), air-coolggloject, the menu selections will be bound to a cer
induction motor. An auxiliary pony motor drive protain reactor class logic, which will limit the nuetb
vides low flow (10%) capability for decay heat reof fluid media options for a certain implementation
moval and other low-power or standby condition¥he fluid flow and the heat transfer models in the
Its baseline design is to provide a flow of approxshell side and the tube side can also be seledted v
mately 1900 kg/s at 96-m static head and 282°C. Tthe system dialog interface.
main drive motor generates 3000-kW power at 1750

rpm . shellQutlet tubelnlet

shell
agny

controlBus

shellinlet (s o &) lubeQullet
® O

controlBus

Ly Fig. 5 SMR Intermediate Heat Exchanger

Fig. 4 SMR Intermediate Heat Transport System 2.4.5 Steam Generator

. The ALMR PRISM steam generator is a vertically
2.4.4 Intermediate Heat Exchanger oriented, shell-and-tube counter-flow heat exchange
The ALMR PRISM Intermediate Heat Exchangekith water/steam on the tube side and sodium on the
(IHX) is modeled using two one-dimensional flowhell side. The tubes are straight and of doublé-wa
elements connected through a radial metal tube elgnstruction. The double-wall tubes provide im-
ment, as shown in Fig. 5. The metal tube elemempi@ved reliability by significantly reducing thegtr-

radially and axially discretized; the number of @sd apility of water or steam leaking into the sodium.

can be changed by the user. The material prop,ert'L?ﬁe Modelica implementation of the ALMR PRISM
that is, density, thermal conductivity, and specifi

kteam generator is shown in Fig. 6. The ALMR
PRISM steam generator is not a helical coil comstru
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tion; therefore, it uses different analytical folaru generators, which in turn matches the number of re-
tions for representation of fluid heat transfer arattor modules in a power block. In the current im-
pressure drops. Furthermore, in contrast to the IHbementation, up to three steam lines can be alloca
model as shown in Fig. 5, the steam generator modd] however, this limitation will be removed later.
employs two cylindrical tubes, one inner tube oriach steam line contains at‘opVval ve” element
outer tube, to account for the double-walled co(Bhown as &t opVx”) to control steam flow from
struction of the tube bundle. The other tube modgich stream. It should be noted that the
of the steam generator implementation introduces & opval ve” elements are not modulating ele-
small thermal resistance to account for small intefients; they have binary states of OPEN or
face separation. CLOSED. The valves’ opening and closing dynam-
ics are represented by a linear ramp with a user-
—— — specified time constant to switch from one state to
é [ ) another. The streams from three steam generawrs ar
mixed via two f | owJoi n” elements.

e

P

B H l\_i s y—f»': > S
IS \ £ 3 =<
ﬁ g == ". e Wi, @777 "By, @ 70T ereR
. el
2 -—J- g M[,'nsol jﬁifnoiuiﬂi .3“”0““3.
3
controlBus . LontsiBus . s
s%ﬁ o 1ub€5ﬂet - ey =
Fig. 7 SMR Power Conversion System
Fig. 6 SMR Steam Gener ator .
g 2.4.7 Grid
2.4.6 Power Conversion System A simplified grid model has been developed. The

. , , odelica implementation of the generator and the
The power conversion system model (Fig. 7) is Coﬁﬁlectrical grid is shown in Fig. 8. In the currémi

prised of several components, including the turhine . . .
generator, flow control valve, and pump. Standargi€mentation, the electrical generator is modeted a

ized modules that include representative equ‘a}in ideal syn_chronous generator where the frequency
tions/curves are used for these modules. No spec”:}\Ithe electrical connector is the electromotivecéo
ized modules for the ALMR were developed Cu{éamf).Of the generator. The frequency of generated
: T L T glectrlcal current is by default 60 Hz but can diso
rent implementation is a simplified version of th ‘usted by the user. It should be noted that @
actual power conversion system where the feedwa?g} y ' . 9 .
r?tor frequency should match the grid frequency;

heater trains, blowdown coolers, and the deaera? . oo ) !

I : : oﬁnerwse, it will cause a generator trip and disco
are eliminated. The implementation also uses a con- . . ; S L

. . nection from the grid, which will in turn initiate

stant rotor input (on the left side of the rotoaftas turbine tri
a boundary condition represented by the p o _ .
“shaftSpeed” element) to eliminate additional cohtr The electrical grid is modeled with teeing equa-
requirements to maintain shaft angular speed. T, Which calculates thiead angleas a function of

rotor mass and rotational mechanics are represerfiitgrences between the mechanical torque (provided
by the rotor element. by the turbine shaft) and the electrical torque (re

sistant torque generated by the electrical loalkg. T
load angle dictates the amount of power that can be

The “steaminlet” and “condensateReturn” ygansferred to the gridThe power sensor and the

ports are implemented as vector objects whose n%’quency sensor are used to monitor the load

ber of elements must match the number of steam
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angle of the network. If the frequency gets out oho are not as familiar with these modeling and

range, an anticipatory automatic trip is initiateds
for the turbine and the generator.

shaft

() ——cgs—oa@j—m._.\‘ @
controlBus
Fig. 8 SMR Grid System model
2.4.8 1&C

The purpose of this project is to design a systém
modeling tools that allows rapid assessment of cc
trol system strategies overlaid upon reactor syst
models. For demonstration purposes, two differe

control strategies were chosen to allow multiple s

lection options to exist in the modeling tool: $&gy
#1 — temperature regulation and Strategy #2 — te
perature difference regulation.

The purpose of developing these systems moc
is to investigate potential control strategies ok
vanced SMR concepts. The I&C studies and conc
development include identification of the model

imulation environments.

2y

_______

nenTun

Fig. 9SMR1&C

= s

sensing instruments

Fig. 10SMR I&C

global outputs, determination of measurements, con-

trol actuation, and control methods and algorithr
for a given system. The dynamic model of the pr
cess and plant physics provides model results
outputs for candidate measurements (system obsi
ability) and model inputs for candidate actuatic
(system controllability).The dynamic model also
provides insights into the system time constards, (
gree of inherit stability, degree of coupled bebayi
and input-output sensitivity. Figures 9-11 show tt
sensing instruments, model architecture and cont
logic associated with this simplified 1&C control
module that is overlain on the reactor systems moc
Figure 12 illustrates an example simulation
Dymola of a control system during energy demai
changes. The PHTS primary pump and IHTS inte
mediate pump and record control rod reactivity a
all actuated to regulate the reactor system tempe
tures as the heat sink changes. The generatior
these outputs using the systems modeling appro
with Modelica is relatively straightforward for the

C

controlBus

j S—— R

- subContr.
A&

HIS mt

(it imy_RPM_Raf

| PHTS Pri Pump Control
PHTS Pumip Constant {IC) RFM

] . D To Meas (deg C)
L

L PHTS [eimanPump RPN R

Reactor Control Rod Gonlrol
Reactar CR Init Canstant

: b= S Ranctar Core Ta R
1o de.
";RPHE?E""Z L actor Core To eas (de [

practiced simulations engineer. The goal of this p

ject is to extend this capability to those engirseer

Fig. 11 SMR 1& C architecture
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Heat Sink (Watts} e — FMI Excel Toolatiows sophisticatedcompiled
= models to be modfied and executed through an Excel
Interface, withouta Dymola License

. PHTS Temparatures in deg C (Down Comer, Core)

ft
enable users o
speed with

spead wit

PHTS & IHTS Pump Speed (RPM) a?:";;es

Model Configuration'Case
Settings

= Adjustable ModelInputs
_ '
25 FMI Add-in for Exce Fig. 13 Modelon FMIE interface

L . IHTS Temperatures in deg C (Down Comer, Core)
N

Reactor Control Rod Reaetivity

Three Control Loop Error Signals

Fig. 12 Initial control system testing results

Although simulation is a valuable tool for sciencé6 Collaboration

and engineering, few scientists and engineers have . ) _ _
the proper skill set or day to day need for moqthirThe initial user interface for MoDSim has been writ

and simulation. As a result, the investment ofetin}en In Excel (Fig. 14).  This makes for easy indeg
and resources to establish and maintain a modelfifty With FMIE used to simulate the Modelica mod-
and simulation capability is often not justifiedn A €S outside of Dymola. Excel macro options that al-
open framework would provide an alternative affW for the modification of inputs, the display of
proach which will open modeling and simulatioRUtPuts, and the generation and plotting of results

capabilities to activities that cannot justify tie (Fi9- 15) are provided along with the ability tcsdi
vestment in traditional modeling tools. play the metadata about the simulation. This inter

face tool, however, only serves as the prototype in

The development of these models initially requird@ms of features and layout for the web applicatio
some knowledge of Modelica and Dymola. AlthougRterface that is being developed. The principai-i
most engineers may not be familiar with Modelica &tion associated with the prototype Excel intefac
Dymola, many engineers are familiar with and fairly its use as a local application on a machine. The
skilled in Excel. Therefore, the project has btlik widespread c_oIIaboratlon that is the intended goal
initial interface tool around an Excel platform thePnly truly achievable from a web-based platform.
allows the simple and intuitive generation, marepul
tion, plotting, and reporting of results using thALMR SMR MODELING FMU Interface
FMIE [5] tool developed by Modelon. This tool (Fig
13) allows the integration of Excel with compiled c
simulation FMUs for simulation. Many simulatior| -—-
environments (not just Modelica based) now allo
the export of these FMUs. The use of the op;
standard FMI provides an opportunity for a flexibl
toolchain in terms of tools used for core model d
velopment, simulation, and engineering analys ) ;
along with associated licensing. ' Fig. 14 SMR Excel interface

MODEL METADATA

FMIE can process a model that has been compiled
into an FMU by simulation platform like Dymola in ee— ———
a manner that facilitates performing dynamic simula
tions in Excel. The tool also supports changing mod
el parameters, adjustment of the simulation stadt a
stop times, for single or multiple simulationsigih
can be run in parallel. The resultant input angout
data variables can be selected for display in gcaph
or tabular form in a worksheet. FMIE also provides — e L — o e
a scripting API which can be used for automation of
analysis set-up, simulation, plotting, and post-
processing.

T— L S S
|
|

Fig. 15 SMR Excel interface - results
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The heart of the collaborative effort is based en flow that couples the web-based configuration and
ing an online open-source version control, issparameter setting with a local simulation running i
tracking, and file sharing application. The applicéicrosoft Excel.

tion chosen is GitHub. Users can obtain a GitHub

account and request access to the ORNL SMR fol N :
(ORNL-WebSMR) displayed in Fig. 16. Access t Hyep B&%%%M? ngg:;%Jg sl
this folder allows the user to work directly in thi
text-based Modelica models and make modificatior
comments, etc. on the models. Additionally, issu
can be raised and tracked as well as versionseof
models created, archived, and documented. This
lows collaboration within the user community.

m‘"""’ s
sl

xogeny [ ORNL-WebSMR Unwratch = & St 0 Fork 0

B torcrmeser- | ORNL-WebSMR

Fig. 16 SMR GitHub model repositdry

The start page of the SMR web application built t
Xogeny, Inc. is shown in Fig. 17. The web platfor
utilizes the architecture described in Section 2
along with configuration files that provide arcluite
ture, subsystem choice, parameters, and output : !
formation for use in generating the actual web iappl Fig. 18 SMR model configuration
cation. These files are generated in the YAML (Yet

Another Markup Language) language. The user
browse the available reactor architectures and t
selects the one with which to work. Following th
selection of the reactor architecture, the usertican
configure the subsystems in the architecture
shown in Fig. 18. After subsystem selection, t
user then has the option to modify the parameter
each subsystem (web app is populated with the
fault parameters from the FMU) as shown in Fig. 1

The current workflow is then to generate a simul
tion with FMIE as shown in Fig. 20. The web appli- Fig. 19 Parameter specification
cation provides a download of a customized Excel
sheet developed by Modelon that utilizes the scrij
ing API in FMIE to automatically download the
FMU populated with parameters entered by the us
execute the simulation, and plot the results. fEhe
sulting experiment sheet in FMIE can then be used
conduct batch simulations, modify additional parar’
eter values, and automatically compare results |

tween simulations. Figure 21 shows a sample exp

iment sheet with batch simulation compare. This
automation with FMIE provides a one-click work-

(I

Fig. 20 Simulation generation with FMIE
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into their activities. This tool is well suited farork

in the study of hybrid energy systems. ORNL is ac-
tively engaged in developing collaborations in the
hybrid energy system space that utilized this ap-
proach. In particular, ORNL is working with the
Idaho National Laboratory to create these hybrid en
ergy system models that can be used to provide high
level evaluations of potential energy concepts that
make use of multiple energy generation paths. In
the next phase of development, we will actively en-
gage these projects and seek additional projeats th
will also benefit from this tool.

As a final note, the long-term success of thisvigti
will be judged by three items: quality of the madel
developed, the number of users, and the ease of use
To this end, further development in the web-based
platform is an important next step. The web-based
platform provides opportunities for cloud-based
modeling for both nonsensitive material as well as
= controlled access for sensitive, proprietary materi
ST I e Additionally, the ability to create scripts that liwi
allow for rapid assessment of parametric sweegds wil
simplify the input and output necessary for theruse
e = However, it is critical that multiple projects aptb-
Fig. 21 Sample experiment sheet in FMIE grams begin using this tool to generate a librdry o
with batch simulation compare models that will form the backbone of this colladoor
tive network for SMR dynamic modeling. By gener-
Currently the web platform is an alpha produeting this simplified modeling platform it is hoped
which still requires local installation of toolsyéithe that a new paradigm for systems modeling will be
alpha version is being used to define the requigeated that will help facilitate the developmeft o
ments for the beta product. The beta versionlvll the next generation Small Modular Nuclear Reactor,
a completely web-based application that can be romt other complex engineering systems as well.
from any user's desktop without the need to install
any software. ORNL is working with Modelon and
Xogeny to facilitate a web-based Modelica simuliRefer ences
tion application towards this end. The beta prodtict
expected to be out in FY 2015. The goal of the welj1] F. Casella, A. Leva, "Modelica open library
platform is to support both local and cloud-based for power plant simulation: design and exper-

simulations within licensing constraints of the elev imental validation"Proceedings of the 2003
opment environments. As with any compiled simu- Modelica ConferencgeLinképing, Sweden,
lation environment, the practical challenges of- pre November 2003, pp. 41-50.

configured models, initialization, and simulatiogrp [2] ORNL/TM-2013/426, “SMR Dynamic Sys-
formance must be handled in a robust way to ensure” oy Modeling -|-00|' Update:  September

successful deployment and effective use of the simu 2013", September 2013.

lation platform. [3] GEFR-00793, “PRISM Preliminary Safety
Information Document”, UC-87Ta, Decem-
ber 1987.

[4] Dassault Systemes, “Dymola 2013 FDO1”",

A growing number of programs within the DOE 2012.
portfolio will benefit from the streamlined appréac [5] Modelon, “FMI Add-in for Excel”, Version

3 Conclusions

to collaborative modeling that this tool affordgh@r 1.2.1, 2013.
actively funded activities in the DOE Advanced Re- http://www.modelon.com/products/fmi-add-
actors Program are planning to incorporate thi$ too in-for-excel/
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