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Session Agenda

1. HYBRID and FORCE (15 min)
a) How HYBRID fits
b) Whatis HYBRID
c) Whatis in HYBRID

2. Features of Modelica (15 min)
a) Inherent advantages
b) Replaceable modeling

3. How Models are Constructed (30 min)
a) Model integration

b) Parameterizing and information passing
c) Initialization and RAVEN interface
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How HYBRID Fits Within FORCE

FORCE

* INL tools enable IES modelin
analysis 7 SO

* Physical process, integration
modeling G HERON

* Long-term technoeconomic
analysis

« Capacity, dispatch optimization R ¥ o N {E@%ﬁgg@_—

« Stochastic analysis, multiple AVE e —
commodities

» Energy storage, varied markets ’h FARM

* Real-time optimization TEAL /
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HYBRID — What Is It?

* The HYBRID repository is a collection of physical

models written to characterize:

« Thermal and electrical integration of different processes

 Ramp speed

 Evaluation of novel control schemes
« Off-design system states

 Dispatch feasibility

« Safety limit approaches, considering control system effects

=

L
* https://github.com/idaholab/HYBRID— HYZ
Li_"_l_ll |'——i-i| ] —
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New HYBRID Structure

1T HYBRID=

S
Modelica Dynamic Models Steady-State Transient ROMs Cost Information
Primary Heat Systems Tech 1 Tech 1 Tech 1 Tech 1
Energy Manifold Tech 2 Tech 2 Tech 2 Tech 2
Balance of Plant Tech 3 Tech 3 Tech 3 Tech 3
Industrial Process Tech 4 Tech 4 Tech 4 Tech 4
Energy Storage
Secondary Energy Source Aspen, Mathcad, | non-Modelica or | Trained on other | HERON-readable
Primary Heat Switch Yard Excel, etc. ”Save-?otal” models format
Electrical Grid Wodelica
Control System Center /e
Experimental Systems °:> IES
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V&V Matrix (1/4)

Subsystem V&V Example | ROM Steady- | Published documents Reference documents Nominal
Name Type generated | state Conditions,
model Notable
Limitations
4-loop PWR | Face Integrated INL/EXT-19-55395 Systems Summary of a 3400 MWt.
Westinghouse PWR Nuclear Power Steam: 1750
Plant 1984 :
“PWR Description”™, Jacopo kg/s, 69 bar,
Buongiomo 285°C
Small Data: Integrated INL/CON-16-39032 https://aris 1aea org PDF/NuScale pdf | 160 MWi.
modular steady dey: 10.1016/3.desal 2014.02.023 Steam: 35 bar,
IPWR state 300°C, 75 kg/s
Small Data: Intcgratgd INL/EXT-19-55520 NuScale Standard Plant Design 200 m
modular Staady dor: 10.1080/00295450.2020.1781497 | Certification Application Steam: 35 bar
doi: 10.1016/j.apenergy.2022.118800 o i
n.atu.ral . state INL/RPT-27-69214 310°C, 84 kg/s
circulation
IPWR
HTGR Data: Integrated dax: 10.2172/1890160 da: 130 MWH.
Transient INL/RPT-22-68222 10.1016/1.nucengdes.2017.11.041 Steam: 140 bar
e oo oy ta 540°C, 50 ke/s
INL/RPT-22-69214 , 50 kg/s
SFR Physics | Individual INL/RPT-22-68222 BOP under
construction

X | HYBRID and FORCE
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V&V Matrix (2/4)

Subsystem V&V Example | ROM Steady- | Published documents Reference documents Nominal
Name Type generated | state Conditions,
model Notable
Limitations
Solid Media Face Integrated gi ig-}g}gij-ﬂﬂﬂﬂﬂ- 12%423';318800 doi; 10.1063/1 4984432 Nominally
TES : _El'f;f;;[gy s concrete,
requires steam
2-tank TES Face Integrated INL/EXT-18-45505 Molten salt
INL/RPT-22-66941
INL/RPT-22-69214
Thermocline | Physics, | Integrated INL/EXT-20-59195 Thermal o1l
TES some INL/EXT-21-64408
INL/EXT-21-61985
data
Latent heat Physics, | Individual INL/EXT-21-61985
TES some
data
Battery Physics | Integrated | X INL/MIS-20-60624
storage
Compressed Physics | Individual INL/RPT-22-66941 Simgle-mode
air operation

X | HYBRID and FORCE

Modeling Features

Model Construction



V&V Matrix (3/4)

Subsystem V&V Example | ROM Steady- | Published documents Reference documents Nomuinal

Name Type generated | state Conditions,
model Notable

Limitations

Reverse Data: Integrated INL/EXT-18-45505

OSINOSIS M:L_' INL/EXT-15-36451

desalination state

R e

temperature | pteady- doi: 10.2172/1513461

steam state

electrolysis

HTSE Face Individual INL/EXT-22-02188

‘experimental’

Single-stage Face Integrated Many

balance of

plant

Two-stage Face Integrated INL/RPT-22-69214

balance of

plant

Stage-by- Physics | Integrated dot: 10.1016/).apenergy.2022.118800

stage balance

of plant

25 IES
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V&V Matrix (4/4)

Subsystem V&V Example | ROM Steady- | Published documents Reference documents Nominal
Name Type generated | state Conditions,
model Notable
Limitations
TEDS loop Physics, | Individual, INL/EXT-20-59195
some Integrated WL BTl =Bl
data
MAGNET Physics | Individual, INL/EXT-22-02188
loop Integrated
Subsystem V&V Example | ROM Steady- | Published documents Reference documents Nominal
Name Type generated | state Conditions,
model Notable
Limitations
Steam Physics | Integrated Many
manifold
Switchyard Physics | Integrated Many
Electric grid Physics | Integrated Many
Natural gas Face Integrated | X INL/EXT-16-40305
turbine

25 IES
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HYBRID Dynamic Modeling

 HYBRID evaluates the
feasibility of systems
developed within FORCE
and provides constraint data
necessary for broader
system evaluations

* An ideal intermediary for
determining:
* Integration design
» Control methods
« Ramp rate feasibility

« Determination of off-design
behaviors

10
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Where FORCE Interacts?

Inputs are system sizing |
» Values taken from RAVEN/HERON in |
optimization workflow '

Control strategies desired
« Each subsystem has its own control

Supervisory

Control \

strategy

Planned coupling methodologies
« Supervisory control

 Minimum electrical and heat rates
for each subsystem

Thermal and electrical demands
for each subsystem through time.

« Total demand an input from balancing
authority routine

Example Fluid Coupling Points

11

Example Electrical
Coupling Points

25 IES
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Why Modelica?

» Rapid Development
* Fidelity level controlled by user
 Fast feedback from development environment

e Collaborative

* Model repositories can be open-source like HYBRID with standardized
connections

* FMI/FMU allows for “black-box” sharing

* Flexible, Adaptable

* Modeling across multiple physical domains
* Models modifiable for existing and new users

25 IES
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Modelica Features

Equation Based (acausal) Built for Dynamic Problems

* Order of computations is not decided at modeling time

 Time integration handled by
solver

« Equations do not specify input/outputs
o der(v) = a + bx(t)

s x+ty=z"+yz

« Solutions direction adapts to data flow

L

= N W s~ O o

. . D /7 IES
Example from the Modelica Standard Librar _
p y o >
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Dynamic Simulation

llllll

* Time dependent aspects of a E. < m
system 5
» Concerned with concepts of: N j
« States: Attributes described at a point in time —> pre

* Events: Occurrences that trigger a state transition
* Transitions: A change in the state of an object

e Actions: Instantaneous operation that results due

to an event
* Activities: Ongoing operations upon the state of an
object Example of a dynamic
problem

FSIES
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Replaceable Modeling

A pipe subjected to cyclic ambient temperature

Heat Transfer Model A
Heat Transfer Model B

Ambient Temperature

DiurnalTemperature
30+
/\/ AmbientTemperature 28+
freqHz=1/86400%0nes(10) E
=
8 45
=4
=
& i
[
g 24
MassFlowBoundary PressureBoundary =
pipe 204
T T . . T . . T T T . . T T T T
0.0ED S.0E4 1.0ES 1.5E5

Time [s5]

Double click on the component of interest and change the fluid or

Fluid Media heat transfer correlation Heat Transfer Correlation

W Seban-Shimazaki: Liquid metal correlation for flow in crcular tubes and uniform wall temr| =

[= Water using the IF97 standard, explicitin p and h. Recommended for most applications | =
T Moist air without condensation <Remave modifier = -
||; Simple flue gas for overDstochiometric O2-fuel ratios i M8 IdealHeatTransfer: Ideal heat transfer without thermal resistance i
[#" Simplest flue gas for over-and understochiometric combustion of hydrocarbons | Cunsnﬂ-leatTransﬁar: Cunsmn heat h'ansﬁar mFﬁent ,
[ Simple natural gas mix with 6 componente LocalPipeFlowHeatTransfer: Laminar an.. nvection in s, local coeffidents
= Same as SimpleNaturalGas but with fixed composition M Lyon-Martinelli; Liquid metal correlati.. n droular tubes and constant heat flux E
B 1 2-Propylene glvol, 47% misdure with water M Seban-Shimazaki: Liguid metal correla.. ar tubes and uniform wall temperature

M FFTF: Liguid metal rod bundle; 20 <=Pe <= 1000

[

@ Essotherm th | il
[& Essotherm thermal oi M8 Borishanskii et al.: Liquid metal rod bundle; 1.1 <=P/D <= 1.5, Pe <= 2000

@ 1 ible medi ties based on tabl
||; ;:;T;r;ﬁeﬁzrzlﬁaw:ﬁ; isasa:;t:sn = M Graber-Rieger: Liguid metal rod bundle; 1.25 <=P/D <= 1,95, 150 <= Pe <= 3000
[& Water: Steam as ideal gas Frun': MASA source = _! modifiedSchad: Liguid metal rod bundle; 1.05 <=P/D <= 1,15, Pe <= 1000 w7
,®
o
s
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Design Capability

* Physical models are
focused on process
system bases

A few coupled
subsystems (nuclear
plant + gas turbine +
thermal storage + grid +
ancillary process)

* Focus within Hybrid has
been single energy
park systems

25 IES
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Design Capability

* Figures of merit
* Demand missed

» System stability

* System pressure,
temperature, thermal
gradients, valve
positioning, etc.

» Control strategy effects
on each subsystem

« Carbon accounting

25 IES
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Interconnectability

Interchangeable

* Create self-contained Control System
process models

 These models
calculate on- and off-
design behavior

» Coupling occurs with
other Modelica models

or process models
built via FMI/FMU

Connection

points
18

HYBRID and FORCE X | Modeling Features
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Interconnectability

Interchangeable

¢ MOdGIS are Conflgured Control System
using interchangeable
base classes for ease
of use and adaptability
of models into different
configurations

» Can be exported in the §
FMI/FMU standard to
allow robust |
iInteroperability with
iIndustry

Connection .
points .::> IES
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Energy Arbitrage IES

* NuScale-style SMR

* High-fidelity balance of
plant

* Integrated-concrete
thermal-energy storage
system (dual network
model)

* Week-long-scaled
dispatchable demand
profile calculated and

input £ IES

20 2 \l Integrated Energy Systems
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Energy Arbitrage IES

Demand vs. Turbine Power Missed Demand (kW) Minimum Departure from Nucleate Boiling Ratio
25
Power - - -Demand Nominal 400 245
300 )
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PHS— Westinghouse (WH) Style: 4-Loop (PWR)

Q_balance P_pressurizer CR_reactivity

data
0.0 b—': pressuﬂz..‘b—: - syslem
'W_balance : Q_total I defaults
0.0 b-(;: cnreSuhc,,b—(%) Bafic \/ i
FuelConsumption : level : 1 : 9
(1+016. b [ arumievel |- i 1 oy
! i sensorBus | ! actuatorBus
1 1
i | i -
------- [ Sy

4-Loop PWR

——

rrrrrrrrrr

2
S

res_sGshaloy. . m_flow]
res_toHeader res_fromHea hutLg res_hotLeg
— e '—1_?—'_‘ drum |—°
“——— massFi
h
5

&
g

o L

2,

res_SGshell

massFlowRate
ﬁ—n\

T_Core O...

res_coreOutlet  core o

: ¢

QO
wnuBRBANG DS
noacn] ;S

res_SGshellnlet

Primary Heat System

coraSubchannel

B e et e e
re_outletPlenum

g aloaUMop
o]
~
/ |3-
T

Jaw%gumoa

T_Core_nlet

core_inletFlenum  M@s_corelniat
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Energy Manifold

Steam Manifold

Energy Manifold

HYBRID and FORCE

Q_balance
0.0 b1

W_balance |

steamHeader

port_a1

o - - @

resistance

C

data

Eteamh

I
I
| | actuatorBus
I
I

va\ve_EQ

flanif.

S

sink_b3[] m_fiow_;

port_b1 J—
O o=

<
pipe_a2
pressure_steamHeader(]
steamHeader....
p source b3[] X o
specificEnthalpy_stea_._ res\StEgj:.e_IﬁD plpe_h;3|:| m_flow

steamHeader.... X [ ] L]

[

Condttionally connected
based on exterior connections

massFlowRate_b3[] specificEnthalpy_b3_re...
port b3fj

0

port_a2

25 IES
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ES — Sensible Thermal Energy Storage (TES)

HYBRID and FORCE

1
sensorBus
1

-
. l
1 |
1 |
|

24
X | Modeling Features

(a

=

actuatorBus

L

o

sens. . resist...“"”l i ]
c U IES

-:>

.’ \l [ntegrated Energy Systems

Model Construction



High-Temperature Steam Electrolysis (HTSE)

system

Q_bal data defaultts
g . ~/ l
V_kal.,. | L_m g
00FC = b
1 e
! 1
1 sensorBus | : actuatorBus
|
g R B
rmmne ; e
¢)——acapach... _ f

1 mo2

=i = 1
1
1 W_aux
(;)- —Jcapacit.. | “\ d :
1
-2 !
s actuator_wC.
1 —

TCV_cathed. ..
source_cath... feedPump

S,

High-Temperature
Steam Electrolysis

TNOul| cat
cascadeC...

-
FCV_catS0EC

actuator_pC..

_\4—

-
Ui o] Ju

ITSEvessel
e S
b—o(ip je0

—_—
PCV_cat30EC -8

flow Split ————0@ i
pH20_out 1P SY_au

PCV_anSOEC
-

B

® O
s L®

2H,0 —— 2H + 02

actuator_pA. A
=
QO .
‘ gI
retur.... flowJoin

—
SQUrce_ano... hEX_| .. FCW_anSOEC
3] ==

generator

turbine

=
=1
a
(=4

T

B

s 5
4 i

o ogHwW |——|¢‘
<»

actuator_w...

THOut |ano...

Industrial Process

compressionSystem
TCV_anode.
—

%i“”“‘ ettt tateltleltsleatalats G
& 3 1ES
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Reverse Osmosis (RO) Desalination

system
Q_balance defaults i
0.0 P
w_bal IE] \/ 9
0.0 [~ Control System
s

sensorBus

R pupp—1

1

1

1

1

1

i

1

e @
:
1
1
1
1

brineSource
P

Reverse Osmosis Desalination

FBetrl_p_feed

/
T
B

p_feed_meas

portElec

=0

duration:

p_feed_set
=1
pes) d loEnoe

retentateSink

Industrial Process

¢ pumpingSystem I I PCv ¢

permeateSink
p

; {
o5 IES
C
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Natural Gas Fired Turbine

Q_balance

T =
W_bkalance |
< /a0 GTPP[Po._.
i ! i
1
| sensorBus | | 1 actuatorBus
1 1
1 ! 1
T Tttt -- T L .
1
B
limiter_WCE

wCOZ

! 1
! 1
! 1
! 1
1 wf 1
Natural Gas-Fired Turbine e / » fuelCtrl i
1 k227 X_Coz |
1 )
: uMax=wf_pu_max ! o % ] :_ m_fiow SlnkExhaustGag pExh_:ut_c:aI
1 : -sys e
1 Py H
! 1
1 i H
! 1
! 1
! 1
! 1
! 1

mExhaust c
S
----------------------- g 1
%] 1
& 1
IGVangle_set o !
IGVangle :
A |
=airs. .. :
duration=0 ) .
powerGen pOr‘tElec_b
. b6 o
airSourcely - o ref
‘ multiSensor 1=GTunitJ true ~
k=GTunit.NO

Secondary Energy Source

3 IES
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DETAIL Model

MAGNET

cont. ..

_______________ SR T TR S §

tank1 :

ruas T oeh. .

I m L]
[ — —abe 5 0pening3| =
LoHX e Chille T_i... p._ %
* = LT

6 O }eningl
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Integration of Existing Models

* Drag and drop of models is the most common method of
building top-level systems
- Example: IES, Reactor model
* Prebuilt models combined in unique ways for simulation setup

* Primary simulation difficulties are system-wide initialization and
proper calibration of controls

* Subcomponents can be combined to make usable components
- Example: Shell and tube heat exchanger
» Configured models allow for standardized components for full system

builds
* Primary difficulty is to ensure appropriate parameter pass-through
29 (/\A Integrated Energy Systems
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Integration of Existing Models

» Using existing models takes advantage of object building
within Modelica

* The same components can be used repeatedly
» Subsystems have been tested and verified

» Ports impose consistent communication between
components

25 IES
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Steam
manifold

aaaaaaaaa

j Turbogenerator
: system

|ES control
="

Supervisory

Electrical
grid

—

Reactor /

model

Gas turbine
system

HYBRID and FORCE

31
Modeling Features

Electrical
interconnection

TTIES

.’ \l [ntegrated Energy Systems

X | Model Construction



Example: IES — Reactor Model

- Sixteen different drag-and-drop g J =
components make up reactor model

* Includes pipes, sensors, feedwater pump,
primary heat exchanger, nuclear core model,
and control signals

« Some of these models have drag-and-drop
subcomponents

« Subsystem level is self-contained, only
needing feed flow and steam produced
connections.

25 IES
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Example: IES — Turbogenerator

 Turbogenerator system &
demonstrates five connection - - -
types |
* Fluid (blue)

Heat (red solid)

Mechanical (gray)

Electrical (red solid)

Control (red & green dashed)

L E Wi portElec_b
- \/\\/ :: !

voluR@werSensor

'7 3
@
o @

,> IES
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Integration of Existing Models

» Construction using pre-existing models creates instantiations of
the objects within current level model

* Typically, ports and connectors are used to communicate
iInformation between objects

» Assuming the building block models exist, the construction
process can happen quite intuitively
- Example: Shell & tube heat exchanger

- Parameter passing must be handled at every level

25 IES
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Example: Shell & Tube Heat Exchanger

* What do we need to

make a STHX? . Possibly a
- Shell fluid flow path vectorization reversing
Shel | unit to allow for  z 1

=

name

* Tube fluid flow path

counter-flow OR g+
concurrent flow y

« External fluid

e e connectors
* Pipe model to o | i
establish conductivity
2 ¢ bort 2_tube port_stube /
' 25 IES
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Example: Shell & Tube Heat Exchanger

* Finished product thermally
connects two fluid streams

* One final question: how do we
properly pass parameters to
next-level modeling?

- Each component in the figure on the right
has its own parameters

* For example: what is the diameter of the
tube in the tube model?

36

lllll

HYBRID and FORCE Modeling Features

S port_a_she
T NN |
g " Bme port_b_tuk

mmmmmmm
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Integration of Existing Models: Passing Parameters

- Typically, parameters must be re-declared at -
every level =
+ Default values can be put in, as the highest modeling level | ==
will be distributed down o
- “Replaceable” keyword allows for all potential -
values matching the type of that parameterto ===
be selected via drop-down menu s
» For example: two-phase media types Parameter interface seen above. Interface

method depends on type of parameter (single
value, package selection, set of values, etc)

- Parameters can be grouped into data structures
for easier pass-through

25 IES
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: STHX in NHES. Systems.PrimaryHeatSystem.SMR_Generic. Components.SMR_Taveprogram

General  Shell

Passing Parameters

Advanced  Visualization ~ Add modifiers  Attributes

Tcon

Component

Name  [STHX

Comment ‘

Model

GenericDistrib

Path TRANSFORM HeatExchangers.GenericDistributed_HX
Comment A (i.e., no inlet/outlet plenum considerations, etc.) generic heat exchanger with discritized fluid and wall volumes where concurrent/counter flow is specified mass flow direction.

: redeclare STHX.Geometry in NHES.Systems.PrimaryHeatSystem.SMR_Generic.Components.SMR_Taveprogram

General Shell Side

Add modifiers Attributes

nParallel

of identical parallel HXs

Geometry

eometry

TRANSFORM.Fluid.Cl

Geometry.Models.DistributedVolume_1D.HeatExchanger.Shell AndTubeHX (D_i_s|

hell side medium

Mudelica.Media.Water.StandardWati ‘ Edit

Medium_tube

Modelica.Media.Water.StandardWate™> 55 Tube side medium

Material_tubewall

TRANSFORM Media.Solids.55304 v ‘ » Tube wall material

\
Medium_shell ‘
\
\
\

counterCurrent

true ~

» Swap shell side temperature and flux vector order

Pressure Loss

FlowModel_shell

\ v Shell side flow models (i.e., momentum, pressure loss, wall friction)

FlowModel_tube

~ ‘ v Tube side flow models (i.e., momentum, pressure loss, wall friction)

Heat Transfer

HeatTransfer_shell ‘

HeatTransfer Models.DistributedPipe_1D_MultiTransferSurface.Nus_SinglePhase_2Region V" Shell side coefficient of heat transfer

HeatTransfer_tube ‘

TInternalHeatGen_tube ‘

TRANSFORM.Fluid.ClosureRelations.HeatTransfer.Models. DistributedPipe_1D_MultiTransferSurface.Alphas_TwoPhase_3Region ‘ » Tube side coefficient of heat transfer

tion v |E»

InternalHeatGen_shell ‘

‘v‘»

Trace Mass Transfer

InternalTraceGen_tube ‘

Ve

InternalTraceGen_shell ‘

Ve

Cancel Info

HYBRID an

nTubes
nR

nSurfaces_tube

data.nTubes_steamGenerator |* # of tubes per heat exchanger

20 Number of radial nodes in wall (r-direction)

B Number of transfer (heat/mass) surfaces

Inputs Elevation

height_a_tube
height_b_tube
angle_tube
dheight_tube

OF m Elevation at port_a: Reference value only. No impact on calculations.

be)* m Elevation at port_b: Reference value only. No impact on calculations.

op ° Vertical angle from the horizontal (-pif2 < x <= pi/2)

(angle_tube)* m Height(port_b) - Height(port_a) distributed by flow segment

Inputs: Tube Wall

drs (th_wall/nR, nR, nV) ‘ * m  Tube unit volume lengths of r-dimension
th_wall data.th_steamGenerator_tube * m Tube wall thickness
Inputs

dimension_tube
crossArea_tube
perimeter_tube
length_tube
roughness_tube

surfaceArea_tube

data.d_steamGenerator_tube_inner|* m Characteristic dimension (e.g., hydraulic diameter)

Cross-sectional flow areas

Wetted perimeters

Pipe length

Average heights of surface asperities

Inner surface area

Cancel Info




Integration of Existing Models

» Using existing models takes advantage of object building
within Modelica

* The same components can be used repeatedly

* Ports impose consistent communication between
components

* When building sub-models and subsystems, make sure

that relevant parameter passing methods are set up
<3 IES
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Parameter Sweeping

' : Sweep Paramet |
- Dymola has internal parameter sweeping weep Parameters |2

. Parameters to sweep

method %
[_| CTES.nPipes :
inspace(50, 550, 11) &= X
* Allows for output space generation across CTES.dY
single altered parameter at a time inspace(0.1, 0.5, 10)|E5 X
[ ] cTES.dx

1space(100, 300, 10) B X
Variables to plot

CTES.E_store_daily x m
CTES.T_Ave Conc X

« Auto generates separate output files to
keep post simulation

 Auto generates plotting set of output
values desired by user

@ Trajectory O Last Point

25 1ES
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6E11

—— CTES.E_store_daily // CTES.nPipes = 50
AE11- —— CTES.E_store_daily // CTES nPipes = 100
CTES.E_store _daily /f CTES.nPipes = 150
2E11 - — CTES.E_store _daily // CTES nPipes = 200
—— CTES.E_store_daily /f CTES.nPipes = 250
0E0— —— CTES.E_store_daily /f CTES.nPipes = 300
CTES.E_store daily /f CTES.nPipes = 350
_2E11 | | | | | | | —— CTES.E_store_daily // CTES.nPipes = 400 |
OEOD 2ES 3ES - CTES.E_store_daily // CTES.nPipes = 450
200
—— CTES.T_Ave _Conc// CTES.nPipes = 50
180 —— CTES.T_Ave Conc// CTES.nPipes =100
—— CTES.T_Ave Conc// CTES.nPipes = 150
160— CTES.T Ave Conc//CTES.nPipes =200
: "—— CTES.T_Ave Conc// CTES.nPipes = 250
140- 4 T —— CTEST_Ave_Conc // CTES nPipes = 300
CTES.T_Ave Conc// CTES.nPipes = 350
o —
120 | | | | | | | | | | | —— CTES.T_Ave_Conc// CTES.nPipes = 400 _
OED 1E5 2E5 3ES - CTEST _Ave Conc/fCTES.nPipes = 450

HYBRID and FORCE
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—— CTES.E_store_daily /f CTES.dX = 100.00000000
—— CTES.E_store_daily /f CTES.AX = 122.22222222

. / 3 = W Il = CTESE_store_daily // CTES.dX = 144 44444444
= 211 ) 7 e~ CTESE_store_daily // CTES.dX = 166.66666667
| /\ — CTESE store_daily // CTES dX = 188 88888889
0E0- : — CTESE_store_daily // CTES dX = 211 11111111
CTES.E_store_daily // CTES.dX = 23333333333
2E11 I I I I R B  — CTESE_store_daily // CTES dX = 255 55555556 _
0ED 1E5 2E5 3-5- CTESE store_daily // CTES!@X = 277 77777778
180
— CTES.T Ave_Conc // CTES.dX = 100.00000000
1 — CTES.T Ave_Conc /l CTES dX = 122 22222222
160 =% CTES.T Ave_Conc /| CTES.dX = 144 44444444
5 . CTEST_Ave Conc// CTES dX = 166 66666667
= — CTEST Ave_Conc// CTES dX = 188 88888889
4 £ e — CTES.T Ave_Conc// CTES.dX = 211 11111111
1 CTEST Ave_Conc // CTES dX = 233 33333333
120 I I — I I S N _ — CTEST Ave_Conc/ CTES.dX = 25555555556 _
0EO 1E5 2E5 3E5-- CTES.T Ave Conc// CTES!@X = 277 77777778

HYBRID and FORCE

Modeling

Features
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4E11

— CTESE store_daily // CTES dY = 0.14444444444
: — CTESE store_daily // CTES dY = 0.18888888889
2E11 CTES.E_store_daily // CTES.AY = 023333333333
- | CTES E_store_daily // CTES dY = 027777777778
~ — CTESE store_daily // CTES dY = 0.32222222222
OEOA — CTESE store_daily // CTES dY = 0.36666666667
- CTES.E_store_daily // CTES.dY = 0.41111111111
D11 - CTESE store_daily // CTES dY = 0 45555555556 _
0EO 1E5 265 e CTES.E_store_daily // CTES dY = 0.50000000000
200
— CTEST Ave Conc// CTES.dY = 014444444444
180 CTEST Ave Conc// CTES.dY = 0.18888888889
— CTEST Ave Conc// CTES.dY = 0.23333333333
= 1907 — CTEST Ave Conc// CTES dY = 0 27777777778
= 40— ———— —_ CTEST Ave Conc// CTES.AY = 0.32222222222
— : — CTEST Ave Conc// CTES.dY = 0.36666666667
1207 CTEST Ave Conc// CTES.dY = 0.41111111111
100 N O A Y A A A AN A N — CTEST Ave Conc// CTES dY = 045555555556 |
0EO 1E5 2E5 2-° CTEST Ave Conc// CTES.dY'= 050000000000

25 IES
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Manual Parameter Sweep

* In the case that a model is sensitive to initial conditions, it
IS possible to manually alter parameters via the dsfinal.txt
file to effectively manually parameter sweep

» Combined with script generation, this process can be
automated so that there is less user attention required

o3 IES
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Initial Conditions

» Model initialization is key to obtaining
results, especially if a simulation
stabilization time frame can be
avoided

* One method of creating an initial state
IS to use a robust outside result to
create an Initial conditions table

« ASPEN HYSYS is often used

HYBRID and FORCE

Modeling Features

= datalnitial in NHES.Systems.PrimaryHeatSystem.SMR_Generic.Components.SMR_High_fidel.. 7 X

General Add modifiers Attributes

Component Icon
Name [datalnitial

Comment | Datalnitial_NS
Model

Gendric

Path  NHES.Systems.Primary MR_Generic.C Data.Datalnitial_NS

Comment
Parameters

d_start_core_coolantSubchannel » g/em?
p_start_core_coolantSubchannel {12903247.0,12898190.0,12893307.0,12888614.0} | EZ > Pa
T_start_core_coolantSubchannel {540.2313,558.79364,576.1813,586.9483} | EE » K
h_start_core_coolantSubchannel » Jjkg
d_start_hotlLeg » g/em?
p_start_hotLeg > bar
T_start_hotLeg » oc
h_start_hotLeg » Jkg
d_start_coldLeg * g/am?

p_start_coldLeg

T_start_coldLeg

h_start_coldLeg
d_start_STHX_tube
p_start_STHX_tube
T_start_STHX_tube
h_start_STHX_tube
d_start_STHX_shell
p_start_STHX_shell
T_start_STHX_shell
h_start_STHX_shell
d_start_inletPlenum
p_start_inletPlenum
T_start_inletPlenum
h_start_inletPlenum
d_start_outletPlenum
p_start_outletPlenum
T_start_outletPlenum
h_start_outletPlenum
Ts_start_core_fuelModel_region_1
Ts_start_core_fuelModel_region_2
Ts_start_core_fuelModel_region_3
T_start_STHX_tubeWall
p_start_pressurizer
level_start_pressurizer
h_start_pressurizer
d_start_pressurizer_tee
p_start_pressurizer_tee
T_start_pressurizer_tee

h_start_pressurizer_tee

2374421.2,2749133.0,2919464.0,2980839.5,3004198.5}

11654,547.5736,541.4915,535.5601,527.6039,516.3904}

1326, 753.8575; 620.802, 676.6141, 692.713, 665.06805] | EZ

629.82477; 547.5703, 569.67633, 586.9591, 594.09796] | EE

il

5, 500.4041; 540.2313, 558.79364, 576.1813, 586.9483]| EX

), 554.01654, 560.9657, 576.07135, 583.2033, 585.6959]

12807852

12807852

586.90674

> Pa

g/cm?
Pa

=

e

> kg

Info

X | Model

<3 IES
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Initial Conditions

* Inherent method within —

O Current Variable Browser content

Dymola to save within a

Store options

(®) Store values in current model

model the initial conditions

Name:
SMR_IES CTES
Description:

Extends:
NHES.Systems.Examples.SMR_IES_CTES

* When used, the output it

Open new dass in:
This tab

space Is saved within the

. Save changes in parameters and in initial values of states
m O d e I d I re CtI a S [ | overwrite parametrized start attributes for below selection
Additionally, save changes in the start attributes of:
[ @ ITteration variables
m n h () Tteration variables and torn variables
O Outputs, auxiliary variables, and states
- (i) Only save start guesses for additional variables at start time.

Other useage may cause unwanted changes in the model
parametrization. These advanced options are only intended for

saving start guesses and must not be used to continue
simulations from times later than the start time.

25 IES
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Initial Conditions

LN
cs(
BV_openingNcminal (k(start=0.001)),
PID_BV_opening(

Iik(erare=0- 10, actuatorBus (opening BV (start=0.001), opening TCV(start=0.5)}),

addp (

41 (s5arom0.0300000001455) boundary (port (T (start=421.1691093331664))),

u2 (start=0.0300000001485)),

gainPID(k (start=-1.0)), houndaryE {I'l'lEdlUIl'L{

galnTzack(k(stazt—fl 11111111113111112)),
gain_u_m(k(start=SE-10)),
gain u_s(k(start=5E-10)),

limiter (uMax (start=0.998), uMin(start=-0.0009)),

null_bias(k(start=0.0))},
yMax (start=0.999),
yMin (start=-0.0009)),
PID_TCV_opening(
I(k(start=2.0)),
addp (
k1l (start=1.0),
ul(start=0.0086185),
u2 (start=0.0086185)),
gainTrack (k(start=1.1111111111111112)),
gain_u_m{k(start=2.5E-09)),
gain_u_s(k(start=2.5E-09)),

limiter (uMax (start=0.5), uMin(start=-0.4999)),

null bias (k(start=0.0)),

u_s(start=3447400.0),

yMax (start=0.5),

yMin (start=-0.4%99)),
TCV_copeningNominal (k(start=0.5)),
delayStartBV(start=100.0),
p_Nominall(k(start=3447400.0)),
switch_P_setpoint (y(start=€0000000.297)),
valvedelay(k(start=100.0)
wvalvedelayBV (k(start=100. D) 3.

PID(

I(k(start=2.0)),
addP (

k1 (start=1.0),

ul (start=1.0),

uz (start=1.0)),
gainPID(k(start=100000000.0)

gainTrack(k (start=1. 1111111111111112E 08)) .,

galn u m(k(start=0.002374343174368348)),
gain_u_s (k(start=0.002374343174368348)),
k m(start=0.002374343174368348),
k_s(start=0.002374343174368348),
limiter(
u(start=100000000.0),
uMax (start=1E+60)
uMin (start=-1E+€0)),
null bias(k(start=100000000.0)),
u_m(start=421.1691093331664),
yMin (start=-1E+60)),
PIDL(
PID(
I(k(start=2.0)),
Nd (start=10.0)
Ni(start=0.9),
Td(start=0.1),
Ti(start=0.5),
addp (
k1 (start=1.0),
ul (start=1.0),
u2(start=1.0)),
gainPID (k(start=100.0))

v
gainTrack (k(start=0.011111111111111112)),

aim o mildetare=0 111

HYBRID and FORCE

T(start=2%B8.167€360787%3c3),

T degC(start=25.01763€078753657),

d(start=998.544543058541),

p_bar(start=34.473800000000004),

sat (Tsat (start=514.8425665422584) ),

u(start=104571.53362745857)), ports(h ocutflow(start={108023. 93?D?1D939}]

Et (start=0.013324020093760938) ,

2 mech(start=€5056859.7057745%9) ,

2 units(start={42261285.79%11617,42261285.79%211€17}),

2 units start(start={42261285.79%11617,42261285.795%11617}),

Obs (start={-9732855.946228676,-9732855.94622867¢6}) ,;

T a start(start=253.15),

T b start(start=293.13),

T nominal (start=293.15),

bubble in(d(start=820.35381583078773), h(start=1013666.67245914373)

bubble out(d(start=5895.8436373261%12), h(start=151812.29519356362
d_nominal{start=13.6?124?252?58?16],

dew in(d(start=15.3071%7090c08243), histart=2803284.17024%812)),

dew_ out (d(start=0.06816373081854721), h(start=2583886.8570257137)

h a start(start=29%7670.0),

h b start (start=2058530.3155751%¢€2),

h_is(5tart=20?019?.58603?0956],

h out (start=220%318.4481315315)},

P_a start(start=3337380.0),

p_b _start(start=10000.0},

p_inlet nominal (start=3337380.0),

p outlet nominal (start=10000.0), l I ES
p_ratio(start=0.003266820035482569?], , :>

POTrtHP ( )
(/ \. Intenratgd;bnergy Systems
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Initial Conditions

* Another method of importing initial conditions is using
default output format

on Tools Options Layout

E Stop: (18000 tc,'_tl v rﬂ ﬂ % v @ Simulation An:
Alg: |Esdirk45a v 1 Continue F11 . @ Visualize
Sweep Setup N New  New New Visualize
Parameters Import Initial... Plot ¥ Table  Animation 3D /A Show Log
Simulation Import values for starting a new simulation (and then press simulate).
= |
-] dsfinal © 2/18/2022 1:20 PM

* This method can be used to alter parameters by altering

the text file )
< IES
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RAVEN Interfacing

» Default initialization or final status text file is standard RAVEN
iInput method

Values identified in RAVEN input substituted

B m— —

-2 1.000000000000CCR1E-0O1 %] %

1 280 # nuScale_Tave_enthalpy_Pressurizer_CR.PID.k

-2 5.000000000000CCERE-B1 9.9999999999999997E-61 1.000000BOB00O0BBLLE+100
1 280 # nuScale_Tave_enthalpy_Pressurizer_ CR.PID.T1i

-2 1.0000000000000001E-01 5] 1.0000000000000000E+100

1 280 # nuScale_Tave_enthalpy_Pressurizer_CR.PID.Td

-2 5] 5] 5]

1 280 # nuScale Tave_enthalpy Pressurizer CR.PID.yb

-2 5.0000000000000000E-01 5] 5]

6 256 # nuScale Tave_enthalpy Pressurizer CR.PID.k_s

-2 5.0000000000000000E-01 5] 5]

6 256 # nuScale_Tave_enthalpy_Pressurizer_CR.PID.k_m

-2 5.6600000000000001E+00 2 5]

1 280 # nuScale_Tave_enthalpy_Pressurizer_CR.PID.yMax

-2 5] %) %) ot
1 280 # nuScale_Tave_enthalpy_Pressurizer_ CR.PID.yMin o:’_> IES
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RAVEN Interface

- Executable made via Dymola and path input into
RAVEN

» User should make sure that “evaluate parameters at
translation” option is disabled

* Dymola is subType “Dymola” in the input deck

* Input name type is “Dymolalnitialisation”

25 IES
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Model Analysis

» Scripting allows for manual creation of parameter sweep
- Method is: Translate(), import(), simulate()

* Dymola has internal parameter sweep methods
» Only one parameter can be changed at once

* RAVEN interface uses standard input to accept new
parameter methods

* Reminder from previous: models can use text reading for
iInput, which can read dispatch information generated by

another code ,,
b IES
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HYBRID Expansion

* Development of concurrent model structures
* Modelica transient models
* Aspen HYSYS steady-state models
* Reduced order models based on Modelica transient modeling
» Subsystem costing information

* Full FORCE vertical integration
» Continued expansion of modeling capabilities

25 IES
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Why Aspen?

* Industry-standard
thermodynamic and
chemical analyses tool

* Allows for process
changes, flow
rearrangements

 Chemical reactors
allow for process
calculations

HYBRID and FORCE

3069 C

306.3 C 3398 kPa 4168 C
3398 kPa 5634 kg's 8.067 kPa
67.07 kg/s ki —_
Turb_In ! Turb_Out
—
Turb_Power
50.07 MW
Reactor_Heat |
1588 MW
-
Condenser
Cooling
1090 MW

- 1489 C 4188 C -
ump
POl 3398 kPa 3519 KkPa Pawwer
02217 MW

25 IES
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Why ROMs?

* Allow for shorter computation times
* Accuracy relative to trained model will be identical
* RAVEN contains many ROM training methods

* DMDc is nominal method of choice, allows for
analysis of systems that use controllers

25 IES
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Questions?

25 IES
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HYBRID — What Is It?

* Hybrid is a collection of physical models written to

characterize:

« Thermal and electrical integration of different processes

 Ramp speed

 Evaluation of novel control schemes
« Off-design system states

 Dispatch feasibility

« Safety limit approaches, considering control system effects

=

L
* https://github.com/idaholab/HYBRID— HYZ
Li_"_l_ll |'——i-i| ] —
23 IES
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