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Feeder What?
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cim:VoltageLevel

Pacific 115kV
Northwest
cim:Substation
cim:VoltageLevel
12.47kV

In GMDM profile and models
generated through EPRI
OpenDSS / GridAPPS-D, all
equipment and nodes are
associated with a single
cim:Feeder container

cim:Feeder

ACLineSegment




s

Pacific
Northwest

NATIONAL LABORATORY

Normal Switching
Configuration
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Abnormal Switching
Configuration #1:

It is important to operators
to know that a topological
loop has been created
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Abnormal Switching
Configuration #2:
Part of Feeder 1 is
energized by Sub 2.
We have no way to
model this in CIM
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Nthwest  EXisting ConnectivityNode Containment

+Angler+AngleRefTopologicalNode

+TopologicalNode Topology::TopologicalNode Topo_logy,,
0..1 logicalis2: Topologicallsland

Oﬁ + plnjection: ActivePower [0..1] | T'UPOlogIcalisiai

“ |+ qinjection: ReactivePower [0..1] [, o

class ConnectivityNodeContainment /

+T0|:JalogicaINocI:Il 0..1TopologicaINodejl 0..1

+ConnectivityNodes 0..*

+ConnectivityNodeContainer  0..1
Wires__Line PowerSystemResoure IdentifiedObjea
Core:- +ConnectivityNodeContainer ZonnectivityNodes IdentifiedObjed
ConnectivityNodeContainer ] 0.* Core::
" | ConnectivityNode

+ConnectivityNode | 0..1

CoE= +Lines | 0.*
GeographicalRegion
+Region vo..w PowersystemResoure
core +EquipmentContainer +Equipments Core::Equipment
= ]
0.*| + aggregate: Boolean [0..1]

EquipmentContainer |y~
+Region:+Region 0..1 +AdditionalEquipmentContainer +AdditionalGroupedEquipment+  inService: Boolean [0..1]
AN Y] + networkAnalysisEnabled: Boolean [0..1]

0.." 0.l + normallylnService: Boolean [0..1]

Core:: A

SubGeographicalRegion

LS WL

+Region, 2 0..1
Is anyone using this?
+Substations | 0.+ Is this core to any of the profiles?
T 1 - _—
Cones /+NormalEnergizingSubstationizedFeede‘r Core--Feeder ! +Term|nals|0.!.‘-..“
Substation ) ! .
0.1 0..* H . Core:-Terminal . ) . Core:-
+NormalEnergizedsubstationizingFeeder +NormalHeadFeeder | +NormalHeadTerminal +Terminals +COnduangqu'pmen&onductingEquipmen[
| + phases: PhaseCode [0..1]
o o 0..1 1.0 0. 1
+NamingSecondarySubstatiomingFeeder
0..1

0.*
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+Angler+AngleRefTopologicalNode

Topology::TopologicalNode Topology::

class ConnectivityNodeContainment /
.]J Topologicalisland

In GMDM profile, Feeder is
EquipmentContainer and
ConnectivityNodeContainer

+TopologicalNode
=1 + plnjection: ActivePower [D..1]

0."
+ qinjection: ReactivePower [0..1] [, 0

0..1
+|upologicallspci

+T0|:JalogicaINocI:Il 0..1TopologicaINodejl 0..1

+ConnectivityNodes 0..*

+ConnectivityNodeContainer  0..1
Wires__Line PowerSystemResoure IdentifiedObjea
Core:- +ConnectivityNodeContainer ZonnectivityNodes IdentifiedObjed
ConnectivityNodeContainer 0. Core::
" | ConnectivityNode

+Lines 0.*

Core::

GeographicalRegion
PowersystemResotre

Core:Equipment

uipments
|

0.*| + aggregate: Boolean [0..1]
+AdditionalGroupedEquipmentt  inervice: Boolean [0..1]
+ networkAnalysisEnabled: Boolean [0..1]

+AdditionalEquipmentContainer
0.l + normallylnService: Boolean [0..1]

" A

+EquipmentContainer

EquipmentCont:

+Region:+Region 0..1
AN ¥

Core::
subGeographicalRegion

+Region, 2 0..1

Is anyone using this?
Is this core to any of the profiles?

' +Terminals 0..*.*
L7

Substations | 0..%
—
Core-- /+NormalEnergizingSubstationizedFeede‘r Core Feede !
Substation ) ! .
0.1 0..* H . Core:-Terminal . ) . Core:-
+NormalEnergizedsubstationizingFeeder +NormalHeadFeeder i +NormalHeadTerminal +Terminals +COnduangqu'pmen&onductingEquipmen[
o 1 + phases: PhaseCode [0..1] o )

+NamingSecondarySubstatiomingFeeder
0..1

0.*




\%/ GridAPPS-D Distributed Architecture

Pacific

Northwest ~ Switch-Delimited Topological Areas
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Northwest  SubSchedulingArea (Existing)

class ExtEnergyArea

TC57CIMIIEC61970::Base ControlArea

PowerSystemResoure
ControlArea::ControlArea
TC57CIM:IEC61970::Base::DC
+ netinterchange: ActivePower [0..1]
+ pTolerance: ActivePower [0..1] . - *:C” . DCEquipmentContainer
+ type: ControlAreaTypeKind [0..1] nergyCoordinationRegion DC--DCConverterUnit
+ControlArea
0.1 + operationMode: DCConverterOperatingModeKind [0..1]
T
+EnergyCoordinationRegion 0..1
+DCConverterUnit 0.*
«NCx» «NC»
+SchedulingArea |« +SchedulingArea o* TC57CIMIECE[ 970 :Base..Core
i 0.1
PowerSystemResourae “substation
«NC» EquipmentContainer
SchedulingArea +SchedulingArea +5Substation Core::Substation

«NC» 0.1 «NC» 0.."

+ islslandingEnabled: Boolean [0..1]

+ isMeteringGridArea: Boolean [0..1] 0. 0. 0.1

+ participationFactor: Float [0..1] " o "

+NamingSecondarySubstation +NormalEnergizedSubstation  +NormalEnergizingSubstatio
A +5schedulingArea 1 +5schedulingArea | 0..1

TC57CIMIECE1970:Base Wires

«NC»
+Line | 0."

«NC» EquipmentContainer

Wires:-Line

+NamingFeeder +NormalEnergizingFeeder  +NormalEnergizedFeeder
+SubSchedulingArea 9 g

‘D.."-‘

0.1 0.* 0.

«NC» EquipmeniContainer
SubSchedulingArea Core-Feeder
+SubSchedulingArea +Feeder

0.1 «NC» 0.*
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SubSchedulingArea (Proposed)

class SubSchedulingArea /

PowerSystemResoure

«NC»

PowerSystemResource

BquipmentContainer - i .
Corre +Substation +5SchedulingArea ExtArea::SchedulingArea +SchedulingArea +ControlArea ControlArea::ControlArea
Substation o.r «NC» 0.1 «NC» 1w «NC» 0.1 + netlnterchange:_Activerwer[0..1]
+ islslandingEnabled: Boolean [0..1] + pTolerance: G [0..1]
—T= ' + isMeteringGridArea: Boolean [0..1] + type: ControlAreaTypeKind [0..1]
+NormalEnerg0.."[Substation) + participationFactor: Float [0..1]
+5SchedulingArea| 1
«NC» +EnergizingArea
+SubScheduIingAre?O..“ 0..1 0..1
«NC»
ExtArea:-SubSchedulingArea
T w
+5ubschedulingArea 0..1 A A 0.1
+BoundedSchedulingArea
DistributionArea ]
«NC» SwitchArea | . syijichArea
0.1 \O 1 [ Hh"“‘\.._,_ﬁ_‘_‘\
: B . 0..1
s
+DistributionArea +DistributionArea Fowitchareas +SecondaryAreas
0.* SecondaryArea
+FeederAreas 0..*| +FeederArea
+NormalEnen0.."1gFeeder * — 0.1 + primaryPhase: PhaseCode [0..1]
Y . v A I +FeederArea
: . d FeederArea i i
BguipmentContainer| +Feeder Microgrid
Core:_Feeder

Pulled Inf-ENTSOE class SubSchedulingArea as parent class

instead of ResourceContainer class proposed earlier

+SourceConfigurations
-
.

0.*
—

+SinkConfigurations

AreaConfiguration

+ priority: Integer

+EnergizedArea

+SubSchedulingArea

[
+ContainedEquipment

a.*

PowerSystemResoure
Core:Equipment

+ o+ A+ A+

aggregate: Boolean [0..1]

inService: Boolean [0..1]
networkAnalysisEnabled : Boolean [0..1]
normallyinService: Boolean [0..1]

+Co

+BoundaryTerminals

Core::ConductingEquipment

T
nductingEquipment 1

+Terminals 0..*
I

Ay
IdentifiedObjea 1.7
. \ Core:-Terminal
Core:: +ConnectivityNode +Terminals
ConnectivityNode 0.1 e + phases: PhaseCode [0..1]
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« Should association be to Equipment or ConductingEquipment?

Association to ConductingEquipment: Association to Equipment:
* ACLineSegment * All types of ConductingEquipment, plus
* PowerTransformer * TransformerTank
» PowerElectronicsConnection * PowerElectronicsUnit
» ShuntCompensator  ProtectionEquipment
* Fuse  Etc.

Etc.
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Northwest  Class Descriptions

* SubSchedulingArea

* An area that is a part of another scheduling area. Typically part of a Transmission System Operator (TSO)

scheduling area operated by a Distributed System Operator (DSO) ora CIose Distributed System Operator
(CDSO). Fhi -2 i

* The SubSchedulingArea is a persistent connectivity-based containment defined by a set of boundary Terminal
objects. The BoundaryTerminal association is to the near-side terminal of clearly-defined electrical boundaries
forming a local power system with one or more points of common coupling. Each piece of Equipment can be
associated with one SubSchedulingArea in which it is contained. The boundaries of the SubSchedulingArea are
specified through the Terminals of equipment forming the boundary (such as a Recloser or PowerTransformer)
and do not change through topology changes via switching actions.

* (note: Removing self-association between SchedulingArea and SubSchedulingArea)
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e DistributionArea

e A persistent connectivity-based containment of medium-voltage and high-voltage distribution Equipment with
clearly defined electrical boundaries based on terminals of boundary equipment in a distribution substation or
multiple substations. The DistributionArea provides the highest-level description of the equipment controlled
by the Distribution System Operator (DSO).

 FeederArea

* A persistent connectivity-based containment of medium-voltage distribution Equipment with clearly defined
electrical boundaries based on electrical connectivity of a distribution feeder.

* The FeederArea contains all medium voltage equipment not contained in a SwitchArea or Substation / Bay. It
also includes all Sectionalisers, Reclosers, and all other poletop and pad-mounted switchgear that form the
boundary of a SwitchArea. It also includes all equipment between the feeder head terminal and the first
switching device if the substation breaker is not included in Feeder EquipmentContainer.
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SwitchArea

A persistent connectivity-based containment of medium-voltage distribution Equipment with clearly defined
electrical boundaries formed by one or more Switch objects.

The SwitchArea contains all conductors, fuses, poletop equipment, and vault equipment. It also contains all
secondary service transformers not contained in a SecondarySubstation.

Microgrid

A persistent connectivity-based containment of distribution equipment that 1) has clearly-defined electrical
boundaries formed by one or more point of common coupling Switch objects and 2) that acts as a single
controllable entity which can be operated in grid-connected or islanded mode.

This covers both utility-owned distribution microgrids and customer-owned facility microgrids as defined in
IEV 617-04-22.
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SecondaryArea

e A persistent connectivity-based containment of low-voltage distribution Equipment and customer-owned
Equipment with clearly defined electrical boundaries formed by one or more PowerTransformer objects.

« SecondaryArea.primaryPhase (PhaseCode)

* Used to represent the ABC phase to which the secondary split-phase transformer is connected in North
American systems. For secondary areas served by a center-tap transformer, the phase connection of
equipment will generally be SinglePhaseKind.s1 or SinglePhaseKind.s2, and it is not readily apparent what
phase serves the loads at the medium voltage level.
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class GridEdgeControIIer/

«NCx»
+HasPart 0.." O’..T‘
I
PowerSystemResoure — «NC»
#« W .
NC» _ EXtFACTS:: ) +input . _EXIIFACT\'C;" .
ExtFACTS -AutomationFunction |, AytomationFunction +FunctionBlock FunctionBlock % UnCHONDEUEEIESE
«NC» -
«NCa 0.1 «NC» 0.5 NC» +FunctionBlock
+ enabled: Boolean [0..1] + enabled: Boolean [0..1 ]%\1
+ type: String [0..1] + priority: Integer [0..1] |
P R4 ger [0..1] +FuncticeNCs putVariable
«NC»
1.7 EXtFACTS:

FunctionOutputVariable
«NC»

ExtFACTS::ControlFunctionBlock

ExtFACTS:: «NC»
+SystemControl SystemControl + isDiscrete: Boolean [0..1]
e . + maxAllowedTargetValue: PerCent [0..1]
ot =" :Eil_ll_p_l_[_n_ent(:ontroller 0.1 + minAllowedTargetvalue: PerCent [0..1]
ExtFACTS:: .
i, 1% + targetDeadband: Float [0..1]
EquipmentController| ' -
ExtFACTS::GridEdgeController ‘ SchedulingArea
+GridEdgeControllers  +SchedulingArea
. + architecture: ControllerArchitectureKind [0..1] «NC»
= + implementation: ControllerKind 0." 0.1 2T +5SchedulingArea
EXTFACTS SubSchedulingArea ~_
ControllerArchitectureKind 0.1

el Z% +ContainedEquipment
distributed «EnuUmerations 0| ¢ . R
hierarchical EXtFACTS:: SwitchArea Ore-SOUIBIEE
decentralized ControllerKind
peerToPeer -

applicationControl

feedbackControl

transactiveSignal Microgrid




Pacific

Northwest Complete Feeder Control View

IdentifiedObjet
Avatlabilityfowersystemf undion
NCy NCs
ExtRemedialAction RangeConstraint HC» Quantity
HCs aHCa
4 direction: RelativeDirectionkind [0.1] N + value: Float [0..1]
+ normalValue: Float [0..1] + enabled: Boolean [0..11
+ value: Fioat [0..1] +RangeCs +Ci
+ valuekind: ValueOffsetkind [0.1] I +Avallabilyenabled
e NG
NC) 0.1 0.1
IdentitiedOBET g
hedot ExtRemedialAction=PropertyReference N IdentifiedObj ey
g e srunc = ~__ . o  opologaceon e
Ste EXtFACTS: NC: o resSwitcl
2 - . eNEs TapologyAction . NCa
EatARI FunctionOutputvariable e OV mRiD: sering [0.1] = w— km———— | 0. !
Functioninputvariable T rarme suiens [al1] 01 § | GridstateAlteration —
NCs = -
eenumerations n .
. +input 1. +FunctienOutputVaniable B 7| eNCs
Ccontrol “Controllerkind %14 enabled: Baolean [0.1] r R
<HCs PowersystemResoure
pr—— + maximumPerDay. Integer [0..1] ExtiemediatAction- | +TapPositionAction TepChanger L epChanger
feedbackControl +EquipmentCantrollerActio - i TapPositionAction [ e 1
transactivesignal + normalEnabled: Boolean (0..1] .
EY NCs 0 +  DAMCIpAIGAFACTON: PErCent [0..1]
ExtRemediaiAction e Trapchanger ] o-
+Pantof 0.1 EquipmentControllerAction
senumerations N
Contral: e PowerSystemiesaure won+Functionslock [N 0.1
ControllerArchitectureKind ey +AutomationFunction IentifiedObjet aNCa
+Haspart 0. ExtRemedialAction::
centralized EXIFACTS:: NG x — .
distributed AstomarionFIRsTITRENNO- ! NG 0.%|  EXTFACTS:FunctionBlack 1 Atinjection
hierarchical ivalentl i .
erTopeer ACOCTernnal +Equivalentinjection | 0.
decentralized Core-Terminal
= phasws: Phasecode [0.1] = ExtRemedialAction-
oNCa Control:: +ControlFunctionBlock +ControlFunctiondlockAction RotatingMachineAction | ; RotatingMachineAction
SystemCantrol +soundaryTerminals | 1. EXIFACTS e
NCs 1 NCa 0. 0.
EXIFACTS:
FacilityPlantController +SystemControl W +ResourceContainer 0..1 oNCs
EXIFACTS
PhaseControlFunction L
+sehedulingArea NG ExtRemedialAction: Ay
e +GridEdgeControllers. EXtFACTS: ShuniCompensatorModification by
EXIFACTS: ot ActivePowerConirolFunction ExtRemedialAction:
; EnergysourceMadification
- +RESOUICECONAINET. 0,1

+ShuntCompensatorAction 0.*

+EquipmentCantroller £ 1 sipmentController [0..°
o L

+RotatingMachine_ 1
NCs aNC» P =
c S Ay s ORI i
S EXCFACTS -EquipmentController ReactivePowerContralFunction CurrentControlFunction ValtageControlFunction - * . g
EXtFACT! » ExtRemedial Action:
subetati ! . ExtRemedialAction: PowerElecironicsConnectionAction
ubstationController e
es '
«NC; +Powerl ron AT 0.
- = T ElectroniesConnectionaction
swicharea 0.1 PowerfactorControlFunction wpedaneCeraTae =
+SecondaryAreas 0. P
BatteryUnitAction
+ ntroller aNCs s
swencontrolie +ContainedEquipment 0.* e
+BatteryUnitAction
Care:Equipment
ul;uc, ] 01 + aggregate Boolean [0..1]
ACTS: +  inService: Boolean [0.1] +PowerElectionicsConnection| 1
TapChangerController + neworkAnahsisEnbled: Boolem [0..1] FEnergyConsumer] 1 P m s
B + normallyinservice: Boolean [0..1) oNC» mey“ g
+TapChangeController Enes ‘onnection | =
™ PowerElectronicsConnection
+PowerElectronicsContraller Wires EnergyConsumer
+EnergyConsumer| 0.1  +BaNenUNIL +PowertlectronicsCannection] 0.1
Control -
| Powereiectranicsuintt #ShuntCompensator| 1
| Production: BatteryUnit T
+InjectionController | 0..1 +ShumompensatorConuoler 0.1 BN Wires: ShuntCompensaror
+gaveryunit | 0.1
ANC»
EXUFACTS: +ShunCompensator| 0.
RotatingMachineController
ingMachineController | 0.1
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Northwest  New Model Query Path for Distributed Areas

class SubSchedulingArea /

PowersystemResoure
- FonnectivityNodeContai
B ' ) “onnectivityNodeContainer,
ST ECd T T s +5SchedulingArea +Substation Core._. c -
Substation > ore::

«NC» EquipmentContainer
+ islslandingEnabled: Boolean [0..1
+ isMeteringGridArea: Boolean [0..])

+ participationFactor: Float [0..1]

T K
+AdditionalEquipme0..*ontai0..1
I Y

+EquipmentContainer
+5chedulingArea| 1

«NC»
: ks

0.1
+SchedulingArea

«NC»
ExtArea::SubSchedulingArea

A A A N

+BoundedschedulingArea

+AdditionalGroupedEquipment
+qufipme nts| 0..*

ntainedEquipment

PowerSystemResoure
Core:Equipment

aggregate: Boolean [0..1]

+ inService: Boolean [0..1] IdentifiedObjea
+ networkAnalysisEnabled: Boolean [0..1] Meas::Measurement

DistributionArea

+°““tchAreis SwitchArea | . syitchArea

o + normallylnService: Boolean [0..1]

+DistributionArea 0..] ‘Eﬁ — + measurementType: String [0..1]
+SecondaryAreas + phases: PhaseCode [0..1]
+ unitMultiplier: UnitMultiplier [0..1
+FeederAreas 0..* +FeederArea 0. SecondaryArea N p plier [ ]

unitSymbol: UnitSymbol [0..1]

0.1

+ primaryPhase: PhaseCode [0..1] Core::Condu gEquipment

FeederArea

Microgrid

+ConductingEquipmenjll 1

DistributionArea provides single o e | Comectmyode
. . ik phases: PhaseCode [0..1]
mRID for specifying full context ——

for multiple feeders

ACDCTerminal

+ sequenceNumber: Integer [0..1]

«deprecated»
+ connected: Boolean [0..1]
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