Building a Large
Scale AF Model
Enabling Operational

Presented by Jeff Parker — Senior Operations Engineer €
> SPP Southwest
Cody Parker — Supervisor Operations Support Power Pool
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SPP at a Glance

 Located in Little Rock
 About 600 employees

* Primary jobs —
electrical engineering,
operations,
settlements, and IT

* 24 x 7 operation

* Full redundancy and
backup site
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Our Major Services

- Facilitation Standards Setting

Compliance Enforcement

- Reliability Coordination

« Transmission Service/
Tariff Administration

Transmission Planning

Training
- Market Operation

Balancing Authority

4 )
Our Approach
* Regional * Cost-effective
9 * Independent ¢ Focus on reliability y
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Transmission Service

. n . SPP moves electricity across
Without SPP L‘:-‘i’-ft R‘(:m 2 ge?erato!' o With SPP Utilities A, B,and C in one
LY 1808 o mar I transaction for a single
Utility C, electricity must flow e e
through lines owned by v
Utilities A, B, and C, each with revenues with each party.
its own set of operating rules
and associated costs.

$4 TT%6 77T s
$15 transmission service + $30 energy = $45 | 2> transmission service + 530 energy = 335
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Operating Region

« 370,000 miles of service
territory

« More than 15 million
people

- 627 generating plants

« 4,103 substations

e 48,930 miles transmission:
- B9 kV — 12,569 miles
- 15 kV - 10,239 miles
- 138 kV — 9,691 miles
- 161kV — 5,049 miles
- 230kV - 3,889 miles
- 345kV — 7,401 miles
- 500 kV — 93 miles

®  Fossil Fuel Power Staton ~ —— 765KV

s Hydro-Electnc Power Station  —— 500 kV

v Nuclear Power Stafion — 400KV DC

+ Wind Power Station — 5KV
Substation — 250kvDC

= Switching Station 20k
Tap — 161KV
SPP Coverage Area — 13KV
Major Cities 5Ky

* ACIDCTies

p -

‘Z)SPP Southwest
Power Pool

) SNy o o 3
Tt S 2015 Transmission Grid
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Pl System Implementation Timeline

* 02/01/12
— Signed EA
 5/13/13

— Pl System deployed in five environments across multiple
domains and two data centers

e 3/114

— PI System used in production
 6/24/14

— Upgraded to Pl Server 2014
 9/114

— One millionth PI Tags created
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Building an
Asset Framework
Model
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7 EHements
Building a AF Model —Event Frames
1] Library
SPP has the need to record over a million streaming points e Unit of Measure
with reasonably fast update times, perform calculations and @ MyP1
have users be able to locate the data they need. = y —
AF is able to provide the structure needed to group and S
locate data. However, with such a large model, over &2 Contacts
150,000 AF Elements, the challenge was in creating robust [f] Analyses
templates, hierarchy and automated processes to generate # Bulk Elements
the model. "
‘{( i EMS-Imports
2 SPP Southwest v
Power Pool i
Business Challenge Solution Results and Benefits
* Recorded over 1 million * Asset Framework (AF)  Automated AF Elements
data points with 4 . Custom Pl System and Pl Tag creation
second updates Explorer Plugins e Complex AF
* Real time calculations « AF SDK calculations recorded as

. Pl Tags
* Asset Analytics
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Designing and Maintaining AF Model

Large Network Model ¢ Based on EMS
12k Substations hierarchy
16k Lines * Keep nodes small as
3.5k Transformers possible
2.7k Generators e Make use of
3k Capacitors and Reactors references (links)
15k Loads whenever possible
/0k Circuit Breakers
130k SCADA
Measurements

- USERS CONFERENCE 2015

= [ AREA

[+ (§ Substations
- (§ Substation
& (§ Lines
- (@ Zbrs
- (§ Transformers
- (J Loads
& (J Generators
- (G Lines
- G MarketResources
- (G Transformers
- (G Zbrs
= (G FuelTypes
- (G Coal
- (3 Fueldil
- [ Gas
-~ (G Hydro
- (G Other
- 6 wind
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AF Modeling
Process

Asset Framework is
used to consolidate
information from
multiple systems:
Energy Management
System (EMS), Markets,
Outage Data, Forecast
Data. The models are
combined in SQL Views
and AF Elements are
built using the AF SDK.

==d Pl AF Templates

- Create AFElementTemplates for Equipment Types
- Create AFAttributeTemplates to build Pl Tags

Import Other System Models

- Import EMS and Market Models into Staging Database
- Create SQL Views for each AFElementTemplate

maal Build Pl AF Elements

- Build AFElements from AFElementTemplates and SQL
Views

- Build Pl Tags for each AFElement
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AF Templates 2% * G
p - [y Element Templates |

o i

...... AggregatePnode & @M
------ [ CalcSettings < Mith
------ f CopySettingsTemplate

* Build Templates @ -
...... EmsQuery Description: SCADA\DIS_ANALOG: MW Scac
fo r e a C h """ Ems.Quer}'FiEId Configuration Item: [ Indexed: [
e q u i p m e nt ty p e & %__E%ng;ir;;mr Categories: Generation
------ Generator Default UOM: megawatt -
e Use Pl Ta g - t::d Value Type: [single -
...... @' Reactor Default Value: 0 MW

Creation feature @ e setngeteere:  [pupant .
to automatically B e setnge.

g e n e ra 'te [ FlowgateElement VeeServer %\ %@, |Scadakey
...... % GeneratorBus %oy compressing =0;descriptor ="%Description
______ GaneratarSum %o encdev =0;excdevpercent=0;excmax=0;exde
PI Tags % sc="%%@, |Scadakey
""" LoadArea tsinstrumenttag=DIS_AMALOG;location1=1;locat
...... MarketIntervalSummary ion4=1;pointsource =HABC_SCADA;pointtype=Flo

______ (3, MarketResource at32;ptdassname=cdassic;step=1;scan=1
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File View Ge Tools Help
] 7 Database -~ Credentials % Query Date - © @ @Back () |H, Checkln ) « [2]Refresh
l I Sto I I l I Z e d EMS-Imports Import model data from EMS
& FeT “| Info
@ FLST I
5 GENMOM_OPA Edit | Execution
- (@ GEMMOM_PLANT Edit Query
- (3 GEMMOM_TIE Mame: LN2Z
- (@ GENMOM_TYLM
- () GENMOM_UNIT Description: Line measurements
- (P GENMOM_ZIN
- (P GENMOM_ZOUT
- LD
* Import EMS and i
or an .
. -~ ) SKEY
LB
Market Models into 55
. & co Group by: [ Category [] Template
Staging Database 5~
- (§ ID B
e KV &)t @ & Name | Value Time Stamp @ :
g MEAS_RECID | iil Application {RTNET 1/1/1970 12:00:00 AM
MEASKY_RECID ¢ =
d Deve I O p PI Systel I I - (5 NODE # B | [=] Database NETMOM 1/1/1970 12:00:00 AM
@ st Z ’
. £ B =
EX |Ore r I u I ns to e 6 VOLTAGE =1 Family EMS 1/1/1570 12:00:00 AM
= - MEAS i B =] Key - 1/1/1570 12:00:00 AM
. 0 m » 2
q [ 1 | 3
import data 3 berers
|— Event Frames L Blements Edit Field Select Server [IM_DEV +) [ LoadFields |
: - @ SEY N MEASKV_RECID ;
.
° Sto re a I I | u I n i Library e G B ame B [ <= Add Selected Fields ] [\c'alldahe Query ]
o Unit of Measure - [ AREA Value PSND_LM2>ISBS_ND>=ISMEAS_BS Name DataType Eield i
co 1
configuration as AF |5 95 orve 2 - CEcEmrTa
g # Notifications g o Description The MEAS record associated with  « 5B Int32 5B LN2
Y e G KV the line. AMP Single AMP_LNZ
ements - 5 e
M Bulk Elements .. %5 MEASKV_RECID AMPAVAIL | Boolean AMPAVAIL_LNZ2
EAMM‘B - [ NODE 1l AMPMEAS | Single AMPMEAS_LN2
- g %LUGE AMPMEASD |Boolean AMPMEASD_LNZ2
2. MiscUtil

Import model data from EMS
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Customized
Tools

« SQL Views
showing all
equipment
attributes for
an AF Element
Template

OSlsoft.

File Edit Wiew Project Debug Tools Window Help

iy f_ﬂl master

Dl T el | Q) NewQuey [ D | 4 2 B9 -
|!B§ecuta P Debug ® -./23 = _5{

-a-3 0|
Tal@Eals 2

7
a 4

Object Explorer

Connect~ % &) m " [7] 4§

- 0 X

dboww_aggrPnodes
1 dbo.vw_areas
dboww_capacitors

£ dbo.w_ChildPnodes
dboww_EmsTagCheck
[} dbo.vw_equipment
dbosw_fgelements
£} dbo.vw_flowgates
dbo.sw_FuelTypeResources
dbo.w_genbus

(3 dbeaw GeneratorLinks
dbo.w_generators

[ dbo.vw_LineParents

£ dbo.vw_LoadPNodes
dboww_MarketResourceReg
[} dbo.w_pending_changes
dboww_PL_Fgt

3 dbosw PLFLST
dbo.ww_reactors

[ dbo.vw_scada_compressed
dbo.sw_scada_digital

[} dbo.vw_scada_uncompressed
dbo.sww_spp_resources

1 dbo.vw_spp_unit_links
dbo.sw_spp_units

[} dbo.vw_Substations
dbo.ww_TieCorridors
dbo.w_TieZin

[} dbo.w_tylines
dboanw_tyinZin

[ dbo.sw_units
dboaw_XFMRParents

& dbo.sw sfmrs
dbo.ww_ZBRParents

[ dbo.w_ZBRs

3 Synenyms

3 Programmability

o F G Dol
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100 %

SQLQuel

1 j#*#**% geript for SelectTopNRows command from SSMS
2 [-SELECT TOP leee
3

[EquipmentType]

2 . [Name]

5 ,[Substation]

3 , [Node]

7 s [Voltage]

8 ,[Normallimit]

9 ,[EmerLimit]
16 ,[LoadshedLimit]
11 »[1sTie]
12 . [EmsNetmomKey ]
13 , [EmsNetmomKey |Division]
14 , [EmsNetmomkey | EmsTd]
15 , [EmsNetmomKey | Node]
16 , [EmsNetmomKey | Owner]
17 , [EmsNetmomKey | Substation]
13 , [EmsNetmomkey |Voltage]
19 ,[segment]
20 ,[eldID]
21 , [KEY_TO_MATCH_CMT]

[ Resuts Messages

| sau |

SepEeE——l

s ]

EquipmertType  Name Substaion  MNode Voltage NomnalLimit
1 Line 1 5059 NICKTAP 1 69 28
2 Line ELKSTMICKTES_1 NICKTAP 1 69 28
3 Line 51z SPARK 2 69 60
4 Line 5115 SPARK 2 €9 60
5 Line ACADIA_RORK ACADIA B27 133 765
6 Line RAMOS-BUVSTASS BERKWKTP 1237 138 270
7 Line 5089 CENTENL 3 138 252
8 Line 50898 CENTENL 4 18 203
= R Line 5049 BRAPID 4 18 310
10 e 5121E JULTAP4 4 138 270
11 Line 521 JULTAPS 4 138 270
12 Line 5048 BRAFID 4 138 286
| 13 Line BSALETECHE13_1 BSALES 3 138 270
14 Line NORBND4_G1COLU N_BEND1 1 138 50
1| (I} |
o @ Query executed successfully. pimnappin
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13



File View Go Tools Help

78 Database -7 Credentials [ Query Date ~ (© @ @ Back () |H, Checkln ¥} « (2] Refresh

L[]
S t O m I Z e d Bulk Elements Bulk Create Elements From Relational Database
< : l I - (3 OperatingAreas “ || Bulk Element Profile Editor | Update Data References

a

AECI [
AEP -

ALTE
ALTW Profile: Lines -
AMIL

AMRN

BCA Connection Name: pimapping « Connection String: |

@
@
=]
@
@
- &
& BLKW
- @
@
@
=]
@
@

»

Profile Configuration

BREC
P . . CAIN Source Table/View/SQL:
i | u g I n to b u I | d A F CE “";—""‘ES - Data Pulls (when selected, occurs before element creation):
CIN oraer iy ares i aggrPnodes o
- CLEC loadProdes K
ements 1rom = E
- (1 FuelTypes AF Template: [Llne -] fg;d;:gg:ncarggrnzn
H & Lines resnurce:mapping_bdr &
I ( WS - (@ MarketResource Root Path: \\OperatingAreas
=~ (F Substations Parent Element/Absolute Path Field:
B (G 112_WGOF Element Name Field: [ID v] [Parent .I
& Lines -
[ ) - (@ Loads Old Name Field: =
rocesses S 55 | ommareras | 3 | ]
) B @ Lines
Y AF Reference Elements
e etes a n 4 (ol 4 Link Fields:

5 Flements Field containing absolute path to element to link:
mel

R e n a m e S | Event Frames - [ Add Link Field |
o __Delehe

ez Unit of Measure

.
° CO I I I I I I a n d | I n e @ MyPI Table/View Columns Calumns to Copy 7 Updating Existing Elements

) Notifications Add static data from EquipmentType - Update Data References
. . table fview columns to 1€ToEnd ue )
version for running [ T —
column names match Substation 3 PRy g ¥
# Bulk Elements template attribute Area Update [Create Elements 50 Elements
names. Voltage
das a scnedule LI Onenaes Sove e
P 1sTie B
NS Tmnor EmsMNetmomKey S Delete Profile

1

task or batch script |z

Bulk Create Elernents From Relational Database
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Results and
Benefits
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Asset Analytics

MarketResourceSum

General | Atirbute Templates | Ports | Analysis Templates |
e Name: TotalGeneration
B Mame Description:
° ° : @ DispatchMW - (
e O Categories:
g U S e ex I Stl n g = ﬁ FUEITYDES @' MetGeneration B
ﬁ Coal @ Setpoint Analysis Type: () Expression @) Rollup
. 3 Fueldil @  SetpointRamped
I | I e ra rC hy fo r ﬁ Gas @t TotalGeneration
[ (§ Hydro —
° ﬁ Other Example Element: Operatingfreas\LES\FuelTypes\Coal
calculations o 3 gt
@ Child elements of Coal —
() This element - Coal
To select attributes set criteria below v

* Analysis Templates et 02 5.

Attribute Category: [ v]
for easy replication e :
of calculations ““““‘"“‘"“"‘*

Sum TotalGeneration =
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= (& TieCarridors - Element Search I T — = &5 =

[ ]
- (F CSWS.AECL.DAWSON-DAWSNA
S S e I I a y I ' S f-- () CSWS.AECI.DEWEY_-BARTM_ Root:TieCorridors AllDescendants:False ESg H Search ‘

i ) CSWS.AECLDOME_T-DOME_A ; =
T ) CSWS.AECLFLINTC-EBROOK_ e ¥
& CSWS.AECLHULAH_HULAH_ Results £
- 5 CSWS.AECLPAWOMP-PAWHK_
- (5 CSWS.AECLRICE_C-RICE_A
5 CSWS.AECLSHIDLE-REMNGT |Name (@éﬁ| i
- 6 CSWS,AECLSILVER-SILVR_
S CSWS.AECI.VERD_T-VERD_A
. i ) CSWS.AECLVERD_T-VERDGS 5 MPS.MEC.MRYVL_-CLARND
PY Q i ) CSWS.AECLWATOVAATOV_
u I C C re a e n eW G 5 CSWS.CLEC,CAROL -CAROS1 &9 NPPD.AECL.COOPER-FAIRPO
5 CSWS.CLEC. (pmumaene
i @ Csws.CLEC.q
- ( CSWS.CLEC.]

hierarchy for new
calculations

i ( CSWS.CLEC.
v () CSWS.CLEC.
Elements Ties
= (G WALE ~

- (G CSWS.CLEC,
 FuelTypes

Group by: Category Reference Type Template

x
x
=
¥

G MPS.EES.CRSRD_-CROSRD

(G CSWs.CLEC.
i (51 CSWS.CLEC,
(F CSWs.CLEC,

Child Elements | Attributes | ports | Analyses | Version

£t 8|2 Name | Value

LES.WALE.LARM_L L ARAMI . :
MPPD.WALE.ELMFLD-GAVINS fOE ST MW 1-330.1279 MW
MPPD.WALE.GORDON-SHAN_S

: - () CSWS.EES.CA
NPPD.AWALE. GRISLD om B € £F MW_INUSECALC -331.5974 MW :
MPPD. WALE.HARTNG-GAVING E - - d SEMW -349.6807 MW
MNPPD. WALE.KEYSTO-SIDMNEY
NPPD.\VALE.MEADW_FTRAND s B @ ¢ SUM_INTEGRATED_IMWH -0.5212362 MW/

MPPD.WALE.SIDNEY -SIDNEY

MPPD.WALIE.SPENCE-FTRAND
MPPD.WALIE. STFRAN-MISSIO
MPPD.WALE. TWINCH-SI0OUXC
MPPD.WALE.VICTRY-STEGAL

t-- G NPPD.WALE.WAYSID-WAYSID
+- (@ Transformers

- G Zbrs

s B @ ¢F SUM_INTEGRATED_XMWH 0.2147445 MW

m

22VVVVAVLAVY
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Asset Analytics

 P| Server can serve as backup to EMS RTGEN

BHE S & & - Ares Control Errar Calculator-NewPNVersionads [Compatibility Mode] - Excel ? @ - & AMO.MEALMW22
HOME  INSERT  PAGELAYOUT  FORMULAS  DATA  REVIEW  VIEW  DEVELOPER  POWERQUERY | PIDATALNK | PIAFBuider  POWERPOT

Mpvk‘[—'”—l—*ﬂm
D @mf o O E %~ AR E @ b [foteen 3

—
o

Metification | Curent Archive | Compresied Sampled Timed | Calculsted Time | Explre Compare | Search Al | Prpestie | Updts

Searct

Group by: [7] Category [7] Template

h | Value Valuer | Data-  Datav Data | Datav Filtered~ - Filter @ Help Fal " Mame: InUseValue
Notifications | Single Value Mustiple Value Calcwlation Events Search | Propedties | Updste | Resources
2 Value & Description:
Mz N ERA

@ act bsckup compare W ciess o)

4/8/2015 7:03:16 AM

e ey
& C5WS.CLE]
F C5WS.CLE]

(G CSWS.CLE] Add a new expression

4/6/2015 6:03:16 A 4/6/2015 70316 AM
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Event Frames e

4 BAAL

4 CRD

* Used to alert operators

4 Frequency

of real-time issues = =l

TT— 14:05 04/06/2015 4 Head Room

General | Attribute Templates | Ports | Analysis Templates

i ame: esource | npeven ‘ |S|and
d " feseurElreae MPS_ DOGWOOD:-

@ MName Configuration Schedule Qutput(s) Description:  Used to track resources that may be about to trip offlj

@ Mvarfallup Natural Myar H s | 78.82098MW Age:00h 4 Time
% Reg Response and Req Perf.. SetpointCRPrev:= if Not.. Frequency=4  SetpointCR; EffectiveEner... .

. ResourceTripEvent Template: MarketResourc... Natural B Aalysis Type: ©) Expression ) Rallup @ Event Frame Generaticl 0K 1))

{TLR

Example Element:  MarketResources\CSWS.AECC ELKINS2

Event Frame Template: | MarketResourceUnitTrip -]
Mame Expression Value
Ramp (TagVal('MW') - Tagval('Mu', '*-60s')) 3]
Limit Abs(Mex('EffMaxLimit’ * @.1, 'EcoMax' * @.1, 'DnRampRate’ * 2, 18@8)) )
ACECheck If (Ramp < @ and ('..\..\OperatingAreas\SPP\MarketResources|ACEChange') < (.8*Ramp)) Then True Else False ®
StartTrigger If (ACECheck = True and Ramp < -Limit and 'PlanCommitted® = True) Then True

Else False
EndTrigger | Type on expression (optional)

Add a new expression
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Building a AF Model

SPP has the need to record over a million
streaming points with reasonably fast update
times, perform calculations and have users be
able to locate the data they need.

AF is able to provide the structure needed to
group and locate data. However, with such a
large model, over 150,000 AF Elements, the
challenge was in creating robust templates,
hierarchy and automated processes to generate

the model.
Solution Results and Benefits Next Steps
* Pl System Explorer Plugins * Automated AF Elementsand +  Event Frames
- AF SDK Pl Tag creation - Notifications
«  Asset Analytics *Complex AF calculations «  More Calculations

recorded as PI Tags

, , * All based on existing AF
e Customized user displays Model

using AF Data
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Presenters

o Jeff Parker

— jparker@spp.org
— Senior Operations Engineer
— Southwest Power Pool

 Cody Parker
— Cparker@spp.org
— Supervisor Operations Support
— Southwest Power Pool
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Questions

Please wait for the microphone
before asking your questions

State your
name & company
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