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Introduction

» Benefits from CVR deployment are captured by an index named CVR factor

(CVRY)
%AFE

CVR, =
NCYYNG

» Energy savings for an individual feeder is calculated by
Esavings — EbaselineXAVXCVRf

* Hence, the voltage reduction AV plays a significant role in determining the CVR
factor and the energy savings

» This study discusses several data issues that need to be identified and excluded
for estimating AV using time-series voltage data

 Phase imbalance
* |nvalid CVR data

* Primary and secondary measurement lagging

« Voltage Spike(s) COInEd
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Overview of the Measurement Terminologies

« CVR status
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Overview of the Measurement Terminologies

« LOLM Alarm
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Detection of Data Associated with Phase Imbalance Concerns

* |In some cases, it is required for CVR
to be activated on each individual
phase

* This could cause a scenario where
one or more phases won'’t operate at
the correct SP due to backend

calculation or communication issue

» Voltage difference between phases
are calculated and checked if any
phase has any pre-determined
deviation compared to the other two
phases based on the CVR status

Algorithm 1: Detection of Phase Imbalance

1 Define the time range of data cleaning as TR, qe3
2 Extract the three phase voltage data within 7;,,,,. and store as

Vrg.. \1,‘,, ;s and Vo, . for phases A,B, and C,

respecmeh H

3 Estimate the phase to phase difference as

. "’rlfunt e, Ph _"'rh‘un' e Phe ]

Dif fph,,Phy — E ! ! :
A, B,C:

Accumulate the differences together as
[)'iff'l‘n!ul = [Diff.-‘lnlf- [)iff:\lu(" l)ifflf!u(']:

s Phy,Phso =

v TRan ge,Phy

s Find the global indices of time instants where two of the

differences are greater than a pre-determined value k in
percentage and store in 7 ; ff as
dl —””J[[)'ffl()lul > " 2]
Find l{Ie flags per phase based on the global indices, CVR
status, and boundary of the voltage as T;,, ps in

Iflaq P h((‘ Rstatus == 0) = [‘ ]lfuna Ph <

z & Vrgonoe pn > 0.9 * nominalV & Taify == 1]; and
lflaq l’h((‘ [{~lu!us == l) = [‘ IRn ge.Ph >

z & \,R. pn > L1lxnominalV & l,l,ff == 1], Where

Ph = A, B, (
Accumulate the ﬂags for both CVR OFF and ON instants as
[Ifluq P h((“ Rstatus ==

Iunorn, o, Ph
0) 7flﬂ P h((‘ R»!uluw == 1)] ‘thre I)h 2 l B (v
Declare %ase imbalance related time instants, 7%,.00m,,,., 5, aS

NaN ‘ l"’ ange [’1“”“"”nynh‘l"|] = ‘A\"(I"\":
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Detection of Invalid CVR Data

« Another scenario is that LOLM alarm is active while CVR is OFF, mostly being
seen on feeders undergoing CVR ON/OFF testing

« The SP is not able to go back to the DB due to any software, communication, or
equipment anomaly that disables the LTC to restore to default bandcenter

* Resulting neither CVR ON nor CVR OFF voltages

Algorithm 2: Detection of anomalous instants due to
LOLM

Define the time range of data cleaning as T'runges

Extract the voltage data within 7'z, ,. and store as VTRMW;

Find the CVR OFF time instants within 7'z, ,. and store as

TC.7 VROFF?

4 Find the time instants within 7'z, 4. where LOLM alarm is
active and store as Tr.o 03

5 Find the time instants where CVR OFF operating voltage is
lower than a pre-deterimined value Z and store as 77,3

6 Find the common time instants and store as 7},,4 where

Ta nomioﬁ;}l . Trangfz m TC VROF% n TroLm n TLows
7 Declare lolm related time instants, 1, 0m,,,,, as NaN;

VTRan.g,g [Ta-nomlol ,"] = N(ZN;

L
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Detection of Primary and Secondary Measurement Lagging

* Measurement collection may
have certain lag due to issues
related to settings of
communication channels and
their frequency

This may provide some
discrepancies on how these
data can be interpreted

» For example, transformer
primary and secondary side
measurements lagging between
the timestamp and their data
collection

Algorithm 3: Anomalous data detection due to time
lag between Secondary and Primary Voltage

1 Define the time range of data cleaning as Tz, 4.5

2 Extract the voltage data within 7'z, 4. and store as V7, G

3 Find the moving mean and standard deviation based on the
CVR status:

4 CVR OFF and ON moving mean are calculated over K time
horizon as, respectively Vy 1/ (CV Rgpatus ==0) =
Movemean(Vp,, g¢(CV Ratatus==0)> k) and
Varm (CV Rstatus == 1) =
Movemean(V; TRange (CV Rstatus==1) k);

5 Find the indices of time instants where secondary and primary
voltage are not aligned based on moving mean, CVR OFF
status, and ANSI bounday

Yunom.“ cdif f (C vV R-.latus ——— 0))

abb(‘ TRange ((" Rstatus == 0) -V M \!((“ Rstatus ==
0)) > ab.s(\']n.“"q( (CV Rstatus ==

0) s "l(’all("IR“'WL ((v‘ Rstatus == )))&"(“’CI‘R“,W" <
1.1 % nominall*"l\""T,m"w > 0.9 * nominalV);

Find the indices of time instants where secondary and primary
voltage are not aligned based on moving mean, CVR ON
status, and ANSI bounday
7‘anomw edif f (C""'Rslulus ot 1)) -
abe(‘ TR,“““ (C"Rstalue == 1) e "\I.\!(C",Rslatus ==

)) > abs(‘TR"“m ((" Rbmgus ==
1) — mean(V- Ty (CV Rstatus == 0)))&(‘7‘,{““”' <
1.1 x nominalV |Vp,, N 0.9 * nominalV);

7 Declare associated time instants where voltage difference
between primary and secondary are observed, T, ,0m,, .4

as NaN "‘!TR",,H,. [Tanoms,,““ff] = NaN;
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Detection of Voltage Spike(s)

- Voltage spikes in SCADA data is _Algorithm 4: Detection of Voltage Spike

very common and are not very Define the time range of data cleaning as Trupe3

. . . Extract the voltage data within T’z,,,,. and store as V., 3
stralghtforward to be plnpomted Find the moving mean and standard deviation based on ;heg

whether they are true outlies CVR status:
CVR OFF and ON moving mean are calculated over K time

horizon as, res:pectively Varm(CV Biiania ==10) =
« Since voltage spikes are usually ~ MovemeanVrg, . €V Riparua==0)- k] and
s “'.r\l.‘\l(C"" Rstatus == 1) =
not that extreme similar to

Movemean ["'””rﬂ'u nge (CVRstatus==1)" k];

W -

F

outliers, simply using the 3 s CVR OFF and ON moving std deviation are calculated over K
P time horizon as, respectively V,;5;4(CV Rstatus == 0) =
Sta‘tndta[ﬁ devlll?tlon may nOt AIOUCStd["#'TRunq::((""Rstutns==0r)' k] and
etec e Spl es "I:\lSld(C""fRst({tus e 1) .

i\]()l-‘cstd["’:r”u nae(CV Rstatus==1)> k];
. 6 Find the indices of time instants where voltage spike occured
* |Instead, if the mean and standard based on moving mean, standard deviation, CVR status, and

T TF : ANSI bounday
del?.llatlﬁn .are Ut;:‘I]ZGd Wlt.rl](a 7"("”0"18})!*'(: - ["‘:I'Runr e > ""1“! - 3 * "‘\15“1] I [“‘&I‘Run!l" <
ro |ng orizon, these Spikes are Varamr — 3% Varsed) | {‘”"Tkm.,,c > 1.1% Vasar) | [“"’TR(...Q._- <
easily detectable 0.9 % Vim] | [Vrgange <1.1*nominalV | Vg, .. >

0.9 * nominalV];
7 Declare voltage spike associated time instants, 7%,.0m

« ',‘ —_— § f Te
NaN | TRange [,I;znom_.,.,,,-kcl = NaN;

spike as
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Detection of Data Associated with Phase Imbalance Concerns -
Case Study

* Only Phase A voltage was lowered during CVR ON

» Phase B and C data within that period are detected as anomalous data

1.06 . $1— ON

i |

'

105t !

!

1.04 } |

i
L 103} i
a : ! :
& 1.02 . i
8 . i V4
: | Mk

b i

1.01 +  Flag(PhA) i , fa

-—cmemes VGWO(M) x 2 |

g} + Flag(PhB) ! :

- - - ovdm«m) : ] g .'l

+ FagPhe) | 1 4T EE RERL AT

0.89 --0--CVR Status | ! v i Pl

" : ‘ ¥ !

 EmEnmTm TR N ey = - . 2 OFF

May 18 May19 May20 May21 May22 May23 May24 May25

Timestamp 2019 MH
®

An Exelon Company




Detection of Invalid CVR Data - Case Study

« While CVR is OFF, voltage is in CVR on range, and LOLM is active which clearly
defines some anomaly and ensures that these data are opposite to the natural

CVR operation
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Detection of Primary and Secondary Measurement Lagging -
Case Study B

« CVR status is determined based on the SLV and SP data collected from the

secondary side
» The feeder-head voltage data is collected from the primary side
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Detection of Voltage Spike(s) - Case Study

« The check considers the ANSI range to ensure that it is not a typical outlier.
« Then, it checks whether the data lies with the 3-standard deviation of the rolling

mean.
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Detection of Voltage Spike(s) - Case Study

« An example of voltage reduction on three transformers where yearly dataset
went through data cleaning using the developed algorithms

AVw/o AVw
Xfmr cleanin cleanin Alg1(%) Alg2(%) Alg3(%) Alg4(%)
g(%) g (%)
TR1 4.68 4.72 0.0 0.0 0.10 0.06
TR2 3.99 4.51 0.0 1.68 0.14 0.53
TR3 3.57 3.59 0.01 0.0 0.03 0.23

Com

An Exelon Company




Discussions and Conclusions

« This paper developed several algorithms to detect the anomaly data

* By excluding these anomalies, it can maintain the assessment accuracy related
to CVR benefits.

» This is especially true if a utility is running a large scale CVR program where
thousands of feeders are running on CVR

« The developed algorithms are flexible and can be adopted easily by utility
engineers based on the system condition
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