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Task 1.1

= Distribution system parameter and topology estimation to
improve distribution models

= This task will implement an accurate, flexible, and
computationally efficient method to use AMI measurement
data to estimate secondary circuit series impedance
parameters and topology in existing utility feeder models.

= The task will use AMI data to create accurate secondary
system distribution models on 3 feeders in order to allow for
more accurate hosting capacity analysis and feeder operation
with ubiquitous distributed PV.

= The work in this task will consist of AMI data retrieval and
cleaning, topology ID, and parameter estimation.
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= Distribution system secondary (low-voltage) circuit models
are typically not modeled or modeled with limited detail

= |tis becoming important to have accurate secondary circuit
models

A large number of DERs and sensors are connected to the secondary circuits
A large portion of the per-unit voltage drop/raise occurs over the secondaries

= Typical ways to enhance the GIS
models

Manual inspections, utilizing added
measurements, etc.

Require considerable man hours and
extra resources = not cost-effective

May be hard to perform in urban areas
with wiring underground and in
buildings

Voltage
on a 120-V Base

ANSI C84.1 Service Voltage Upper Limit

Primary Circuit Voltage Drop

1 Service Transformer Voltage Drop

Secondary Voltage Drop

1 ANSIC84.1 Service Voltage Lower Limit
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Three feeders evaluated
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Three feeders evaluated
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Step 1

= For all customers on a transformer, find R1, R2, X1, X2
V1 - V2 = IR1R1 + IX1X1 + IRZRZ + IX2X2 + €
Known Unknown

= Basic concept
= Fjt R1, R2, X1, X2 values which best fit the V1-V2 fluctuations

= Note: R1, R2, X1, X2 are fit simultaneously;

figures below are only for illustration '
y =0.07x + 0.06
2 2 1| RMSE =0.06
. y =-0.05x +0.33 y=00570x+-0.12 .. =F 2
B RMSE =026 ,| RusE=027 = 1} RMSE=006 - ZF R* =097
= . ) RP=097 . | . ~
0 z_ of z‘- 0 :?‘_ 0r . 1
. = . _ 1= - R2=0.0697, 47%
RS FaE o R1-ooess | | R1 = 0.0656, 46% |
-20 10 20 30 40 -20 10 20 30 - 0 1 -1 X2=0.0112, 7%
PV, PV, P,/V, and P,/V, as predictors X1=0.0114, 1%
. o -1 0 1
=  For comparison to satellite imagery PN, P.V,, Q,N,.Q,N, as predictors
= R values were used to compute a distance
in feet of triplex cable, assuming 0.058Q/100ft (2/0 triplex) 6
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Transformer 233 on Feeder 1
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N

virtual node 1

R1=0.066 R2=0.07\
X1=0.011  X2=0.011
~113ft ~120ft

Google Earth
241.99v 241.85V

customer 156 customer 500




Transformer 301 on Feeder 2

Google Earth
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virtual node 1

R2=0.082 R1=0.013
X2=0.008 X1=0.000
~141ft ~221t

240.86V 241.38V

customer 45 customer 595
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Transformer 351 on Feeder 3
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R2=0.065, R1=0.092 R2=0.04
X2=0.065 | X1=0.350 X2=0.035

~112ft |~ 158 ft ~ 75 ft \
242 13V 242.sb 242 47V

customer 88 customer 114 customer 580
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R2=0.001

X2=-0.027 73V virtdal node 2
~ 2ft

R1=0.016 R2=0.088
240.99V A& virtual X1=0.006 X2=0.018

~ 27t ~ 15611t
R1=0.061 R2=¢.137
X1=0.029 =0.069
~ 106 ft ~ 237 ft
240.84V/ 240.67V 24010 240.63V @ 240.60V

customer 69 customer 92 customer 560 customer 815 customer 895 10
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Transformer 95 on Feeder 3

virtual node 2

R1=0.078
X1=0.011
-~ 1351

R2=0.040
242 .05V & virtual node 1 X2=-0.038
~60ft
Google Earth R2=0.059 R1=0.126
¥ X2=0.064 X1=0.025
~102 ft ~ 2181
241.58V 241.63V 242.86V ® 242.78V 242.34V ®

customer 394 customer 521 customer 534 customer 579 customer 630

11
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Transformer 48 on Feeder 3

virtual node 4
virtual node 2

R1=0.056
X1=0.005
~97 ft

R1=0.101 R2=0.157 R2=0.108

243.31VEK virtual node 1 X1=-0.065 X2=0.009 X2=0.067
~174 ft ~ 2711t ~186 ft
R2=0.065

R1=0.048
X2=0.024 X1=0.021
~1131 ~83ft \ \\
242 .95V 243.18V 243.40V @  243.45V 242 .81V 243.27V

customer 37 customer 308 customer 371 customer 390 customer 582 customer 592
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Step 2

= Pair transformers with one another, run parameter estimation
on virtual nodes created in step 1

Topology is always parallel — step 2 virtual node is on primary

Most likely scenario is that virtual node from step 1 is at transformer low
side and any found impedance will be due to transformer impedance

In some cases, step 1 virtual node will be away from transformer
— Serial connection between customers

— Parallel connection that meets before the transformer

= |tis important to derive the additional impedance to fully resolve the
secondary circuit

Assumed resistance 1.5% 15% 1.2% 1.3% 1.16% 096% 1% 0.87%

13
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Transformer 29 on Feeder 1

virtual node
R2=0.069 R1=0.027
X2=0.115 X1=0.046
ﬁ\m trans. 25kVA tr;—:h
R2=0.070 R1=0.005
X2=-0.021 X1=-0.011
~ 121 ft ~ 8 ft

trans 29 trans 63




Transformers 415 and 416 on Fdr 1

B d

trar;sformer41}‘5-EI =

A

virtual node
R1=0.050 R2=0.069
X1=0.077 X2=0.115
24524V virtual node 1 / \
Rzzom oo ot 15kVA trans. 10kVA trans.
e len Twmn R1=-0.003 R2=0.085
/ \ \ X1=-0.005 X2=-0.016
245.13V 245.16V 245.25V . _5 ﬂ - 146 ﬁ
customer 22 customer 356 customer 425 ‘ ‘
trans 415 trans 416
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virtual node 1

R1=0.028 R2=0.043
X1=0.014  X2=0.027
~48ft ~T4ft

244.24V 244.04V

customer 325 customer 883 15
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Step 3

= Pair customers on transformers with only one customer with
other solo customers
= Topology is always parallel — step 3 virtual node is on primary

= Should always be additional resistance beyond the transformer due to
the customer being located away from the transformer

virtual node
& customerali59 /.\
> O
‘ f : transformer 145 R1=0.069 R2=0.069
y £ X1=0.115 X2=0.115
S {fﬁ\m trans. 10kVA 1rm1\
transformer 145 transformer 355
R1=0.076 R2=0.067
X1=-0.027 X2=-0.010
~ 1311t ~116ft
transformer 355
1001t customer 159 customer 331

77y, AR T 16
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Notes on Entire Feeder Runs

= Ran all transformers with > 1 customer, all transformer pairs,
and all single customer pairs for Feeders 1, 2, and 3

= Filtered out:
= Customers with <1 week (4*24*7) of data
= Customers with clearly errant voltage data (e.g., >>1 or <<1 p.u.)
= Transformers with >7 customers (excessive run time)

= Compared to distances found from latitude/longitude

= Several reasons why lat/lon distances may disagree
= Customer location is wrong in lat/lon
= Customer meter is not at same location as customer

= Circuitous wire route
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Feeder 1 Summary of Results
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Reasons why PE > lat/lon (bottom right) Reasons why PE < lat/lon (top left)

= Circuitous wire routing = Meter closer to transformer than house
= Lat/lon at wrong location (e.g., at (e.g., before wire goes underground)
transformer) = Lat/lon at wrong location

= Wire higher resistance than assumed 2/0 =  Wire lower resistance than assumed 2/(1)8
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Feeder 2 Summary of Results

Feeder 2 Feeder 2
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Reasons why PE > lat/lon (bottom right) Reasons why PE < lat/lon (top left)

= Circuitous wire routing =  Meter closer to transformer than house
= Lat/lon at wrong location (e.g., at (e.g., before wire goes underground)
transformer) = Lat/lon at wrong location

= Wire higher resistance than assumed 2/0 =  Wire lower resistance than assumed 2/(1)9



Feeder 3 Summary of Results

Feeder 3
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Reasons why PE > lat/lon (bottom right)
= Circuitous wire routing

= Lat/lon at wrong location (e.g., at
transformer)

= Wire higher resistance than assumed 2/0
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Feeder 3
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Reasons why PE < lat/lon (top left)

=  Meter closer to transformer than house
(e.g., before wire goes underground)

= Lat/lon at wrong location

=  Wire lower resistance than assumed 2/(2)0



