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Abstract

In order to meet ever-increasing customer service
expectations, electric utilities must continuously
Improve the reliability of their electric distribution
systems. Over the last decade, utilities have invested
In digital technologies that give them near-real time
readings on the health of their electric grid. This data
Is incredibly useful during major storm outages, but
the flood of data pouring in from transformers and
meters can quickly overwhelm even the most
seasoned Distribution Engineer. Without analytical
technologies, engineers cannot respond quickly
enough to prevent additional outages and improve
restoration times.

Distribution Optimization for storm management
equips utility engineers and dispatchers to predict
which assets will be affected by storms while
optimizing the placement of crews, thus decreasing
outage restoration times. Combining geospatial
visualization with predictive analytics, the predictive
enterprise utility can shorten outages from weather
events and identify weak points in the electrical
distribution system thus preventing future outages.

Introduction

The days immediately preceding a storm are a critical
decision period for electric utility distribution
company. The actions a company takes with respect
to monitoring weather forecasts for an upcoming

storm, predicting damage from that event according to

Its Emergency Response Plans (ERPs), and obtaining
joint service agreements to obtain work crews will
determine how well a utility can respond to customer
outages when a storm hits. Then, a utility meets its
second critical obstacle of determining the best
method to restore power to its customers given safety,
crew, and system constraints.

Preparing for the Storm

» Traditional analytics and advanced visual analytics
- Utility visualizes Predicted assets impacted
- Based on given storm forecast path
- Detect system grid weaknesses real-time
» Holistic damage assessment
- Combine historical and projected system
- Predict damage using reliability analysis.
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Figure 1. Current Method
(Source: ESRI Storm Archives)
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Figure 3. Correlate Variables to for Outage Model
(Source: SAS® Visual Analytics)
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Figure 4 Advanced Modeling To Predict Outages
(Source: SAS® Enterprise Guide)

During the Storm

Integrating data from social media, a utility can better
pinpoint outages in real-time from sources such as
Twitter and can incorporate this information into real
time forecasting including optimization analytics. In
Figure 5, real-time outage information is viewable in
an analytical format.
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Figure 5. Hurricane Irene Outages by City — 9/1/2011
Real-time outage information leads to greater communications
with customers and regulators.

(Source: SAS® Visual Analytics)

Figure 6. With millions of outages, a distribution engineer
can tell at a glance where the majority of outages are located.
(Source: SAS® Visual Analytics)

After the Storm

» Objective: Restore the most customers while the
work crews are covering the least distance given
skill set, labor, and vehicle constraints

» In this poster, we will examine the optimal method
for restoring power using an enhancement to an

optimization technique known as Capacitated

Vehicle Routing Problem using SAS® OR.

» STEP ONE: TRAVEL TIME CALCULATION
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Conclusions

BEFORE THE STORM RESULTS

 Predictive and visual analytics play a key role
In pinpointing transformer outages in a
proactive versus reactive mannetr.

The methods used in this paper such as storm
transformer outage prediction combined with
geospatial modeling helps a utility better plan
for assistance, materials, and potential storm
Impact.

* While the accuracy results in this simulated
dataset were higher than should be expected at
98% over existing techniques, additional
studies with real storm data could be beneficial
for all.

This could lead to timelier outage restoration,
Improved system reliability, and better
communications with governmental and
regulatory bodies.

AFTER THE STORM RESULTS
* Results from the Constrained Customer

Restoration Optimization varied in this
simulated dataset from no change to a 22%
Improvement in outage restoration time for
optimized routes from non-optimized routes.
On average, towns were able to have customers
restored 13.8% faster than the present heuristic
restoration technique.

 Variables contributing to the greatest gains
Include dynamic crew scheduling capability,
distances between outages, number of
underground outages, with crew and vehicle
capabilities playing a role as well.
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Figure 7. Time Calculation using PROC Geodist
(Source: SAS® Enterprise Guide)

» STEP TWO: MODIFY MIXED INTEGER
LINEAR PROGRAMMING (MILP)
FRAMEWORK FOR CUSTOMER
RESTORATION CONSTRAINTS
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1.1241357337 -71.43160343 42 372926714 -71.42980099 42 371942796
2 4245825478 -71.42580059 42 271542256 -71.43362045 42 273720588
3.80591098647 -71.43362045 42 273720588 -T1.42778357 42 272863203
-T1.427783597 42 272863203 -71.42558152 42 273752342
-71.42558152 42 273752342 -71.41460856 42 282801797
-71.41460856 42 282801797 -71.40542507 42 289373744
-71.40542507 42 285373744 -71.4005185%6 42 791310273
-71.4009185% 42 291310273 -71.41151905 42 29797656,
-71.41151505 42 259797656 -71.41345024 42 757513075)
-71.41345024 42 297913075 -71.41070366 42 278070841
-71.41070366 42 278070841 -71.41684055 42 276705465
-71.41684055 42 276705465 -71.42915726 42 277575583
-71.42915726 42 277975583 -71.44237518 42.2?168825'
-71.44237518 42 27168825 -71.44061565 42.2?26?26?2'
-71.44061565 42 FT26T2672 -71.43301964 42.25?9?6365'

52588343627
65599837037
7.9150542003
5.2881638619
10.80503156
12.252119786
13.875195898
15638760288
24

257618068284
27.3B4850245
29066408546

30.825538386
325178117
34028415804
35600147361
37442191734
39.556567017
43
43514114056
51014031406
5259826839
54.523255282
56641657795
58133633636
59709447593

-71.43301364 42 287376865 -71.42885685 42 234802226
-71.42885685 42294802226 -71.41791244 42 297627391
-71.41791244 42297627301 -71.43035383 42283437237

-71.43035889 42283437237 -71.43433253 42255376309
-71.43438283 42299976309 -71.44337722 42 770545031
-71.44387722 42.270545031 -71.41684055 42 276705465
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-7143121713 42280573244 -71.42503738 42 286167227
-71.42503738 42286167227 -71.4242215% 42274432633
-71.42437199 42 274487682 -71.39744282 42 772037563
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-71.42864227 42 276356178 -71.41383648 42 277340527
-71.41383642 42 277340527 -71.41671181 4227784323
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Figure 8. Vehicle and Skillset Calculations
(Source: SAS® OR and SAS® IML )
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Figure 9. Dynamic crew scheduling

Sample Town: Fall River Massachusetts outages from Hurricane Irene 2011
(Source: SAS® OR and SAS® IML )
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Figure 10. Dynamic crew scheduling
(Source: SAS® OR and SAS® IML )

Figure 2. Advanced Method
(Source: SAS® Visual Analytics)
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