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FOREWORD 

A review meeting of the Athens Automation and Control Experiment (AACE) was held at the 
Registry Hotel in Dallas, Texas, on December 5-6, 1984. Invitations to attend were extended to 
numerous people associated with the electric utility industry. Representatives from various electric 
utilities attended the Dallas meeting. Also in attendance were individuals from manufacturing 
companies, universities, consultants in the electric utility industry, and several support personnel 
from Oak Ridge National Laboratory (ORNL) who are involved with the AACE. One of the 
principal objectives of the AACE is to transfer the results of the project to the electric utility 
industry. The review meeting was held to facilitate such a transfer in a timely fashion. Because the 
major portions of the project are not expected to be completed until 1987, it was felt that waiting 
until the conclusion of the project to disseminate information would result in less timely 
communication of information. The meeting reviewed the progress of the AACE and communicated 
the objectives and experimental plans to those in attendance. 

The AACE is a distribution automation project involving research and development of both 
hardware and software. Equipment for the project is being installed in the electric distribution 
system of the Athens Utilities Board (AUB), located in Athens, Tennessee. AUB is one of 160 
distributors io the Tennessee Valley Authority (TVA) bulk power system. As the host utility, AUB 
i s  responsible for the installation and operation of the equipment. The U.S. Department of Energy 
(DOE), Office of Energy Storage and Distribution, Electric Energy Systems Program, is the 
sponsoring agency for the AACE ORNL is providing project management and technical 
leadership. 

A number of organizations are supporting DOE and ORNL in this project. The Electric Power 
Research Institute (EPRI) i s  sponsoring certain load control experiments and is providing load 
control expertise, experimental designs, and individual appliance instrumentation. TVA is providing 
bulk power coordination and technical support. Baltimore Gas & Electric Company has loaned an 
electric distribution engineer to ORNL to work on the AACE in Oak Ridge. A Utility Advisory 
Croup, comprised of experienced electric distribution engineers from various utilities, is providing 
expertise and perspective. Thus the AACE has broad-based utility industry support. 

AUB is Iocated in McMinn County, Tennessee. Its 100-mile2 service territory includes the city 
of Athens and the communities of Englewood and Niota. AUB is a nongenerating utility with TVA 
as its source of electric power. AUB distributes electric power to more than 9000 customers, of 
which 7890 are residential and 1235 are commercial. Energy sales by AUB exceed 300,000,000 
kWh annually. The system peak of >77 MW occurred in 1981. 

The purposes of the AACE are to develop and test load control, volt/var control, and system 
reconfiguration capabilities on an electric distribution system and to transfer what is learned from 
this project to the electric utility industry. The project has been designed to test various control 
techniques, quantify the associated benefits, identify the type and amount of hardware required to 
accomplish these benefits, and transfer the findings to the electric utility industry so that a utility 
can use the data to conduct its own internal studies. The thrust of the project is to provide actual 
installation and operating experience SO that utilities considering distribution control systems can 
implement a system that wilf satisfy their needs. It i s  anticipated that the knowledge and experience 
gained during the AACE will permit the implementation of similar systems in a shorter time period 
and with an improved costjbenefit ratio. 
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The AACE will involve the implementation of a hardware system referred to as the Integrated 
Distribution Control System (IDCS) on the three substations-North Athens, Englcwd,  and 
South Athens-and on the 32 distribution feeders of the AUB system. The North Athens 
substation supplies power to six feeders at 13 kV and, via a 69-kV lime, supplies power to the 
Engkwoocl and South Athens substations. The Esglewood and South Athens substations each 
supply 3 feeders at 13 kV. 

IDCS is a system of hardware and software capable of detailed monitoring of the distribution 
system, switching various distribution devices, turning customer loads on and off, eontrolling real 
and reactive power during normal and emergency conditions, and coordinating the control of the 
distribution system with the operation of the bulk power system. 

to take place on the AUB system. These are 
(1) load control, (2) volt/var control, and (3) system reconfiguration. After the HDCS is 
installed, the experiments will take place individually during the first year and then s ~ ~ u ~ t a n e ~ u s ~ y  
during the second year to determine the interaction of the three experimental areas. Evaluation and 
data analysis will be performed after each experiment i s  ~ o m p ~ e t e ~ .  

The Dallas review meeting was divided into five main sections: background, hardware, and the 
three experimental areas (load control, volt/var control, and system reconfiguration). This 
document follows the same format. A short summary will be found at the beginning of each set of 
viewgraphs. A list of attendees of the meeting is also provided. 

This publication was compiled primarily for the attendees of the Dallas project review meeting. 
’There were numerous requests for copies of the viewgraphs; hence, it was announced at the. meeting 
that copies would be supplied to the attendees. This document serves that purpose. Of course, the 
viewgraphs will be more meaningful to those who attended the Dallas meeting and heard the 
corresponding explanations. 

Three experimental areas are being design 

Anyone who would like further information concerning the AACE is directed to contact 

Mr. S. L. Purucker 
Oak Ridge National Laboratory 
Building 5500, MS A218 
Oak Ridge, TN 37831 
(615) 576-5233 
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ABSTRACT 

The U.S. Department of Energy, Office of Energy Storage and Distribution, Electric Energy 
Systems Program, is the sponsoring agency for the Athens Automation and Control Experiment 
(AACE). Oak Ridge National Laboratory (ORNL) is providing project management and technical 
leadership. Others involved in the AACE include the Electric Power Research Institute (EPRI), 
Tennessee Valley Authority (TVA), Baltimore Gas & Electric (BG&E), and an advisory group 
comprised of experienced electric utility distribution engineers. 

The AACE is  an electric power distribution automation project involving research and 
development of both hardware and software. Equipment for the project is being installed on the 
electric distribution system of the Athens Utilities Board (AUB), located in Athens, Tennessee. 

The purposes of the AACE are to develop and test load control, volt/var control, and system 
reconfiguration capabilities on an electric distribution system and to transfer what is learned to the 
electric utility industry. Expected benefits include deferral of costly power generation plants and 
increased electric service reliability. 

A project review meeting was held in Dallas, Texas, an December 5-6, 1984, to review the 
progress of the AACE and to communicate the objectives and experimental plans to the electric 
utility industry, represented by those in attendance. 

At the time of the meeting, the experimental test plans were being written; much of the AACE 
field equipment had been received by AWB, and installation had begun. A computer system, the 
AACE Test System (AACETS), was already operational at ORNL. AACETS will be used to 
develop and test applications software and experimental control strategies prior to their 
implementation on the AUB system. The AACE experiments are scheduled to begin in October 
1985 and to continue through October 1987. 
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STATUS OF DISTRIBUTION AUTOMATION 

This presentation was designed to give an overview of eight distribution automation and control 
(DAC) projects. The eight projects are as follows: 

1. Commonwealth Edison, PROBE Project. 
2. Texas Electric Service eo., IDCPS. 
3. American Electric Power, ALADDIN. 
4. Carolina Power and Light (CPL). 
5. Florida Power and Light (FPL). 
6. Ontario Hydro. 
7. Niagara Mohawk Power Corp. (NMPC). 
8. Philadelphia Electric (PE). 

To facilitate comparison with the Athens Utilities Board’s Athens Automated and Control 

The presentation consists of nine major slides: 
Experiment (AACE) project, a description of AACE has been added. 

1. Project List. 
2. Objectives.* 
3. Monitored and Controlled Points.* 
4. Communications Systems. 
5. Status. 
6. Functions Included.* 
7. Hardware Development. 
8. Applications Software for DAC Dispatch and Analysis.* 
9. Summary/l[ssues. 

The slides marked with an asterisk (*) are followed by backup information that gives more 
detail about each project. 

The eight DAG projects indicate a high level of activity by the utility industry in the 
distribution monitoring and control area. The emphasis is currently on developing and testing 
hardware and communications systems. The utilities share a common desire to gain experience in 
operating DAC systems to determine what the real benefits are and to develop procedures that will 
make it easier for the operation and planning departments to obtain these benefits. Questions about 
distribution data----What data should be collected? How should the data be organized and 
analyzed?---are very important at this point. Applications software is being developed, but 
applications programs are not yet fully integrated with automated distribution systems. Indeed, the 
integration of distribution automation with the other functions of the utility-planning, cost/benefit 
assessment, and operations-is still under way. Facilitating the integration process is one of the 
primary objectives of the PACE project. 
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S L I D E  1 

MAJOR D I S T R I B U T I O N  AUTOMATION AND LOAD CONTROL P R O J E C T S  

PROBE C o m m o n w e a l t h  Edison  G E  DAC 

I D C P S  Texas E l e c t r i c  Serv ice  Co. G E  DAC 

ALADDIN American E l e c t r i c  Power GE AMR,DAC 

C P L  C a r o l i n a  Power & L i g h t  West ing  ho u se DAC , AMR, LC 

F P L  F l o r i d a  P o w e r  & L i g h t  CLMS LC,AMR 

OH O n t a r i o  Hydro Motorola D a c s c a n  LC,AMR,DAC 

NMPC Niagara M o h a w k  Power C o r p .  GE DAC AMR 

P E  P h i l a d e l p h i a  E l e c t r i c  A l t r a n  C o m m u n i c a t i o n s  
R o b i n t o n  AM R 

Wes t inghouse  AMR 

AAC E A t h e n s  U t i l i t y  Board BBCSI DAC, LC , AMR 
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S L I D E  3 

Number of Subs ta t ions  
Number of Feeders 
Subs ta t ion  Breaker 
Subs ta t ion  Transformer 
Load Tap Changer 
T i e  Switch 
Sec t iona l i z ing  S w i t c h  
Capacitor Bank 
Voltage Regulator 
Faul t  Detector  
Meter 
Customer Load 

K E Y  

MONITORED AND CONTROLLED POINTS 

CE TESCO AEP CPL FPL OH NMPC PE AUB 

C 

1 
2 
C 
M 

C 
C 
C 

M 

4 
5 
C 
M 

C 
C 
C 

M 
M 

8 
3 
C 

C *  
C *  
c 

M* 
M 
C 

C* 

C* 
C* 

1 
2 

M 

C 
C 
C 

M 
M 
C 

2 
2 
C 
M 

M 

3 
1 2  
C* 
M* 
C* 
c* 
c* 
C*  
C* 
C* 
M* 
C* 

M monitored 
C c o n t r o l l e d  ana  monitored 
* i n s t a l l a t i o n  i n  near f u t u r e  
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S L I D E  5 
STATUS 

PROBE, Commonwealth Edison 

The project was completed in May, 1980. Development and 
implementation of distribution automation systems is 
continuing on the systems of the sponsoring utilities. 
R P 1 4 7 2  (TESCo) is making use of suggested design im- 
provements in its prototype hardware and expanded set of 
distribution automation functions. 

IDCPS, TESCO 

The system is being installed at the Handley Substation. 

ALADDIN, AEP 

The system has been operating for about 2 years. 

CPL 

A large system has been in operation to aid in the 
development and field testing of distribution automation 
equipment and procedures. An EPRI-sponsored research 
project is installing additional substation and feeder 
breakers. CPL plans to add the capability of operation 
on unenergiaed feeder sections. 

F PL 

FPL is negotiating with the vendor. 
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S L I D E  6 
FUNCTIONS INCLUDED 

PROBE 

IDCPS 

ALADDIN 

CP&L 

FP&L 

OH 

NMPC 

PE 

AACE 

X 

X 

X 

X 

X 

X 

X X 

K E Y  

LC AMR LS VC FD F I S R  FR 

X X X X 

X X X X 

X X X X X 

X X X 

X X 

X 

X X 

X 

X 

X X 

X 

LC 
AMR 
LS 
FD 
FISR 
vc 
FR 
BC 
Sub 
Fd r 
Comm. L i n k  

X X X X X 

Monitoring Comin. 
BC Sub Fdr  L i n k  

X X X X 

X X X X 

X X X X 

X X X X 

X 

X 

X 

X 

X 

X 

X X X 

load c o n t r o l  
remote meter reading 
load survey 
f a u l t  d e t e c t i o n  
f a u l t  i s o l a t i o n  and s e r v i c e  r e s t o r a t i o n  
vol tage/var  c o n t r o l  
feeder  r econf igu ra t ion ,  l o a d  l e v e l i n g  
breaker / rec loser  c o n t r o l  ( p r o t e c t i o n )  
s u b s t a t i o n  monitoring and d a t a  s t o r a g e  
feeder  monitoring & d a t a  s t o r a g e  
communications between d i s p a t c h  cen te r  & 
d i s t r i b u t i o n  system 

X 

X 

X 

X 
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SLIDE 8 

APPLICATIONS SOFTWARE 
FOR 

DAC DISPATCH AND ANALYSIS  

All sys tems have SCADA system software and MMI 

PROBE Software being developed for FD, FISR, VC, FR 
Integrated data base 

IDCPS EPRI-developed software f o r  VC, FR, sectionalizing 

ALADD I N Operator makes switching decisions 

CPL Analysis done off-line 

FPL Load control and AMR software 

OH VC, FD, FISR, FR software being developed 

NMPC See PROBE 

PE None 

AAC E Software being developed on a simulator f o r  LC, VC, 
FD, FISR, FR 
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AACE PROJECT OVERVIEW 

This was an overview presentation designed to (1) establish the 
rationale, (2) define the hardware system, and (3) identify the basic experiment structure. The 
AACE experiments are designed to quantify the benefits associated with automation and, through 
experimentation, to determine the minimal amount of hardware required to support automation 
functions. The development and testing of control strategies are required to generate experimental 
data and to demonstrate the strengths and weaknesses of an automated distribution system. 

The Integrated Distribution Control System (IDCS) is the hardware system on which the 
experiments will be conducted. The IDCS consists of two separate types of equipment: (1) a 
traditional Supervisory Control and Data Acquisition (SCADA) system modified for distribution 
automation and (2) the interface equipment, which is that equipment required to link the SCADA 
system to traditional utility equipment. 

Additionally, Electric Power Research Institute (EPRI) is providing a separate customer 
appliance monitoring system, the Electric ARM system. EPRI is also a codesigner of the load 
control experiments. 

The experiments are divided into three areas: load control, volt/var control, and system 
reconfiguration. Load control deals with customer monitoring and control. Volt/var control deals 
with capacitor monitoring and control. System reconfiguration deals with breaker and distribution 
switch control. The experiments are identified as the characterization year (pre-IDCS), learning 
year, and integrated year experiments. The integrated operation of customer load control and 
capacitor and regulator control, as well as breaker and switch control, is the god of the last year of 
operation and experimentation. 

The current AACE project schedule calls for the IDCS to be operational in 1985 and for 
experimental operation to be concluded in 1987. 



A T H E N S  A U T O M A T I O N  A N D  C O N T R O L  E X P E R I M E N T  

E l e c t r i c  E n e r g y  S y s t e m s  D i v i s i o n  - D O E  

S T E V E N  t .  P U R U C K E R  
P r o j e c t  Manager  

O a k  R i d g e  N a t i o n a l  L a b o r a t o r y  
M a r t i n  M a r j e t t a  E n e r g y  S y s t e m s  



O R N L  W S C - 3 7 0 6 1  

ATHENS AUTOMATION AND CONTROL EXPERIMENT 

RATIONAL AND PROJECT OBJECTIVES 

a OVERVIEW ACTIVITIES AND PARTICIPANTS 

0 INTEGRATED DISTRIBUTION CONTROL SYSTEM 

0 EXPERIMENTS 

SCHEDULE 
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SOME REASONS FOR THE ATHENS PROJECT 
(cont’d) 

INCREASE THERMAL RATINGS OF 
EQUIPMENT- D I STR I B UT18 N AUTOM AT10 N 

N 
u1 

DEFER D I STR I BUT1 0 N 
EXPANSION BY USING 
(DYNAMIC) THERMAL 
RAT1 NG 

(STATIC) THERMAL 

LOAD 

I 
TIME 
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ORNL WS-34537 

OBJECTIVES OF THE ATHENS AUTOMATION AND 
CONTROL EXPERIMENT 

0 QUANTIFY BENEFITS OF AUTOMATION 
0 DEVELOP AND TEST CONTROL STRATEGIES 

0 DETERMINE MINIMAL HARDWARE REQUIREMENTS 
0 DEFINE SECOND GENERATION REQUIREMENTS 
@ COORDINATE DISTRIBUTION, GENERATION, AND TRANSMISSION 

CONTROL 
0 QUANTIFY SOCIO-ECONOMIC ASPECTS 
0 TRANSFER RESULTS TO THE UTILITY INDUSTRY 
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C o n t r o l  S y s t e m  

M a j o r  E v e n t s  o f  t h e  A A C E  

- 

-_ ~~ 

D e s i g n  E x p e r i m e n t s  

o Load C o n t r o l  

o D i s t r i b u t i o n  A u t o m a t i o n  

o V o l t a g e  and C a p a c i t o r  C o n t r o l  

-4 D e v e l o p  a n d  V e r i f y  S o f t w a r e  1 
I 

Experiments1 
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PARTICIPANTS IN THE ATHENS AUTOMATION AND CONTROL EXPERIMENT (AACE) 

I DEPARTMENT OF ENERGY 
ELECTRIC ENERGY SYSTEMS 

I n  
OAK RIDGE NATIONAL LABORATORY 
MARTIN MARIETTA ENERGY SYSTEMS 

CONSULTANTS 
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ORNL-DWG 82 18686R3 

SUBSTATION CONTROL AND MONITORING 

161 kV 
TVA 

OTHER AUTOMATION AND MONITORING POINTS SW SWITCHABLE FROM COMPUTER 
PQ 14 REAL POWER AND REACTIVE MONITORED STATION CAPACITORS 

TEMPERATURE AND HUMIDITY V BUS VOLTAGE MONITORED 
NEUTRAL BUS CURRENTS TAP L T C A N D  REGULATORCONTROL 
STATION AND BREAKER RELAY STATUS 
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ORNL-DWG 82-18669R3 

ss 

1-R AN S F 0 R M E R 

SLVI M IS  
N.O. 

LC R 

TRANSFORMER) 

SW SWITCHING CAPABILITY 

M 

S 
LCR LOAD CONTROL RECEIVER 

1Q O R  ~ I # J  MONITORING CAPABILITY 

STATUS OF SWITCH AND ASSOCIATED RELAYS 
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IDCS CUSTOMER MONlTORlNG AND 
CONTROL EQUIPMENT 

SMART METERS 

* LOAD CONTROL RECEIVER 
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THE CHARACTERIZATION YEAR EXPERIMENTS 

CHARACTERIZATION HARDWARE 

- CUSTOMER APPLIANCE MONITORING 

- CUSTOMER HOUSEHOLD MONITORING 

- CUSTOMER LOAD CONTROL 

- SUBSTATION MONITORING 

@ ATHENS AUTOMATION AND CONTROL XPERIMENT 
TEST SYSTEM (AACETS) 
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THE CHARACTERIZATION YEAR EXPERIMENTS 

MONITOR SUBSTATION AND CUSTOMER LOADS 

* CUSTOMER LOAD CONTROL 

0 DEVELOP MODELS 

@ DEVELOP CONTROL STRATEGY SOFTWARE 
AND DISPLAYS 

COMPLETE LEARNING YEAR TEST PLAN 



38 

u3 
rc

) 
a
 

r- 
m

 
6
)
 

u
)
 

3
 



O R N L  W S C - 3 7 0 8 7  

THE INTEGRATED YEAR EXPERIMENT 

w 
W 

CONDUCT INTEGRATED EXPERIMENTS 

0 ANALYSIS 

* FINAL REPORT 
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COMMUNICATION AND CONTROL SYSTEM 

The communication and control system (CCS) forms a major part of the experimental “tools” 
that will be used to conduct the AACE. The CCS combines standard with nonstandard (custom) 
hardware and coordinates both types of hardware through a modified Supervisory Control and Data 
Acquisition (SCADA) software program. This presentation reviews the design goah and 
implementation decisions that determined the final shape of the CCS. 

The CCS must allow operators to collect data from the Athens Utilities Board (AUB) network 
and enable them to manipulate the network with bad control and distribution control commands. 
Both data collection and control capabilities must operate under abnormal as well as normal 
conditions of the AUB network. To ensure this level of reliability, proven components of SCADA 
hardware and software are used. Standard hardware components of the CCS include Brown Boveri 
Control Systems, Inc., remote terminal units (RTUs), signal injection units (SIUs), and load 
control receivers (LCRs). Other major components are Metretek load survey units (LSUs), Digital 
Equipment Corporation (DEC) computers, and Aydin display generators. The major software 
component is Brown Boveri’s MODSCAN I11 SCADA software, running in the environment of 
DECs RSX- I 1 M operating system. Communication among the various hardware elements takes 
place over three kinds of channels: (1) dedicated (leased) telephone lines, (2) ordinary dial-up 
telephone lines, and (3) AUB distribution lines themselves (in the form of power line carrier 
messages). Data collected from the remote units (RTUs and LSUs) are displayed to system 
operators and recorded in “history files” for later analysis. Provisions for future expansion and 
adaptation of software will facilitate adding real-time control of experiments and on-line data 
analysis to accelerate experimentation. 
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ATHENS AUTOMATION AND CONTROL EXPERIMENT 

Communication and Control System 

PRESENTATION GOALS 

1. Report on the realization of the system as 
previously envisioned. 

2. Recap overall system concepts for orientation 
to experimental designs. 

3. Describe any significant changes from original 
system design. 

4 .  Show provisions for future applications. 
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ATHENS AUTOMATION AND CONTROL EXPERIMENT 

Communication and Control System 

PRESENTATION STRUCTURE 

1. Overview of system goals and architecture 

2. Identification of system elements 

3 .  Description of communication channels 

4 .  Introduction to database and control structures 
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GOALS OF COWNT.CATION AND CONTROL SYSTEM 

1. Data Collection 

Distribution system behav io r  
Customer behavior 
Operator Behavior 

2. Command Functions (Load Control) 

Load sanpl Eng 
Load cycling 
Load deferraI/denial 

3. Command Functions (Distribution C o n t r o l )  

Voltage/VAB c o n t r o l  
Switching and sectionalizing 
Power outage r e c ~ v 9 . r ~  
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e d e r  Remote 

History Data & 
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COMMUNICATION AND CONTROL HARDWARE 

1. Standard SCADA Equipment 

ccc (Central Control Computer) 
computers, d i s g l . a y  generators, CRTs, printers 

RTUs (Remote Terminal Units) 
3 substation locations 
8 distribution system locations 

2. Standard, Non-SCADA Equipment 

LCRS (Load Control Receivers) 
2100 customer locations 

SIUs (Signal Injection Units) 
3 substatlon locations 

LSUs (Load Survey Units), "Smart Meters" 
200 customer locations 

3. S p e c i a l  Equipment 

PTUs ("Pole- top"  RTUS) 
58 distribution system locations, for control and 
monitoring 

DCRs (Distribution Control  Receivers) 
17 distribution system locatioxls,  for control anly 
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LSU 
( "Smart Meter" : 

1 of 200 

Substation 

A& 

1 of  7 5  

Distribution SIU Distribution 
ccc RTU 

I 

1 o f  58 

LEGEND 

/-> D e d i c a t e d  phone lines 

Power-line carrier -- 
( o u t b o u n d )  

Dial-up phone lines 
( inbound) 
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C A R R I E R  F R E Q U E N C Y  I N J E C T E D  I N T O  Y H E  G R I D  

n 5 0  

FIGURE 1. 

START 2 10 50 

7 3 3  I 
A200 

4267 

F I G U R E  2 
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COMMUNICATION AND CONTROL DATA FLOW 
(All times are typical) 

1. Data sampling (at point of measurement) 

RTU 
analog (every 15 seconds) 
status (every 10 seconds) 

PTU 
analog (every 5 seconds) 
status (every 1 second) 

LSU ("Smart Meter") 
KWH (pulse per 3 . 6  watt-hour) 

2. Data transmittal (to AUB from measurement paint) 

Periodic 
LSU call back (every 15 minutes) 
RTU "Integrity" scan (every 65 minutes) 
PTU "Integrity" scan (every 120 minutes) 

Non-periodic (event-driven) 
RTIJ Report-by-Exception 
analog (polled every 30 seconds) 
status (polled every 20 seconds) 

on change of analog or status 
(subject to debounce count and delay) 

PTU Report-by-Exception 

Non-periodic (solicited) 
PTU "demand scan" 

from operator or application programs 

3. Data accumulation 

History f i l e  collection (every 15 minutes) 
Application programslcxperiments 

4 .  Data archival 

History f i l e  rolled out to mag-tape (daily) 

5 .  Data analysis 

Off-line processing by ORNL and others 
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Metre t e k  
Data Rcvr 

Aydin 
DG / Key bo a r d s 

/ Dual 
PDP-11/44 \ 
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COMMAND AND CONTROL SOFTWARE 
(computer codes and data structures) 

1. Standard SCADA Software 

Operating system (RSX-11M) 

On-line SCADA functions (MODSCAN) 

Communications 
Man-machine interface 
Database management 
History files 

Line Buffer firmware 

RTU firmware 

Report-by-exception 

Off-line SCADA utilities 

Display definition (INTAC) 
Database compiler 

2. Standard, Non-SCADA Software 

Load Management 

Addressing techniques 
LCU firmware 
LCR firmware 

Load Survey 

LSU and data receiver firmware 

3. Special Software 

PTU firmware 

Data collection 
Control coordination 

Application programs 
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AACE TEST SYSTEM 

The AACE Test System (AACETS) is a computer system located at Oak Ridge National 
Laboratory (ORNL) which is designed to develop and test applications software. Control strategies 
will be developed and tested on AACETS prior to implementation on the AUB system. 

The Communications Control Center consists of a single Digital Equipment Corporation PDP 
11/43 with associated peripherals. It will be loaded with a “stripped-down” version of the 
MODSCAN real-time software package supplied by Brown Boveri Control Systems, Inc. The 
man-machine interface is identical to the color graphics being installed at Athens Utilities Board 
(AIJB). The remote terminal unit is identical to those being delivered for AUB’s Integrated 
Distribution Control System. 

AACETS will also serve as an operator training simulator. 
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The AACETS Is  A Support Tool 

Supports The Development O f  Applications Softw.fr, 

Provides A Mechanism F o r  Testing Of A l l  AppllCatIOn8 
Sof tware  Pr ior  To Insta l la t ion On The Communications 
And Control System (CCS) 

Supports The Generation And tlalnlenance O f  The CCS 
Database And MODSCAN Sof tware  

Supports The Development O f  flan-Hachine Interfscm 
Displays 

Serves As A Training System For AACE Project 
Personnel 

Supports The Acquisit ion O f  Operational Data 
From The Athens Electr ica l  Network F o r  
Characterization And Modeling Ef for ts  
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The AACETS Consists; Subsyste 

Provides Process 
Data dr Control 

HODSCAM Support 
Qatabase Support 
Operator Dlsplay Design Responses 
Data Acquisit ion 

(AL ICEiORNL) 



Real-Time Process Database 

0 708  Analog Inputs 

Supports Color CRT Operator  Interfaces 

* Custom Displays 
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MODSCAN Is  A Monitor 
(Process Database) 

0p.r a tor 

Applications 
Programs Real World 
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The AACETS Improves Productivity 

Assisted in Procurement 
Of  The Cornrnunic 
System 

raject Oepe dency on s y  

t 
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The AACEPS Is A Support  Tool  

S u p p o r t s  The Development O f  Appl lcat ions Sof tware  

Frovides A flechanism For Testing O f  A l l  Appllcatlons 
Sol tware  Pr ior  To Insta l la t ion On The Communications 
And Control Systrm (CCS) 

Supports The Generatian And Maintenance O f  The CCS 
Database And flQD5CAN Sol  tware 

S u p p o r t s  The Development O f  Man-Hachine lnterf ace 
Displays 

Serves As A Training System For AACE Project 
Personnel 

S u p p o r t s  The Acquisit ion Of Operational Data 
From The Athens Electr ica l  Network For 
Characterization And tlodeling E f f o r t s  



E INSFALLATION STATUS 

Athens IJtilities Board (AUB) i s  responsible for thr: installation of the hardwars: the AUB 
istribut ion system. The installation schedule and the status of equipment deliveries are prod ,  
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LOAD CONTROL EXPERIMENT 





71 

Documentation of the experiment design process, as well as the result, has been stressed in the 
planning for the Athens Automation and ConlroI Equipment (AACE). A structured approach to 
load control was deemed necessary to cut through the multitude of options and strategies facing 
load control experiment planners. Both empirical data collection and theoretical modeling activities 
have been included in the AACE to facilitate a better understanding of the processes involved in 
dynamic load behavior. 

Emphasis has been placed on statisticaI significance in data collection and analysis to ensure 
that the results obtained from these experiments are valid and repeatable. Experiments will focus on 
repetition of similar control strategies under varying conditions to obtain sufficient data to 
adequately model the physical and social behavior observed. 

Increased emphasis has been placed on researching customer acceptance and customer reactions. 
Customer behavior exerts a strong influence on the load behavior. Most utilities depend on 
consumer willingness to participate in load control programs to make significant load changes. By 
identifying the rationale for customer cooperation, more effective marketing approaches can be 
defined. 

The AACE has been designed to provide data and techniques that will be useful to other 
utilities. The transfer of experimental methods is expected to comprise a major contribution to the 
current state of Road control techniques. EPRI has been active in developing generic procedures for 
the AACE which can be applied to many different types of electric utility systems. 

Load monitoring will be carried out at the appliance level, household level, feeder section level, 
and feeder source level. One to three residential appliances will be independently controlled at each 
of 2000 locations. Appliance load control groups have been assigned by geographic location on the 
system feeders. The experiments will begin with load monitoring and simple control strategies and 
will progress in complexity and integration with the other aspects of the AAGE. Controlled 
appliances include central electric air conditioners, central electric furnaces and heat pumps, and 
electric water heaters. 
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LOAD CONTROL ISSUES 

0 WHAT DOES LOAD WITHOUT CONTROL 
LOOK LIKE FOR DIFFERENT CLASSES 
OF CUSTOMERS? 

* WHAT DOES LOAD WITH CONTROL LOOK 
LIKE FOR DIFFERENT CLASSES OF 
CUSTOMERS? 
HOW MUCH ENERGY IS LOST BECAUSE 
OF LOAD CONTROL? 

W PROBLEMATIC ARE THE PEAK 
LLOWING A LOAD CONTROL ACTION? 

-a w 
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LOAD CONTROL OBJECTIVES 

CHARACTERIZATION AND MODELING 
DEVELB MENT OF CONTROL STRAEGIES 
CUSTOMER COMFORT CONSTRAINTS 
INSTRUMENTATION REQUIREMENTS 
AND RELIABILITY 
CUSTOMER ACCEPTANCE 
TRANSFER TO THE UTILITY INDUSTRY 
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OVERVIEW OF THE PRESENTATION 

THE LOAD CONTROL SYSTEM 
CTJ @ CUSTOMER ISSUES cr - SELECTION 

9 RECRUITMENT 
- ASSIGNMENT TO CONTROL GROUPS 
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NUMBER Or- HOUSEHOI-US IN EACH CATEGORY 

GROUP 1 

,-’ 

GROlJP 2 
1568 

GROIJP 5 

3 7 7  
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FOR RECRUIT 
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SPACE CONDITIONING CONTROL GROUPS 
ARE DEFINED BY SIZING RATIO 

to w SIZING RATIO IS THE APPLIANCE BTU 
RATING DIVIDED BY THE BTU’S REQUIRED 
TO MAINTAIN TEMPERATURE IN A SPECIFIC 
HOUSEHOLD AT SEVERE HEAT OR COLD 





W OF TH N 

Y 



96 

m
 
0
 

R - U
 

m
 

w 3
 
a
 1 

J
 

P
 

E
 

0
 



WHAT ARE THE MONITORING DATABASE$? 

0 SMARTMETERS - i s  MINUTE DATA - 200 HOUSEHOLDS - COLLECTED IN "REAL TIME" 
0 ARMS 

- 1 MINUTE DATA 
= 1 - 4 APPLIANCES - 40 HOMES WITH TEMPERATURE PROBES - 200 HOMES COLLECTED DAILY 

0 PTU - REPORT BY EXCEPTION OR POLLED 

- 50 -I- POINTS ON SYSTEM 
P, V, Q 

RTU - SCAN EVERY 20 SECONDS 
EVERY FEEDER 

- P, V, Q - WEATHER DATA 

W -.a 
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WHO WILL BE AUDITED? 

ALL 2,000 HOUSEHOLDS WHICH 
RECEIVE MONITORING AND 
CONTROL EQUIPMENT 

+ s 
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THE DATA ARE BEING ORGANIZED 
INTO DATABASES 

e 

0 

0 

e 

0 

TO COPE WITH THE VAST QUANTITY 
OF DATA 

F 
e3 cn 

TO MAKE THE DATA EASILY ACCESSIBLE 
TO FACILITATE ANALYSIS 
TO PRESERVE DATA SO THAT NEW 
QUESTIONS CAN BE ANSWERED AS 
THEY ARISE 

OL HELP 
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LOAD CONTROL TASKS CONTINUED 

5. DETERMINE IMPACTS OF LOAD CONTROL 

6. DETERMINE RELIABILITY OF LOAD CONTROL 
ON SYSTEM OPERATIQNS 

AND EFFECTIVE LEVELS OF 
INSTRUMENTATION 

+ 
5: 

9. DETERMINE CUSTOMER RESPONSE TO LOAD CONTROL 
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CONTRO  IN^ 

d 
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0 CONTROLLOA K IM 

e WELEAS 
LOAD CHANGE 

a MAINTAI t 
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EXPERIMENTAL METHODS 

PERFORM LOAD CHARACTERIZATION 
DATA COLLECTION 

w @ PERFORM 'NICKING' TESTS -1 G 

BRIEF LOAD REDUCTION AND RESTORATION 
0 PERFORM SUSTAINED LOAD CONTROL TEST 

DISABLING OR CYCLING APPLIAIVCES 
FOR EXTENDED TIME PERIODS 
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USE THE LOAD CHARACTER1 7-- - BAS 
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USE NICKING TEST RESULTS 

0 TOCALCULAT DIVERSIFIED LQAD PROFlLES 
FOR EACH APPLIANCE AT EACH MONITORED 
LEVEL OF THE SYSTEM 

@ AS A FIRST ESTIMATE OF THE LOAD AVAILABLE 
0 FOR COMPARISON WITH DIVERSIFIED 

APPLIANCE LOAD PROFILES OBTAINED FROM 
RECORDED LOAD CHARACTERIZATION DATA 
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EXPERIMENTAL METHODS FOR RELIABILITY 

MONITOR OPERATION OF THE LOAD CONTROL SUBSYSTEM 

is CLASSIFY FAILURES AS HARDWARE, SOFTWARE, OR 
COMMUNICATION SYSTEM PROBLEMS 

@ CALCULATE LOAD CONTROL SYSTEM AND 
SUBSYSTEM REkl AB ILlTY AND AVAILABILITY 
THROUGHOUT THE EXPERIMENT 
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SUMMARY OF THE LOAD CONTROL TASKS 

I. 
2. 

3. 

m 

CHARACTERIZE LOAD BEHAVI 

DUE TO CONTROL 
DETERMINE AGGR 
DUE TO CONTROL 
DETERMINE LOAD 
FOLLOWING C 

+ 
DETERMINE APPLIANCE LOAD R 

h3 W 
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The objectives of this study were to study the behavior of substation loads, to provide tools for 
determining when to implement load control actions, and to provide input to the sprational load 
control models. The hourly substation load data used in this study were collected by the Tennessee 
Valley Authority (TVA) from June 1988 through November 1983. The ourly weather data were 
also collected by TVA at the Tennessee Watts Bar area. 

Two statistical models for forecasting substation loads were devdope by using a least-squares 
regression analysis technique. One andel was constructed under the theory that the current hourly 
load can be predicted as a function of previous hourly loa s. Hourly loads 1 to 2 h old, as well as 
those 24 and 25 h old, were all statistically s i ~ ~ ~ ~ ~ ~ a ~ t  in forwasting the cnrrent hourly load. The 
R2 of this model was 0.984. The other model, considerably more complex, defined the current load 
as a function of not only previous loads, but also of weather variables and seasonal influences. This 
model had an R2 of 0.98. Both models were checked for autocorrelation in the error terms. None of 
them was statistically significant. Superimposing the actual loads over the estimated GRCS made it 
obvious that both niodels gave equally powerful and accumte estimates of the 6Lreal-timen control 
and load management. Given that, the ~ t ~ ~ ~ ~ h t ~ ~ ~ ~ ~ ~ ~  lagg -load n i d d  was preferable and 
recommended.. 



STATISTICAL MODELS FOR 
FORECASTING SUBSTATION LOADS 
PATRICIA HU 
ENERGY DIVISION 
OAK RIDGE NATIONAL LABORATORY 

c.r w w 

DECEMBER 5,1984 
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LAGGEDmLOAD-PLUS-WEATHER REGRESSION MODEL 
North Athens 

Hourly Load = 2356.26 
+ 1.47 * (Load:l-Hour Ago) 

- 0.59 * (Load:S=Hour Ago) 
= 739.7 * (2nd Hourly Cycle) 
+ 57.32 * (Cooling Degree Days) 

+ 657.6 * (Tuesday Index) 
+ 23.7 * (Heating Degree Days) 
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BUTION 

The following viewgraphs present the results of Minimax Research Corporation’s activities in 
1984 on the AAGE load cmtrol experiments, This work has been Tunded by the Electric Power 

ear& Institute (EPRI). A5 shown, Minimax’s work has heen focus primarily in two areas: 
the design of the submetering exprime~ts  and (2) the analysis desig f these expcrhents, 

Minimax bas developed saniplimg and a s for the Athens experiments which will 
be transferable to other utilities. The PC-ba d e l  pasts arc presented which illustrate 
the appliance and househ~lal metering requirements for the experiment in order to ensure that 
adequate and reliable data are colleded. Our analysis activities include initial development of 
impact assessment methods as well as designing the appliance: control strategies for the 200 ARMS 
(appliance metering) households. 



ATHENS LOAD CONTROL EXPERIMENTS 

ELECTRIC POWER RESEARCH INSTITUTE'S 

GENERALIZING UTILITY EXPERIMENTS 
PROJECT (RP 2342-1) 
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o PRODUCES SAMPLE S l Z E S  A N D  METER REQUIREMENTS FOR 
RESIDENTIAL DEMAND-SIDE EXPERIMENTS 

o INSURES THAT EXPERIMENTAL RESULTS WILL PROVIDE 
ACCURATE, USEFUL DATA FOR DECISION-MAKING 

c1 vl 
4 

o DEFINES TRADE-OFFS BETWEEN SAMPLE SIZE, DATA TYPE, 
CONTROL STRATEGIES, APPLIANCE TYPE, AND CUSTOMER BEHAVIOR 

o ANSWERS THE FOLLOWING QUESTIONS: 

- How Many Switches and Meters A r e  Needed to 
Defect’ Load Drop Accura te ly?  

- H o w  Many HoLlseholds/Appllancas Must Be  Controlled 
to Meosure Load Drop Accurately? 
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o DESIGN -- Expertmental Design Model 

o PLANNING AND DESIGN OF THE SUBMETERING EXPERIMENT 

o INITIAL DEVELOPMENT OF THE IMPACT ASSESSMENT MODEL 
- A p p l t ~ ~ n c e  Specific 
- Transferrable 
- Physfcrat, Economic and Behuvloraf Factors 

o HANDBOOK FOR DESlGN AND ANALYSIS OF RESIDENTIAL EXPERIMENTS 





VOLTAGE AND CAPACITO 
CONTROL EXPERIMENT 
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OVERVIEW 

The ultimate objective of the volt/var experiment is to automate the control of load tap 
changing transformers (LTCs), voltage regulators, and shunt capacitors on the Athens Utilities 
Board distribution system. LTCs and regulators will be controlled to levelize voltage drops and 
reduce voltage for load release, and shunt capacitors will be controlled to minimize losses. Five 
experiments have been developed for the volt/var experiment area. They are as follows: (1) to 
develop reduced feeder models and build operator displays for controlling and studying the control 
of LTCs, regulators, and capacitors; (2) to test computer-assisted (operator in the control loop) 
and automated (operator out of the control loop) capacitor controk (3) to test computer-assisted 
and -automated regulator control, (4) to test voltage reduction for indirect load control; and 
( 5 )  to integrate capacitor and regulator control with load control and system reconfiguration. In 
the first experiment, feeder models will be developed from available feeder and load data and will 
be validated using monitored data collected by the Integrated Distribution Control System (IDCS). 
The modeling efforts of this experiment will provide regulator control techniques to be developed 
and validated in experiments 2 through 5. 

Initially, the control of capacitors and regulators via the IDCS will be concentrated on North 
Athens Circuit No. 5 .  A reduced model for circuit No. 5 has been developed along with an operator 
display. The performance of circuit No. 5 (loss reduction and voltage drop) was analyzed for 
capacitor switching and regulator tap changes using a full electrical model of the feeder and a 
Newton-Raphson Power Flow. These feeder performance results were used to validate the reduced 
feeder model developed for circuit No. 5;  they show that the reduced model is a reasonably 
accurate model in comparison to the full electrical model. The next step will be to refine the feeder 
reduction method, reduce other feeders to be tested in the volt/var experiment, validate the d u d  
feeder models against monitored data to be collected during the characterization year, and then use 
the models in experiments 2 through 5 to automate the control of LTCs, regulators, and capacitors. 
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V O L T / V A R  EXPERI N T S  

1 .  FEEDER MODELING & DISPLAYS 

2 *  COMPUTER-ASSISTED CaPACITOR CQNTROL 

3 .  COMPUTER-ASSISTED CONTROL 

4 .  VOLTAGE REDUCTION FOR I N D I  co 
5 .  ASSESS BENEFITS OF INTEGRATING CAPACITO 

w 
E 

& JBGULATOR CONTROL 

6 .  INTEGRATE VOLT/VAX CONlcRgL WITH LO L 

8t SYSTEM RECONFIGURATION 
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TEST VOLTAGE REDUCTION POW INDIRECT LOA 

(EXPERIMENT # 4 >  

ASSESS LOAD RELEASE CAPABILITY OF AUB FE 

a TEST I.PEGULATOR CONTRQL TO DUC L 

RELEASE LOAD CAFW3ILI'IY 
TEST VOLTAGE ISEXXJCTION F L E 

TO REDUCE CAPITAL COSTS 

TEST VOLTAGE ~ D U C T I Q M  

TO REDUCE CWITAL & OPE 

TEST VOL IQulES ON 

FEEDERS 'WITH DIFFERENT LOAD MIXE 
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CAPACITOR CONTROL EFFECTS 
NO REGULFITOR CONTROL 
H R F  PEAK WINTER LOAD 

0 

I MVA BflSE 
13.2 K V  BRSE 
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P T K T  COMBlt4ATION 
CLUSTER MOUNT 

CWLICITOR CONTROL RISER 

I 1/2"coNWlT W R - P T K T  LEADS- 

CABINET FOR TELEPHONE JUNCTION ROY. 
NEUTRAL CURRYNT RELAY ,CAPACITOR CONTROL 
I 3 0  V SUAGE A R I E S 1  ERS SURGE BLOCK. 
PK BLOCKS, AND 120 V ClRCUl I W A N L A  

POLE TOP UNIT 
(P T U )  
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RECONFIGURATION 
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OVERVIEW 

The two major objectives of system reconfiguration are reliability enhancement and ~ ~ ~ a c i t y  
utilization improvement. The expected benefit of system reconfiguration is lower energy costs. 
Improvements to system reliability will be achieved by automating the response time to outages 
caused by electrical faults and by automating the relief of line overloading conditions to avoid an 
outage. The increase in system capacity utilization will be achieved by optimizing the network 
configuration to best serve the changing electrical consumption patterns. To achieve these 
improvements, remote monitoring and fault detection will. be used to reconfigure feeders using 
remotely controlled line switches. 

The evaluation of the system reconfiguration experiment will involve r e ~ ~ a b ~ ~ ~ t ~  ~va~Ma~~on ,  
capacity utilization evaluation, and overall evaluation. The benefits and costs of implementing the 
system reconfiguration functions on Athens Utilities Board’s (AUBs) distribution system will be 
estimated to determine if the program objectives were accomplished and to ~Man~ify the benefits. 
The evaluation will include the pedormanct: of the AUB distribution system befurc automation, 
during the first year of operation, and during the second year of operation. These e v a l ~ ~ t ~ o ~ s  will 
be compared to the tests simulated on the AACE Test System. 
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Y 

E a  a t  are t h e  benefits of o -line recon- 
tion of the distribution network? 

Ra How much and  what typ of hardware 
is required to support system recon- 
figuration? 

m What are the a ditianal benefi ts of  co- 
ordinating system reconfi uration with 
load control and wslt/var control? 

111 From a second e n  e rati on p e rsp ec%i ve, 
how should syste uratisn be 
controlled? 
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SYSTEM RECONFIGURATION PROJECT 
TEAM 

Jack Lawler 

Jim Patton 

Bob Stevens 

Larry Monteen 



1. Intraduc-tian 

2- Experiment objectives 

3. 

4. Concluaisns 

Questions $0 be addressed by the exper iment  
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SYSTEM RECONFIG 

Jack Lawler 
Jim Patton 
Bob Stevens 
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I .  Introduction 

xperiment objectives 

3. Questions to  be ad  

4. Conclusions 
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SYSTEM RECONFIGURATI 

1.  Introduction 

I Definition of system reconfiguration 

I System reco nfi g u ration ha rd wa re 

I System reconfiguration functions 

I Control diagram 



System reconfiguration i s  the automatic monitoring sf 
the distribution network operating condition and the 
intelligent control of diatributicm switching elements. 

T h e  potential benefits of system reconfiguration include 
enhanced service reliabil i ty and capacity utilization. 
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SYSTEM RECONFIGURATION HARD 

Controllable Switching Elements: 

- Feeder breakers 
- Power reclosers - Motor operated load break switches 

Mo ni tori ng Hardware: 

- 
= Switch ng element status 
- Relay status 
= Fault detectors 

PTs and CTs for analog values 



220 

TI TI 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Fault detection 

Fault location 

Fault Isolation 

Service Restoration 

Cold load pickup 

Feeder Monitoring 

Feeder load management 

Substation load rnana en% 

Adaptive protection 
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I 

System 
Reconf i gu ra t i  on 

Software 

~~ 

I 

, Real Time Data 

w a 

Automatic Control 

. 
Human 

Operator - NMI - 
I * con t ro  

ac t ion  
Operator Ass is ted  Control 

Controlled 
S w i  tchgoar 

Monitoring 
Hardware 

I 

Anal oq 
\ 

Dis t r ibu t ion  
Network 

System Reconfiguration Block Diagram 
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e r i  M e n t  0 bj ectives 

eB Service re1 id bi I i ty  

Capacity utilization 

w Adaptive protection 

tf Hardware R qui rem ents 

m I nfs rrnati CI n transfer 
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EXPERIMENTAL OBJECTIVES 

1. Determine the improvement in distribution system 
service reliability that can be achieved by automating 
t h e  detection, location and isolation of faults and 
subsequent service restoration 

II. Determine the improvement in distribution system 
capacity utilization with automated cold load 
feeder monitoring, feeder load management and 
substation load management functions. 



L lab 

1 1 1 .  Determine whether or not ada t i ve  protection i s  
necessary  t o  suppar t  o n - l i n e  s y s t e m  r e c o n -  
f igura t ion .  

IV. Study the a m o u n t  of autcmat ion  hardware! required 
to improve  distributian system service rel iabi l i ty  and 
capacity uti I izat ian.  

V. Transfer t er i rnenta l  results t o  t h e  e lec t r i c  
uti I i t y  industry. 
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SYSTEM RECON FIG U RAT1 0 N 

3. Questions t o  be Addressed by the Experiment with 
Respect To: 

A. Service Rei ia b i I i ty 

B. Capacity u t i l izat ion 

C. Ad a pt ive protect ion 
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U 

SR-1 

SR-2 

sw-3 

sw-4 

SR- 

Fatl 

Fa u 

Fa u 

t Detection 

sto rat i  o n 

Cold Load Pieku 
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SR-1 FAULT DETECT10 

'1.4 What i s  t h e  differential in fault  detection t ime 
between present AUB practice (customer calls) and 
automation? 

1.2 How many faults are detected by customers but are 
missed by auto rn a ti on? 

1.3 How many faults occurred that t h e  automation 
system wasn't designed to detect? 
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T 

1.4 How many false or inconsistent indications of faults 
are reported by automation? 

1.5 What is t h e  a e of defecting fau l t  c u r r e n t  
levels using f a u l t  detectors as opposed $a monitor ing 
r e d  ose r/sect i o n a 1 i ze r status? 

1.6 C a n  h igh impe a n c e  f a u l t s  b e  d e t e c t e d  b y  
a u t o m a t i o n ?  

1.7 Will customers begin to rely on the  automation and 
not report trau ble? 
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SR-2 FAULT LOCATION 

2.1 What is the difference in  t ime between fau l t  
detection and fault  location with automation as 
compared to present AUB practice? 

2.2 What is the  advantage of extensive fau l t  monitoring 
for precision fault location as compared t o  moderate 
monitoring in terms of t he  speed of crew response? 

2.3 How often does the crew find the fault in t h e  zone 
indicated by automation? 
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I 

3.1 HOW ffluch t ime is required t o  isalate a faulted feeder  
section by  adtomation as  compared $0 manuah 
isalati on? 

ha t  i s  the bene f i t  sf ccmtrslled switching a n d  
monitoring as compared ta  monitoring on ly?  

3,s Haw many controlled switches should b e  used? 
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SR-4 SERVICE RESTORATIO 

. I  How of ten  is the proposed restoration unacce 
from a voltage, capacity or protect ion perspective? 

.2 Can loa control and/or voh 'var  contro a s s i s t  in 
service restoration? 



DETECTION I LBS 

LOCATION 

ISOLATION 

RE STORAT 1 Cr+ 

FAULT DETECTION, LOCATION, ISOLATION AND SERVICE RESTORATION - EXAMPLE 



C,UYOY.,4TED FAULT D E T E C T I Q V  L O C A T I O N  A N D  1SOL.ATIQN 

Feeder Recl oser  
or  F a u l t  Curren,it 
Indicating Alarm 
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5.1 What is  the  cold load overload as a function sf 
temperature and outage time? 

5.2 What percent  o f  outages a% AU 
adjustment to  pickup the load? 

uire re la  

5.3 Can cold load e f f e c t s  b e  r educed  by lawering 
WOltage? 

w is the magnitude of averload related ts the 
number af pickup stages? 



S X - 5  COLD LOAD 

5.S What time should elapse between pickup stages? 

5.6 Can feeder reconfiguration b e  used to  reduce cold 
load pickup problems? 
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38 Questions to  be nswered with Respect t o  Capacity 
U ti 1 i z a t i a n F ad n c t i B n s 

SR-7 Feeder load management 

sw-8 Subsfation load maiqaaement .*A 
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SR-6 FEEDER MONITORING 

6.1 Where should the feeder be monitored? 

.P What should be monitored? 

6.3 W h a t  types of feeders shouAd b e  monitored most 
closely? 

6.4 What is t h e  sensitivity of feeder loads to  weather? 

6.5 How closely do  calculated voltages and flows agree 
with measured values? 



238 

6.6 Characterize load growth by area and custom 
type. 

6.7 Hows f te  should feeder  load information be 

What i s  the ef fect  of load control an peak 
feeder  loading? 

What are t h e  component lass of  l i fe  consequences af 
load CQntrOl?  
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7.4 

7.2 

7.3 

7.4 

SR-7 FEEDER LOAD ANAGEM ENT 

How much can the daily feeder peak load be reduced 
by feeder load management? 

What frequency of reconfiguration is  desirable? 

What impact can feeder load management have on 
planned feeder expansion/reinforcement? 

Can losses be reduced by switching loads from 
heavily loaded feeders to  lightly loaded feeders? 
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L 

7.5 W h a t  a r e  t h e  C O n s t r a a i n t s  f a r  a u t o m a t i c  
reconfigu ration ? 

7.6 Can  feeder load management re u c e  p l a n n e d  
outage costs 

7.7 What is the cost of  maintenance associated with 
feeder load management? 



F I R M  AREA CONCEPT 
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FLON D I A G R A M  FOR BRANCH A N D  B O U N D  K E T H O D  
FOR AUTOF'IATED LOAD R E S T O R A T I O N  AND TRANSFER 

START 0 

I ANY D I S CON N E CT AI4Y K O R E  
P O S S  1 E L E  

L! - S f C T I r ' : s 7  I 
* , -  

C0ilSTKAI:iT THIS LII:E 
VIOLATIO::S? , SECTIOI:  u i 

BEEN R E A C H E D ?  

s o l u t i o n  
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SR-8 SUBSTATION LOAD MANAGEMENT 

8.1 What are the constraints in initiating loa transfers 
between feeders connected to  different substations? 

8.2 How much total load can be transferred by interties 
to  provide firm area capacity? 

8.3 Can load control be used to  complement the  f irm 
area concept? 

8.4 What is the impact of firm area operation on planned 
transformer capacity additions ? 
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8.5 What f r e q u e n c y  of  su~s%ation-ta-aLlbstatjon Isad 
transfers is  desirable’? 

8.6 What addition I t r a f f ; \ ~ f o r ~ n e ~ / c 6 n d u ~ f 0 ~  capacity can 
be obtaine through operation based on dynamic 
thermal  ratings as compared to static load Iiniits? 

.7 (fan transformer overloads b e  anticipated in t i m e  to  
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SYSTEM RECONFIGURATIO 

3C Questions to  be Answered with Respect to the 
Adaptive Protection Function 

SR-9 Adaptive protection 



9.2 Will the fault duty an any distribution equipment 
increase due  t o  reconfiguration? 

9.3 A r e  t h e r e  t imes when the  s y s t e m  i s  p o o r l y  
coordinated due to  natural load v 
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SR-9 ADAPTIVE PROTECTION 

9.4 What is the t ime savings of automated versus manual 
setting of relays? 

9.5 C a n  power  recloser sett ings b e  adjuste 
accomodate any reconfiguration? 

Is adaptive protection required for system recon- 
figuration? 



. c  LU 

The objectives of the system resonfiguration experiment 
are: 

1,2. Determine the  improvements in distribution system 
service reliability and capacity utilization tha t  can 
be achieved through system reconfiguration. 

3. Determine whether ar not adaptive protection is  
necessary to  support system reconfiguration. 

4. Determine the  amount and  t ype  of  automation 
hardware required 

5. Transfer the experiment findings to  the electric 
utility industry. 

The questions raised with respect to  each of  the 9 system 
reconfiguration functions wi l l  b e  the basis f o r  t h e  
detailed test plan. 
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