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PRELIMINARY STAFF REPORT

ON THE 

NEW YORK CITY POWER OUTAGE 

OF JULY 13-14, 1977 

I. INTRODUCTION

During the period July 13-14, 1977, an area wide power outage 
(blackout) occurred in New York City and some of its neighboring 
areas. The Indian Point Nuclear Station, Units 2 and 3, was 
affected by the power outage.  

The NRC staff has completed a preliminary assessment of the 
events that occurred, the effects of these events on the Indian 
Point Nuclear Station, and the need for corrective measures to 
assure the continued safe operation of the Indian Point Station, 
Units 2 and 3.  

In this report, we discuss the sequence of events prior to and 
during the power outage and the subsequent recovery as they relate 
to both the area transmission system and the Indian Point Station.  
The primary reference documents utilized in the preparation of 
this report included the following: 

1) NRC/OI&E Report No. 50-286/77-23, dated July 14, 1977; 
2) Consolidated Edison Company, "First Phase Report - System 

Blackout and System Restoration, July 13-14, 1977," dated 
July 26, 1977; 

3) FPC "Staff Report on July 13-14, 1977 Electric System 
Disturbance on the Consolidated Edison Company of New York, 
Inc., System," dated August 4, 1977; and 

4) FPC "Supplement to Staff Report,' dated August 4, 1977.  

We have provided a preliminary assessment of the actual and 
potential impacts of the power outage on the Indian Point 
Nuclear Station, and have identified the measures we plan to 
undertake to assure the continued safe operation of the station 
and of all other licensed nuclear power stations, should similar 
events recur.  

The preliminary nature of this report should be recognized; the 
subject event will be further studied by Consolidated Edison 
Company, the Federal Power Commission and the Nuclear Regulatory 
Commission. We intend to prepare a final staff report on this 
subject upon completion of our review.
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I. SYSTEM CONDITIONS PRIOR TO THE EVENT 

A. PowerSources and Distribution 

1. Area Transmission System 

The system cpnditions that existed in the Consolidated 
Edison service area just prior to the initial disturbance 
on July 13, 1977 were as detailed in Table 1.  

Table 1 

SYSTEM CONDITIONS JUST PRIOR TO DISTURBANCE 

Total service area load 5868 MW 

Load supplied by Consolidated Edison 3008 MW 

Load supplied by outside sources via inter
connections (including 870 MW from New 
York State Power Authority's Indian Point, 
Unit 3 nuclear plant) 2860 MW 

Total Consolidated Edison reserve generation 1998 MW 

Synchronized spinning reserve 1208 MW

Quick-start gas turbine reserve (available 
within ten minutes) 790 MW 

Consolidated Edison's unavailable generation, 
(out of service or shutdown) 3124 MW 

The principal interconnections With other systems were 

as follows: 

a. New York Power Pool (NYPP); 

b. Penn sylvania-New Jersey-Maryland Pool (PJM); 

c. New England Power Exchange. Pool (NEPEX); 

d. Long Island Lighting Company (LILCO); and 

e. Public Service Electric and Gas Company (PSE&G).  

One of the principal interconnections, Hudson (PSE&G) 
to Farragut (Con Ed), was unavailable at the time of the 
system disturbance.
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2. Indian Point Nucl ear Station 

Indian Point Unit 3 (IP-3) was operating at 91% power-/ 
(maximum licensed steady state power) providing 870 MW 
of power to the Consolidated Edison system via the 
Buchanan 'South substation. Indian Point Unit 2 (IP-2) 
was in A shutdown condition for repair of a reactor coolant 
pump Iseal. 0Offsite power was being supplied to IP-2 
via the Buchanan North substation.  

The design of the..emergency a.c. power system for IP-3 
includes four 480-volt buses. Two of the buses, with 
their emergency loads and distribution systems, are 
supplied continuously from the offsite power source.  
Upon loss-of-offsite power, each one of the two buses 
receives power-from dedicated onsite diesel-generators.  
The remaining two buses are electrically connected together 
and supplied power from the IP-3 main generator through an 
auxiliary transformer when the unit is at power. A fast 
transfer to the offsite source is performed in the event 
that the main plant generator trips. If the offsite power 
is unavailable, the two buses are then powered from a 
dedicated onsite diesel-generator. Availability of two of 
the three onsite diesel generators to supply power to 
their associated loads assures that the unit can be 
brought to a safe shutdown condition.  

In addition to the emergency a.c. power system,.a non
emergency a.c. power system is provided to supply power 
to the electrical loads required for normal plant operation.  
The non-emergency system is not required to bring and 
maintain the unit to a safe shutdown condi-tion., The non
emergency-system consists of six 6.9 kV buses and their 
distribution systems. Two of the buses are supplied 
continuously from the offsite power source. The remaining 
four buses, whose loads include the main reactor coolant 
pumps (RCP), are supplied power from the IP-3 main 
generator through an auxiliary transformer when the unit 
is at power. A fast transfer to the offsite power source 
is performed when the main generator trips..  

B. The Initiating Event 

On July 13, 1977, at 8:37 pm, lightning struck a double 
circuit transmission line (two transmission circuits sharing 
a common tower or structure) from the Buchanan South 
substation causing a phase-to-ground fault. The automatic 

l/The IP-3 license has a restriction which limits the 'maximum power 
level to 91%. This restriction was imposed because of insufficient 
experience with high power density reactor cores. We expect the 
restriction to be removed in the near future.
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protective relaying op ened the circuit breakers to isolate 
the fault.. The opening of the circuit breakers resulted 
in interruption of IP-3 generation because the IP-3 power could 
not be delivered to the transmission sys 'tem.' At this time, 
the loss of IP-3 generation to the overall Con Ed system 
was compensated for through other system ge6neration and inter
connections.
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II. SEQUENCE OF EVENTS LEADING TO POWER OUTAGE 

A.. Area Transmission System 

Nine principal events occurred beginning with the initial 
disturbance and resulting in the subsequent system collapse 
some 59 minutes later. (The times given for the events 
are in some cases approximate.) 

1. ~July 13, 8:37 pm 

The initial event is described in Section II-B of this 
report. The lightning strike resulted in the loss of 
certain major distribution-lines and caused the inability 
of the IP-3 generating station to be able to supply the 
Con Ed system.  

2. July 13, 8:55,pm 

A second lightning strike occurred on a double *circuit 
transmission line between Buchanan North and Sprain 
Brook substations and resulted in another phase-to-ground 
fault and caused an additional loss of major distribution 
capability.  

3. July 13, 8:55 pm 

In addition to the second lightning strike and associated 
fault, an overloaded-transmission line between Millwood 
West and Pleasant Valley substations was tripped-out 
reducing the system transmission capability. The reduction 
in *transmission capability at this point in time resulted 
in the loss of approximately 1,191 MW of interconnected 
(incoming) power. About 957 MW was restored to the system 
through the remaining interconnections.  

At about this time, an additional 260 MW of generation 
was being brought on line by Consolidated Edison. However, 
within a few minutes, 133 MW of generation was tripped 
off due to a ruptured boiler tube in the East River #5 
unit. Between 9:14 and 9:22 pm, system-wide voltage 
reduction was initiated. First a 5% reduction was made; 
then a second reduction for a total of 8%. This resulted 
in a 263 MW load reduction for the overall system.  

4. July 13, 9:19 pm 

A transmission line between Leeds and Pleasant Valley 
substations was lost due to a faulted condition and 
resulted in the loss of the last 345 kV tie to the 'north 
and the subsequent loss of 1202 MW of power. The fault
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is believed to be caused by operating the transmission 
line in an overload Ied condition.. The changes in power 
flow caused a transformer between the 345 kV and 138 kV 
systems at Pleasant Valley substation to exceed its short 
time emergency rating..  

5. July 13, slightly after 9:19 pm 

The above mentioned transformer, which was exceeding its 
short time emergency rating, automatically tripped resulting 
in the additional loss of 790 MW of transmission capability 
from the north and west.  

6. July 13, slightly after 9:22 pm 

As the result of the preceeding events, the remaining 
interconnection to LILCO increased to 340 MW which 
exceeds its short time emergency rating of 250 MW.  
This interconnection was disconnected at the direction 
of the New York Power Pool causing another loss of I 
468 MW to the Con Ed system. About 350 MW was-restored 
through the PSE&G interconnection.  

7. July 13, slightly after 9:22 pm 

Attempts to reclos:e the circuit breakers and restore, 
a major transmission line to the Millwood West substation.  
resulted in an automatic trip of the circuit breakers by 
protective relays due to the large power surge.  

8. July 13, 9:.29 pm 

Failure of a phase angle regulating transformer at Goethals 
substation resulted in additional losses. The PSE&G 
interconnection overloaded leaving only the Pleasant Valley 
South interties. The loss of the New Jersey interconnection 
caused a power surge in the system resulting in the opening 
of the remaining ties. The Consolidated Edison system 
frequency began to decline and the automatic load shedding 
system operated, reducing the load by 1800 MW.  

9. July 13, slightly after 9:29 pm 

Ravenswood Unit 3,a large fossil fueled plant (also 
referred to as Big Allis),tripped resulting in the 
loss of 81441MW of generation., The remaining Consolidated 
Edison units could not compensate for the loss of 
Ravenswood and began to trip automatically due to system 
power fluctuations.
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10. July 13,' 9:36 pm 

A complete transm ission system shutdown (blackout) 
occurred as a result of the automatic tripping of the 
.remaining generators which did not have. the capacity 
to supply the system loads.  

B. Indian Point Nuclear Station Response 

1. July 13, 8:37 pm 

The opening of the circuit breakers at the Buchanan 
South substation resulted in the loss of the circuits 
to the distribution system for the power being 
generated at IP-3 and resulted in an automatic shutdown 
of the unit.  

When the unit tripped, an automatic fast transfer to the 
offsite power source was performed for the two 480-volt 
emergency and the four 6.9 kV non-emergency a.c. buses 
being supplied by the unit generator. At the time of 
the fast transfer, the condition of the offsite power 
source, 'however, did not allow these buses to be supplied 
from that source.  

Accordingly, as designed, one emergency diesel generator, 
DG-32 automatically started and it supplied power to the 
two associated, emergency a 'c. buses. The other two 
emergency buses, which were receiving power from the offsite 
source prior to the unit trip,. continued to be supplied 
by the offsite power source.  

2. July 13, 8:45 pm 

Offsite power was restored to the four 6.9 kV non
emergency buses which provide power to the four reactor 
coolant pumps (RCPs). The RCPs were started to provide 
reactor-coolant system circulation and to maintain the 
unit in the hot standby condition.  

3. July 13, 9:22 pm.  

Three of the four RCPs were secured manually because 
of the power fluctuation on the 6.9 kV power distribution 
system. The manual action., although not required, was 
a conservative measure to protect the equipment from 
damage as the result of the power fluctuations. Automatic 
protection is provided for the quipment.
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4. July 13, 9:28 pm 

The RCP that remained operating received an automatic 
trip due to low voltage on its associated 6.9 kV bus.  

5. July 13, 9:32 pm 

Loss of offs'ite power occurred and the remaining two 
diesel generators, DJG-31 and 33, were automatically 
started and immediately supplied power to their 
respective buses. DG-321, which was started during 
the initial event, had remained in operation and 
continued to supply its associated buses. Power 
was supplied to all the loads required to being the 
unit to a safe shutdown. The three die'sel generators 
for IP-2 received automatic signals from the loss-of
offsite power monitors to start and supplied the required, 
loads to maintain the IP-2 unit in a-safe shutdown 
condition,
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IV. SEQUENCE OF EVENTS DURING POWER RESTORATION 

A. Area Transmission System.  

The area transmis sion system operator(s) received and 
initiated *many telephone calls to determine the condition 
of system components throughout the Consolidated Edison 
System. On July 13, at 9:36 pm, an attempt at rapid 
restoration of the system was initiated with many portions 
of the system still connected together. As transmission 
lines were energized, the protective relaying automatically' 
reopened the circuit breakers. (During this attempted 
restoration period a main transformer at the Buchanan 
South substation failed, possible due to power surges, 
and caught on fire.) The rapid restoration attempt was 
abandoned and a systemati'c sectionalization plan was 
initiated. The plan consisted of dividing the Consolidated 
Edison transmission system into six sub-sections. This 
division of the system allowed the indepe ndent and simul
taneous restoration in the six sub-sections of the system.  

B. Indian Point Nuclear Station's Return To Power 

1. July 14, 3:43 am 

The restoration of offsite power to the Indian Point 
units was accomplished.  

2. July 14, 4:.00-4:12 am 

Power was restored to the onsite power distribution 
systems of the Indian Point units..  

3. July 14,'5:26-7:20 am 

Selected equipment required to startup the IP-3 was 
energized after which one of the three emergency 
diesel generators, DG-33, was secured and returned 
to its ready-standby status.  

4. July.14, 7:25-9:55 am 

Additional equipment for startup of IP-3.was enerqized.  
The safety rods were withdrawn and steam was generated 
in the secondary system. The steam system was subsequently 
secured due to blown rupture discs on the low pressure 
section of the main turbine condenser. The condenser 
overpressure condition that caused the rupture disc to 
fail occurred as a result of inadequate vacuum in the 
condenser, which-we believe was caused by operator error.
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5. July 14, 1 1:30 am 

DG-32 was secured and returned to a ready-standby 
status.  

6. July 14, 2:31__pm 

The pulling of control rods began in order to bring 
the unit to critical.  

7. July 14, 3:26 pm 

DG-31 was secured and returned to a ready-standby 
status.  

8. July 14, 4:32_pm 

The reactor reached critical at this time.  

9. July 14, 7:07-7:14 pm 

The main unit generator of IP-3 was, synchronized to 
the Consolidated Edison distribution system.  

10. July 15, 5:00 am 

The reactor reached 91% power providing 870 MW of 
power to the Consolidated Edison distribution system.



V. PRELIMINARY ASSESSMENT OF POWER OUTAGE 

A.. Area Transmission System 

1. Damage toTransmission _Equipment 

There was no major damage to any generating equipment 
during the system disturbance. (During the 1965 black
out, 20% of the generating capacity was damaged.) Some 
minor damage to the transmission system occurred but the 
damage did not prevent restoration of power or the 
capability to provide power to the highest load ever 
supplied in the Consolidated Edison Company's history, 
following the system disturbance.  

The principal components of the entire Consolidated 
Edison system that were damaged consisted of five 
transformers, ten termination connections, and fifteen 
failed or defective lightning arrestors. These failures 
resulted in delaying restoration to some portions of the 
system. None of these failed components were located at 
the IP-3 facility (one transformer was in the Buchanan 
switchyard which is the offsite source for IP-.3).  

2. FPC Assessment 

a. Recommendati-ons for Action by Consolidated Edison 

The Federal Power Commission (FPC) report dated 
August 4, 1977, indicates that their review and 
analysis of the July 13 failure is sketchy and far 
from complete at this-time. However, based on 
their preliminary study, they recommended that 
the following actions be immiediately taken by 
Consolidated Edison.  

(1) Accelerate the projected construction and 
maintenance schedules for generation, dis
tribution, and interconnections; 

(2) Reassess the adequacy of the system design 
relating to load shedding, remote control of 
the quick start unit's (standby generators 
capable of starting within ten minutes) 
protective equipment, and-the location of 
new generating equipment;
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(3) Provide a greater degree of area security 
generation, i.e., less imported power and 
more local reserve generation; and 

(4) Reassess and revise procedures and personnel 
training for emergency conditions and during 
periods of restoration of service.  

The FPC indicates that the foregoing recommendations 
are tentative and subject to change when further 
studies have been completed.  

b. Recommendations for all Utilities 

The FPC provided certain additional recommendations 
for all utilities and power pools throughout the 
nation. As a result of "lessons learned" from the 
blackout of July 1.3-14. The FPC recommended that 
the following actions be taken as promptly as possible: 

(1) Reassess the adequacy of system designs relating 
to power tranfer capability, multiple transmission 
outages, load shedding, protection and control 
equipment, reserve generation, contingency planning
and maintenance schedules; 

(2) Reassess and upgrade proce'dures and personnel 
training for emergency conditions and restora
tion service for systems and interconnection 
areas; 

(3). Review adequacy of auxiliary power equipment 
for critical loads (such as hospitals, subways, 
railroads, etc.).  

c. Recommendations for FPC Action 

The FPC further recommends that it take the following 
actions: 

(1) Reassess the adequacy of current legislative 
proposals designed to improve the reliability 
of electrical power systems and-determine if 
additional legislation should be proposed;
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(2) Review the adequacy of the New York Power Pool 
stability studies and the additional Consolidated 
Edison studies and recommendations relating to 
the New York power failure;, 

(3) Direct-the nine reliability councils in the 
United States to prepare and submit the FPC 
the reports included in their recommendations 
to the utilities and power pools.  

B. INDIAN POINT-NUCLEAR STATION 

1. Response Durinq Outage-and Recovery 

The NRC's OI&E, Region I,,performed a preliminary 
investigation on July 14, 1977. The investigation 
included a review of the available on-site records, 
logs and charts relating to the plant operation 
before, during and subsequent to the outage. The 
Si censee's Saf ety Revi ew Commi ttee i s perfo rmi ng a 

detailed review of the event and will provide the 
results of their review in an Licensee Event Report 
(LER) to OI&E. We will evaluate the details and 
results of the event upon receipt of the LER.  

As a result of our preliminary-review, we have deter
mined that the safety-related systems of IP-3 which 
were required to function during the events performed 
as required and that appropriate operator actions were 
taken. In addition, IP-2 remained in a safe cold shut
down condition.  

During the shutdown of IP-3, the primary safety systems 
required were the loads supplied by the emergency diesel 
generator and auxiliary feedwater systems. The restora
tion of power to the reactor main coolant pumps and the 
subsequent decision to manually remove the power because 
of fluctuations on the power system were judged to be 
appropriate. The manual action, although not required, 
was a conservative measure to protect the equipment from 
damage by the power fluctuations. Automatic protection 
is provided for the equipment. Additional conservatism 
was obtained by the operators injecting one hundred and 
fifty gallons of concentrated boric acid solution into 
the reactor coolant system to increase the core's 
reactivity shutdown margin.
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The offsite power was restored, (July 14 at 3:43 am) 
to the Indian Point Station and IP-2 was maintained 
in a cold shutdown condition. The procedures and 
actions required to bring IP-3 critical were initiated 
at approximately 9:55 am, control rods were withdrawn 
and steam was generated in the secondary system. The 
steam system was subsequently secured due to blown 
rupture discs on the low pressure section of the main 
turbine condensor. The overpressure occurred as the 
result of an operator not having the required equipment 
to draw a vacuum in the *condenser. This error resulted 
in a delay of about four hours in bringing IP-3 to 
power.  

The rupture discs were replaced and following comple
tion of the pre-critical checklist, the reactor was 
taken critical at 4:33 pm on July 14, 1977. The unit 
main generator breakers were closed and the unit synchro
nized with the Consolidated Edison system at 7:08 pm on 
July 14, 1977.  

2. Effects on.Plant Safety 

We have concluded that plant safety was not jeopardized 
during this event. Based on our preliminary investiga
tion we have determined that: 

a) All safety-related systems performed as required; 

b) The plant was maintained within the conditions 
required by its Technical Specifications; 

c) There were no personnel injuries; 

d) There was no release of radio active material 
or radiation exposure to personnel or members 
of the public.  

e) Conservative actions were taken to bring and 
maintain the unit in a safe shutdown condition.



VI. CONCLUSION 

A. Area Transmission System 

It is inappropriate to draw firm conclusions relating to the 
Consolidated Edison system until the detailed analysis of 
the causes of all the events involved in the system disturbance 
are known..  

We expect the implementation of the recommendations of the FPC 
will somewhat enhance the reliability of the overall Con Ed 
system. Prior to the FPC report, Consolidated Edison had 
already taken many of the steps outlined by the FPC.  

Implementation of the broader and long term recommendations 
of the FPC for all utilities and reliability councils should 
also provide an increased-assurance of the reliability of the 
offsite power sources for the safety-related systems in 
nuclear power plants.  

B. Indian Point Nuclear Station Safety 

We have determined that the plant safety was not jeopardized 
during the Consolidated Edison system disturbance. However, 
it is our view that further analyses of the availability of 
the offsite power source are needed. As a result of the 
initial event and the loss of IP-3, the offsite power source 
was available but was in a vulnerable condition. Consequently, 
the onsite emergency power system automatically started and 
provided the required sa-fety loads as the result of the 
subsequent failure of the grid system.  

The recommendations of the FPC to the utilities and the 
reliability councils would require that grid system configuration 
and operation be such that the system could withstand events 
similar to that which resulted in the Consolidated Edison 
system failure. The FPC recommendations would also increase 
the reliability and availability of the offsite power sources.  

The NRC staff plans to continue its review of the current 
practices of utilities that can lead to system operation and 
configurations such that they become vulnerable after a 
single system contin~gency (failure). We have an ongoing 
program to evaluate the adequacy of offsite power systems.  
This program is a NRR Category.A Task and is currently 
scheduled for completion in December 1978. The results 
of this program may lead to proposed requirements for 
augmenting or changing existing criteria, procedures, or 
Technical Specifications relating to the offsite power system.  
The changes,'if required, will provide additional assurance 
that the preferred offsite power source will be available 
and capable of providing power to safety-related loads. The 
followinq items are beinq considered in the staff's ongoing 
program:
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(1) Conditions of the grid system that can be monitored 
to determine an "alert" condition to identify when 
the grid would be vulnerable to subsequent 
contingencies; 

(2) Procedural actions or requirements to be taken within 
the nuclear plant when the grid is vulnerable to 
natural events or grid system equipment failures, 
e.g., start onsite diesel generators; 

(3) Design changes which ca n provide a dedicated offsite' 
power source to some nuclear plants; 

(4) Design changes to provide protection for redundant 
safety-related equipment from sustained voltage 
degradation of the offsite source; and, 

(5) Determination of the adequacy of existing test 
requirements for onsite power sources.



Appendix 

How Electric Power Systems are Planned and Operated 

This Appendix is an excerpt from the Federal Power Commission's Report, 
"Supplement to Staff Report on July 13-14, 1977 Electrical System 
Disturbance on theConsolidated Edison Company of New York Inc., 
System," dated August 4, 1977. This excerpt provides a basiC description 
-of how electric power systems are planned and operated. A glossary.  
of terms that are relevant to the subject is also included.
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HOW ELECTRIC POWER SYSTEMS ARE PLANNED AND OPERATED 

The smooth and-efficient functioning of modern day society is 

totally dependent on'the constant availability of adequate supplies 

of electricity. For it to be available, a great deal of planning, 

investment, construction and other work must take place almost 

continuously in addition to the daily operation of the electric 

supply system. The major elements of this preparatory work are 

discussed below.  

1. GENERATION 

Generating facilities convert the potential energy of fuel, 

fallir~g water, radioactive material or other sources, into energy .1in -Aectrical form. Generators may be driven by steam turbines, 
combustion-gas turbines, water turbines, diesel engines, wind or 

tide. Whatever the type of fuel or type of generator, in the 

aggregate all the generators of a system. comprise the system's 
"ogenerating capacity". Generating capacity provides the force that 

drives electricity through the power system.  

Generating capacity is needed to supply customer requirements 

for electricity. The rate of production and use of electricity is 

normally expressed in kilowatts or megawatts. It is common practice 

to integrate (sum up) the energy produced and used over a period 

of 15 minutes, 30 minutes or one hour and express the result, in 

kilowatt-hours or megawatt-hours, as the system "demand". The 

largest of these integrated demands is the system "peak load" for 

the period studied (a day, a week, a month, a year, a summer period, 

a winter period). For miany systems, including Consolidated Edison 

Company, the greatest use of electricity occurs during the summer 

months. Whenever the annual peak demand occurs, generating 

capacity must be available to supply it. In other words, a 

sufficient number of generators must be in operation to supply 

energy at the greatest rate required by the customers.  

The amount of generating capacity that a power supply system 

should have, in order to provide reliable service, has long been 

one of the central problems of system planning. Forecasts of demand 

are the starting point for capacity determination. Such estimates 

are not easy to make, with accuracy, for a number of reasons.



However, the topic of load forecasting is an entire field in itself 
and will not be treated here. l/ 

Given the pattern of electricity requ irements, planning 
engineers determine the corresponding generating capacity needs.  
Many factors must be carefully considered and their effects 
integrated.  

One key factor - load - will vary geographically and in time, 
in each utility system.service area. Like other elements of a 
power system, load is a multi-dimensional entity. For a given 
system, the load at any specified time is different in different 
areas of the system, and varies from hour to hour.  

Electric power demands on a system result from the individual 
actions of all the customers. A light turned on, a refrigerator 
started or stopped, an electric arc furnace in operation, an air 
conditioning system operating, all these and many other devices 
combine to produce the system demand at any instant. Although the 
demands of the individual customers are not intentionally coor
dinated, the combined demands fall-into well-defined patterns.  
The patterns vary, from city to city, from region to region, but 
have some genezal characteristics in common. Daily loads are 
usually high in the afternoon and early evening, low during the 
late night and early morning hours. In some areas at some times 
of the year, there may be two high demand intervals during the 
day,,with a low load interval between. The magnitude of the daily 
variation is different for each day, and it also changes with the 
season. Figure 1 shows the daily load variation, hour by hour, 
for Consolidated Edison Company of New York, for the week of 
August 1-7, 1976, to illustrate this fact. It shows very effec
tively the requirement that system capacity must meet a wide.  
range-of variation in customer demands. Figure 2 shows the hourly 
loads of Figure 1 rearranged in order of magnitude, as a "load 
duration" curve. From Figure 2 it can be seen that the minimum 
load during the week was 40 percent of the maximum load. The 
patterns of Figure 1 and Figure 2, and similar ones for other 
weeks, are important characteristics of the demand placed upon 
the system's generating units. They show that much of the 
capacity is not needed at times, but must be available for use at 
other times. The curves indicate the magnitude of "base load" 
capacity needed, and the amount of "peaking capacity" required for 
this particular period.  

1/ A useful source document on electric load forecasting is 
"The Methodology of Load Forecasting", A Technical Advisory 
Committee Report to the Federal Power Commission, published 
in Part IV of the FPC's 1970 National Power Survey.
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"Base load" generating capacity is that which is needed 

constantly throughout the year to meet minimum loads. If genera

tors were perfect, and never failed, the generating capacity 
needed for "base load" would be just that which met the minimum 

demand. However, generating facilities do fail and do require 

repairs and maintenance and, thus, cannot run steadily for indefinite 

periods of time. From 5,000 to 7,000 hours of operation in a year 

is considered a reasonable running time for base load generators.  

As some are taken out of service for various reasons, others must 

be put "on line". One facet of prudent planning is a continuous 

effort to balance the need for a sufficiency of base load 

capacity against the need to avoid excessive investment in tempo
rarily non-productive facilities.  

of course, "base load" is only one part of customer demands.  

As shown by Figures 1 and 2, demand increases over base load to 

some "peak demand" value. As load increases, additional generating 

capacity must be operative to supply the load. Part of this 

additional capacity can come from the unused portion of base load 

generating capacity. But when a base load unit is fully loaded, 
the system operator must decide how to meet fi'rther increases in 

load. As discussed elsewhere, some power n'.y be purchased from 

neighboring systems but the system must be prepared to provide its 

share. To put on line a large base load unit is a complex, 
expensive and time-consuming process. If it is to run only for a 

short time (four to six hours as shown by the upper portions of the 

daily curves in Figure 1) the process would be uneconomical.  
Therefore, the system planner provides "cycling capacity" and 
"1peaking capacity" for the system operator-to use. "Cycling units" 

may run some 8 to 14 hours a day, to meet loads above the base 

load level. Peaking units are those designed for rapid inexpensive 

start-up and shutdown, and may run some 3 to 6 hours a day. In 

planning for generating capacity, consideration must be given to 
the "mix" of units in terms of base-load, cycling and peaking, if 

system operating costs are to be kept low.  

In choosing the "'mix",the planner has choices in each range.  

Base load units may be fired by coal or fueled by nuclear power.  

Currently, the use of natural gas as a utility fuel for projected 

units is no longer possible and the use of oil leads to expenses 

that may not be easily controllable under current conditions.  

Hydro energy can only be utilized where the terrain is suitable 
and water plentiful. Combustion-gas turbines have much shorter 
lead times than steam units but require oil or natural gas as a 

fuel and do not come in the.1,000 MW' sizes of base load units. A 

further choice is the "combined-cycle plant" on which the exhaust 

heat of one or more combustion turbine units makes steam for one 

or more steam units. Table 1 summarizes the major factors that 
system planning engineers must evaluate in decisions regarding new 
capacity.



CHARACTERISTIC 

Lead Time 

Energy Source 
Coal 
Oil 
Natural Gas 
Nuclear 
Water 

Water for Cooling 

Suitable for Base LoDad 

Suitable for Cycling 

Suitable for Peaking 

Largest Size 

Cooling Towers Needed 

Construction Cost 

Reliability 

Startup Time in Normal Use 

Refueling Time 

Complexity of Maintenanice.  

Operating Cost 

Scrubbers Needed

TABLE 1 
Maior Characteristics of Generating Units 
(All Values In Table Are Approximate) 

STEAM UNITS HYDROELECTRIC UNITS Combustion Fossil Fuel Nuclear Fuel Conventional Pumped Storage Turbines 

8-10 yrs. 11-12 yrs. 8-10 yrs. .8-10 yrs. 3 yrsa.  

Yes- -
- No Yes-- 

Yes Yes : 
Yes 

-- Yes 

-- Yes Yes 

Large Amount Large Amount --- Very Little 

Yes Yes Depends on No No 

Geography 
Special Design No Depends on No No 

Geography 

No No Depends on Yes Yes 
Geography 

1,300 MW 1,300 MW Depends on Depends on 80 MW

Probably 

High 

Less Than 
Conventional 

Hydro 

Long 

0 

High 

Higher Than Nuclear, 
But Less Than 

Combustion Turbine 

Probably

Probably 

Highest 

Less Than 
Fossil 

Lon g 

7 wks. per 
year, average 

High 

Low 

No

Geography Geography 
(700 MW) (300 mw) 

No No 

Probably Less Than 
For Fossil Steara 

Highest Less Than 
Conventional 

Hyd ro 

Rapid Rapid 

0 0 

Low Low 

Very Low Very Low

No 

Lowest 

Lowest 

Rapid 

0 

Average 

High 

No

Combined Cycle 
Plant 

7 yrs.  

Possibly 
Yes 
Yes 

Some 

No 

Yes 

Yes 

Not Well.  
Established 
(500 MW) 

Possibly 

intermediate 

Not Well 
Established 

Rapid for 
Part Load 

0 

High 

High 

No

S



In addition to, and in the process of, determining the type 
of units needed, the planner must determine "how many" and "how 
big". The number and size of units, and-their location, is a 
critical factor in system cost and reliability. There are a 

variety of methods for determining how much capacity is needed.  
Probability analysis, first applied in the 1930's,has come to 
occupy an important place in planning activities.  

Capacity planning must project into the future a view of the 
characteristics shown in Table 1 (among other factors) and has to 
estimate how those characteristics may change. Capacity planning, 
looking to the operating problems, must determine the relative 
advantages of several small units, brought on-line one at a time 
to meet increasing daily load and then shut down as loads decrease, 
as compared with a few large units that would continue to operate, 
but at part load, as demands decrease. Investment costs and 
operating costs are involved in the determination, as well as the 
reliability aspects of a few larger units versus many smaller ones.  
Also to be considered are the effects on the units themselves of 
operation at part load versus frequent start-up and shutdown.  
The daily and seasonal load pat terns, although primarily a concern 
of the system operator, must be factored into the planning of the 
s ystern..  

Generating capacity reliability is usually discussed in terms 
of sufficiency of capacity to meet total peak demand, the frequency 
and duration of situations in which capacity is less than demand 
and the ability to supply energy requirements over an extended 
period. In the past, it was the practice to provide capacity 
sufficient to supply the estimated peak demand plus an additional 
amount equal to some percentage of the peak demand or equal to the 
largest generating unit (or largest two units.) The total 
capacity then exceeded the projected greatest requirement by an 
amount that was supposed to allow for generator failures, for over
or under-estimating the load forecast, for extended maintenance 
work or for unknown factors. In an attempt to develop procedures 
more rational than rule-of-thumb methods, the power industry 
began to use probability analysis to compute the capacity needed.  
Consolidated Edison Company was one of the earliest systems to 
apply probability analysis to generating capacity studies.  

Probability methods have now been developed to the point 
where many systems use them to factor into capacity planning rele
vant information as to load patterns, number and size of generating 
units, reliability of individual units, delays of unit construction.  
Probability analysis, in addition to furnishing quantitative 
results concerning system capacity levels to be expected, allows 
the planning engineer to determine as closely as possible the 
capacity needed to satisfy specified levels of reliability related 
to the frequency and duration of outages, the probability of 
outages, the probability of positive margin, the probability of



energy deficiences anf the probabilities of various levels of capacity shortages. The operations engineer uses probability, 
analysis to optimize operating reserve and its allocation be-tween 
spinning and non-spinning components.  

An example of the results of probability analysis is shown in Table 2, taken from a report of the New York Power Pool.  

TABLE 2 

New York Power Pool 
Reliability - Reserve Relationships 1 

Member Pool Loss-of-Load 5% Voltage Customer Reserve Reserve Probability Reduction- Disconnections 
~Days Per Year (Average 

12 16 6 65 . 3 to 1.1 14 18 2 27 .07 to 0.3 16 20 0.8 8 .02 to 0.1 
17 21 .0.3 4 .007 to 0.04 18 22 0.13 2 .002 to 0.01 20 24 0.035 0.6 .003 to 0.0025 22 26 0.011 0.3 .00006 to 0.0006 

1/ From 1976 New York Power Pool Report to New York Public 
Service Commission under Article VIII, Section 49-b of the 
New York Public Service Law.  

However, and the reader must be cautioned strongly, the analyses represent only models of the system. The inputs into the studies are estimated loads, expected generation outputs, planned maintenance schedules, average experienced forced outage rates obtained under conditions that can never be exactly duplicated. The probability that all of the inputs will simultaneously exist at their assigned values is of a very low order indeed. This means that the analyses are valid as models only, and that the results are to be regarded only as indices of relative performance. In reality, this is what the planner-desires: the relative benefits 
of one choice over another.  

In developing the schedule of generating units to be constructed, the planner must consider them individually. It is not sufficient to talk in terms of total system capacity. The planning process requires addition (or retirement) of individual units. A unit must be selected of a certain size and type in order for the



probabilistic method to function., On large 00 MW unit will 

have a different effect on reliability than two 500 MW units, and 

the effects of unit size will be related to system size. Studies 

of the relationship between maximum unit size and system 
size 

indicate that the largest unit should ordinarily be in the range 

of 47% to 107% of the system size. Consolidated Edison's largest 

unit, Ravenswood No. 3, with a net summer capability of 
972 MW, is 

9.8 percent of Consolidated Edison's total generating capability 2/ 

(summer rating). However in the New York Power Pool, which operates 

as a single control area, the unit is only 3.37% of the total NYFF 

generating capacity.  

The reliabili ty will again be different if the units 
are 

fired by coal or oil or gas, or if they are nuclear or hydro

electric. Each size and type of unit has a different reliability 

associated with it and requires different maintenance 
activities.  

Therefor e, the availability patterns of units of different types 

differ. For instance, the power output reliability of four 200 MW 

hydro units is greater than that of four 200 MW coal-fired 
units.  

For instance,.had the 2,000 MW of peaking capacity planned 
by 

Consolidated Edison for Cornwall (Storm King) been available, the 

loss of Ravenswood 3 should not have been so damaging to 
the system.  

But the energy reliability of the coal units may be greater than 

that of the hydro units, because coal may be readily available 

and water may be available only during certain seasons of 
the 

year. The Cornwall installation was planned to be peaking capacity, 

and therefore would not be expected to provide power continuously 

day after day. However, its projected function as peaking and 

emergency supply would have been valuable in the instance under 

consideration. The reliability of the total generating capacity 

supply is a composite of many factors: number and size of units; 

type of units; types and sources of fuel for fossil fuel units; 

availability of nuclear fuel; capacity available from inter

connected systems; contractual obligations to supply capacity to 

interconnected systems;'competence of operating and maintenance 

personnel; age of the system's generating units, their locations 

*on the system, the "mix" of base load and peaking units.  

2. TRANSMISSION 

Transmission lines connect the loads to the system, connect 

generating plants together, provide pathways for energy to move 

from the generating plant to points near the user. Transmission 

refers to movement of electric power and energy in bulk. At 

points on the transmission system, power is taken out and sub

2/ As reported in the April 1, 1977 Response by NPCC to FPC 

Order 383-4.  

-9-



j

divided for movement on the subtransmission and/or distribution 
system. Transmission lines have several functions: 

1. Bring power from generating plant to areas where 
power is needed.  

2. Connect power plants together for greater reliability 
of supply., 

3. Connect substations together for greater reliability 
of supply.  

4. Increase transfer capability and voltage control 
flexibility.  

5. Improve system stability, to minimize the effects of "Isurges" of current, voltage and frequency, thereby 
preventing loss of synchronism between generators and 
consequent "black outs".  

6. Connect systems together for sharing of reserve capacity, 
for emergency transfers of power, for sales of capacity.  

7. Connect systems together to allow construction of 
jointly-owned generating units.  

Transmission circuits may be constructed at various voltage 
levels from 69 kilovolts to 765 kilovolts. The advantage of the 
higher voltages is that transmission capacity increases nearly as 
the square of the voltage. Table 3 shows typical average overhead 
transmission line capacity for various voltage levels. Trans
mission may also be accomplished by means of underground cable, at 
voltages up to 500 kV.



TABLE 3 

Typical overhead Transmission Line Capacity 

At Various Voltage Levels 

Voltage, kV MW~ Capacity I 

115-138 100O--- 120 2/ 
230 350 

345 800-1,200 2/ 
500 2,700-2,900 
765 5,700 

1/ Will vary according to length of line, nature 

of the facilities and systems at each end, 
weather conditions and- load pattern, among other 

things. Stability and overload probability may 

limit usable line capacity. Operating condi

tions frequently may restrict ability to 

transmit.  

2/ Consolidated Edison's transmission is 138 kV 

and 345 kV and much of it is underground cable, 

which usually has less capacity than overhead 

lines at the same voltage.  

Reliability evaluation is much more complex for transmission 

facilities than it is for generating capacity. The reason for 

this is structural and inheres in the nature of transmission.  

Generating units can be considered as point sources of power, 

whose capacities can be added to obtain a total capacity that can 

be matched against total system load. Transmission lines, however, 

cannot be treated in this fashion. Lines connect specific points, 

line capacities are not additive in general, and lines perform 

several functions. A generating plant has the sole function of 

providing-capacity and energy to the system. Transmission lines 

perform many functions as indicated above.  

A transmission line is added to a system for one or more of 

the reasons discussed. In some instances, it may be possible to 

accomplish the major function of the line by other means.  

Stability improvement, for instance, may be effected by means of 

fast valving 3/ or by an additional transmission line, in some 

3/An operating procedure which interrupts steam flow to a 

turbine momentarily in the event of a system disturbance.  

This type of operation requires appropriate design to be 

incorporated in the unit.



cases. Then, a decision must be made as to which option should be implemented. Economics will affect the decision but other factors will play a part: the effects on system operating practices, on reliability, on power transfer capacity, on stability, on futu re expansion of the system.  

A transmission line (overhead or underground) must be designed with a number of factors in mind. The major functions must be performed, without undue effect on other necessary functions. It must be reliably designed for the terrain it will traverse -- possibly a mile or less to several hundred miles. Wind forces, icing conditions, river crossings, soil conditions, lightning storm intensity and frequency all play a part in the design decision for the tower design, conductors, tower spacing, and other details.  

In New York City, much of the transmission is by underground cable. System planning and design are significantly different for cable networks than for overhead line networks. The physical parameters (resistance, inductance and capacitance) are significantly different and cable behavior, operation And maintenance methods differ greatly from those factors for overhead lines. For instance, an overhead line fault can be located relatively quickly, cleared and the line can go back in service. Cable faults take longer to locate and repair. Cables require pumps to maintain oil or gas pressure for cooling and insulating purposes. If the pumps fail, the pressures must be built up again carefully, and tested, before the cable can be re-energized.  

Expected carrying capacity and voltage level affect choice of conductor sizes. Normal power flow as well as possible emergency or abnormal power flows must b : considered in the choice of conductors and other components. The protective relaying system must be designed to function properly under various possible operating conditions, must retain stability of system operation and must provide protection against overloads. The reliability analysis of supply to lines moving power out of substations to the loads must take account of all the lines feeding the substation, their originating points, voltage levels, lengths, terrain traversed, and the weather expected. The configuration of connections among lines, switching equipment and transformers within the substation must also be factored into the study. Reliability analysis of transmission is both a system and a point-by-point affair that must look at every station supplying load to customers and take into account every connection between stations., System planning usually provides alternative and supplementary paths for flow of power from generating plants to substations, between substations and between utilities.  
In the planning of transmission facilities, detailed attention must be paid to the physical constraints and environment. Much attention is paid by utilities to routing of transmission lines and much effort is expended in preparation of testimony when legal proceed-ings are initiated against proposed rights-of-way.
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For the transmission lines, the environment and the physical con
ditions can be very much different in different parts of aI 

utility's service area. These differences must be reflected in 

the physical characteristics of the line or cable which in turn 

may affect the electrical characteristics.  

Besides the reliability of each transmission line as a single 

component of a system, it is necessary to consider the inter

actions among lines and generating plants. To give an extreme 

example, a single television set turned on or off will affect the 

current flows, voltage levels and frequency of all transmission 

lines and generating units associated with the system to which the 

TV set is connected. Of course, the effect of a single TV set is 

well below the sensing threshold of any devices now in use, and 

its effect is too small to be noticeable. But the point is that 

every device that draws power from a system affects the entire 

system in some degree. The summation of all load changes from 

instant to instant is reflected in redistribution of power flows 

over An entire system and in redistribution of power generated by 

all plants. Mismatches between generation and load cause frequency 

and voltage fluctuations as the system adjusts. Power production 

at plants can be controlled, by automatic or manual means, to 

match changes in load. Power flow over indi.vidual transmission 

lines cannot readily be controlled withou.- the installation of 

special equipment. Of course each item of equipment introduces 

some probability of unreliable operation, requires maintenance, 
and increases the investment cost.  

The establishment of an electric power interconnection must 

be evaluated from an economic point of view. This economic sriterion 

will require that an interconnect ing transmission facility serve 

several purposes. As the number of interconnections increase, 

there will normally be relative increases in the electric power 

transfer capability. However, it must be understood that increases 

in interconnecting facilities will make it necessary to strengthen 

the internal transmission systems of the interconnecting utilities.  

Mokre than 21 transmission lines interconnect systems in 

New York State and systems in Pennsylvania, New Jersey, Connecticut, 
Vermont and Massachusetts. By means of these interconnections and 

those with the Canadian power system (over 16 lines connect New 

York State with the Canadian power system),more than 5,000 I4J 

can be moved into New York State under the appropriate conditions.  

Electric energy flow in am~ alternating current network is a 

function of the electrical parameters of the involved electrical 

facilities and the operating situation at any time. The relative 

location of load to generation and the impedance of the connecting 

electric network are the significant factors. In some cases, 

special equipment. installations such as phase shifting transformers, 

transformers whose voltage ratings can be changed under load, and 
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current limiting reactors are required to assure proper performance 
of the electrical facilities.  

The construction of power system interconnections in the 
New York City area has been limited by technical, economic and 
geographic considerations.' The island geography of much of the 
New York City area and the presence of the Atlantic Ocean as a 
boundary limit the possible bulk power supply interconnections to 
the area. Interconnections fromNew Jersey to New York City proper 
must cross over or under water.* Underwater cable crossings are 
very expensive and their relatively l~ow impedance presents techni
cal problems. The insulated nature Dof an underwater crossing 
limits circuit capability to a value less than that of overhead 
lines of the same voltage. If the capability is exceeded cable 
damage and subsequent failure can be expected. Repair of cable 
circuits is a lengthy and costly operation. overhead lines can 
be loaded much more heavily than cables since the excess heat 
caused by the higher current flow is dissipated directly to the 
atmosphere, and repairs are less costly.  

On July 13, 1977, the New York City area was interconnected 
with the Pu blic Service Electric and Gas Company through one 230 kV 
overhead line from Linden Power Plant in New Jersey to Coethals 
Substation located on Staten Island. A 345 kV und'.rwater cable 
from Farragut Substation in Brooklyn to Hudson Power Station in 
New Jersey was not in service due to failure of a phase shifting 
transformer at the Farragut Substation. This interconnection 
cannot be utilized unless the phase shifting transformer is 
operable. This transformer, originally scheduled for initial 
service in May 1972, was damaged during installation and was 
returned to the manufacturer for repair. Initial service occurred 
in December 1972. Other troubles were experienced with this trans
former during the intervening period until September 1976, when 
the transformer failed in service. A new transformer has been 
ordered.  

Two 138 kV transmission lines from Consolidated Edison's 
Jamaica Substation in Queens to the Valley Stream Substation of 
Long Is land Lighting Company (LILCO) serve to interconnect these 
two utilities. LILCO has one 138 kV cable interconnection under 
Long Island Sound to Norwalk Harbor in Connecticut, but the power 
import capability of this facility is very limited.  

Other than the previously described interconnections and 
local generating resources, all other electricity supply to New 
York City must come from transmission lines that originate north 
of the City. Consolidated Edison owns most of the bulk power 
transmission facilities in Westchester County.. The Hudson River 
provides a formidable barrier to transmission line crossings.  
Therefore, the nearest crossings of the Hudson other than the 
Farragut cable are located in the vicinity of Indian Point Power
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Station. *jo 345 kV lines from Buchanan Subation near Indian 

Point extend to Ramapo Substation, which in turn is connected to 

Public Service Electric and Gas Company by a 500 kV line and a 345 

kV line.. Electricity imported through these interconnections 
must flow north to Buchanan Substation, if it is to be utilized 
by Consolidated Edison.  

Current operating studies indicate that the Southeastern 

New York Area (SENY) can import over 1,200 MW from New Jersey.  

However the one in-service interconnection from New York City 

proper to New Jersey had no back-up, hence, the 600-700 MW power 

transfer capability of the Linden-Coethals circuit (included in 

the 1,200 MW total), could not be considered reliable. Therefore, 

the loss of the five in-system Consolidated Edison 345 kV trans

mission lines to the north severely limited the New York City area 

power import capability.  

3. DISTRIBUTION 

Distribution facilities are the portion of the electric 

system closest to the customer, and in the final analysis are 

individual to the customer. A generating unit provides power to 

the entire system, for use by all customers. Transmission f,:cili

ties move power between areas or to a specific area. The 'Listribu

tion system moves power from a point on the transmission system 

to specific users of electricity. For this reason, a lower level 

of reliability can be tolerated in distribution facilities than in 

other parts of the system, since failures affect only a small 

number of customers, whereas failures in generation and trans

mission affect large numbers of customers. Construction of dis

tribution facilities generally is timed to coincide as nearly as 

possible with growth of load. Long-range planning is usually not 

required for construction of distribution facilities to the same 

extent that it is required for large generating units and trans

mission lines. Distribution circuits and equipment are individually 

much less costly than generating units and transmission facilities, 

they have shorter lead times for construction, and can generally 

be repaired or replaced much more rapidly. On the other hand, the 

number of distribution circuits and facilities is much greater 

than the number of generating plants and transmission facilities, 

and offers more widespread (geographically) occasions for failures 

and undesirable performance.  

The design of the distribution system can have a significant 
effect upon the ability of a system to maintain service in an 

emergency. System design that permits rapid dropping (and 

restoration) of relatively small groups of customers, under control 

of the load dispatcher, can help in cases where load exceeds 

generating capability. If customer load can only be interrupted 

in relatively large blocks, "blackouts" will occur over wide areas 
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and restoration of service will be slower. Underground facilities, 
while they may improve the scenic environment, may require much 
longer time, and more effort, to repair when faults occur. in 
congested central city areas, such as much of Manhattan Island and 
other parts of New York, distribution facilities are required to 
go underground. Maintenance, repairs and upgrading (to meet 
increased loads) therefore become more costly and difficult.  

Distribution circuits are most easily and least expensively 
laid out when geography is the only determinant. That is, loads 
near to each other will be served by the same circuit. Considera
tions of public safety on the other hand, if the sole determinant, 
would dictate that completely separate circuits be provided for 
hsopitals, water pumping stations, fire and police systems, traffic 
lights and other municipal purposes. Distribution systems planners 
must always keep costs in mind when extending or rebuilding a 
system. As areas change in population density, type of housing, 
type of commercial establishment and industry, the distribution 
system is also required to change. And, as the loads served by 
the distribution system shift from one area to another, changing 
in magnitude and pattern, the transmission facilities may also 
require modification.  

4. TIE RELATIVE IMORTANCE OF GENERATION, TRANSMISSION AND 
DISTRIBUTION TO THE SYSTEM AND THE CUSTOMERS 

The reliability of service experienced by the customers of an 
electric supply system is the composite result of the reliability 
of generation, transmission and distribution and includes the 
effects of maintenance and operation. There is no simple way to 
express quantitatively the reliability of service to a specified 
customer or group of customers. The reliability must take into 
account the reliability of capacity supply, of transmission supply 
to the bus from which the customer's distribution is fed, and of 
the distribution facilities up to the customer's service entrance.  
An indication of the complexity of the study required is the 
following list of information needed to determine the quality of 
service at a specified load bus. 4/ 5/ 

4/ Transmission Planning Using a Reliability-Criterion, Part I 
-A Reliability Criterion. Billinton, Bhavaraju, IEEE 

Transactions on Power Apparatus & Systems, January 1970, 
Vol. PAS-89, No. 1, pp. 28-34.  

5/ A Method for Calculating Transmission System Reliability.  
Mallard, Thomas, IEEE Transactions on Power Apparatus & Systems, 
March 1968, Vol. OAS-87, No. 3, pp. 824-834.
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1. Several load flow studies at different load levels, 

taking into account possible system component outages.  

2. Allowable voltage limits at all busses.  

3. Reactive power limits at generating busses.  

4. Maximum current carrying capability of all lines and 

trans formers.  

5. Distribution of system load at various busses and the 

load duration curves.  

6. The output of each generating plant at each of the 

load levels studied.  

7. The failure and repair rates of the generating units, 

lines and transformers in the system.  

8. Diagrams showing direct transmission paths to the 

specified bus and giving forced outage and scheduled 

outage data for all components in each path (lines, 

cables, transformers, circuit breakers, etc.) 

9. Analysis of possible overload conditions.  

10. Stability analysis for different fault conditions.  

In view of the inter-relationships among generating capacity, 

transmission facilities and distribution facilities, the assign

ment of relative importance to these system components may not be 

appropriate. Surely, perfection in the transmission part of the 

system is useless if the generating capacity is totally inadequate, 

and thoroughly adequate generating capacity is of no Value if the 

transmission or distribution facilities continually fail. Similarly, 

if distribution equipment all over the system never operates prop

erly, the most perfect generating and transmission facilities are 

useless. An electric power supply system must operate as a whole, 

as an entire system, in order to fulfill its mission.  

5. -THE COSTS INVOLVED IN IMPROVING RELIABILITY; THE BENEFITS OBTAINED 

The costs involved in obtaining improved performance of a 

system will be in some measure related to the degree of improvement 

desired. The costs will also be a function of the area in which 

improvement is sought. As one example, improved materials can 

improve power plant relia bility: materials with greater resistance 

to wear, abrasion, corrosion, temperature and temperature changes 

would make more reliable such items as boilers, coal handling and 

pulverizing equipment, fans, burners, gas turbine and steam turbine
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blading. Steam plant condensers could be made more reliable and 
would require less maintenance if better means of reducing or 
preventing corrosion could be developed. Means of reducing the effect of polluted atmospheres on transmission line insulators and 
components would improve transmission reliability. More attention 
to design and layout of plant components and of transmission 
facilities might reduce the effect of equipment outages on reli
ability of supply. Research into the theory of system operation 
and control might lead to better methods of operating power 
systems, better in terms of reliability and possibly lower in 
terms of cost.  

Since generating units serve the entire system, improvements 
in this area would affect the reliability at all levels. It 
would therefore appear that investment in generating plant reli
ability improvement could be justified to a higher level of cost 
than investment in transmission or distribution reliability 
improvement. Similarly, it would appear justifiable to invest more 
funds in the improvement of transmission reliability than in the 
improvement of distribution system reliability. At all events, it 
must be recognized that the incremental benefits obtained from 
reliability expenditures decrease as the level of reliability 
increases.  

It is also necessary to recognize the practical factors that prevent immediate adoption of an improvement by the entire electric 
power industry. For instance, if new materials were to be dis
covered January 1, 1977 for use in coal pulverizers, that would 
significantly increase the reliability of these devices, complete 
change-over to such materials by February 1, 1977 would be a 
practical impossibility. It would in fact, require years and, in 
many cases, would never be practical.  

New procedures, materials and devices must be carefully 
examined and tested before being adopted, and the economic balances 
among investment cost, operating cost, efficiency and reliability 
require considered evaluation.  

6. FREQUENCY AND VOLTAGE 

Frequency in discussions of electric power supply refers to 
the frequency of alternations of the current and voltage in the usual alternating-current (ac) system. In the United States, 
alternating current systems operate on a frequency of 60 cycles 
per second. Direct current systems have some characteristics 
that are desirable, but voltage cannot be transformed as easily 
as can be done for ac systems.  

The frequency of the current and voltage produced by a 
generator depends on the rotational speed of the unit and the
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number of "poles" of the "field" winding. Large generators are 

designed with 2 or 4 poles, for operation at 3,600 or 1,800 

revolutions per minute. When a generator rotates at a speed 

different from its design speed, the frequency of the current it 

delivers will differ from 60 cycles per second. The difference 

between the output of a generator and the load assigned to it by 

conditions will cause fluctuations in current, voltage and power 

on the system. As a generator slows down or speeds up, the timing 

of its currents with respect to the timing of the currents pro

duced by other generators will change; this situation is known as 

a "phase angle shift". Within small limits, generator phase angles 

can and do change. But large sudden changes in a phase angle, 

which may be caused by a sudden load, short-circuit, failure of a 

generator or other reason, cause large oscillations in currents, 

voltages and power on a system. These conditions may cause auto

matic devices (relays and circuit breakers) to operate and dis

connect some lines or generating units. These disconnections are 

designed to protect equipment from harm due to excess current and 

voltage. However, the effect on the system may be to intensify 

the disturbance to voltage, power and frequen cy, and cause 

additional disconnections.  

This -*s an instance of the need for careful attention to 

design of system protective schemes, which generally require judg

mental balancing of actions whose effects may be in opposition.  

Systems now use automatic devices (relays and circuit breakers) 

to disconnect some loads when frequency begins to drop excessively. 6/ 

The purpose is to prevent local overloads on generators, that 

would slow them down and further deteriorate the situation. Manual 

"load shedding" may also be implemented when necessary, the objec

tive being to maintain load and generation in balance at all times 

in any area whose tie lines to other areas have opened. Frequency 

is controlled solely by the speed of the system generators, which 

in turn is a function of system loads and power input from fuel 

(or hydro power). In normal operation, additional load on a 

generator causes it to slow'down slightly, the speed decrease acti

vates fuel supply devices to increase *the fuel fed in, and the machine 

speed (and frequency) return to normal. A decrease in load works 

in the opposite direction.  

The voltage output of a generator-depends upon the frequency 

and upon the operation of auxiliary devices that provide direct 

current to the "field winding". The voltages at different locations 

in the transmission system are a function of the voltages of the 

generators, transformers, transmission line characteristics and 

system loads. When a "short circuit" occurs, the voltage at the 

point of fault may go to zero, and large currents will flow, fed 

by the various generators on the system. The protective devices 

6/ Another section of this report contains a discussion of NPCC 
"1load shedding" practices.



of the system operate to disconnect the faulty element (line, 
transformer or other device), so as to prevent the high currents 
from damaging anything. Although voltage at the generating plants 
is maintained at a fairly constant level by automatic devices, 
voltages at transmission substations will fluctuate somewhat as 
loads fluctuate. Voltage at the customer's level will fluctuate 
even more. A number of states have established allowable ranges 
of voltage variation at the customer level; 8 volts (from 114 volts 
to 122 volts) appears to be an average allowable range.  

The opening and closing of circuit breakers, lightning strokes, 
sudden large changes in load, or other occurrences, may cause 
"transient" voltage waves in a system. The magnitude of the 
voltage depends on the circuit conditions and the initiating cause.  
Normally the transient condition causes no harm and dies out 
rapidly. The peak of the voltage wave, however, if excessively 
high, could puncture insulation or "flash over" an air gap, cause 
heavy currents to flow and trigger the operation of automatic 
safety devices as discussed above. The resultant effect on the 
system is a function of conditions immediately prior to the dis
turbance:. Load magnitudes and distribution, generators on line 
and the loads they were carrying, transmission circuits in 
service and their loads. Cable circuits because of their large 
capacitance may offtr more potential for problems due to transient 
voltages in normal switching. When cable circuits are re-energized 
after being disconnected by the opening of circuit breakers, care 
must be exercised to assure that the insulating oil or gas pressure 
is normal. If, as in the case of Consolidated Edison, power 
failures have caused pumps to stop, the entire pumping sequence 
must be initiated and all pressure thrcughout the entire length 
of a cable must be restored before it can be re-energized.  
Pressure must also be restored (and monitored) at cable "potheads" 
(terminations and connections to other devices) before re-ener
gization.  

7. INTERCONNECTION 

Interconnection among electric power systems has grown since 
the inception of central station utilities. Interconnection of 
two systems provides benefits to each, but also imposes responsi
bilities.  

An interconnection bet-ween two utilit ies may be in the form 
of joint connection to a single bus, a transmission line, or 
several connections of either or both types. When two systems 
are joined by a single line, power flow over the line can be con
trolled to 'a specified value. When the systems are joined at more 
than one point, the total power flow can be controlled but generally 
not the flow over any one line (unless expensive equipment is 
installed).
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The reasons for interconnection are many, as discussed above 
under Transmission. The effect of an interconnection between two 
equally reliable systems is to improve the overall joint reliability 
and reduce the overall operating cost. Of course, before an inter
connection is constructed, the utilities involved must agree as to 
the terms and conditions of construction and operation. Utilities 
which depend on privately invested funds, and customer revenues, 
for financing system expansions must review very carefully the 
economics of any planned item of construction. Interconnections 
among several systems. generally strengthen each member of the group 
in some way. Currently the electric systems of 39 states east of 
the Rockies (including a portion of Texas) are interconnected to a 
significant degree. And, these systems become more strongly inter
connected each year, as new lines are built.  

An interconnection between two utilities requires that each 
assume specified responsibilities. These may be no more than an 
agreement to maintain the interconnecting facilities in good con
dition, or to exchange small amounts of power or energy, or they 
may extend to shari ng of reserves, extensive agreements to coor
dinate planning, and operation of both systems from a single control 
center.  

Consolidated Edison is a member of tli.- New York Power Pool, 
which consists of the major New York State electric utilities.  
These systems have a number of interconnections among them, and 
with utilities in other states and in Canada, and have agreed to 
assume many joint responsibilities for supplying adequate electric 
power in New York State. The Pool is further discussed in other 
sections of this report.  
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GLOSSARY

1. Breaker Closing Switching Surge 

When any device is connected to or disconnected from an 
operating electric system, "transient" electric voltages and 
currents are established. The "transients" disappear rapidly 
under normal conditions, but their magnitudes, for a few hundredths 
of-a second, may be much higher than normal. Electric circuit 
characteristics are such that the transients travel along trans
mission lines very rapidly, building up "wave fronts" of voltage 
and current. Under some conditions, the magnitudes of the trans
ients may be large enough to damage equipment or cause the 
operation of devices designed to protect equipment from damage.  

A circuit breaker in "closing" (connecting a device or a line 
to the system) or in "opening" (disconnecting a device or a line) 
initiates a transient (surge) of the type described above.  

2. Bus (or Busbar) 

An electrical "bus" is an electrical connection between 
several transmission lines or facilities (transformers, circuit 
breakers, generators).  

The physical form of a bus. may be a large bar of copper or 
aluminum, a long large diameter (6 inches) tube, or rectangular 
arrangement of ei'ther, or a length of wire suspended from insula
tors. For a 3-phase circuit, a group of 3 such elements constitutes 
the "3-phase bus". All elements of such a bus are identical. In 
theory a bus is generally considered to be a single point, regard

less of how many lines, etc. are connected to it, with no electrical 
characteristics except the perfect ability to conduct electricity.  
In practice, a bus must have physical dimensions and electrical 
characteristics (resistance, inductance, capacitance). For most 
pur.;ci, '%i rnagill-ide oc' ties. clara- -. riitLcs is negligible.  

3. Circuit Breaker 

A circuit breaker is a device tiesigned to coanect and discon
nect some device from aa electric ctrcuit. A circuit breaker is 
so designed that even when the current flowing through it is much 
greater than normal, little or no damage will be done when the flow 
of current is interrupted by the "opening" of the "breaker". A 
circuit breaker is "closed" (a connection is made between a device 
and the system, or between two transmission lines) when it is
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desired to "energize" a device or circuit. The "closing" of the 

"breaker" may be done manually, it may be done by an electric or 

spring-loaded device under electrical control of an operator, or 

it may be done automatically by means of a relay. A "relay" is a 

device which senses conditions on a circuit (voltage, current, 

power, frequency or other characteristic) and initiates an automatic 

action by means of an electric impulse.  

Circuit breakers may be "opened" (disconnected) manually or 

electrically by an operator, or electrically and automatically by a 

relay. Relays are usually arranged to sense overloads, low 

frequency or low voltage, "short circuits" or other undesired 

situations, and initiate "opening" of a "breaker" accordingly so 

as to disconnect lines or equipment.  

4. Conductor 

A conductor is a wire (or group of wires combined to act as a 

single wire) which allows electricity to pass through it readily.  

But a metal structure (transmission line steel tower, for instance).  

can also act as a "conductor" when it becomes part of an electric 

circuit. Thus, if one of the "phase wires" of a transmission line 

is brought into contact with the steel of the tower, the tower will 

"conduct" electricity to the ground.  

5. Double Circuit Line 

An overhead transmission circuit (line) is a set of three con

ductors which together constitute a system of transferring electric 

power from one place to another.* Each of the conductors is.  

suspended from towers (or poles or other structures) located at 

intervals along the "right-of-way". The right-of-way may be along 

a railroad, the side of a highway or street or a path cut across 

open country. If the towers support one set of three conductors, 

the line is referred to as a "single-circuit line". If the towers 

support two sets of three conductors each, the line is referred 

to as a "double-circuit line" 

6. Maior Transmission Line 

"Ma jor" is a relative term. For a system whose transmission 

circuits operate at 69,000 volts (69 kV) and 120,000 volts (120 kv), 

a "major" line would be one of those operating at 120 WV, designed 

to transmit a large amount of power. For the Con Edison system, 

the 500 kV lines to other systems are considered "major" inter-
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connections; the 345 kV lines are considered "major" interconnections, 

the 138 kV lines would not be considered "major", if the power trans

mitted by them is small compared with that transmitted by the 345 kV 

lines.  

7. Megavolt-Ampere (MVA)_ 

One megavolt-ampere is one million volt-amperes. One volt

ampere is the product Of the volts and amperes associated with a 

circuit, their magnitudes being such that their product is unity.  

Thus, 10 volts and 0.1 ampere is 1 volt-ampere; 2 volts and 1/2 

ampere is 1 volt-ampere.  

The MVA associated with an alternating current circuit is a 

measure of the power that would be flowing in that circuit if the 

voltage and current were "in phase". That is, if the voltage and 

current reach their peaks at the same time during each of the 60 

alternations per second, the two are said to be "in phase" and the 

MVA is the actual power. If the current and voltage reach their 

peaks at different instants, they are said to be "out of phase" 

(by so many degrees). The actual power when current and voltage 

are "out of phase" is equal to the product of MVA and the "power 

factor". The "power factor" is the cosine of the "angle".between 

current and voltage, where "angle" is the time difference between 

the peaks, expressed in angular measure.  

8. Oscillation 

Oscillation refers to the cyclic movement of a quantity about.  

some normal or average value. For instance, the normal voltage 

of an alternating current circuit may'be 120 MV Voltage oscilla

tions are said to occur, if the voltage increases above and decreases 

below 120 kV at some uniform or non-uniform rate. In an electric 

circuit disturbance, the frequency of alternation of the voltage 

above and below 120 kV usually is not constant, the voltage may 

reach 125 kV or 130 kV, drop to 100 kV or 110 kV and "oscillate" 

in that manner, at the same or with different magnitudes of voltage 

for seconds or minutes. Current may also oscillate about its 

normal value, and then power will also oscillate.  

9. Ph~nse-Angle Regulator 

A group of transformers connected in a certain way and especially 

designed for use in shifting the phase of one circuit with respect 

to another. Alternating current circuits are those in which current
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and voltage vary from zero to maximum, and reverse their direction 
of flow, at a regular rate (60 times per second, or "60 Hertz",I 
for U.S. electric power systems). The characteristics of electrical 
transmission lines (resistance, inductance, capacitance) cause the 
peak of the variation (current and voltage) to recur regularly at 
different times in different circuits. This difference in times 
of occurrence of the peak of the "wave" of current (and voltage) in 
different circuits is referred to as a "phase shift". For reasons 
related to the electrical characteristics of system networks, the 
"phase shift" in normal operation may be large between circuits 
connected to different networks or to different parts of the same 
network. "Phase" as used in this discussion refers to the time of 
occurrence of corresponding magnitudes of current (or voltage) on 
different circuits.  

As a result of "phase shift" (or "phase'angle" difference) 
between two circuits, large undesired currents may flow when these 
circuits are connected to form a loop. The phase angle regulating 
transformer, by means of its special windings and connections', 
adjusts the phase of one circuit with respect to another so that 
the "phase angle" difference is small and the undesired currents 
are reduced to a tolerable level. In so doing it controls the 
power flow between the points to which it is connected.  

10. Phase-To-Ground Fault.  

"Phase" in the sense used here refers to a physical part of a 
circuit: one of the circuit wires or a device attached to one of 
the wires. A "three-phase" circuit is one which uses three 
circuit wires to transmit power. These wires may be identified as 
"A", "B", "C". "Ground" in the sense used here refers to the 
earth or to some structure connected to or suppotted by the earth 
(a building, a transmission line tower, an automobile).  

"Fault" in the power system sense refers to an unintended 
electrical connection, which allows undesired currents to flow.  

Thus, a "Phase C-to-ground fault", means an unin tended (acci
dental) connection (touching) of the circuit wire identified as 
"Phase C"1 and "ground". An accidental connection of this type is 
often called a "short circuit"; it causes undesired currents to 
flow which, depending on the circumstances, may cause damage.
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11. Stability 

A system is said to be "stable" when a disturbance causes only 
a brief departure from its operating state followed by operation 
at a new "normal" state.  

"Instability" describes a circuit condition in which a dis
turbance causes a prolonged departure from normal operating values 
of currents, voltages, power and phase angles and failure to return 
to a new "normal" state ,such that parts of the circuit must be 
disconnected. On an electric power system, a disturbance may be 
failure of a-generator, accidental "opening" of a line (discon
nection of the line from part of the circuit), "short-circuit" of 
some line or device (accidental connection to some part of the 
circuit) or other accident, or a sudden increase or decrease of 

load in large magnitude. Any of these disturbances may cause system 
frequency, voltages, currents and power flows to change. If the 
system frequency returns to normal within a few seconds, and if 
voltages, currents and power flows become steady at their new values, 
the system is said to be "stable". The system is said to be 
"unstable" if any disturbance is accentuated by the system itself, 
and causes additional, greater changes in frequency, voltage, 
currents, etc., to the extent that automatic devices (or manual 
devices) operate to disconnect facilities to prevent damage.  

12. Substation 

A substation is a location at which electric power in bulk 
is received from one or several sources, and is sent out to one or 
several locations. The voltage of the incoming power may be 
transformed (changed) to a higher or lower voltage before the power 
is sent out.  

At a power plant, the voltage of the power produced by the 
generator is relatively low (some 18,000 volts to 33,000 volts) 
and it is "stepped up" at the power plant substation for trans
mission at 120,000 volts, 345,000 volts or other voltage level.  

At a switching substation, the incoming power may or may not 
be moved through a transformer (voltage level changer) and will 
generally be connected to a bus (see definition) so that it can be 
distributed over several outgoing transmission lines.  

At a distribution substation, power received in bulk at a 
high voltage is transformed to a lower voltage and sent out in 
smaller amounts over several lower-voltage lines.  
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A substation may contain,-among other items, structures for 
supporting transmission lines, circuit-breakers, switches for 
connecting circuit breakers to lines, relays and associated devices 
for automatically operating circuit breakers, and metering equip
ment for measuring and recording voltage, current, power and other 
electrical quantities.
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How a chaiqet events blacked out nEd in. one hour 
Figuire 2
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-20:55:53 + 
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emergency ratings. Operator 
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42 PSE&G fails, interrupting 1, 170 Mw. Generation 

deficiency reaches 1,700 Mw, system frequency drops 
below 59.3 hz. and automatic load shedding drops 

26 1,800 Mw. System voltage now rises rapidly due to 
excess generation.
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ASSIGNED ORGANIZATION ("X" appropriate column) _____ _____ ____ 

DOR STSG ADSG MTEB ADPS ADET ADSA HMS LWR2 PIN 

ADOR ADOT RSDS SES ASS CBS AAB AID LWR3 ISEB 

ORSI ES RSLB ADRIS CSB ESS ETSB PSUS LWR4 OLS 

ORB2 EE DSS AS ICE ADEP RAE DPM ADSP__ CAB 

OR93 P55 ADE CPS PS EP81 ADST ADLA LMF8 

ORB4 RS ME. PISS OSEA EPS2 OSS LWRI ADDA 

REVIEWER'S SURNAME (CA) REVIEWER'S (CB) ESTI- COMPLETION DATE BRANCH COORDINATING 
INITIALS* MATEDLEDRSOE 

HOURS (CC) ESTIMATED (CD) ACTUAL LEDRSOE 

LEADREVIWERMO. DAY YR. MO. DAY YR. RESPOND 01 J~1~ INDIVIDUALLY 

AODPERTINENT 
COMMENTS TO 

.................. L...... LL.L Jj~ jBACK OF FORM 

_______________________ ~WL...LL LL .LLCOPI ES TO' 
1. REQUESTER 
2. MIPC/PROCESSING & 

,.,~ . . . I ,POG RAMMING BRANC 
________________________ ~L J~~4 .~.......L.L.. ~3.REVIEWING ERANCH H



,.;fNRC FORM 197 
(671-.

IL-

TECHNICAL ASSIGNMENT C(

U.S. N UCLE AR AE G ULA TO RY CIMISSION TACS NUMBIER* 

)NTROLFORM I i ?1i -i 12

NRC FORM 197 (6-771

NEW ASSIGNMENT 0 NEW INFORMATION 0 *REQUIRED ENTRIES 

SECTION 1. REQUEST DATA 
PREPARED BY: 1.D- R 

(AD) 
M ~ R DATE PREPARED* 9 

IAE/AF) TITLE/GENERAL DESCRIPTION ILimit to 120 characters) * (A__)_______CONTROL___NUMBER_ 

(AG) REQUEST CONTACT *I (AB) REQUESTING ORGANIZATION *(AH) REQUESTING MO DAY YR.  

(AJIAK) REQUESTING REMARKS (Limit to 720 characters) (AL) ORB CONTROL NUMBER 

(AM) STANDARDS TASK NUMBER 

SYSTEMS CONTROL DATA 

FACILITY NAME(S) j(BA) DOCKET(S) FACILITY NAME(S) (BA) DOCKET(S) 

11) f 1 L 050-00 (,~2 4) 7 r : 7  1-fp 1, j o 
(12) PA 15LAJj 2- 500 './L( s)V ,E- YJ 050-00 4C) 

(3) 2J'% )0513-00 16)tI5 &a) o-~'~ 

VENDOR'S NAME REPORT IDENTIFICATION SYMBOL 

(DA) PROPRIETARY IF) 

(AR) REPORT MO. DAY YR. (AS) ADDITIONAL INFORMATION M.DAY YR. lEA) NON-PROPRIETARY VERSION (NP) 

DATE: I I REQUEST DATE. O 
(AT) SUBMIT Mo. OAY YR. (AU) LETTER MO. DAY YR. (AVIACCEPTEDCO (FA) NON-PROPRIETARY REPORT 

DT:TO VENDOR NOT ACCEPTED 0 
DAE I _DATE: WITHDRAWN 0 

SECTION IL REVIEW DATA 

PREARD B I DATE Mo. IDAY, YR.  

PRE AR D B : PREPARED I I 
(AC) TYPE OF WORK (Enter an "S" for Safety Related or ar "E" for Envlronmenr Related) * 

POST CP (1S) (PCI EVENT FOLLOWUP (4Wl ISP) TECH. PROJ. SHORT LS (55) ISTI OTHER IJOMI OT 

PLANT SURVEILLANCE (36) (PSI TROPICAL REPORT REV. (51) ITRI TECH. PROJ. LONG LS (56) (LT) 

REEVALUATION REV. (371 (R R) CONTRACT MGMT 152) (CM) REG. GUIDES & STO. REV. (711 (G R) 

ROUTINE TECH. PROJ. (38) ITPI NON-REACTOR REV. (531 IN R) INDUSTRY CO. & STD. 1731 IIC) 

PROMPT ACTION (39W (PAl RESEARCH ACTIVITIES (541 IRAI CORRESPONDENCE IJNKI ICRI 

ASSIGNED ORGANIZATION ("X' appropriate columnI) ___ 

DOR s rSG ADSG MTEB ADPS ADET AOSA HMS LWR2 --- FIN 1 
ADOR ADOT RSOS SEE ASS CBS AAE_ AID LWR13 ISEE 

DRSI ES RSLS ADRIS CSB ESO ETSS PSIJE LWR4 OLE 

0RS2 EES OSS AS ICE AOEP RAE OPM AOSP OAB 

0R53 PSE GE CPS PS EPBI AOST AOLR LMPE 

OR84 RS -E. ASS SEA EPB2 GSE LWR1 ADOA 

RE VIEWVER'S SURNAME ICA) REVIEWER'S ICB) ESTI- COMPLETION DATE BRANCH COORDINATING 
INITIALS * MATED ACUL LEAD RESPONSE 

HOURS (CC) ESTIMATED (CD) ATA 

LEAD REVIEWER MO. DAY YR. MO. DAY YR. RESPOND C -L-I-LI-L-INDIVIDUALLY 

ADD PERTINENT 
(I~ COMMENTS TO 

________________________ 1....... iW...~.L..... .LL.L...L.. Li.L...... BACK OP FORM 

__________________________ ~ .... L..... J ~~Ij * 1  jjjCOPIES TO: 
1. REGUESTER 
2. MIPC/PROCESSINO & 

.1.1. .1.1.PROGRAMMING BRANCH 
_____________________ LL... ... L...L.. ........L.......L .L....L.LL.. 3. REVIEWING BRANCH


