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FOREWORD

The Division of Electric Energy Systems (EES) of the United States
Department of Energy (DOE) has formulated a program for the research and
development of technologies and systems for the assessment, operation,
and control of electric power systems when subjected to electromagnetic
pulse (EMP). The DOE/EES EMP program plan is documented in a DOE report
entitled, Program Plan for Research and Development of Technologies and
Systems for Electric Power Systems Under the Influence of

Electromagnetic Pulses, DOE/NBB-003, May, 1983. The research documented
in this Qak Ridge National Laboratory (ORNL) report was conducted under
Program Plan Elements El1, "EMP Surge Characterization and Effects" and .
E2, "EMP Assessment Methodology Development and Testing."

The information pfesented in this volume is an Executive Summary of
the Phase I effort to explore the interaction between electromagnetic
pulse (EMP) and civilian electric utility systems. The results of this
work will be used in subsequent phases of the research program to
simulate such interaction, assess the possible consequences, and explore
relevant mitigation techniques.

A1l EMP environmental data have been obtained from public domain
documents and unclassified source materials. Such information is
presented herein for illustrative purposes only and does not represent
actual weapon characteristics or maximum threat environments.

This document is Volume 1 of a four-volume series that describes an
EMP assessment methodology for civilian electric power systems.
Volume 1 (this document) is an Executive Summary; Volume 2 discusses
high-altitude EMP (HEMP); Volume 3 discusses magnetohydrodynamic EMP
(MHD-EMP); and Volume 4 discusses nuclear surface burst source region
EMP (SREMP).
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ABSTRACT

The high-altitude detonation of a nuclear device over the
continental United States can expose electric utility power systems to
intense, transient electromagnetic pulses (EMP). In addition to the
initial transient fields designated as early-time, high-altitude EMP and
intermediate-time, high-altitude EMP, electromagnetic signals are also
produced at times from seconds to hundreds of seconds after the burst.
This signal has been designated as Magnetohydrodynamic-EMP (MHD-EMP).

 Nuclear detonations at or near the earth's surface can also produce
transient EMP. This electromagnetic phenomena has been designated as
nuclear surface burst, source region EMP (SREMP).

This volume presents an executive summary of the preliminary
research effort to: (1) investigate the nature and coupling of EMP
environments to electric power systems, (2) define the construction of
approximate system response models, and (3) document the development of
a methodology to assess equipment and system vulnerability.

The research to date does not include an attempt to quantify power
system performance in EMP environments. This effort has been to define
the analytical methods and techniques necessary to conduct such
assessments at a later time.

*LuTech, Incorporated, Lafayette, CA
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1. INTRODUCTION

A single, high-altitude detonation of a nuclear device over the
continental United States can expose large geographic areas to transient
electromagnetic fields known as electromagnetic pulse (EMP). The
initial electromagnetic fields produced by this event have been defined
as high-altitude electromagnetic pulse (HEMP). Later-time,
1ow-fréquency fields, produced by the same detonation, have been defined
as magnetohydrodynamic electromagnetic pulse (MHD-EMP), Nuclear
detonations, at or near the earth's surface, can also produce transient
EMP fields. This electromagnetic phenomena has been defined as source
region electromagnetic pulse (SREMP).

The Division of Electric Energy Systems (EES) of the United States
Department of Energy (DOE) has developed a Program Plan [1] to
investigate potential vulnerability of civilian electric power systems
to Nuclear EMP events. This unclassified research effort is being
conducted under the technical Tleadership of the Qak Ridge National
Laboratory (ORNL).

Oak Ridge National Laboratory has implemented the DOE Program Plan
as a sequential series of three research phases. The Phase I research
concentrates on the development of applicable power system models and
assessment methodologies necessary to investigate power system
performance under Nuclear EMP conditions. Phase II employs the models
and methodologies of Phase I to perform preliminary system assessments
for selected nuclear weapon scenarios. Phase III encompasses detailed
system assessments and the exploration of possible hardening approaches,
where necessary, to mitigate adverse power system performance due to
Nuclear EMP.

A four-volume report documents the ORNL Phase I research conducted
by Westinghouse Advanced Systems Technology and its associated sub-
contractors. The Westinghouse Phase I research team organization is



shown in Figure 1. The organization was constructed to complement the
Westinghouse power system capability with the EMP expertise of LuTech,
Inc. Electric utility perspective was provided by the Arizona Public
Service Company and the Southern California Edison Company.

The Phase I study approach is shown in Figure 2. For each type of
nuclear detonation, the initial research focused on the development of
unclassified EMP environmental descriptions applicable to the assessment
of electric utility systems. EMP interaction modes with power systems
were investigated to develop the necessary system models. An assessment
methodology was then developed to assess possible EMP/system interaction
and the range of system response(s). An experimental program was
specified to support refinement of both models and methodology. The
final task was the detailed development of the Phase II technical scope.

The Westinghouse Phase I research program was conducted under
guidelines provided by the Oak Ridge National Laboratory. These
guidelines, discussed in detail in the applicable report volume(s), are
summarized as follows:

@ The Phase I research was conducted as an unclassified
program. All data pertaining to nuclear weapon effects
was obtained from unclassified sources. Such information
should not be interpreted to represent actual nuclear
weapon characteristics or maximum EMP threat
environments.

° The EMP transient fields of interest are those produced
by the high-altitude and/or surface nuclear
detonation(s). The phenomena known as  "Nuclear
Lightning," associated with nuclear surface detonations,
was intentionally excluded from the Westinghouse scope of
work.

° Power system interaction models were developed for EMP
frequencies ranging from mid-frequencies on the order of
10 MHz to frequencies less than 60 Hz.
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° The methodology was constructed so that major subsystems,
: such as generation plants, could be separately assessed

and the results used in an assessment of the total
system,

This Executive Summary presents an overview of the Phase I research
documented in successive volumes of this report. A discussion is
presented of the approach to integrated, multi-burst nuclear EMP events.
This document includes a summary of the research. conclusions and
recommendations reached during Phase I of the program.
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2. HIGH-ALTITUDE DETONATION NUCLEAR EMP ENVIRONMENTS

When a nuclear weapon is detonated at altitudes greater than 40
kilometers, weapon effects interact with the earth's upper atmosphere and
geomagnetic field to produce transient electromagnetic fields (EMP). For
these heights of detonation, EMP is the significant weapon effect
experienced by the electric power system. In time-order of appearance,
components of the total EMP signal have been designated: 1) early-time
HEMP, 2) intermediate-time HEMP, and magnetohydrodynamic EMP (MHD-EMP).

Any methodology developed to investigate the interaction of
high-altitude nuclear EMP and electric power systems must incorporate
appropriate, electromagnetic descriptions as the threat specification(s).
Such specifications necessarily include an appreciation of the physics
associated with EMP production and the physical and functional properties
of the system under investigation.

For early-time and intermediate-time HEMP, defined as incident
electric fields at the earth's surface, complete specification requires
knowledge of the following:

Area of illumination

Field peak magnitude

Field time-domain waveshape
Field angle of incidence
Field polarization

The electric field magnitude, waveshape, angle of incidence, and
polarization are not constant throughout the area of illumination.
Instead, they vary as functions of the orientation of any 1local
observation point with respect to the origin of detonation.

Previous investigations of spatially small systems [2,3] have
adopted a "worst-case" HEMP threat specification. The incident electric
field waveform is expressed as a bounded double exponential of the form:

E(t) = Eo(e'at-e'st) 1)



Where:
E, = 5.25 X 10* v/m
a=4.0 x 106 sec']‘
B =4,76 x 108 sec']

The waveform of Equation (1) is assumed to be at an angle of
incidence, and polarization which provides maximum excitation to the
system under examination. Such a "worst-case" specification, although
physically unrealizable, does serve to place an upper bound on HEMP
interaction with a spatially small system.

The civilian power system of -generation, transmission and
distribution is not a spatially small system within the total area of
HEMP illumination. For system level analysis, the use of a spatially
invariant HEMP threat specification can seriously overestimate HEMP
interaction and system response. For example, numeric calculations of
open-circuit voltage(s) at the end of electrically long lines using the
"worst-case" threat can overestimate the voltage peak magnitude by an
order of magnitude.

The Phase I research strongly suggests that, for system level
electric power system assessments, at least the early-time HEMP threat
specification should retain the spatial variation of the signal in order
to more accurately investigate the range of possible system response(s).
An approximate technique to estimate the Eo’ in terms of Equation (1), as
well as the local angle of incidence and polarization, is discussed in
detail in Volume 2 of this report series.

A more recent approach to HEMP threat specification is to separate
the total HEMP signal into an early-time HEMP signal and an-
intermediate-time HEMP signal. The early-time HEMP- incident electric
field specification retains the time-domain waveform of Equation (1). In
the case of intermediate-time HEMP, little unclassified data is available



to develop as complete a definition. Intermediate-time HEMP incident
electric field(s) have been described as follows:

° Average peak magnitude of 100 V/m
() Frequency spectra from 101 to 105 Hz
0 Signal duration from 1 usec to 1 second

In the absence of additional information, an unclassified definition
for the intermediate~time HEMP incident electric field has been chosen
as:

E(t) = £y e¥* (2)
Where:
Ey = 100 V/m
Yy = 103 sec”!

The complete specification assumes that the spatial area of
illumination, angle(s) of incidence and polarization(s) are the same as
specified for early-time HEMP.

At elapsed times of seconds to hundreds of seconds after the weapon
detonation, the power system 1is excited by very 1low frequency,
magnetohydrodynamic EMP. Power system interaction to MHD-EMP 1is an
important issue due to the existence of long transmission lines which are
grounded at each end. MHD-EMP electric field specification requires
knowledge of:

Area of illumination
Field peak magnitude
Field waveshape
Field orientation
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The above parameters also vary spatially within the total area of
illumination. As discussed in Volume 3 of this report series, an MHD-EMP
electric field specification is developed as follows:

E(t) = Ex(x,y) e(xsy) f(t) (3)

The term Ez(t) is the spatial dependence of the electric field peak
magnitude. The term €(x,y) reflects the spatial dependence of electric
field direction. The term f(t) represents a normalized, spatially
invariant, time domain waveform.

The MHD-EMP electric field calculated by Equation (3) is the total
field. This is in contrast to Equations (1) and (2) where the E(t) term -
is only the incident HEMP electric field. The peak magnitude of the
MHD-EMP electric field may be on the order of 10 V/km depending on earth
conductivity. .

A complete definition of the EMP produced by a single high-altitude
detonation requires both HEMP and MHD-EMP specifications. The
unclassified literature does not contain unified environmental
descriptions for multiple, high-altitude nuclear detonations. The
authors suggest that the following approximations may be acceptable for
such scenarios:

0 For simultaneous detonations (time-separation greater than
a few microseconds but less than one second), where the
areas of direct illumination do not overlap, the total
specification is the independent specification for each
detonation.

] For simultaneous detonations where the HEMP areas of
direct illumination do intersect, the applicable total
specification of the incident electric field is the
time-superposition of the individual incident fields.

° For detonations time-spaced greater than one second, the
HEMP signal of the second detonation is considered to be a
fast transient signal occurring within the MHD-EMP
environment of the first detonation.

(] For detonations time-spaced greater than 300 seconds, each
detonation is treated as an independent, separate event.
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3. SURFACE DETONATION NUCLEAR EMP ENVIRONMENTS

When a nuclear weapon is detonated at or near the surface of
the earth, intense transient electromagnetic fields are produced in
a spatially local area surrounding the burst origin. This area is
known as the source (deposition) region. At distances beyond the
source region spatial boundary, a transient radiated electromagnetic
field is also created. The phenomena are designated as Source
Region EMP (SREMP).

As presented in Volume 4 of the report series, elements of the
electric power system physically near the burst origin will experience
the full range of weapon effects in addition to SREMP excitation.
Non-EMP effects include: 1) craterization and ejected material,
2) fireball, and 3) peak-overpressure shock waves in air. Figure 3
depicts the spatial extent of these selected weapon effects with respect
to the spatial extent of the EMP source region for a nominal one-Megaton
surface nuclear detonation.

Civilian electric power systems, as presently constituted, have
not been intentionally designed to withstand the weapon effects of
surface nuclear detohations. The Phase I research strongly suggests
that, for distances out to the 3.5 psi peak-overpressure contour (Fig.3),
the power system will be damaged to a level where it can no Tlonger
perform its intended function(s). For weapon yields greater than
100-kilotons, available data suggests that the 3.5-psi
peak-overpressure spatial boundary will exceed the EMP source region
spatial boundary. Based on the concept of "balanced survivability" of a
system to nuclear weapon effects, it is not constructive to assess SREMP
effects on the power system located deep within the nuclear source
region. System response to SREMP threat environments may be significant
beyond the distance of the initial, non-EMP direct damage.

The Phase I research, presented in Volume 4 of this report series,
suggest that a reasonable location to begin the definition of the SREMP
environment, for civilian power system assessment, is at the source
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region spatial boundary. The SREMP environmental definition focuses on
the following phenomena:

° Transient electrical surges induced on power Tlines and
cables physically traversing the source region boundary.
These electrical surges are conducted away from the source
region on lines and cables to the remaining power system
before the 1ine or cable is physically destroyed by other
weapon effects.

() The SREMP transient electromagnetic fields existing for

Unclassified investigation of electrical surges, formed within the
source region and conducted away to the system via power lines and
cables, may be facilitated by the adoption of "canonical"” surge waveforms
defined at the source region boundary. Such a specification may take the
form of the time-domain waveform for the short-circuit current. An
example of such surge waveforms for an overhead line and an underground
cable are shown in Figure 4. The source region conducted surge may then
be modeled by a Norton equivalent source and appropriate source impedance
located at the source region boundary. An illustration of this approach
is shown in Figure 5. The Norton source approach for affected power
lines and cables allows for system assessment in the absence of detailed
calculations of EMP field interaction within the source region.

The physical asymmetry of the nuclear surface detonation source
region, due to the air-ground interface, produces net transient SREMP
fields outside the source region. These fields propagate in radial
directions away from the source region. Again, a rational location to
define this aspect of the SREMP threat is at the source region spatial
boundary. The time-domain waveform for this radiated SREMP electric
field is shown in Figure 6. The electric field polarization is taken to
be vertical. Electric field strength attenuation with increasing
distance from the source region is conservatively approximated as a

function of distance'].
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The above discussion is concerned with the appropriate SREMP threat
specification for a single nuclear surface detonation. For
investigations which include multiple surface detonations, the authors
‘suggest that the following approximations may be acceptable:

0 For simultaneous surface detonations where the respective
source regions do not physically intersect, the total
SREMP threat specification may be taken as independent
source regions and superimposed radiated fields.

0 For simultaneous surface detonations, spaced such that the
source regions do physically intersect, the two individual
detonations can be replaced with a single weapon
detonation of combined equivalent yield.

° Time-spaced surface detonations at the same or physically
separate locations can be treated as independent events.

For scenarios that include joint high-altitude plus surface
detonations, the authors suggest that the following approximation may be
acceptable:

° For simultaneous high-altitude plus surface detonations,
the joint EMP threat specification consists of any SREMP
conducted surges combined with the high-altitude radiated
HEMP and MHD-EMP specification.

° In the case of time-separated joint detonations, each
detonation is treated as an independent event.

It is important to stress that the above EMP threat specifications
have been developed to support unclassified assessment of civilian

electric power systems. A1l assumptions and approximations should not be
construed as applicable to any other type of system.
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4, HIGH-ALTITUDE DETONATION NUCLEAR EMP METHODOLOGY

Methodology is a system of principles, practices, and procedures
applied to a set of knowledge to achieve a specified objective. The
power system (or utility) network) is that group of equipment which,
taken together, generates, transmits, and delivers electrical energy to
customer load areas. Included are the communication and operational
control necessary for this process. '

This section presents a summary of the methodology developed to
assess the effects of high-altitude nuclear EMP on civilian electric
power systems. The total methodology incorporates assessment techniques
for: 1) early-time HEMP, 2) intermediate-time HEMP, and 3) MHD-EMP
threat environments. Since there are significant differences in the
parameters of HEMP transient environments when compared to MHD-EMP
transient environments, the relevant methodologies have been developed as
separate modules. The linkage between the modules is the ability to
characterize the power system "state" at an elapsed time subsequent to
HEMP interaction but prior to MHD-EMP interaction. Thus, the output
"state" of the HEMP assessment becomes the power system "state" set of
initial conditions for MHD-EMP assessment.

The HEMP module of the total assessment methodology begins with a
specification of the HEMP threat environment and the power system to be
evaluated. The utility network is delineated into power delivery and
communication systems. Examples of subsystems 1in the two systems
include: 1) power generation stations, 2) generation, transmission,
subtransmission and distribution substations, 3) lines between
substations, 4) distribution networks, and 5) operations centers. The
equipment within each subsystem can be further grouped according to the
function they perform. Examples of such functional groups include:
1) the power delivery group, 2) the control group, 3) the protection
group, 4) the instrumentation group, and 5) the communication group. It
should be noted that all functional groups may or may not exist within
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each subsystem, Each functional group is considered to consist of sets
of circuits and devices. A circuit 1is a conductor or system of
conductors in which an electrical current is intended to flow [6]. A
device is an assembly of components to serve a specific purpose [6]. The
device or circuit is the smallest entity considered by the methodology.
An illustration of this system division is shown in Figure 7. |

A key assumption embedded within the methodology is that for the
jnitial period of time when HEMP interacts with the system, each
functional group can be assessed separately and independently of all
other functional groups. This parallel development is shown in Figure 8.

The probable response(s) of individual circuits or devices are
incorporated in applicable "fault trees" to ascertain functional group
and/or subsystem-level response. The complete system response is
developed via conventional power system study techniques including load.
flow and stability studies.

A primary objective of the system-level analysis is to define the
power system “state" at an elapsed time of seconds after the detonation.
This state definition may be dynamic in the sense that the system may
still be responding to the HEMP excitation at this time. This "state"
definition serves as the system initial conditions for the MHD-EMP
assessment module.

The MHD-EMP assessment methodology has been adapted from power
system analysis techniques developed to explore the interaction of
geomaghetic storms and electric power systems. The Phase I research, as
discussed in Volume 3 of this report series, supports the validity of
this approach.

An overview of the MHD-EMP assessment methodology is shown in
Figure 9. The methodology focuses on the transient electromagnetic
environment/power system interaction modes known to exist during
geomagnetic storms. The initial sysfem response of interest is the quasi
direct-current(s) flowing in the system due to MHD-EMP excitation. The
quasi-dc flow 1is considered to be simultaneous with normal 60 Hz current
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flow. The Jjoint, quasi-dc, and ac excitation of electromagnetic
equipment, such as affected power and instrument transformers, may be the
mechanism for equipment damage, upset, and/or system stability concerns.

The high-altitude nuclear EMP assessment methodology requires a
significant level of digital code development as part of the Phase II
scope of work. It is not intended that the total methodology should or
can be accomplished as a single, unified simulation code. The
methodology incorporates specific code modules as analysis tools to be
used by knowledgeable power systems engineers. The digital codes used in
the methodology can be divided into three categories:

. EMP Environment Codes
° EMP Interaction Codes
[ System Response Codes

The EMP environment codes serve to translate a given high-altitude
nuclear detonation, at a given location, to the spatially Tlocal EMP
environments experienced by the power = system. Environmental code
development is required for both HEMP and MHD-EMP. The EMP interaction
codes translate the Tlocal electromagnetic environment into the
corresponding set(s) of transient stresses. HEMP coding requires a
significant development effort. MHD-EMP codes can be adapted from
existing codes developed to study geomagnetic storm/power system
interaction. The required power system response(s) can be drawn from
existing "fault tree" risk assessment codes and from conventional power
system analysis codes.

The anticipated Phase II experimental program, discussed in
Volumes 2 and 3 of this report series, focuses on equipment and
device-level tests to determine and/or validate: 1) device transfer
functions, 2) inherent strength of selected devices to withstand EMP
induced surges, and 3) selected equipment performance under ' EMP
conditions.

Where possible, the high-altitude EMP assessment methodology has
been intentionally developed to build upon existing power system
assessment techniques convolved with experience gained from military EMP
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- assessments. It is anticipated that the methodology may be refined
and/or modified as the result of the Phase II research.
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Fig. 9. Overview of MHD-EMP Assessment Methodology
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5. SURFACE DETONATION NUCLEAR EMP METHODOLOGY

This section presents a summary of a structured process to assess
the effects of surface nuclear SREMP on civilian power systems. The
nature of the surface detonation is such that, if EMP did not exist, the
civilian power system may still be severely affected by the remaining
weapon effects. The methodology summarized herein is focused to
investigate the additional risk due to electromagnetic pulse associated
with the detonation. A complete assessment of all effects of the surface
nuclear detonation on the civilian power system is beyond the scope of
this EMP research program.

The methodology acknowiedges three distinct, transient
environments produced by the nuclear surface detonation. In terms of
spatial coverage, the smallest of these environments is the source
region. The threats for evaluation are transient electrical surges
formed on lines exiting this region. These surges propagate away from
the boundary into the grid prior to physical damage to the line. The
system responses of interest include: 1) direct and/or consequential
damage to equipment and facilities beyond the extent of non-EMP physical
damage, and 2) system instability due to system protective reaction to
such surges. |

The second environment, also spatially local in area, is the area of
initial, non-EMP direct damage. The methodology incorporates this threat
by acknowledging: 1) the time-progressive physical destruction of the
power system in this area, 2) the relevant loss of generation and/or
load, and 3) system protective reaction to isolate this damaged portion
of the grid from the rest of the system.

The third transient environment, of greatest spatial coverage, is
system illumination by the SREMP radiated (free) fields beyond the source
region. The questions and concerns associated with this phenomena are
similar to those associated with HEMP investigation.
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Preliminary analysis of the above environments strongly suggests
that the order of consideration proceed as follows:

° Investigation of the SREMP radiated (free) field
interaction with the system outside the source region.

() Evaluation of the consequences of surge propagation on
lines intersecting the source region boundary.

() Incorporation of non-EMP physical damage in time-sequence
of events.

An overview of this assessment progression is shown as Figure 10.
Recursive load flow/stability simulations are necessary to investigate
the magnitude and extent of system disturbance.

The initial conditions for power system assessment include the
following data: '

° Surface nuclear detonation environmental threat
parameters.

() Power system initial conditions; the state of the system
at the time of detonation.

° The geographic origin of the detonation.

Unlike high-altitude detonations, where EMP can illuminate vast
areas, EMP environments for surface detonations are relatively local in
extent. It is important to note that a spatial shift of a few kilometers
in the origin of the surface weapon detonation may result in
significantly different power system assessment results for otherwise
identical scenarios.

The SREMP radiated field assessment methodology 1is qualitatively
similar to that summarized for high-altitude HEMP. Electrical surges on
lines, due to SREMP radiated field excitation, have similar time-domain
waveforms to those induced by lightning. Unlike early-time HEMP excita-
~ tion, the surge peak magnitude, expressed in terms of an open-circuit
voltage at a Tlocation of interest, may not be maximum for increasing
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increasing lengths of 1line. This difference is due, in part, to the
attenuation as a function of increasing distance from the origin of the
SREMP incident electric field magnitude.

As discussed in Volume 4 of this report series, the canonical surge
waveform, ascribed to the source region surge, has a rise time of
hundreds of microseconds and a decay time of several milliseconds. This
waveshape is quite similar to that defined for power system switching
impulse [7]. Thus, existing power system switching surge analysis can be
adapted to develop possible system responses. An overview of this
methodology is shown in Figure 11.

Given that the time-domain waveshape of the SREMP surge is similar
to that defined for switching impulse, the prospective crest and energy
contained in the SREMP surge far exceed anything experienced by the
system in normal operation. The methodology addresses: 1) the profile
of SREMP surge transient overvoltage along the line, 2) operation, and
potential damage of surge arresters, 3) possible damage to power
transmission and distribution equipment, and 4) penetration of the SREMP
surge into the network.

At the conclusion of the source region surge analysis, the elapsed
real-time into the scenario is several milliseconds. The methodology now
incorporates selected non-EMP physical damage to the system. Such damage
cannot be taken to occur all at the same elapsed time. Above ground
lines and facilities, located at the 3.5 psi contour, may not experience
direct damage for elapsed times of seconds after the detonation. An
overview of this portion of the complete methodology is shown in
Figure 12.

The non-EMP damage may be divided into a minimum of two
areas: 1) an inner area defined by the fireball radius, and 2) an outer
area defined by the 3.5 psi peak-overpressure contour. If the system
remains stable after the fireball damage is added, the peak-overpressure
damage is included and the stability analysis continued. A concluding
assessment is done for system state.
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6. PHASE II RESEARCH

A Phase I task was the development of Phase II . research
recommendations. The principal objectives of the Phase II work are:
validation of the models and methodology developed in Phase I, and a
preliminary assessment of power system performance under EMP conditions
for selected weapon scenarios. =

The areas selected for further research consist of the following:

1. Develop Scenario definitions for Power System/EMP
Simulation and Assessment. In this task, a set of
Treasonable,” worst-case weapon scenarios will be
specified to  support methodology validation and
preliminary assessment. It is planned that the scenarios
will include both high-altitude and surface nuclear
detonations.

2. Develop Electric Utility Power System Data Base. Select
specitic electric utilities for assessment. The necessary
data bases will be developed for these systems.

3. Develop Digital Computer Codes for EMP Power System
Assessment. In this task, new digital computer codes
necessary to perform the assessment will be written. It
is intended that existing bodies of code will be used
where applicable.

4. Perform Preliminary Parametric Studies on EMP Interaction
with Power Systems. The task objective is to develop a
set of EMP test surges to be used in the experimental
program. The task will include an investigation of the
feasibility of specifying a standard EMP test surge(s) for
equipment certification.

5. Experimentally Determine Component Response. In this
task, a set of experiments will be performed to determine
the response of selected power system equipment to EMP
fields and surges. The results of the experiments will be
incorporated into the assessment methodology.

6. - Perform Interaction Studies on EMP Interaction with tﬁe
Power System Grid. The results of Tasks 1 to b5, and the
methodology developed under the Phase I research, will be
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used to perform a simulation study of EMP coupling with
selected power systems.

7. Assess the Effects of EMP Induced Transients on

- Transmission and Distribution Systems. In this task, a

preliminary assessment will be performed on selected T&D
systems.

8. Assess the Effects of EMP on Power System Control and
Communication. In this task, a preliminary assessment
will be performed to investigate the performance of
selected power system operational control and communi-
cation functions under EMP conditions.

. 9. Assess the Effects of EMP on Generation. In this task, a
preliminary assessment will be performed to assess the
performance of selected electric power generation stations
under EMP conditions. This task will also include a
review of the United States Nuclear Regulatory Commission
Report NUREG/CR-3069 [2] conclusions regarding ‘nuclear
power plant safe-shutdown under EMP conditions.

10. Preliminary Power System Assessment. Based on the preced-
ing Tasks and the Phase I research, a  preliminary
assessment will be accomplished as to the overall perfor-
mance of selected electric utility systems under EMP
conditions of interest.

11. Define Phase III Research Activities. Near the end of the
- Phase II work, a technical definition of Phase III
research activities will be developed.

12. Reporting. A1l work performed under the Phase II research
effort will be documented in a series of individual Task
Reports and a Final Report.

The Phase II tasks will be accomplished in 24 consecutive calendar
months.
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7. CONCLUSIONS AND RECOMMENDATIONS

This section presents -a summary of the Phase I research conclusions
and recommendations documented in Volume 2, Volume 3, and Volume 4 of
this report series.

In the areas of high-altitude nuclear HEMP environmental defini-
tions, methodology development and systems analysis, the following
conclusions are presented:

° For electric utility system assessment, the environmental

. description of early-time HEMP should retain the spatial

variation of the incident HEMP electric field in lieu of a
spatially invariant "worst case" definition.

° The existing, unclassified data for intermediate-time HEMP
incident electric field(s) are not sufficient to develop a
system-level environmental description to the same detail
as early-time HEMP. The description discussed in
Section 2 of this volume represents an initial effort by
the .authors to include intermediate-time HEMP within the
methodology.

° For power system assessment, HEMP excitation of elec-
trically long lines can be accomplished by transmission
line techniques.

° The nature and time-duration of initial power system
excitation by early-time HEMP is such that major sub-
systems can be initially assessed as a parallel set of
tasks. The concept of "critical 1line length," combined
with power system time constants, supports this con-
clusion.

° A major uncertainty, in the assessment of power system
components and equipments, is the absence of existing
"strength" data bases required for direct comparison to
HEMP stress.

° The use of fault-tree assessment techniques provides a
structured methodology to explore the interaction of power
system functional groups, devices and circuits. Specific
fault-tree  development requires the interactive
participation of knowledgeable power system engineers.
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Significant digital code development will be required, in
the Phase II research, to incorporate the HEMP coupling
techniques and environmental parameters presented in
Volume 2 of this report series. Existing power system
analysis codes- for: 1) short-circuit studies, 2) load
flow studies, and 3) stability studies can be directly
incorporated in the methodology.

In the areas of high-altitude nuclear MHD-EMP environmental

definition, methodology development and systems analysis, the following

conclusions are presented:

For power system analysis, the MHD-EMP environment can be
defined as a spatial .and time dependent, surface
tangential, transient electric field.

Previously developed MHD-EMP environmental formats are not
in a format that can be directly used in power system
analysis. An approach for a suitable environmental
definition is presented in Volume 3 of this report series.

The nature of MHD-EMP power system excitation exhibits
sufficient similarity to geomagnetic storm electromagnetic
environments that a parallel assessment methodology can be
defined.

The initial power system response of interest are the
time-varying induced direct currents flowing
simultaneously with 60 Hz currents.

For surface nuclear SREMP environmental definitions, methodology

~development and systems analysis, the following conclusions

presented:

The SREMP transient, electromagnetic environments, created
by a surface nuclear detonation, are in addition to the
initial, non-EMP weapon effects. Based on the concept of
"balanced  survivability," the total environmental
definition must include selected non-EMP weapon effects.

are
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0 For civilian power system assessment, a rational spatial
location to define the surface nuclear SREMP environment
is at the source region boundary. The transient source
region surge, conducted out of the source region via power
lines and cables physically intersecting the source region
boundary and the time-domain waveform of_ the SREMP
radiated electric field at the source region boundary are
the EMP threat environments of interest.

° For power lines and cables, jointly exposed to electrical
~surges formed within the source region and excited by the
radiated field beyond the region, the source region surge

may dominant system response.

The Phase I investigation of nuclear EMP interaction with civilian
electric power systems has revealed several areas of additional research
necessary to better limit assessment uncertainty. Such recommendations
are beyond the anticipated scope of work for Phase II research.

The recommendations for additional research are:

() Detailed development of an unclassified HEMP environmental
definition, incorporating both early-time and inter-
mediate-time HEMP signals, applicable to civilian. power
system assessment.

() Additional investigations are necessary to determine the
effects of corona on early-time HEMP interaction with
overhead 1lines. These investigations should: include
experimental validation of analytical models.

° Specification and implementation of a test program to
illuminate power system facilities with free-field HEMP
simulators.
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