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A STUDY TO DETERMINE THE
BASIC INSULATION LEVﬁL REQUIREMENTS
FOR A PROTOTYPE 1200 kV CGIT CABLE SYSTEM

1. SUMMARY

The required lightning impulse withstand characteristics of a
prototype 1200 kV CGIT System have been studied. 'In this study

it was assumed that lightning overvoltages would be introduced

into the CGIT System due to lightning strokes which terminate

on the overhead transmission system connected to the CGIT system.

A detailed analysis of several proposed configurations for 1100-
1200 kV transmission lines indicated that the most probable form

of lightning overvoltage introduced into the CGIT System would

be caused by shielding failures rather than blackflash occurrernces.
Following this conclusion, a single phase digital transient program
was utilized to calculate the transient overvoltages which would
appear within the CGIT System for system lengths of 600 feet,

2 miles, 10 miles, and 50 miles. Part of these simulations modeled
surge arresters at both ends of a CGIT System representing a cable
system interposed in an overhead line or a cable system terminating
at an air-insulated substation. A second group of computer simu-
lations modeled a surge arrester at one end only to represent the
situation where a CGIT System terminates at a gas insulated station
where the disconnects are opened and no arrester is applied within
the gas insulation. Two types of surge arresters were modeled

in this study: (1) an arrester having protective characteristics
extrapolated from present designs and (2) ceramic oxide arresters.

As might be expected, the most severe overvoltages occurred in
the cases representing 600 foot lengths of cable. Results of
these cases indicate that the CGIT System should have a minimum
Basic Insulation Level (BIL) of 2425 kV where conventional surge
arresters are employed and 2050 kV in the event that ceramic
oxide surge arresters become available for protection of U.H.V.
systems. Botli of these Bazic Insulation T.,vels assume that surge
arresters will be applied at both ends of the CGIT System. If °
surge arresters are applied at only one end of the system, the
BILs would have to be increased to 2550 kV and 2300 kV respec-—
tively for protection with conventional and ceramic oxide
arresters. A probability analysis of the lightning overvoltages
which may enter the CGIT System indicated that these insulation
levels should not be exceeded more than once in approximately
100 years of operation. ) -
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2. ANALYSIS OF POSSIBLE LIGHTNING OVERVOLTAGE MECHANISMS

Lightning overvoltages that would be introduced into the CGIT System
would be caused by lightning strokes which terminate on adjacent
overhead transmission lines. Therefore, the BIL required for the
CGIT System depends to a large degree on the expected lightning
performance of U.H.V. transmissioun lines. Because of this, an
important part of this study consisted of the analysis of the
lightning performance of proposed U.H.V. transmission line
configurations. ’

In order to evaluale the possibility of various lightning over-
voltage mechanisms, some U.H.V. transmission line configuration

had to be assumed. As a starting point, the planned line con-
figuration for Bonneville Power Administration's 1100 kV Lyons

test facility was assumed. (1) The physical dimensions of this
particular configuration are shown in Figure 1. Other pertinate
data are listed in Table I. The estimated lightning performance

of this particular configuration was later compared to the lightning
performance of other counfigurations which have been studied by
a CIGRE committee on overvoltages and insulation coordination.(z)
Lightning surge voltages may be introduced onto the phase conductors
of an overhead transmission line by one of four mechanisms. These
mechanisms are:

1. Backflashovers - Strokes which terminate on the
ground wire(s) or tower and produce voltages high
enough to cause a flashover to the phase conductor.

2. Coupled Surges - Strokes which terminate on the
ground wire(s) or tower but do not possess sufficient
current to cause a backflash. A voltage is induced
on the phase conductors due to electrostatic and
electromagnetic coupling between the ground wire
and phase conductors.

3. Shielding Failure Flashover - SiLrukes which teriinate
on the phase conductor and possess sufficient current
to cause a flashover to the tower.

4. Shielding Failures ~ Strokes which terminate on the
phase conductor but do not possess sufficient current
to result in a flashover of the conductor insulation.

The probability of occurrence for each of the above overvullage
mechanisms was studied for possible U.H.V. overhead transmission
line configurations. Results of this portion of the study are
summarized below.



VA A A AN A VAN AV AV AN B iV A A AV AV i BV B AV iV iV 4

FIGURE 1 - Proposed Configuration for Bonneville Power
Administration's 1100 kV Lyons Test Facility
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TABLE I

Spacings and Electrical Parameters For
BPA 1100 kV Transmission Line

Height of ground wires - 61 m

Conductor Height at tower - 31.2 m

Minimym Conductor Height - 23.2 m

Shielding Angle - 5

Minimum Conductor to Tower Clearance - 6.5 m
Number of Subconductors - 8

Subconductor Diameter -~ 40.7 mm

Diameter of Bundle Conductor - 107 cm
Critical Flashover Voltage of T;wer* - 3.64 MV
Three Phase Surge Impedance* - 220 ohms
Line-to-ground surge impedance - 276 ohms
Tower Footing Resistance®** - 10 ohms

* - denotes calculated value

*% — denotes assumed value



2.1 Backflashovers

The occurrence of a backflash (BF) may be further divided into
the following cases:

(1) A lightning stroke to a tower which causes a
sufficient potential across the phase conductor
insulation to result in a flashover.

(2) A stroke to the ground wires at midspan which
results in a flashover at the nearest tower.

(3) A stroke to the ground wires to midspan which
possess a sufficient high current to cause a
flashover of the air insulation at midspan.

To evaluate the possibility of backflashes at..the towers,. the
critical flashover voltage (CFO) of -the insulation at the towers
had to be estimated. The CFO of the 6.5 meter strike dlstance at
the towers was estimated to be 3.64 MV from the following
equation.

CFO = (150k + 380) d° (1)
= strike distance in meters

d
k = gap factor = 1.2 for tower
window

where:

The lightning impulse strength of the tower insulation was estimated
to be 5.8 MV at 2us, 5.1 MV at 3us, and 4.2 MV at 6us. The
equivalent surge 1mpedance of. the two ground wires and the tower
were estimated to be ‘314 and 170 ohms respectively. If a 200 kA
stroke current with-a 3us front time is assumed, the peak tower top
voltage is approximately 3.8 MV for a span distance of 500 meters.
The voltage across the line insulation for. the top phase would-be.
given by the relationship

Vi o= (-0 v (2)

where VTT = tower top voltage

C

4

coupling factor between ground w1res glé
and top phase :

In the: case-of the BPA line, the coupling factor between the ground
wires and the. top phase conductor is 0.36. Equation 2, predicts

a peak voltage of 2.43 MV across the tower insulation which is
considerably below its 3.64 MV CFO. The calculated tower top,

and conductor induced voltage are shown in Figure 2A. Even if

the lightning stroke occurs when the 60 Hz voltage on the

conductor is at peak value and of opposite polarity, the voltage
acrass line insulation would still remain below the insulation

CFO. Calculated values for the transient voltage across the
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TOWER TOP VOLTAGE, V1

VOLTAGE ACROSS
INSULATION, V7

_CONDUCTOR VOLTAGE,Vc
1 | I

1.0 2.0 30 40 uS

(a) 200 kA Stroke to Tower

TOWER TOP VOLTAGE, VT

'VOLTAGE ACROSS
INSULATION, V7

CONDLIJCTOR VOLTA?E,VC e

10 20 30 0 uS

(b) 200 kA Stroke to Ground Wires at Midspan

FIGURE 2 - Illustration of Surge Voltages Causcd by Lightning
"Stroke to Transmission Tower or Cround Wires
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insulation on the bottom phases yielded similar results. Because
a 200 kA lightning stroke is on the upper limit of observed stroke
current magnitudes and the 3ps front time is probably somewhat
pessimistic, it was concluded that backflashes due to a stroke

at the tower are very unlikely.

A similar calculation of the tower top voltage which results

from a 200 kA stroke at midspan yielded the results shown in
Figure 2b. Since the resulting tower top voltage and voltage
across tower insulation is lower than the case of a direct stroke
to the tower, the occurrence of a tower backflash due to strokes
at midspan is also considered negligible.

Backflashes at midspan are also considered to be very unlikely
due to the predischarge phenomenon described by Wagner and
Hileman. It is an observed fact that midspan flashovers are
rare and the possibility of this occurrence is normally neglected
in lightning performance studies.

In summary, an analysis of the proposed BPA 1100 kV transmission
line indicated that the occurrence of backflash overvoltages may
be neglected. This conclusion has profound implications because
the highest overvoltages entering the CGIT system would probably
be caused by backflashes if their possibility of occurrence were
not negligible. In order to substantiate the above conclusion,
a search of the literature was undertaken to see if other
investigators agree with the above analysis for other U.H.V.
line configurations. A comprehensive publication in this area
is "Lightning Protection of UHV Transmission Lines" (2) published
by the CIGRE Study Committee for Overvoltages and Insulation
Co-ordination. This paper presents the results of the estimated
lightning performance of a range of proposed U.H.V. transmission
line configurations. Results of theoretical studies presented
in this publication indicated that the backflash outage rate of
proposed U.H.V. transmission lines is essentially zero over a
wide range of voltagee and line dimencionc. The only method

of analysis which predicted a non zero backflash outage rate
neglected the effects of shield wire corona on the surge
impedance of the shield wire system and on the coupling of

this system with the phase conductors. Even with this second
method of analysis, the backflash outage rates did not exceed
one occurrence per 1000 years per 100 kilometers of 1000 kV
line. This. outage rate was for a line configuration with a

10 degree shielding angle. It would appear that the conclusion
to neglect backflash outages has support from other studies.

2.2 Coupled Surges

Coupled voltages will initially appear on the phase conductors
at the point where lightning strikes the tower or ground wires.
However, within about two or three spans the coupled voltage
will decrease to zero. Therefore, the coupled surge need not
be considered as a cause of lightning surge voltages at the
CGIT System.



2.3 Shielding Failures

The possibility of shielding failure overvoltages on the phase
conductors is due to the fact that lightning strokes may bypass
the ground wires and terminate directly on the phase conductors.
One of the most widely accepted models for this phenomena was
developed by Young, Clayton, and Hileman(5) and later modified
by Whitehead and Brown. (6)

This model is based on the theory that the point at which the
lightning stroke will terminate is not decided until the stroke
leader comes within a distance, rg, of the nearest nhject at
ground potential. The strike distance, rg, is a function of the
prospective stroke current magnitude, In. An empiricral relation-
ship(2) between strike distance and prospective stroke curient 1s
given by equation (3) '

2/3

rg = 9.4 I, (3)

where: I, is in kA and rg in meters.
This model is best explained by reference to figure 3. For a given
magnitude of stroke current the strike distance, rgy1 1s determined
by equation (3). Curve a, b, c, d shows the locus of points for a
given strike distance. If a lightning stroke corresponding to this
strike distance approaches the transmission line in zone A, it will
come within the strike distance of the ground wire first and
terminate on the ground wire. If the same lightning strike approaches
the transmission Jline in zone B, the stroke will terminate on the
phase conductor. Finally, a stroke approaching the transmission

line in zone C will rerminate to ground. An impurlant aspect of

Lhis shielding failure madel ia that zone B, the widtl: ul expusure,
decreases to zero as the prospective stroke current increases above

a certain value. From a theoretical standpoint, there is a maximum
value of stroke current and, therefore, a maximum surge voltage which
can appear on the phase conductor dune to shielding failures. For

the BPA line confignration the width of expusuie dapproaches zero

as the prospective strike current approaches 12.5 kA. Therefore,

the maximum theoretical surge voltage which can appear on the

phase conductor due to a shielding failure is 12.5 kA/2 times

the phase-to-ground surge impedance. This maximum surge voltage

is 1.73 MV, It should be noted that as the magnicude of the
prospective stroke current approaches 12.5 kA the probability

of the event occurring approaches zero.

The above analysis indicates that shielding failure overvoltages
up to 1,73 MV may occur and that no shielding failure flashovers
will occur since the CFO of the line insulation is 3.64 MV,
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FIGURE 3 - Tllustration of Shielding Failure Mechanism
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3. ATTENUATION AND DISTORTION OF INCOMING SURGE

In order to estimate the probability that a certain magnitude
lightning overvoltage will not be exceeded at a cable-overhead
line junction, the amount by which the surge is attenuated as it
travels along the line must be determined.

The phenomena which cause attenuation and distortion of traveling
waves in transmission systems are listed below in the order of
their importance.

1. Corona: The most pronounced cause of arrennatrion
and distortion for traveling waves above the
corona inception veltage, Vo, is cnrana. The
primary effecct of corona i3 to push lLack ur
delay that portion of the wave above V.. Energy
is released from the wave by dissipation of the
wave's charge into the space surrounding the

- ¢conductor.

2. Larth Resistance: Cutrrents induced in the earth
by the surge cause appreciable losses for
traveling waves whose magnitude is below the
corona inception voltage.

3. Mode Propogation Distortion: Where traveling
waves occur in multi-conductor systems two
predominant modes of propogation exist. One
mode, associated with coupling between phase
conductora, travels al Lhie speed vl lighr.

As second mode assvciated wlth coupling to

earth travels at a velocity slower than the
speed of light. These two modes of propogation
result in a separation of the wave's charge and
an equivalent reduction in magnitude of the wave.
This form of attcnuation becomes appreciable
helow corvuena iuception voltages.

4. Conductor Resistance: Due to skin effects the
resistance of the phase conductors is much higher
than its d.c¢. resistance. However, attenuation
due to cunductor reeistancée is usually small
compared to that of the earth's resistance.

To estimate the relative importance of the attenuation phenomena

listed above, the corona inception voltage for a bundle conductor
can be estimated with the following equation.(7)

Ve = 1.66 x 1072 nmkg?/3 (1 + 0.3//7)/ ke ()
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where n = number of sub-conductors in bundle

m = conductor surface factor (normally 0.7-0.8)
kq = relative air density

r = conductor radius, in cm

C = capacitanée of conductor in uF per meter
kp = ratio of maximum to average surface gradient

For bundle conductors
kp =1+ 2 (n-1) sin (w/n) (x/A) - (5)

where A is the distance between adjacent sub-
conductors in cm

The above formula yields 2.27 MV as the corona inception voltage

for the BPA line configuration at standard air density. Therefore,
mode propogation distortion and earth resistivity should be the
predominant factors which attenuate shielding failure overvoltages
on this transmission line. The following procedure was used to
estimate the amount of distortion for shielding failure overvoltages.

1. The total surge voltage due to a shielding fajiluré was
split into its phase and ground mode components (i.e.
fast and slow components)

2. Previous field tests(8) showed that the ground mode
component is attenuated by approximately 5.5 percent
per kilometer for an earth resistivity of 1009 meters.
Therefore, the ground mode component was attenuated
by this amount.

3. Separation of the unattenuated phase mode component
and the attenuated ground mode component were calculated
for various distances of travel.

4. The two components of the wave were added back together
at the cable-line junction to determlne the total
magnitude of the traveling wave.

This method of analysis resulted in an overall crest
attenuation of the total surge voltage of about 3
percent per kilometer for the first three kilometers
of travel.
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4. PROBABILITY OF INCOMING SURGE

The number of shielding failures per unit length of line for a
small range of stroke current AL may be estimated as follows:

Ngf(I) = Ng L W(I) £(I) AT (6)

q

where Ngf(I' is the number of shielding failures at
a particular stroke current.

Ng = equivalent density of lightning strokes
at ground level in strokes per square
kilometer per year.

I = length of lime in klluumerers.
W(I)

width of exposure for direct strokes
to phase conductors as a function of
stroke current.

f(I) AT = probability that a given stroke will
fall in thc range of AI.

The number of shielding failures over a range of stroke currents
from I1 to I, would be estimated by the following summation:

I
Neg = Ng L I W(T) £(I) oI (7)

I2
In vuider Lo estiimate the total number of shielding failures
over a range of stroke currents, some value of ground stroke
density must be assumed or an equivalent ground stroke density
can be calculated from the estimated number of siLiukes rhar
will terminate on A given length of tranumizsion line. The
authors of reference 2 estimate that between 48 and 103 strokes
per year will terminate on a transmission line with 60 meter high
towers in an area corresponding to 30 thunderstorm days per vear.

The following relationship may he used tn calculate the cquivalent
ground stroke density assuming that the transmission line will
suffor N| strokes per year.

. N 1

Ng = 77 TE@ AL WD) (8)

Azsuming that 100 sirokes per year per 100 kilometers will terminate
on the BPA line configuration and that the current magnitudes of
lightning strokes may be approximated by the ATEE(9) cumulative
distrihnrion curve, equation 8 yields a value of 6.90 strokes per
square kilometer for Nq. The total number of shielding failures

for the BPA line configuration may then be calculated by using

this value of Nq and performing the summation of equation 7 from

0 to 12.5 kiloamperes (i.e. the maximum stroke current which may
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result in a shielding failure). This procedure resulted in a
predicted shielding failure rate (SFR) of 2.04 strokes per year
‘per 100 kilometers for the assumed transmission line configuration.
The majority of these shielding failures would occur for low
stroke currents where the width of exposure is relatively large.
When stroke currents in the range from 8 to 12.5 kiloamperes are
considered the expected shielding failures decreases to 0.384
strokes per 100 kilometers per year. The above SFR of 0.384 is
equivalent to saying that a stroke current of 8 kiloamperes

will not be exceeded in 100 kilometers of line more than once in
2.6 years. Or for a shorter length of line, say 2 kilometers,

a stroke current of 8 kiloamperes would not be exceeded more
than once in 130 years.

5. MAGNITUDE AND WAVESHAPE OF INCOMING SURGE

The characteristics of the incoming surge were based on a rate of
occurrence of approximately once per 100 years of operation and
attenuation characteristics described in Section 3. As described
in the previous section, a lightning overvoltage rate of. occurrence
of approximately once in 130 years is equivalent to considering

an eight kiloampere shielding failure at a distance of two kilo-
meters from the overhead line-cable junction. Using the calculated
phase-to-ground surge impedance of 276 ohms, an eight kiloampere
shielding failure would result in a surge voltage of 1.1 MV.

After traveling two kilometers the surge voltage would be
attenuated to approximately 1 MV. A front time of 2 ps was

assumed for the incoming wave which corresponds to observed

data for lower values of stroke current. It is important to
consider that the incoming surge voltage may be superimposed on

top of the peak line-to-ground 60 Hz voltage. In this particular
case with a 60 Hz peak line-to-ground voltage of 980 kV, a total
crest voltage of 1.98 MV may appear at the sending end of the

CCIT Sygstem.

6. PROTECTION CRITERIA

The results of the previous sections predict that the lightning
overvoltage due to an eight kiloampere shielding failure at a
distance of two kilometers from the CGIT System will not be
excecded more than once in 130 years. Therefore, the protcction
criteria employed in assessing the BIL requirements of the CGIT
System were based on a 1 MV surge entering the sending end of the
system due to an eight kiloampere shielding failure originating
at a distance of 2 kilometers. The cases of zero 60 Hz bias and
maximum 60 Hz bias were taken into consideration.
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In order to gét some measure of the sensitivity of the required BIL
as a function of surge voltage magnitude, a more severe incoming
surge voltage was considered which had a lower predicted rate of
occurrence.

7. CALCULATION OF OVERVOLTAGES WITHIN THE CGIT SYSTEM

After estimating the lightning overvoltages which may enter the
CGIT System from an overhead transmission line, a digital computer
program was used to calculate the overvoltages within the cable.

To determine lightning surge voltage magnitudes and wave shapes
within the rable, two bacic cirecuits were studled; (1) atresters
at cach end of thie cable and (2) arresters at one end only. The
first circuit represents a cable system interposed in an overhead
line or a cable system terminacing at one air-insulated station.
The second circuit represents a cable system terminating in a gas-
insulated station where the gas-insulated disconnects are open and
no arrester is applied within the gas—insulation.

Due to the long range nature of the CGIT project, the lightning
overvoltage studies were performed assuming the most advanced surge
arresters expected at the completion of this project. The two
types of arresters simulated were (1) an arrester having protective
characteristics extrapolated from present designs and (2) a ceramic
oxide arrester. Characrteristics of a ccramic oxide arrester
specified in the Westinghouse Proposal TD 75-09 to ERDA were con-
sidered to be representative of values which may be obtained in

thhe uear furure. Protective rharacteristicc of the two types vl
arreslers are listed in Table II.

TABLE II

Surge Arrester Characteristics Used In Computer Studies

Conventional Ceramic

Arrester Oxide
Maximum Front of Wave Sparkover 2250 kV 1725 kV
Maximum Impulse Sparkover 1990 kV 1650 kv
Maximum Switching Impulse Sparkover 1766 kV 1570 kv
Maximum 30 kA Discharge Voltage - 1650 kV

Maximum 20 kA Discharge Voltage 2002 kV -
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Cable lengths of 600 feet, 2 miles, 10 miles, and 50 miles were
studied. The overall objective of this study was to determine

the maximum lightning related overvoltages which may occur with

a reasonable rate of occurrence. It was assumed that the basic
insulation level of the CGIT System could be specified considering
overvoltages that would not be exceeded more than once in approx-
imately 100 years. '

8. SYSTEM REPRESENTATION

The CGIT System was represented in the various studies by a perfect

cable with a surge impedance of 60.2 ohms. It is believed that the

predominant mode of attenuation for traveling waves within the CGIT

System would be due to losses in conductor resistance.  This assump-
-tion was made for the following reasons:

1) Corona and dielectric losses should be negligible because
the dielectric is a gas and the CGIT configuration results
in homogeneous electric fields.

2) The aluminum sheath should reduce ground losses to a
negligible level.

3) Due to skin effect, the conductor resistance would be
considerably increased at surge frequencies.

In order to simulate the increased conductor resistance at surge
frequencies, the resistance of the CGIT System was calculated at
100 kHz by means of a.¢.-d.c. resistance curves for tubular con-
ductors(10). A value of .00591 ohms per foot was used for the
conductor resistance in all computer runs. The overhead line
attached to the CGIT System was represented by an infinitely long
transmission line (i.e. no reflections during the period of study)
with a phasc to ground gsurgc impcdance of 276 ohmoc. The acgumption
of an infinitely long transmission line was made because it is
believed that U.H.V. lines would be at least several hundred miles
long and any reflections which would return from the opposite end
of the line would be negligible due to attenuation. Figure 4

gives a schematic representation of the system studied to represent
a 2 mile CGIT System. Voltages at the fictitious buses 4 through 10
were monitored in addition to voltages at the sending and receiving
ends of the cable to determine where the maximum overvoltages might
occur within the CGIT System.

The maximum overvoltage within the various lengths of the CGIT System
were determined for two different magnitudes of lightning surges,

1.0 MV and 1.37 MV, entering the cable at the line-cable junction.
The 1.0 MV surge entering the cable corresponds to a 1.1 MV surge
originating at a distance of two kilometers from the cable. The
probability analysis described earlier predicts that overvoltages
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FIGURE 4 - Schematic Diagram of System Representation
for Computer Studies.
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caused by a 1.0 MV surge entering the cable would not be exceeded
more than once in 130 years. The 1.37 MV surge entering the cable
corresponds to a 1.46 MV surge originating at a distance of 2
kilometers from the cable. Overvoltages corresponding to these
cases should not be exceeded more than once in 850 years.

As mentioned earlier, the situation must be considered where there
is a biasing of the lightning surge voltage due to the instantaneous
value of the 60 Hz phase-to-ground voltage. Correspondingly, three
different cases were considered for each of the various CGIT

System configurations.

(1) An instantaneous 60 Hz voltage of zero at the
time that the lightning stroke occurs.

(2) An instantaneous 60 Hz voltage at peak value
and the same polarity as the incoming surge
voltage.

(3) An instantaneous 60 Hz voltage at peak value
and of the opposite polarity of the incoming
surge voltage.
In all cases studied, the front time of the incoming surge voltage

was assumed to be 2 us.

9. RESULTS OF COMPUTER STUDIES

The maximum overvoltages and their approximate location for each
of the system configurations studied are summarized in Tables III,
IV, V, and VI. Results of the cases where the 60 Hz voltage was
of opposite polarity to the incoming surge are not presented in
these tables because the resulting peak voltages were consistently
below the sparkover level of the arresters. It is apparent from
these results that overvoltages within the CGIT System became

less severe as system length increases. This is a result of the
fact that the incident wave at various points in the system decays
an appreciable amount in the longer systems before .reflected
waves return from the ends of the cable. The results also tend

to indicate that for CGIT System lengths of 10 miles or greater
the surge arresters have little etfect on the maximum lightning
overvoltages. This is because the maximum overvoltages approach
the value of the surge arrester sparkover voltages for system
lengths over 10 miles. Another significant result is that the
required BIL levels for the CGIT System are relatively insen-
sitive to the expected rate of occurrence. That is, the maximum
overvoltages within the CGIT System are not significantly
different for a rate of occurrence of once per 130 years and

once per 850 years.
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TABLE III

Overvoltages Within CGIT for 1.1 MV Surge
Originating at 2 Kilometer Distance

Conventional Arrester
Sending End Only

Conventional Arrester
Dutli Ends

Ceramic Oxide Arrester
Sending End Only

Ceramic Oxide Arrester
Both Ends

600 ft CGIT System

Zero Bias Same Polarity Bias
1847 kV RE : 2236 kV RE
1847 kV RE 2076 kV CM
1767 kV RE 1931 kV RE
1699 kV CM 1755 kv CM

2 Mile CGIT System

Zexro Bias Same Polarity BRias
Conventional Arrester (1) 1894 kv RE (NSO)
Sending End Only
Cunventional Arrester (L 1894 kV RE (NS0
Both Ends
Ceramic Oxide Arrester (1) 1891 kV RE
Sending End Only
Ceramic Oxide Arrester (1) 1729 kv (2)
Both Lnds
Notes: 1 - indicates that peak of transient vnltage wag lcsa

than normal 60 Hz Voltage

NSO - denotes no sparkover of surge arresters

RE - denotes maximum overvoltage occurred at receiving
end of cable

CM - denotes maximum overvoltage occurred at cable

middle

2 -~ maximum overvoltage occurred approximately
1320 feet from end of cable
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Originating at 2 Kilometer Distance
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TABLE IV

10 Mile CGIT System

Zero Bias Same Polarity Bias
Conventional Arrester (1) 1663 kV RE (NSO)
Sending End Only
Conventional Arrester (1) 1663 kV RE (NSO)
Both Ends '
Ceramic Oxide Arrester @) 1663 kV RE (NSO)
Sending End Only
Ceramic Oxide Arrester (1) 1650 kV RE
Both Ends :
50 Mile CGIT.System
Zero Bias Same Polarity Bias
Conventional Arrester (1) 1605 kV RE (NSO)
Sending End Only
Conventional Arrester (1) 1605 kV RE (NSO)
Both Ends
Ceramic Oxide Arrester. (1) 1605 kV RE (NSO)
Sending End Only
Ceramic Oxide Arrester (1) 1605 kV RE (NSO)
Both Ends
Notes: 1 - indicates that peak of transient voltage was

less than normal 60 Hz Voltage

RE - denotes maximum overvaltage ncecurred at

receiving end of cable

NSO - denotes no sparkover of surge arresters
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Overvoltazes within CCGIT for 1.46 MV Surge
Originating at-2 Hilemeter. Distance

600 ft CGIT Svstem

Zero Bias Same Polarity Bias
fCounventional Arrester © 2231 kV RE 2367 kU RE
Seading End Onlw
Coaventional Arrsster 2080 kV CM 2129 kV CM
Boti Inds
Ceramic Oxicde Arrester 1965 kV RE 2044 kV RE
Sending End Onlyx
Ceranic Oxide Arrester 1782 kV CM 1820 kV CM
Zoth Ends
2 Mile CGIT Svstem
-Zero Bias Same Polarity Bias
Conventional Arrester (1) .« .. 2308 kV-.RE
Sending End Only :
Convent 1nmal Arrester (1) oL 2084 kv (2)
Both FEnds o
Ceramic Oxzide Arrester N (1) .. 2130 kV RE
Sending End Only ‘ o :
Ceramic Ozide Arrester (1) - - 1886.kV - (2)
Both Ends - S
Notes: . 1 —xindirﬁras.that peak of transient- voltage was

less-than normal 60 Hz Voltage
NSO - denotes no sparkover of surge arrester

RE - denotes maximum overvoltage occurred at
. receiving eund -
CM - denotes maximum overvoltage occurred at
cable middle

2 - maximum overvoltage occurred approximately
1320 feet from end of cable
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TABLE VI

Overvoltages Within CGIT. for 1.46 MV Surge
Originating at 2 Kilometer Distance

Conventional Arrester
Sending End Only

Conventional Arrester
Both Ends

Ceramic Oxide Arrester
Sending End Only

Ceramic Oxide Arrester
Both -Ends

Conventional Arrester
Sending End Only

10 Mile CGIT System

Zero Bias Same Polarity Bias
(1) 1936 kV RE (NSO)
(1) 1936 kV RE (NSO)
(1) 1936 kV RE
(1)

1650 kV RE

50 Mile CGIT System

Zero Bias Same Polgrity Bias
(L 1852 kV RE (NSO)

1852 kV RE (NSO)

Conventional Arrester (1)
Both Ends
Ceramic Oxide Arrester (1) 1852 kV RE (NSO)
Sending End Only ’
Ceramic Oxide Arrester (1) 1650 kV RE
Both Ends
Notes: 1 - indicates that peak of tran31ent voltage was

less than normal 60 Hz Voltage

NSO - denotes no sparkover of surge arrester

RE -~ denotes. maximum overvoltage occurred at
.receiving ‘end
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10. RECOMMENDATIONS

With the assumptions discussed earlier in the report about the
possible mechanisms of lighthing overvoltage occurrence and a
protective margin of aporoximately 15 percent, the BILs listed

in Table VII would be adequate for shorter lengths of CGIT Systems.
Values in this table were chosen considering ANSI preferred values
for transient insulation levels(1ll) and an overvoltage rate of
occurrence of once in 130 years.

For CGIT System lengths of 10 miles or greater, a BIL rating of.
1925 kV should be adequate regardless of -the number or type of
arresters selected.

11. COMPARISON OF RECOMMENDATIONS WITH RESULTS
FROM PRELIMINARY REPORT

Results of a preliminary study to determine insulation levels
for the CGIT System were presented in the first quarterly report
associated with ERDA Contract E(49-18)-20Aa1. Tn facilitate
comparison, the range of BIL's from this report are shown in
Table VIII.

TABLE VIII

Range of 1200kV CGIT Insulation From Preliminary Report

Lightning Impulsc Level Ceramic Oxlde 864kV Conventionai
(BIL) Arrester Arrester
Minimum 1980 kv ‘ 2594 kV
Medium 2145 kv 2810 kv
"Max imuw 2310 kv 3027 kV

These values were determined for a CGIT System length of approx-
imately 2000 feet with surge arresters applied at both ends. The
mediuit valuws were obtalned from a simplified traveliung wave
analysis while the other values were based on approximate methods
used for other types of substation equipment. Therefore, the
recommended BILs from this report should be compared with the
medium range values from the preliminary report. A comparison

of these values indicates that the recommended values from the
detailed analysis of this report are slightly lower than those

from the preliminary study. This is mainly due to the following
reasons:
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TABLE VII

Recommended BIL For CGIT System

600 Foot System With Surge Arrester at One End Only

» CBIL
# 1 Conventional Aireétef b 2550 kV
2. Ceramic Oxide Arrester 2300 kv
600 Foot System With Surge Arrester at Both Ends
1. Conventional Arresters 2425 kv
2. Ceramic Oxide Arresters 2050 kV
2 Mile System With Surge Arrester at One End Only
1. Conventional Arrester 2175 kv
2. Ceramic Oxide Arrester 2175 kV
2 Mile System With Surge Arrester at Both Ends

1. Conventional Arresters 2175 kV

2. Ceramic Oxide Arresters 2050 kv
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The preliminary report arbitrarily assumed an incoming
3x20 ps lightning voltage with a crest value of 3 MV
while the method of analysis in this report assumed a
2x50 us incoming wave with a crest value of 1 MV. The
incoming wave in this report was estimated from the
lightning performance of proposed U.H.V. transmission
lines.

A sparkover ievel of 2050 kV was used to model conventional

arresters in the preliminary study compared to a sparkover ~

value of 1990 kV used in this report.

Another difference in the two methods of analysis was that rhe
instantaneous value of the 60 Hz voltage was neglected the
preliminary study. ‘
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