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A STUDY TO INVESTIGATE THE BASIC SWITCHING 
IMPULSE INSULATION LEVEL REQUIREMENTS 

FOR A 1200 kV CGIT CABLE SYSTEM 

1. SUMMARY 

A. study was performed to determine the switching surge voltages 
a prototype 1200 kV CGIT cable may be exposed to under service 
conditions. The results of this study were used to establish 
the system's basic switching impulse insulation level requirements. 

An investigation was made of a suitable CGIT model to be 
employed for use on the Westinghouse transient network 
analyzer. The model chosen was applicable for the cable when its 
sheaths are solidly grounded. This model was employed for each 
of the four cable lengths investigated. Cable lengths of 600 ft, 
2 miles; 10 miles and 50 miles were investigated in four general 
system configurations, in all 47 systems were studied. 

The overhead systems which the cables will be used in conjunction 
with require the switching surge voltage to be limited to 1.5 p.u. 
This is accomplished with the use of multiresistor insertion 
circuit breakers. The reduction of breaker generated switching 
surges reduced the overall importance of the normal switching 
operations performed in the system as compared with those 
generated by contingency switching and fault initiation. The 
maximum overvoltages to which the cables were exposed to were 
generated by reclosing into single line to ground faults and 
by single line ground faults occurring on the adjacent overhead 
system. 

The maximum normal switching surge overvoltage the cables were 
subjected to was 1574 kV which resulted from high speed reclosing 
operations. The 1naximum ovcrvoltages rPsnl ting from the 
contingency switching operation was 2165 kV. 

The recommended switching impulse insulation level was established 
using the surge arrester protection characteristics. The 
resulting insulation level requirements are 2031 kV based upon 
the use of a conventional surge arrester and 1806 kV based upon 
the use of a ceramic oxide arrester. 

The initial surge arrester discharge currents appear to be 
excessive for two conventional arrester designs. In addition, 
the electrical characteristics and energy capabilities of the 
"Gapless" arrester were not available. It was recommended 
that the arrester manufacturers be contacted to verify the 
adequacy of these surge arrester applications. 
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2. THE 1200 kV TRANSMISSION SYSTEM 

The main objective of our analysis was to define the electrical 
stresses to which the cable may be exposed as a result of switching 
operations which occur in the system. In order to accurately 
define these maximum cable transient overvoltages, however, the 
specifications of the system to which the cable will interface 
were first defined. 

2.1 The Overhead System 

The two specifications of the 1200 kv overhead system whi~h wPre 
important in guiding the study were the permissible transient 
overvoltages which determined the overhead line insulation levels 
and the ove·rhead J inP. ronfi enration ite:elf. 

Although commercially operating UHV systems are not yet in 
service, typical specifications for a 1200 kV system have been 
established. (1) The characteristic:s of the 1200 kV overhead 
system were assumed to be similar to the BPA's prototype 1100 kV 
three phase test line. The overhead desi.gn employs a triangular 
configuration with each phase constructed of an eight conductor 
(chukar) bundle. Figure one indicates the construction from which 
the overhead line parameters were calculated for use throughout 
the analysis. Insulation levels in UHV systems are largely 
determined by the switching surge stresses. Specifications 
indicate economic insulation levels for the 1200 kV system are 
realized with the switching surge overvoltages limited to 1.5 pu. 
These relatively low switching overvoltages have been achieved in 
the past with the use of multistep resistor insertion.(2) 

The $Ot.lrce from which thP .1 in~ \•laE e:witched wus ehoBen Lo have 
a short circuit capability of 40,000 MVA with the ratio of 
positive to zero sequence source impedance equal to unity. 

2.2 Cable SLstems Studied 

Four general cable-overhead configurations were considered in 
the otudy. Th~iSe euufigutal:ions (Figure 2) were chosen to 
reflect typical applications of the cable in the system. 

The fj.r.st system was chosen to :-~imnl Jlt'!' und~rwaLe1.· river 
crossings or underground links through populated areas. Cable 
lengths of 600 ft and 2 miles were simulated in conjunction with 
overhead line lengths of 50, 100 and 150 miles. 

ThP sPronc:l and third configurations were cltu~:Hm to represent 
"Get-aways" from UHV substations. These configurations represent 
the two typical switching operations to which a cable may be 
subjected while applied to an overhead line terminal. Cable 
lengths of 600 ft, 2 miles, 10 miles and 50 miles were each 
simulated with overhead line lengths of 50, 100, and 150 miles. 
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The fourth system was composed of two lengths of cable applied 
at both overhead line terminals. Again, the overhead line 
lengths of S0-100-lSO miles were each simulated with cables 
at each terminal. Cable lengths at the line sending terminal 
of 10 and SO miles were simulated in conjunctio., with 600 ft, 
10 miles and SO miles oE cable applied at the line receiving 
terminal. 
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3. SYSTEM MODELING 

The Westinghouse Analog Computer (ANACOM) specifically designed 
for use in the study of power system tr~nsient phenomena was 
employed as our analytical tool throughout the study. The ANACOM 
is primarily a passive element device. Models are comprised 
of resistive, inductive and cApacitive elements in a manner to 
accurately represent various power system components. The following 
sections will define the models which were utilized. 

3.1 Overhead Transmission Line Model 

As indicated in Figure 2 each of the systems studied were composed 
partly of overhead 1200 ltV lines. Aualog devices typically model 
distribuL~u 11aramerer elements such as overhead. transmission lines 
and cables using "Pi" or "L" sections. These sections when arranged 
in a cascaded network closely approximate the transient performance 
of the line. Figure 3-A depicts such a "Pi" section~ 

The specific model utilized to simulate the overhead has the added 
capability of representing the frequency dependent nature of the 
earth return impedance in addition to modeling electrostatic and 
magnetic unbalances inherent in lines which are nontransposed. 

Each of the "Pi" section's parameters were adjusted to represent 
5 miles of overhead line. Thus, a minimum of 10 "Pi" sections 
were used for the 50 mile line with a maximum of 30 being utilized 
for the 150 mile line. 

3-~-~-·-·· The l~OO kV Source 

The source from which the overhead-cable lines were switched 
was chosen to have a short circuit (3 phase) capability of 
40,000 MVA with an X0 /X1 ratio of unity. The source was 
represented with the lumped network elements as shown in 
Figure 4. 

3.3 1200 kV Circuit Breakers 

In order to limit overvoltagP.R to acc.eptablc magnitudes, a cir·cuit 
breaker design utilizing 2 step resistor in~=;ertion wac modP.lPn. 
Figure .J l:;;huws schematically one pole of the breaker. The 
resistive elements themselves were elements available on the ANACOM 
with the breaker contacts simulated with mercury wetted relays. 
The relays are controlled electronically to precisely control 
closing times and breaker pole spAns. 

Each resistor insertion time was chosen as 6 ms with the pole 
span chosen to be 5 ms. 
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3.4 Cable Model 

Initial modeling efforts for the CGIT cable were aimed at developing 
parameters for three isolated phase configurations. The three 
proposed systems were the totally and partially buried system in 
addition to a overhead cable system. Figure 6 indicates these 
configurations. 

The exact nature of the grounding scheme which will be utilized 
was not uniquely defined. Our initial efforts were thus aimed 
at developing an isolated phase model general enough for adaptation 
to various sheath grounding schemes. 

The grounding schemes of particular interest were the solidly 
grounded systems which would be applicable tor relatively short 
r:-::~ble lengths d'.H~ to the high sheath loccco .::md crooo· bonding 
schemes which may be suited for longer cable systems due to the 
1nherPnr. lc'YWP:t' Ah~;>at:h J ns~es. Effortli , .... QrQ firlit diroctod ::tt 
determining the model parameters for the cross bonding system 
due to the generalit.y nf the model. 

In the cross bonding scheme, both the phase and sheath conductors 
are treated separately necessitating the calculation of the self 
and mutual inductance and capacitance parameters. In each of 
these configurations, therefore, six conductors were situated with 
respect to a conducting plane (earth). This rather formidable 
geometry made the calculation of the interconductor parameters 
a complex problem. 

In an effort to accurately define these parameters, the first 
technique which was applied was conformal mapping method. It 
was hoped with the use of coriiuinatiuuo uf mappings transform:.n::tons, 
the gcomet·ry of the system would be simpllfleJ Lo a J.JuluL where 
the system parameters could be readily determined. In concept 
form, this approach can be applied to the simple geometry of a 
cylinder located very close to the Earth's surface. Such a 
Geometry would partly exist for example in the overhead cable 
sysl!o!m:,;. Applying the tranoformation indicated in Figure 7 
the surge impedance of the coaxial system wa~,first calculated 
and then transformed to the original system.(.>) 

The geometry of the above ground system contains six such cylinders 
above a conducting plane. It was hoped each of these co!'tduc:tiug 
boundaries could be taken into consideration with a technique 
similar to the one above. The underground system from a trans­
formation standpoint was comprised of exactly the same geometry 
with merely the conductivities of the various regions interchanged. 
Therefore, the same transformation would be utilized for these 
two configurations. The partially buried system would then 
require a second transformation. This technique was studied by 
trying to apply several transformations in succession in efforts to 
simplify the system's geometry. Although conceptually appealing, 
our efforts failed in introducing a suitable "Set of Transformations". 
A second method was thus tested. 



-11-

CABLE CONFIGURATIONS 

. r 

UNDERGROUND SYSTEM 
,1: • 

PARTIALLy_. BUR lED SYSTEM ' . . 
~ 1 •• t • i 

ITI//TIT/1/Tm 
ABOVE GROUND SYSTEM 



COAXIAL SYSTEM 

-12-

APPLICATION OF 
CON FORMAL MAPPING 

CYLINDER LOCATED 
ABOVE PLANE 

TRANSFORMATION 

FOR COAXIAL SYSTEM: 

SURGE IMPEDANCE 

h + /E.2 - 1 
r r 

FOR CYLINDER ABOVE CONDUCTING PLANE: 

SU.RGE IMPEDANCE K"' h/r 

Z = 60 1n K + / K~ - 1 

FIGURE 7 



-13-

The second method tested was the use of a Pseudo Finite element 
technique which consisted of "Stranding" each of the phase and 
sheath conductors. Figure 8 illustrates this technique for the 
above ground configuration. This method essentially treats each 
strand of the phase and sheath cylinders as separate conductors. 
The interconductor parameters are then calculated and with 
suitable assumptions reduced to an equivalent system of self 
and mutual inductance and capacitance parameters. 

It was originally felt the existing overhead line parameter programs 
with minor revisions could be utilized to estimate these parameters. 
A small routine was prepared to calculate the coordinates of the 
strands comprising the conductors and adjustments were made to 
accommodate a large number of strands. Unfortunately, the large 
number of conductors became one of the limiting features of this 
method of calculation. In addition, major programming changes 
were necessary to properly reduce the large number of conductors 
(strands) to an equivalent system .of sheath arid phase parameters. 
For the underground system representations, changes were again 
required to modify the Earth return correction factors. Due to 
the amount of development required to estimate the cross bonding 
parameters, it was decided model parameters for the solidly 
grounded system would be calculated for use in the system 
analysis portion of the study. 

The solidly grounded cable system was modeled on a single phase 
basis. Each of the phases were assumed to be electromagnetically 
decoupled from the adjacent conductor system. This assumption 
eliminated the mutual inductive and capacitive parameters between 
adjacent sheaths and phases reducing each phase to a coaxial 
conductor system. Figure 9 indicates the ANACOM "Pi" section 
representation for solidly grounded CGIT cable in addition to 
the inductance and capacitance parameters. 

Cable parameters are typically characterized by low surge 
impedances or low inductance~ high capacitance valnPs. The 
ANACOM has available "cable" models whose elements accurately 
simulate their trends in parameters and were thus used for the 
CGIT cable model. Cable lengths of 600 ft, 2 miles, 10 miles and 
50 miles were considered. Since the parameters for the 600 ft 
section were insignificant when composed to the overhead line 
parameters, a separate model was not employed to simulate a 
600ft section. Instead; the overhead line was modeled and the 
transient overvoltages measured at the locations of the 600 ft 
cable. This was tantamount to assuming the cable being stressed 
uniformly over its length. This is justified due to its short 
length, high propagation velocity and the relatively long switching 
surge fronts typically imposed by an overhead system. The remaining 
lengths of cable were modeled with a minimum of ten Pi sections 
to closely simulate the distributed parameter nature of the cables. 
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4. SYSTEM STUDIES 

The specifications which were established for the overhead system 
limited the switching surge overvoltages to 1.5 p.u. These levels 
play a major role in determining the insulation levels of the 
overhead system and are thus established with the normal circuit 
breaker operations of energizing and reclosing. Since the cables 
will be directly applied to the overhead system, these limited 
switching surge magnitudes are also impressed across the_CGIT cable. 

The analysis was to establish typical overvoltage levels which the 
cable will be exposed to under service conditions. The insulation 
levels established for the overhead line have r,estricted ·the 
energizing and reclosing overvoltages to 1.5 p.u. It WAR fcnmd, 
however, the cable will be exposed to more severe. overvoltage 
magnitudes such as those associated with contingency switching 
operations such as energizing and reclosing into single line to 
ground faults and fault initiated overvoltages. 

4.1 Study Procedure 

The general procedure which was followed for each configuration 
was to first establish the above switching levels that were 
required to meet the overhead line insulation requirements. It 
was assumed some form of multistep resistor insertion would be 
required to limit the overvoltages imposed by circuit breaker 
operation. It was fouutl, t:wo st:ep resistor insertion limited 
the overvoltages to the specified levels. This was accomplished 
by adjusting the resistor values in thP. rircct.dt breaker for 
thQ energi::3ing and recclo~iug uvenil:.l un~. Since standard 
resistor values do not yet exist for the ~lAP.P. nf equipmQnt, 
the range of these vRlues remained flexible throughout the 
study. Once acceptable levels were found, these values were 
then used for the contingency switching cases to establish 
the "worst case" cable overvoltages. Fault initiRted overvoltages 
were also investigated. FAultR were placed at variouR pnints 
throughout the system to generate the maximum cable overvoltage. 
In most instances these levelE; were higher than the normal 
switching magnitudes. The data derived from the above analysis 
served to define the.environment in which the cable may be 
required to operate. 

4.2 Study Results 

The study results summarizing the switching surge cases are 
shown in Figure 10 through 13. These figures tabulate the 
maximum transient overvoltages the cable may be exposed to 
for each of the systems investigated. 

The Appendix contains the documented results of each of cases 
which were analyzed and the associated overvoltage curves. These 
curves serve as a graphical summary of the overvoltages for each 
system by indicating the maximum cable oyervoltages_as a function 
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of the circuit breaker resistor values. The fault initiated 
overvoltages are included on these curves to serve as a comparison 
with the breaker generated values. 

In each of the systems studied, a great deal 0f control was 
exercised over the transient overvoltage magnitudes with two 
step resistor insertion. The l.S p.u. overvoltage specification 
was achieved for each of the overhead systems resulting in· the 
maximum cable overvoltages being generated in the contingency 
switching and fault initiated cases. 

4.2.1 River Crossing Application 

The summary of the maximum transient overvoltages associated with 
the system simulating the river crossing cable application is shown 
in Figure 10. The cable length had virtually no effect on the 
maximum overvoltage values. In the shorter overhead line lengths 
considered, the fault initiated (F.I.) overvoltages proved to be the 
worst situation. Two cases were studied for this configuration to 
determine the worst fault initiated overvoltages. Faults were first 
located at the end of the line with one source feeding the system 
and was then located on the cable with two sources feeding the system. 
In each of the cases involving the SO mile overhead system, the case 
of one source feeding the system proved to be the worst case 
condition. The maximum overvoltages measured in this cable appli­
cation was 171S kV (1. 7S p.u.) which was produced by energizing 
the line with a solid line to ground fault (E-SLG) located at the 
receiving end of the lSO mile line. High speed reclosing with a 
solid line to ground fault at the receiving end of the line (RC-SLG) 
produced comparable results of 1666 kV (1.-7 pu). 

4.2.2 "Getaway" Application 

The study results for the cable applied as "Getaways" are summarized 
in Figures 11 and 12. Although the cable transient overvoltages 
generated by circuit breaker operation are higher when cable 
is at the receiving end of the line, the fault initiated over­
voltages remain relatively constant for each cable location. 
In cases where the cable was switched at the line sending terminal, 
all of the overvoltage levels were less than l.S p.u. Thus, a 
detailed analysis was not required. ' The maximum overvoltages 
for these cases is considered to the maximum levels imposed by 
the overhead insulation levels of 1470 kV (l.S p.u.). 

The RYRtem configuration involving lSO miles of overhead line in 
conjunction with SO miles of cable required shunt compensation to 
limit the ferranti rise along the line. In order to limit the line 
rise to less than 10 percent, shunt reactors were applied which 
effectively compensated 20 miles of the cable. The effect of the 
shunt reactor was to slightly lower the fault initiated and 
contingency switching overvoltages. 

In addition to the cable-overhead systems, cable systems alone 
were switched. In two of these cases considered, one step 
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MAX I MUM CABLE TRANSIENT OVERVOLTAGE 
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MAXIMUM CABLE TRANSIENT OVERVOLTAGE 
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resistor insertion served to limit the overvoltages to the point 
where all of the resulting magnitudes were less than 1.5 p.u. 
A detailed investigation was thus omitted, no resistor variations 
were made since virtually any practical resistor sizes controlled 
the transient voltages to accep~able levels. The maximum over­
vo~tages for these cases can again be considered to be 1.5 p.u. 

The largest overvoltage recorded was 2156 kV (2.2 p.u.), which 
resulted from reclosing into a single line to ground fault (RC-SLG). 
In the majority of these cases, however, the fault initiated 
overvoltages were dominant. 

4.2.3 Cables Applied At Both EPds o£ An Overhead Line 

Figure 13 summarizes the application of cables at both the sending 
and receiving terminals of the line. The results for the various 
length cables generally follow similar trends as the previous cases. 
The cables applied at the receiving terminal experienced the 
larger overvoltages then those applied at the sending terminal. 
In addition, the fault initiated overvoltages were again dominant 
in most of the cases with the remaining cases influenced by the 
contingency switching operations. 

The cases involving longer cable lengths located at the line 
sending terminal required lower resistor sizes to limit the 
overvoltage to the required levels specified by the overhead 
insulation. This is attributed to the lower surge impedance 
presented by the cable which was being switched into. 

The cases involving the 50 mile cables in conjunction with the 
150 mile line again require shunt compensation to limit the 
Ferranti rise and again 20 miles of the cable was compensated to 
limit this rise to below 10%. 

The maximum transient overvoltages recorded for this application 
was 1764 kV (1.8 p.u.) and was again produced by fault initiation 
and energizing into a single line to ground fault. 

4.2.4 Summary of Results 

In each of the systems studied, the maximum transient overvoltages 
fell within a range from 1470 kV to 2156 kV. These maximum 
values were generated from either fault initiation or contingency 
switching operaLions. 

Although the overvulLage levels were within this narrow range, 
several trends are evident in the results. Cables which are 
located at the line receiving terminals were subjected to higher 
overvoltages than those applied at either the midpoint or sending 
terminal of the line. In general, the longer overhead systems 
produced the larger cable overvoltages. 
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MAXIMUM CABLE TRANSIENT OVERVOLTAGE 

40 
GVA ~~~ > OVERHEAD < >-

CABLE B CABLE A 

CABLE LENGTHS 

CABLE A 10 MILES 10 MILES 50 MILES 50 MILES 
.. 

CABLE B 600FT 10 MILES 600FT 50 MILES 

-(/) < 1470 kV 1421 kV < 1470 kV 1274 kV 

~ E - RC FI E- RC FI -2: 50 - -----~----- -----· ------
:::z:: 
~· 1470 kV 1519 kV 1470 kV 1470 kV, 1666 kV 
(!) 
z RC-SLG FI E- RC FI , E-SLG 
LU _. 
LU 

< 1470 kV 1274 kV < 1470 kV 1176 kV 

z E - RC 'Rt. E ·· RC RC --_. 
100 ~----~----------~----

0 
~ 

1470 kV 1568 kV 1666 kV 1568 kV 
LU 
:::z:: FI , RC-SLG FI FI RC-SLC 

-
~ . 

LU 

~ < 1470 kV 1323 kV < 1470 kV 1470 kV 

E - RC E-SLG E - RC RC 

150 -- - ="""""' --~- -----· ~---- -----
1764 kV 1666 kV, 1764 kV 1666 kV 1764 ·kV 

FI FI , E-SLG FI RC-SLG 

FIGURE 13 



-23-

The requirements imposed by the overhead line insulation levels 
necessitated modification of the circuit breaker design. In 
addition to multistep resistor insertion which may be utilized, 
controlled contact closure may be included in the breaker control 
mechanism to further reduce the breaker generated overvoltages.(2) 

Cases B-23 and B-24 located in the Appendix illustrate the 
effects of such additional breaker modifications. In general, 
the introduction of these additional breaker controls reduces the 
resulting overvoltages below the fault initiated levels. The 
fault initiated levels thus serve as a lower bound for the 
maximum cable transient overvoltages and further reduction in 
the breaker generated transients merely accentuates the importance 
of the fault initiated levels. 

The above maximum stresses are considered typical for an UHV 
system and, in general, these values will vary ~ith variations 
in the system parameters. If the specific system in which a 
CGIT cable may be applied has a lower short circuit capability 
than 40 GVA for instance, one would expect slightly higher 
overvoltages when the line is energized or reclosed with the 
converse also being true. The fault initiated overvoltages are 
dependent upon not only the ratio of positive and zero sequence 
surge impedances of the line in which the fault occurs, but also 
the impedances of the line terminations. In larger systems 
employing several UHV lines, faults occurring on neighboring 
lines located electrically close to the cable may, in addition, 
influence these overvoltage levels. Other investigations(4) 
have shown fault initiated overvoltages to occur with magnitudes 
as high as 2.0 p.u. under proper system conditions. 
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5. CABLE SWITCHING IMPULSE INSULATION LEVEL REQUIREMENTS 

A summary of the maximum switching surge overvoltages for the 
four lengths of cable considered in the analysis is indicated 
in Table 1. The "normal" levels indicate the maximum stresses 
imposed by energizing and high speed reclosing operations." The 
contingency overvoltages are those produced by energizing or 
reclosing into single line to ground faults. 

TABLE 1 

l'lAXlMUM ~WITCHIN_G SUI<.CE UVt:;KVULTAt;ES 

Maximum Overvoltages 
Cable Length Normal Contingency 

600 ft 1574 kV 1968 kV 

2 Miles 1574 kV 1968 kV 

10 Miles 1574 kV l764 kV 

50 Miles 1574 kV 2165 kV 

5.1 Criteria Used in Establishing Insulation Requirements 

Two general philosophies n~y be used to establish the switching 
insulation level for non-self-restoring insulation. The first 
philosophy establishes the insulation levels on the basis 
the cable will be designed to withstand the maximum overvoltage 
levels the system will impose. The cable in this sense is 
self-protected with the insulation level set at some margin above 
the maximum switching surge overvoltages. The second philosophy 
sets the insulati.nn lew~l nsing the surg9 arrestor to reduce the 
system imposed stresses. The insulation level in this case is 
established at some margin above the arrester protective 
characteristics. 

Applying the philosophy that the cable will be self-protected 
sets the switching surge insulation requirements as indicated 
on Table 2. These requirements were established by setting 
the insulation levels 15% above the maximum overvoltage which 
the cable may experience. 
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TABLE 2 

CABLE INSULATION REQUIREMENTS: SELF-PROTECTION 

Cable Length Maximum Overvoltage Switching Insulation Level 

600 FT 

2 Miles 

10 Miles 

50 Miles 

1968 kV 

1968 kV 

1764 kV 

2165 kV 

2263 kV 

2263 .kV 

2029 kV 

2490 kV 

The surge arrester characteristics used to define the insulation 
requirements with the second philosophy are indicated in Table 3. 
The arrester rating considered was 864 kV, or 72% on a 1200 kV 
system. Two arrester designs, the conventional active gap, and 
the "Gapless" ceramic oxide arrester were considered. The maximum 
cable overvoltages were recorded at the cable terminals since 
switching surge wavefronts are typically much longer than that of a 
surge produced by a lightning stroke. The overvoltages at both 
the cable terminals in addition were approximately equal in magnitude. 
The cable length, therefore, does not dictate the location and 
number of arresters as may be the case for a lightning surge. The 
arrester protective characteristics therefore specify the insulation 
levels for each of the cable lengths considered. The resulting cable 
insulation requirements are shown on Table 4. These insulation 
levels resulted from adding a 15% margin to the arrester maximum 
switching impulse sparkover levels. 

TABLE 3 

- SURGE ARRESTER CHARACTERISTICS -

Arrester Rating 

Switching Impulse Sparkover 
Voltage 

Switching Impulse Discharge 
Voltage 

*(1 pu = 864kV x 12) 

Conventional 

864 kV 

1766 kV (1.45 pu)* 

1766 kV (1.4J pu) 

Ceramic Oxide 

864 kV 

1570 kV 

1570 kV 
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TABLE 4 

- CABLE INSULATION REQUIREMENTS: SURGE ARRESTER PROTECTED -

864 kV Arrester 

Cable Switching Impulse 
Insulation level 

5.2 Recommendations 

Conventional 

2031 kV 

Ceramic Oxide 

1806 kV 

The maximum cah 1 P. nv,.rvoltagas were generated by eiLlt~r· · ~nergizing 
or reclosing into single line to ground faults. Forty-seven 
systems were considered in the analysis. Of the overvoltages 
resulting from these systems, only nine produced magnitudes 
great enough to sparkover the conventional arrester. In addition, 
approximately twenty-four of the systems produced levels great 
enough to "sparkover" the zinc oxide arrester. 

The contingency switching operations represent events which should 
occur rarely in the system. In addition, these maximum overvoltages 
were produced with optimum circuit breaker closing times and 
resistor insertion times. These closing times in practice occur 
randomly which further reduces the probability of these maximum 
switching levels to be reached. In view of the relatively small 
probability that these overvoltages will be attained in practice, 
adequate protection should be achieved by establishing th~ cables 
UdSlc sw.l.i·ching 1tnpulse inaulation 1evef with surge arr.ester 
prot~ction. ThP r:1h 1 e in&ulation level e&tablislu~u lu this manner 
has the added advantage of being insensitive-to system parameter 
changes as discussed in.the previous section. 

5.-3 Sur_ge Arrester Appll.cation Considerations 

The available energy stored in a cable prior to arrester sparkover 
and the resulLlug discharge currents following sparkover may limit 
an arrester application. 

ThP. r~mount of en.ei"SY the c.nnv~ntiomiLl arre01:cr is required tu 
dissipate is dependent not only upon its value block elements 
but also the performance of the active gaps. The gap performance 
is in turn sensitive to the initial discharge currents. These 
initial arrester discharge currents may become rather severe when 
discharging syatems with inher~ntly low surge impedances. These 
initial currents are limited primarily by the arrester valve block 
elements as well as the system equivalent surge impedance. 
Application guidelines established for the Westinghouse conventional 
arrester suggests'that when this initial discharge current exceeds 
3400 amperes, the active gap is prohibited from "valving off and 
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resealing" according to specifications. This condition may lead to 
overstressing thermally the valve block elements and increase the 
probability of subsequent arrester sparkovers at lower than specified 
levels. Application guidelines have not been published for the 
General Electric or Ohio Brass station class arresters, however, 
it is believed this "critical current" is somewhat lower, 
approximately 2000 amperes. 

Figure 14 shows the valve block characteristics for these 
manufacturers. These characteristics which apply to the conventional 
arresters only were used to calculate the initial discharge current 
following sparkover in addition to establishing the crest valve 
of the current discharge neglecting gap activity. The method used 
was to graphically find the intersection of the block V-I curve 
with the system V-I curve ("load line"). Using the equivalent 
system surge impedance, the arrester sparkover voltage and the 
maximum overvoltage without the arrester applied at the cable 
terminal the initial and maximum discharge currents were found. 
Table 5 indicates these initial and maximum discharge current 
levels. This tabulation indicates both the Ohio Brass and General 
Electric arrest·er may be overdutied. The manufacturers should be 
consulted as to the adequacy of this arrester application for 
each of the cable lengths under consideration. 

The "Gapless" arrester will in addition be required to discharge 
energy from the system. The electrical characteristics and 
application guidelines were not available for the ceramic oxide 
arrester. Manufacturers again should be required to verify this 
arrester application. 

TABLE 5 

DISCHARGE CURRENTS - CONVENTIONAL ARRESTER 

Initial Maximum 
Arrester Critical Discharge Discharge 

Manufacturer Rating Current Current Current 

Ohio Brass 864 kV 2 kA 2.81 kA 3.67 kA 

Westinghouse 864 kV 3.4 kA 1. 89 kA 2.5 kA 

General Electric 864 kV 2 kA 3.26 kA 4.64 kA 
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6. COMPARISON OF RECOMMENDATIONS WITH PRELIMINARY REPORT 

Insulation levels were established in the first quarterly report 
(October 15, 1975) associated with ERDA Contract E(49-18)-2061. 
These levels are indicated in Table 6. 

TABLE 6 

INSULATION LEVELS ESTABLISHED IN THE 
FIRST QUARTERLY REPORT 

Switching Impulse Level 
BSL 

Arrester Protected 

Maximum Surge 

Ceramic Oxide 
Arrester 

1805 kV 

1577 kV 

Conventional Arrester 
864 kV 960 kV 

2360 kV 

1577 kV 

2623 kV 

1577 kV 

The insulation levels based on the maximum surge are lower than 
the values indicated in this report. This is due to the fact 
that the maximum switching surge overvoltage· was assumed to 
be 1372 kV (1.4 p.u.) which would be generated by normal 
reclosing operations. A 15% margin was added for safety. The 
insulation levels-established in the arrester protected case 
using the conventional arrester are higher than those established 
in this report. This is primarily due to two aspects of the 
assumed arrester characteristics. Table 7 indicates the arrester 
characteristics used for the previous analysis. Although the 
arrester rating is the same, the protective levels expressed in 
per unit of crest arrester rating are higher than was assumed in 
this analysis (see Table 3). In addition, these characteristics 
assume the maximum switching impulse discharge voltage to be above 
the sparkover levels. This assumption required the use of the 
discharge voltage characteristics rather than the sparkover levels. 
For example, a 15% margin was applied to the 2052 kV discharge 
voltage to attain the 2360 kV insulation level. It is recommended 
that the manufacturers be asked to specify the maximum discharge 
voltage levels of this rating arrester to insure proper coordi­
nation with the arrester protective characteristics. 

TADLE 7 

ARRE::iT.KR PROTECTIVE CHARACTERISTICS TTSED IN THE 
FIRST QUARTERLY REPORT 

Maximum Switching Impulse Sparkover 

Maximum Switching Impulse Discharge Voltage 

*(1 pu = 864 kV x 12) 

864 kV Arrester 

1894 kV (1.55 pu)* 

2052 kV (1.68 pu)* 
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7. AREAS FOR FURTHER INVESTIGATIONS 

These investigations have concerned themselves with typical 
stresses which a CGIT cable will be expected to withstand. These 
stresses naturally being impressed across the phase conductor and 
the grounded sheath. 

Cable systems employing such grounding schemes as cross bonding 
are in addition susceptible to voltages which may be developed 
across the joints which segregate the sheaths into each bonding 
segment. These overvoltages may be in the form of power frequency 
voltages which may result from line-to-ground faults both internal 
or external to the cable system or surge voltal)eB dPvPlr.,pQd acroo3 
the Joints al;; a result at faultst owitching uperations or lightning 
Phenomenr~ ::~ssociatcd with tlt~ adjacent overhead system. Various 
techniques for protection of these systems have been suggested and 
include both ~he use of lightning arresters and bonding trans­
formers. (5) C6J 

If the cross bonded grounding system is being considered for longer 
cable applications, consideration should be given to acquiring 
knowledge of the natu"J;"e and m:=~gnitudeo of these l;;heath overvoltages. 
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9. APPENDIX 

This section of the report contains the individual cases compr1s1ng 
the analysis which was performed for the study. These cases are 
divided in four sections with each section containing the work 
which was performed for each of the four systems considered in 
the analysis. Each section begins with curves summarizing the 
maximum cable overvoltages followed by the oscillograms of the 
voltages measured in each case. 

The following abbreviations are utilized on the curves summarizing 
the work for each system. 

E 
E-SLG 
E-SLG-CC 

RC 
RC-SLG 
RC-SLG-CC 

FI 

ABBREVIATIONS 

- Energize Line 
- Energize line with single line-to-ground fault 
- Energize line with single line-to-gro~nd fault 

and controlled br.eaker contacts 

- High speed reclosing 
- High speed reclosing with single line-to-ground fault 
- High speed reclosing with single line-to-ground fault 

and controlled breaker. contacts 

- Fault initiated overvoltages 
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CA;:,a:. NO. A-1 ~~ ENERGIZE LINE 

8--0 I r 
25 MILES 2 MILES 

VI 

MAX. PU.OVERVOLTAGE 
. LOCATION 

v2 v3 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE-- SWITCHED VOLTAGE 

1.{) p.u. 

Rl = 2ooo 
6 MSEC 

1.3 p.u. 

~ 
v4 

25 MILES 
v5 

R2 = 2oo 
6 MSEC 

5 MSEC 

1.0 p.u. 

1.3 p.u • 

v 



CASE NO. A-2 HIGH SPEED RECLOSING LINE 

~ I ~ 
25 MILES 

VI 

MAX. PU. OVERVOLTAGE 
LOCATION 

v2 v3 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE- SWITCHED VOLTAGE 

1.3 p.u. 

V(-2 

1 
2 MILES 25 MILES 

v4 

R1 = 2ooo R2 = 2oo 
6 MSEC 6 MSEC 

5 MS EC 

1.0 p.u . 

1.4 p.u. 1.4 p.u. 

v 

v5 

1.4 p.u. 

v 



CASit NO. A-3 

~AX. PU.OVERVOLTAGE 
LOCATION 

FAULT INITIATED OVERVOE/>_GE - FAULT AT LINE END 

~ 
25 MIL::<:S 

v3 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE- SWITCHED VOLTAGE 

1.3 p.u. 

Vt-2 

1 
2 EIL:::!:S 

v4 

1.0 p.t:. 

=-.5 p.u. 

}c0 
25 MIL::<:S 

v5 

1.5 p.u. =-.5 p.u. 

v v 



CASE NO. A-4 ENERGIZE - SINGLE LINE TO GROlND FAULT 

r'\- +I ----4<~--~~-- \J - - ~-~~- ~ 
-~-

~AX. PU.OVERVOLTAGE 
LOCATION 

25 MILES 2 MILES 25 MILES 
v3 v4 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXI~MUM POLE SPAN 
PRE- S'NI-rCHED VOLTAGE 

1.2 p.u. 

Rt = 15oo 
6 MSEC 

1.4 p.u. 

R2 = 2oo 
6 MSEC 

5 MSEC 

1.0 p.u. 

1.4 p.u. 1.5 p.u. 



CA~~ NO. A-5 

MAX. PU. OVERVOLTAGE 
LOCATION 

HIGH SPEED RECLOSING - SINGLE LINE TO GROUND FAULT 

~ 
25 MILES 

v3 

BREAKER RESISTORS 
RESISTOR INSERTION Tl MES 
MAXIMUM POLE SPAN 
PRE- SWITCHED VOLTAGE 

1.0 .u. 

Vt-2 

2 MILES 

Rl = 1soo 
6 MSEC 

1.4 p.u. 

~ 
v4 

25 MILES 

R2 = 2oo 
6 MSEC 

5 MSEC 

1.0 p.u. 

1.5 p.u. 

v 

1 ~_t 
Vs 

1.5 p.u. 

v 



CASE NO. A-6 FAULT INITIATED OVERVOLTAGE 

~~~ ---k--~----~)1-----'""-,c-<f -
75 MILES 2 MILES ~ 75 MILES v1 v2 v3 v4 ~ v5 

BREAKER RESISTORS R1 = -
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 

PRE- SWITCHED VOLTAGE 

1.6 p.u. 

1.0 p.u. 

1.6 p.u. 



CASt:. NO. A- 7 ENERGIZE LINE 

~ I ~ 
75 NILES 

VI 

MAX. PU.OVERVOLTAGE 
LOCATION 

v2 v3 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE- SWITCHED VOLTAGE 

1.3 p.u. 

V1-2 

2 MILES -

Rl = 5oo 
6 M~·EC 

1.55 p.u. 

1 
v4 

75 MILES 

v5 

R2 = 2oo 
6 MSEC 

5 MSEC 

1.0 p.u. 

1.55 p.u. 1. 68 p. u. 

v 



CASE NO. A-s HIGH SPEED RECLOSING LINE 

8-0 I ~ 
75 MILES 

VI 

MAX. PU. OVERVOLTAGE 
LOCATION 

v2 v3 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE- S'WITCHED VOLTAGE 

=._.2 p.u. 

2 MILES 

R 1 = soo 
6 MSEC 

1.5 p.u. 

1 
v4 

75 MILES 

R2 = 2oo 
6 MSEC 

5 MSEC 

1.0 p.u. 

1.55 p.u. 

v5 

1. 7 p.u. 

v 



CASE NO. A-9 .::NERGIZE - SINGLE LINE TO GROUND FAULT 

~ I ~ 
75 MILES 

VI 

MAX. PU.OVERVOLTAGE 
LOCATION 

v2 v3 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE- SWITCHED VOLTAGE 

1.2 J=.U. 

Vt-2 

2 MILES 

500 
6 MSEC 

1. 7 p.u. 

1 
v4 

75 MILES 

R2 = 2oo 
6 MSEC 

5 MSEC 

1.0 p.u. 

1. 75 p.u. 

=r.!1 
,. 

v5 

2.1 p.u. 

v 



CASE NO. A-10 

MAX. PU.OVERVOLTAGE 
LOCATION 

HIGH SPEEl! RECLOSI:t\G INTO SINGLE LINE TO GROUND FAULT 

~ 
75 HILES 

v3 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE- SWITCHED VOLTAGE 

=...o p.u. 

V1-2 

1 
2 HILES 75 HILES 

v4 

R 1 = 5oo R2 = 200 
6 HSEC 6 HSEC 

5 HSEC 

1.0 p.u. 

1. 7 p.u. 1. 75 p.u. 

v 

_/ t>l 
·-

v5 

2.1 p.u. 

v 



CASE NO. A-ll ENERGIZE LINE 

em I ~ 
75 MILES 

VI 

MAX. PU.OVERVOLTAGE 
:....OCATI N 

v2 v3 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE- SWITCHED VOLTAGE 

~ 
I 

600 FT 
v4 

R I = ...r crr:r ,Jl-.-· 

6 MSEC 

5 HSEC 

75 MILES 

R2 = ;(oo ......n-
6 MSEC 

1.0 p.u. 

1.45 p.u. 

v 

Vs 

1.6 p.u. 



CASE NO. A-Iz 

MAX. PU.OVERVOLTAGE 
LOCATION 

FAULT INITIATED OVERVOLTAGE 

75 MILES 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE- SWITCHED VOLTAGE 

1. 3 j:•.u. 

600 FT 

1.6 p.u. 

V4 EXPANDED SCALE 

1.0 p.u. 

75 MILES 

1.6 p.u. 1.6 p . u. 

v 



CASE NO. A-13 HIGH SPEED RECLOSING LINE 

~ I ~ 
v, 

MAX. PU.OVERVOLTAGE 
LOCATION 

v2 
75 MILES 

v3 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE- SWITCHED VOLTAGE 

1.5 p.u. 

V1-2 

600 FT 

R 1 = 5oo 
6 MSEC 

SAHE AS V 4 

1 
v 4 

5 MSEC 

75 MILES 

R2 = zoo 
6 MSEC 

1.0 p.u. 

1.6 p.u. 

vf;O 
~ 

1.6 p.u. 

v 



CASE NO. A-l4 ENERGIZIKG INTO SINGLE LINE TO GROUND FAULT 

~ 
75 ~ILES 

v3 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE- SWITCHED VOLTAGE 

1.0 J.L. 

600 Fr 

R1 = 5oo 
6 HSEC 

SAME AS V 4 

v 

~ 
v4 

75 MILES 

R2 = 200 
6 MSEC 

5 MSEC 

1.0 p.u. 

1. 7 p.u. 

I A~ 
-
Vs 

2.0 p.u. 

v 



CA-- NO. A-lS 

MAX. PU.OVERVOLTAGE 
LOCATION 

RECLOSING INTO SINGLE LINE TO GROUND FAULT 

~ 
75 MILES 

v3 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE- SWITCHED VOLTAGE 

1.0 p.u. 

1 
600 FT 75 MILES v 4 

R1 = soon R2 = zoon 
6 MSEC 6 MSEC 

5 MSEC 

1.0 p.u. 

SAME AS v4 1.75 p.u. 

-· 1 1f ,. 

v5 

2.0 p.u. 

v 



CASE NO.~~ ENERGIZING LINE 

~ I ~ 
VI 

MAX. PU. OVERVOLTAGE 
LOCATION 

v2 
50 MILES 

v3 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE- SWITCHED VOLTAGE 

1. 25 p.u. 

v 

600 FT 

R I = soo 
6 MSEC 

SAME AS v4 

~. 
I 

v4 

5 MSEC 

50 MILES 

R2 = 200 
E MSEC 

1.0 p.u. 

1.3 p.u. 

v5 

1. 5 p .u. 

v 



CASe. NO. A-17 HIGH SPEED RECLOSING LINE 

~ I ~ 
v, 

~AX. PU.OVERVOLTAGE 
LOCATION 

v2 
50 MILES 

v3 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE- SWITCHED VOLTAGE 

1.5 p.u. 

Vt-2 

600 FT 

R 1 = 15oo 
6 MSEC 

SAME AS v4 

1 
v4 

50 MILES 

R2 = 2oo 
6 MSEC 

5 MSEC 

1.0 p.u. 

1.32 p.u. 

v5 

1.45 p.u. 

v 



CASE NO. A-18 FAULT H H T:::ATED 0\"ERVOLTAGE 

~ I I< 
VI 

MAX. PU. OVERVOLTAGE 
LOCATION 

v2 
50 :YliLES 

v3 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE- SWITCHED VOLTAGE 

1. 3p. u . 

I 

1 
600 FT 

v4 
50 HILES 

Rl = R2 = -
6 MSEC 6 MSEC 

5 -MSEC 

1.0 p.u. 

SAl-lE AS V 
4 1. 5 p . u . 

Vs 

1.7 p .u. 



CASE NO. A-l9 

MAX. PU. OVERVOLTAGE 
LOCATION 

ENERGIZING INTO SINGLE LINE TO GROUND FAULT 

~ 
50 MILES 

v3 

BREAKER ~ESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE- SWITCHED VOLTAGE 

600 FT 

R1 = 25oo 
6 MSEC 

1.0 {:.U. 
. SAME AS v

4 

1 
v4 

5 MSEC 

50 MILES 

R2 = 2oo 
6 MSEC 

1.0 p.u . 

1.6 p.u. 

' luf' 
-
Vs 

1.8 p.u. 

v 



CASE NO. A- 20 

MAX. PU. OVERVOLTAGE 
LOCATION 

HIGH SPEEI RECLOSING INTO SINGLE LINE TO GRCU~® FAULT 

v 2 
50 MILES 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE- SVIITCHED VOLTAGE 

2.0 p.u. 

600 FT 

SA11E AS V 

SAl1E AS 

v4 

50 MILES 

6 MSEC 6 MSEC 

5 MSEC 

1.0 p.u. 

1. 6 .u. 

{If c/ 



CA~L NO. 
A-21 ENERGIZE LIHE 

~ I ~ I 
v, 

MAX. PU.OVERVOLTAGE 
LOCATtiQN 

v2 
25 MIL3S 

v3 

BREAKER RESISTORS 

RESISTOR INSERTION TIMES 

MAXIMUM POLE SPAN 

PRE- SWITCHED VOLTAGE 

1.0 p.u. 

600 FT 

R 1 = 25oo 
6 MSEC 

· SAME AS V 
4 

~ 
v4 

5 MSEC 

·- -

25 MILES 

R2 = 200 
6 MSEC 

1.0 p.u. 

1.4 p.u. 

v5 

1.4 p.u. 

v 



CASE NO. a-~~ HIGH SPEED RECLOSING OF LINE 

8-0 I r 
VI 

MAX. PU. OVERVOLTAGE 
LOCATION 

v2 
25 MILES 

v3 

BREAKER RESISTORS 
RESISTOR I NSERTIOrJ TtMES 

I ~.~!\X! MUM POLE SPAN 
, t-;1E- s~·ITCHED VOLTAGE 

? --· - p.u. 

600 FT 

R 1 = 25oo 
6 l1SEC 

SAME AS v
4 

~ 
v4 

5 MSEC 

25 MILES 

R2 = 200 
6 YiSEC 

2_ .0 p.u. 

1.35 .u. 

v5 



CA~t. NO. A- 23 

~AX . PU. OVERVOLTAGE 
LOCATION 

FAULT INITIATED OVERVOLTAGES - ONE SOURCE 

25 MILES 

BREAKER RESIS-ORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 

PRE- SWITCHED VOLTAGE 

1.55 p.u. 

600 FT 

SAME AS v4 

SAME AS 

v4 

1.0 p.u. 

25 MILES 

1.55 p . u. 1.6 p.u. 

v 



CASE NO. A- 24 

MAX. PU. OVERVOLTAGE 
LOCATION 

HIGH SPEED RECLOSING INTO SINGLE LINE TO GROUND FAULT 

~ 
25 MILES 

v3 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE- SWtTCHED VOLTAGE 

2.( p . u. 

I 

1 
600 FT 

v4 
25 MILES 

R1 = 25oo R2 = 2oo 

SA.'1E AS vI 
4 

6 MSEC 6 MSEC 

5 MSEC 

1.0 p.u. 

1.45 p.u. 

=!---· c:- .cj 

v5 

1.5 p.u . 

v 



CA!,t:. NO. A-Zs 

MAX. PU. OVERVOLTAGE 
LOCATION 

E~ERGIZING INTO SINGLE LINE TO GROUND FAULT 

~ 
25 MILES 

v3 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE- SWITCHED VOLTAGE 

1.0 p.u. 

V1-2 

600 FT 

R1 = 25oo 
6 MSEC 

SAME AS v
4 

~ 
v4 

5 MSEC 

25 MILES 

R2 = 200 
6 MSEC 

1.0 p.u. 

1.45 p.u. 

v 

~-~~ f 

v5 

1.5, p.u. 

v 
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• 

CASE NO. B-l ENERGIZE LINE 

BREAKER 

:CNA <Yto I OVERHEAD LINE 

Xi • 1.0 VI \'2 50 MILES 

BREAKER RESISTORS R 1 = zsoo 
RESISTOR INSERTION TIMES 6 MSEC 

MAX. PU OVERVOLTAGE 
LOCATION 

MAXIMUM POLE SPAN 
PRE-SWITCHED VOLTAGE 

1.0 p.u. 

v -2 
1.3 p.u. 

5 MSEC 

1.0 p.u. 

r 
CABLE 

> 
v3 600 FT 

6 MSEC 

1.4 p.u. 



• 

CASE NO. B-2 E=GH SPEED RECLOSING OF LINE 

BREAKER 

:GVA 61to I OVERHEAD LINE 

Xi II 1.0 VI "2 50 MILES 

MAX. PU OVERVOLTAGE 
LOCATION 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE-SWITCHED VOLTAGE 

2.0 p.u. 1.3 p.u. 

v 

~ 
v3 

zsoo R2 = 
6 MSEC 

5 MSEC 

1.0 p.u. 

CABLE 

600 FT 

200 
6 MSEC 

1.4 p.u. 

> 



CASE NO. B-J 
ENERGIZE INTO SINGLE LINE TO GROUND FAULT 

BREAKER 

40GVA 

xo XT II 1.0 

~-+1----0_V_E_R_H_EA_D __ L_I_NE __________ ~f CAB~ 

MAX. PU OVERVOLTAGE 
LOCATION 

VI \'2 50 MILES v3 600 FT 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE- SWITCHED VOLTAGE 

1.2 p.u. 

v -2 

2500 R2 = 2oo 
6 MSEC 6 MSEC 

5 MSEC 

1.0 p.u. 

1.5 p.u. 

>--7 

SANE AS v3 

SAME AS 

v3 



CASE NO. B-4 HIGH SPEED REGLOSE INTO SINGLE LINE TO GROUND FAULT 

BREAKER 

:GVA 61to__.,l __ o_v_E_R_H_EA_D_L_I_N_E _____ -« 

Xi • 1.0 v, "'£ 
~ 

50 MILES 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE-SWITCHED VOLTAGE 

v3 

R I= 2soo R2 = 
6 MSEC 

5 MSEC 

1.0 p.u. 

CABLE 

600 FT 

200 
6 MSEC 

MAX. PU OVERVOLTAGE 2.0 p. u. 1.5 p.u. 

LOCATION v 

>--.. · 
~-· 1 --

3 



CASE NO. B-5 FAULT INITIATED OVERVOLTAGES 

BREAKER 

40GVA 61to I OVERHEAD LINE 

~ 
CABLE 

~cf xo Xi •1.0 VI ~ 50 MILES v3 600 FT -

BREAKER RESISTORS R 1 = R2 = 
RESISTOR INSERTION TIMES 6 MS EC 6 MSEC 

MAXIMUM POLE SPAN 5 MSEC 

PRE- SWITCHED VOLTAGE 1. o p.u. 

MAX. PU OVERVOLTAGE 1.5 p . u. 1.6 p.u . 

LOCATION v 



CASE NO. B- 6 ENERGIZE LINE 

BREAKER 

:GVA~ I OVERHEAD LINE r 
CABLE 

Xi • 1.0 v, \'2 100 HILES v3 600 FT 

BREAKER RESISTORS R I= 1ooo Rz = 2oc 
RESISTOR INSERTION TIMES 6 MsEc 6 MSEC 

MAX. PU OVERVOLTAGE 1 

LOCATION 

MAXIMUM POLE SPAN 
PRE-SWITCHED VOLT AGE 

1. 00 p. u. 1. 2 p .u. 

5 ~SEC 

l.Q ? •U• 

1. 35 p.u. 

> 



CASE NO. B-l 
HIGH SPEED RECLOSING LINE 

BREAKER 

:CNA E)toi-+1--0_V_E_R_H_E_AD_L_I_N_E _____ ~~ CABLE > 
Xi • I.O v1 Vz 1oo MILEs v3 6oo FT 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE-SWITCHED VOLTAGE 

2.5 p.u. 

R 1 = 1ooo 
6 MSEC 

1.6 p.u. 

5 MSEC 

1. 0 p . u . 

6 MSEC 

1.6 p.u. 



CASE NO. B-8 FAULT INITIATED OVERVOLTAGES 

BREAKER Vr 
:~~~~--O_V_ER_H_E_A_D~~-LI_N_E_,-,----~~~~ > 

XT • r.o v, \'2 1oo MILEs r. c P v3 6oo FT 

MAX. PU OVERVOLTAGE 
LOCATION 

BREAKER RESISTORS R 1 = -
RESISTOR JNSERTION TIMES 
MAXIMUM POLE SPAN 
PRE- SWITCHED VOLTAGE 

1.8 p.u. 

1. ·) p.u. 

1.8 p.u. 

V4 
1.55 p.u. 

5 



CASE NO. B-9 ENERGIZE LINE INTO SINGLE LINE TO GROUND FAULT 

BREAKER 

X0
40GVA t;:;) f.--.Ht--o_v_E_RH_E_A_D_L_I N_E ______ LIC=C=A=B=LE=:= 
~ r ~ .. (1~ 

xt • 1.0 v1 ~ 1oo MILEs v3 6oo FT 

MAX. PU OVERVOLTAGE 
LOCATION 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE-SWITCHED VOLTAGE 

1.0 p.u. 

2500 

6 MSEC 

5 MSEC 

1.0 p.u. 

6 MSEC 

1.8 p.u. SAME 

SAME AS 

VJ 



CASE NO. B-10 HIGH SPEED RECLOSINC: INTO SINGLE liNE TO GROUND FAULT 

BREAK·ER 

:~~~~--o_v_~_H_E_A_D_L_IN_E _____ ~~~~ ~f 

Xi • 1.0 v1 ''-2 1oo MILEs v3 6oo FT -

MAX. PU OVERVOLTAGE 1 

LOCATION 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE-SWITCHED VOLTAGE 

2. 0 p.u . 

2ooo R2 = 2c o 
6 MSEC 6 ~SEC 

5 MS EC 

1.0 p .u . 

1.8 p . u . SAME AS v3 

SAME AS 

v3 



CASE NO. B-11 ENERGIZE LINE 

BREAKER 

:GVA GtD I OVERHEAD LINE 

Xi • 1.0 VI \'2 150 MILES 

MAX. PU OVERVOLTAGE 
LOCATION 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE-SWITCHED VOLTAGE 

1. 00 p . u . 1. 3 p . u. 

v 

~ 
CABLE 

v3 600 FT 

1ooo R2 = zoo 
6 MSEC 6 MSEC 

5 MS EC 

1.0 p.u. 

1.5 p.u. 

> 



CASE NO. B-12 HIGH SPEED RECLOSING 

BREAKER 

:GVA 61to I OVERHEAD LINE 

Xi • 1.0 VI \'2 150 MILES 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE-SWITCHED VOLTAGE 

R 1 = 1ooo 

MAX. PU OVERVOLTAGE 2 . 0 p.u. 

LOCATION 
1.4 p.u. 

v 

6 MSEC 

5 MSEC 

1.0 p.u. 

~ 
CABLE 

> 
v3 600 FT 

6 MSEC 

1.6 p.u. 



CASE NO. B-13 HIGH SPEED RECLOSING INTO SINGLE LINE TO GROUND FAULT 

40GVA 

xo 
XI •I.O 

BREAKER 

~~~----O_V_E_R_H_EA_D __ L_l_N_E __________ ~f CAB~ 

v1 ~ 15o MILEs v3 6oo FT 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE- SWITCHED VOLTAGE 

R I= 5oo 
6 MSEC 

5 MSEC 

1.0 p.u. 

6 MSEC 

2. 0 p.u . 

SAME AS 

v3 

3 



CASE NO. B-14 ENE RGIZING I NTO SINGLE L=NE TO GROUND FAULT 

BREAI<:ER 

40GVA 

xo xr ·to 

~~~----O_V_E_R_H_E_AD_- _L_I_N_E __________ ~~ CAB~ 

MAX. PU OVERVOLTAGE 
LOCATION 

VI ~ 150 HILES v3 600 FT 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAX I MUM POLE SPAN 
PRE-5\\'IrCHED VOLTAGE 

L O : •.U. 

V: -2 

5oo R2 = 
6 ~SEC 

5 MSEC 

1 .0 p.u. 

zoo 
6 HS EC 

2 . 0 p . u. SAHE AS v3 

SAHE AS 

v 
3 



CASE NO. B-15 FAULT INITIATED OVERVOLTAGES 

BREAKER VJ 
:~~~~--O_V_E_R_H_EA_D~t-I_N_E _____ ~~~~ > 

XI • 1.0 v1 ~ 15o MILEs ~ c f v3 6oo FT 

BREAKER RES ~STORS R 1 = - R2 = -
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE-SWITCHED VOLTAGE 1.o p .u . 

MAX. PU OVERVOLTAGE 1. 7 p . u. 1.8 p.u. 1.5 p.u. 

LOCATION 



CASE NO. B-16 F.h.ULT INITIATED OVERVOLTAGE 

BREAKER 

:GVA 6)to~I--O_V_E_R_H_E_A_D_L_l_N_E ____ 1 _....4(~ C~BLE 

XT a 1.0 VI \'2 50 MILES c.¢~ v3 10 MILES 

> 

BREAI<.ER RESISTORS R 1 = - R2 = -
RESIISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE-SWITCHED VOLTAGE 1. o p .u. 

MAX. PU OVERVOLTAGE 1.2 p.u. 1. 4 r: . u . l.4 p . u . 

LOCATION v -2 



CASE NO. B-17 HIGH SPEED RECLOSING INTO SINGLE LINE TO GROUND FAULT 

BREAKER 

40GVA 

xo 
XI •I.O 

~~~----O_V_E_R_H_E_AD __ L_I_N_E __________ ~~ CAB~ 

MAX. PU OVERVOLTAGE 
LOCATION 

v, Vz 50 MILES 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE-SWITCHED VOLTAGE 

R 1 = soo 
6 MSEC 

5 MSEC 

1.0 p.u. 

2. 0 p . u. 1.1 p.u. 

10 MILES 

6 MSEC 

1.45 p.u . 1.45 p.u. 



CASE NO. B-18 ENERGIZING INTO SINGLE LINE TO GROUND FAULT 

BREAKER 

:GVA 6)ta--+I--O\f_'E_R_H_E_A_D_L_I_N_E -------ecf CABLE 

Xi 11 1.0 VI ~ 50 MILES v3 10 MILES 

MAX. PU OVERVOLTAGE 
LOCATION 

BREAKER RESISTORS 
REStSTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE-SWITCHED VOLTAGE 

R 1 = soo 
6 MSEC 

5 MSEC 

1.0 p.u. 

6 MSEC 

1.0 p.u. l.2 p.u. 1.5 p.u. 1.5 p.u. 
~------------~~------4-----~~-------+----~~~----

v, -2 V2 V3 V4 



CASE NO. B-19 ENERGIZING INTO SINGLE LINE TO GROUND FAULT 

BREAKER 

:GVA 61fa-+I--O_V_E_R_H_EA_D_L_I_NE _____ --«f CABLE 

XT •1.0 v1 \'2 100 MILEs v3 10 MILEs 

MAX. PU OVERVOLTAGE 
LOCATION 

BREAKER RESISTORS R 1 = 5oo R2 = 1oo 
RESISTOR INSERTION TIMES 6 M3Ec 6 MSEC 

MAXIMUM POLE SPAN 
PRE-SWITCHED VOLTAGE 

1.1 .u. 

5 MSEC 

1.0 p.u. 

1.45 .u. 



CASE NO. B- 20 HIGH SPEED RECLOSING INTO SINGLE LINE TO GROUND FAULT 

BREAKER 

40GVA ~ I 
OVERHEAD LINE 

xo Xi 11 1.0 

MAX. PU OVERVOLTAGE 
LOCATION 

v, \'2 1)0 HHES 

BREAKER RESISTORS R I= 5oo 
RES,ISTOR INSERTION TIMES 6 HS EC 

MAXIMUM POLE SPAN 
PRE- SWITCHED VOLTAGE 

2 . 0 p . u. 

v -2 
1.1 p.u. 

r CABLE 

= 
v3 ::_ o HIL ES 

R2 -= 1oo 

5 MSEC 

1 .0 p.u. 

6 HSEC 

1.5 p.u. 

v 

>---] Ar 
-

1.5 p . u. 



CASE NO. _3_-2_1 FAULT INITIATED OVERVOLTAGES 

BREAKER 

40GVA ~I....., I OVERHEAD LINE r=f CABLE 

XO 
0rfu~--------------IC ____ > 

0 13,L ,;.., XT • I. v1 \'2 1oo MILEs 'f" / _r_ v3 10 MILES 

BREAKER RESISTORS R 1 = - R2 = -
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE-SWITCHED VOLTAGE 1.o p.u. 

MAX. PU OVERVOLTAGE 1.2 p.u. 1.6 p.u. 1.6 lJ.U. 

LOCATION 



CASE NO. B- 22 FAU LT INI TIATED OVERVOLTAGES 

BREAKER Vc 
~GVA ~-T~----o_v_E_R_M_E_AD~L_I_N_E __ ~~----~ 

XI"I.O VI 1.2 150 ~ILES ~ c <f 
~ 

r CABLE 
_:~ ·· > 

v3 10 MILES 

BREAKER RESISTORS R 1 = - R2 = -
RESISTOR INSERTION "!"IMES 
MAXIMUM POLE SPAN 
PRE-SWITCHED VOLTAGE 1.o p .u. 

MAX. PU OVERVOLTAGE 1. 6 p.u. 1.2 p.u . 

LOCATI N 



~ASE NO. B-23 ENERGIZING INTO SINGLE LINE TO GROUND FAULT 

BREAKER 

:GVA ~4'~--0V_E_R_H_E_AD_L_I N_E _____ "i<~==CA=B=LE===~j11 
XI • 1.0 v, "'2 150 MILES v3 . _1_0 _MI_L_Es 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE-SWITCHED VOLTAGE 

R I= 5oo R2 = 1oo 
6 MSEC E tlSEC 

5 MSEC 

1.0 p.u. 

MAX. PU OVERVOLTAGE 1.0 p.u. 1.1 p.u. 1.8 p.u. 

LOCATION v ---
1.8 p.u. 

v. 



CASE NO. B-24 HIGH SPEED RECLOSING INTO SINGLE LINE TO GROUND FAUlT 

40GVA 

xo 
XI ai.Q 

BREAKER 
C"\ 1.., I OVERHEAD LINE L CABLE 
~~~...::..:..::.:..:.:..:.::.::.::._:::.:.:.:::.. ___ -kr======~>-, ~ r 

Vt ~ 150 MILES V3 10 MILES 

BREAKER RESISTORS R 1 = 5oo 
RESISTOR INSERTION TIMES 6 MSEC 

MAXIMUM POLE SPAN 
PRE-SWITCHED VOLTAGE 

5 MSEC 

1.0 p.u. 

6 MSEC 

MAX. PU OVERVOLTAGE 2.0 p.u. 1.1 p.u. 1.8 p.u. 

LOCATION v -2 
1.8 p.u. 

v. 



..,;1-\SE NO. B-25 ENERGIZING INTO SINGLE LINE TO GROUND FAULT 

40GVA 

xo 
XI •I.O 

BREAKER 
~I,..., I OVERHEAD LINE L CABLE 
~~---=..:..:::.::..:.::.::::::.....=.::.=.___------'rr--· -~>--t A + 

v1 "2 5o MILEs v3 5o MILEs 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
.MAXIMUM POLE SPAN 
PRE-SWITCHED VOLTAGE 

R I= 200 
6 MSEC 

R2 = 5o 

5 MSEC 

1.0 p.u. 

6 MSEC 



CASE NO. B-26 HIGH SPEED REClOSING INTO SINGLE LINE TO GROUND FAU~T 

BREAKER 

:GVA 61fa~j--O_V_E_R_H_E_A_D_L_I_N_E _____ ....c:. ~ CABLE 

XI • J.O v1 ~ 5o MILEs v3 5o MILEs ---

BREAKER RESISTORS R f = 2oo R2 = so 
RESISTOR INSERTION TIMES 6 MSEC 6 MSEC 

MAXIMUM POLE SPAN 5 MSEC 

PRE-SWITCHED VOLTAGE r.o p.u. 

MAX. PU OVERVOLTAGE 1.0 -;:.u. 1.3 p.u. 1.5 p.u. 1.5 p.u. 

LOCATION -2 v v. 

= 



CASE NO. B-27 FAULT INITIATED OVERVOLTAGES 

BREAKER ~~ 

:GVA ~H~--o_v_E_R_H_E_AD--t:tL==I=N=E=-l-----tC~ CABLE 

XI •1.0 VI ~ _5_o_M_IL_Es_ -t: c.4 v3 50 MILES 

> 

BREAKER RESISTORS R 1 c - R2 = -
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE-SWITCHED VOLTAGE 1.o p.u. 

MAX. PU OVERVOLTAGE 1.7p.-u. 1.5 p.u. 1.5 p.u. 1.5 p.u. 

LOCATION v. 



CASE NO. B- 28 FAlLT INITIATED OVERVOLTAGES 

BREAKER 

X0

40GVA r;:::::._J 11~1--o_v_E_R_H_E_AD__,...LL_I_N_E _____ -ICL CABLE > 
10 ~ ~~+ r x1 • · vr \'2 1oo M:LEs __r_ v3 so MILEs 

BREAKER RESISTORS R 1 = - R2 = -
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE-SWITCHED VOLTAGE 1.o p.u. 

MAX. PU OVERVOLTAGE 1.3 p.u. 1.8 p . u . 1.8 p.u. 

LOCATION 



HIGH SPEED RECLOSING IN SINGLE LINE TO GROUND FAULT 

BREAKER 

:GVA cYtor-ti--O_VE_R_H_E_A_D_L_I_N_E ____ ---l· ~IC=C=A=B=LE==::::>--~~ 1-' 

XI .. 1.0 v1 ~ 1oo MILEs v3 5o MILEs 

MAX. PU OVERVOLTAGE 
LOCATION 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE-SWITCHED VOLTAGE 

2.0 p.u. 

v -2 

R 1 = 2oo R2 = 5o 

1.4 p.u. 

6 MSEC 

5 MSEC 

1.0 p.u. 

6 MSEC 

2.2 p.u. 2.2 p.u. 



HIGH SPEED RE:L)SING I~TO SINGLE LINE TO GROUND FAUL: 

CASE NO. B-JO WITH :ONTRJL.uED BREAKER CLOSING 

BREAKER 
40GVA 61to I OVERHEAD LINE r 

CABLE 

xo Xi. r.o v, \2 100 MILES v3 SO MILES 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE-SWITCHED VOLTAGE 

R 1 ~:: 2oo R2 = so 
6 MSEC 

MAX. PU OVERVOLTAGE , 2.0 p.u. 1.1 p.u. 

LOCATION 

6 MSEC 

5 MSEC 

1.0 p.u. 

1.6 p.u. 

>:),li1> 

1.6 p.u. 



CASE NO. B-31 
ENERGIZING INTO SINGLE LINE TO GROUND FAULT 

WITH CONTROLLED BREAKER CLOSING 

BREAKER 

X0
40GVA C\) I ,.,r-tf--o_v_ER_H_E_A_D_L_I N_E _____ _,L~'=c=A=B=LE==:::::=>--
~ r Yif. 

xt •1.0 v
1 

Vz 1oo MILEs v3 5o MILEs ~ 

MAX. PU OVERVOLTAGE 
LOCATION 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE-SWITCHED VOLTAGE 

1.0 p.u. 

R I= zoo R2 = 5o 

1.1 p.u. 

6 MSEC 

5 MSEC 

1.0 p.u. 

6 MSEC 

1.6 p.u. 1.6 p.u. 



CASE NO. B-3 £. HIGH SPEED RECLOSING LINE 

(19 Hz DEAD TIME) 

BREAKER 

:GVA 6>ta I OVERHEAD LINE 

~ 
CABLE 

Xi •1.0 v, Vz 1St) ~1ILES v3. SO MILES 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE ·sPAN 
PRE-SWITCHED VOLTAGE 

R I = 2oo R2 = so 
6 MSEC 6 MSEC 

S MSEC 

1.0 p.u. 

MAX. PU OVERVOLTAGE 1.3 .u. 1.6 p.u. 

LOCATION 

> 

1.6 p.u. 



CASE NO. B-33 FAULT INITIATED OVERVOLTAGES 

BREAKER 

:GVA ~~~--O_V_E_R_H_E_A...,.D_L_I_N_E_) __ . --~f CABLE > 

XI • t.o v1 ~ 1so MILEs -·~c.~ v3 so MILEs 

BREAKER RESISTORS R 1 = - R2 = -
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE-SWITCHED VOLTAGE 1.0 p.u. 

MAX. PU OVERVOLTAGE 1.2 p.u. 1.5 p.u. 1.5 p.u. 

LOCATION 



CASE NO. B-34 ENERGIZING LINE 

BREAKER 

:CNA 61to I OVERHEAD LINE f CABLE 

Xi •1.0 v, \2 150 MILES v3 50 MILES 

R 1 = 200 R2 = so BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAX I MUM POLE SPAN 
PRE- SWITCHED VOLTAGE 

6 MSEC 6 MSEC 

MAX. PU OVERVOLTAGE 1.0 p.u. 

LOCAT10N 
1.2 p.u. 

5 MSEC 

1.0 p.u. 

1.4 p.u. 

> 

1.4 p.u. 



..., ..... SE NO. B-35 ENERGIZING INTO SINGLE LINE TO GROUND FAULT 

BREAKER 

:GVA 0ta~I--O_V_E_R_H_E_AD_L_I_N_E _____ -«l CABLE 

XT •1.0 v1 \'2 so MILEs v3 2 MILEs 

MAX. PU OVERVOLTAGE 
LOCATION 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE-SWITCHED VOLTAGE 

1.0 p.u. 

R I= 1soo R2 = 2oo 
6 MSEC 

1.1 p.u. 

6 MSEC 

5 MSEC 

1.0 p.u. 

1.4 p.u. 1.4 p.u. 



CASE NO. B-Js HIGH SPEED F.ECLOSING INTO SINGLE LINE TO GROUND FAULT 

BREAKER 

40GVA 

xo 
xr•LO 

~~~----O_V_E_R_H_E_A_D_L_I_N_E ________ ~~f CAB~ 

MAX. PU OVERVOLTAGE 
LOCATION 

v1 v.z so MILEs v3 2 MILEs 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE-SWITCHED VOLTAGE 

2.0 p.u. 

R I= 1soo R2 = 2oo 

1.0 ·p.u. 

6 MSEC 

5 MSEC 

1.0 p.u. 

6 MSEC 

1.4 p.u. 1.4 p.u. 



\,;AS E NO. B-3 7 FAULT INITIATED OVERVOLTAGES 

BREAKER 

:GVA 0fa--ti--O_V_E_R_H_EA_D_L_I_N_E ____ 1:_-::_-----~"'f~~C-A_B_LE_...;> 
XI • 1.0 v, Vz 50 MILES ccf -:1_ v3 2 MILES 

BREAKER RESISTORS R tc - R2 = -
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE-SWITCHED VOLTAGE 1.o p.u. 

MAX. PU OVERVOLTAGE 1.2 p.u. 1.5 p.u. 1.5 p.u. 

LOCATION v 



CASE NO. B-3i: ENERGIZE LINE 

BREAKER 

:GVA cYta I OVERHEAD LINE 

~ 
CABLE 

Xi •1.0 VI V£ 50 MILES v3 2 MILES 

BREAKER RESISTORS R I = 2soo R2 = 200 

RESISTOR INSERTION TIMES 6 MSEC 6 MSEC 

MAX. PU OVERVOLTAGE 
LOCATION 

MAXIMUM POLE SPAN 
PRE-SWITCHED VOLTAGE 

1.3 p.u. 

5 MSEC 

1.0 p.u. 

1.4 p.u. 

> 

1.4 p.u. 
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~I ~ABLE>I 
OOMILES 

100 MILES 

OVERHEAD 

llJ 
_J 

mll.l 
<X(!) 
u~ 1.5 

Rt =son 

:Eo 
=>> 
:Ea: 
~ll.l FI X> 1.2 t---'-------------:...:·..:.:·:..__ 

~0 

500 1000 bOO 2000 2500 3000 3500 

R2 
---·· E 

® RC- SLGF 



~I ~ABLE>I 
50 MILES 

150 MILES 

OVERHEAD 

2.0 R1 =so 

500 1000 1500 2000 2500 3000 3500 

R2 
---E 

----- RC 



CASE NO. c-1 

BREAKER 

FAULT INITIATED OVERVOLTAGES 

~r-f-1-·<<:::CA=B::::L::E:=:::::::· >~J--O.:_V_.:E,_R_H..:._EA....:D:.........::L:..:..I N~E=-----~h 40 GVA 

XO = I.O 
XI v v 2 MILES u, 50 MILES v.. I 

I .. 2 .. , .... I~¢ 

BREAKER RESISTORS . R1• · -
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE- SWITCHED VOLTAGE 

1.3 p.u. 

2 

1.0 p.u. 

-n:-· 

1.3 p.u. 1.4 p.u. 

3 . .. 4 



CASE 

40 GVA 

XO = I.O 
XI 

NO. C-2 ENERGIZING INTO SINGLE LINE TO GROUND FAl""LT 

BREAKER 

~I 
CABLE 

>I < 
2 HILES 

VI v2 \3 

BREAKER RESISTORS 
RESISTOR tNSERTION TIMES 
MAXIMUM POLE SPAN 
PRE -SWITCHED VOLTAGE 

1.0 p.u. 

OVERHEAD LINE 

50 ~ILES 

R1• 1ooo R2= zoo 
6 MSEC 6 MSEC 

5 MSEC 

1.0 p.u. 

1.3 p.u. 1.3 p.u. 

2 3 

I :L-11~ 
v4 ---.,_ 

1.4 p.u. 

4 



~ASE NO. C-3 HIGH SPEED RECLOSING OF LINE 

· BREAKER 

40 GVA ~I 
CABLE 

>I 
OVERHEAD LINE 

< 
XO a 1.0 
XI VI v2 2 :HILES Y.3 50 MILES v4 

BREAKER RESISTORS R1• 1ooo R2a 2oo 
RESISTOR INSERTION TIMES 6 MSEC 6 MSEC 

MAXIMUM POLE SPAN 5 MSEC 

PRE -SWITCHED VOLTAGE 1.0 p.u. 

2.0 p.u. 1.3 p.u. 1.3 p.u. 1.3 p.u. 

2 3 4 



CASE NO. c-4 

BREAKER 

ENERGIZm·; INTO SINGLE LINE TO GROUND FAULT 

40 GVA 

XO a: I.O 
XI 

CAB ... E OVERHEAD -LINE 

10 MILES 50 MILES 

BREAKER RESISTORS R1• 1soo 
RESISTOR INSERTION TIMES 6 MSEc 

MAXIMUM POLE SPAN 5 MSEC 

PRE -SWITCHED VOLTAGE 1.0 p.u. 

. u. 



CASE 

40 GVA 

xo 1: 1.0 
XI 

NO. C-5 HIGH SPEED RECLOSING INTO SINGLE LINE TO GROUND FAULT 

BREAKER 

~I 
CABLE 

>I < 

VI v2 10 MILES Y.3 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE -SWITCHED VOLTAGE 

2.0 p.u. 

OVERHEAD LINE 

50 MILES 

Rt• 1soo R2c 2oo 
6 11SEC 6 MSEC 

5 MSEC 

1.0 p.u. 

1.2 p.u. 1.2 p.u. 

2 3 

L-1 tl "' v4 -==· -,:.-~ 

1.5 p.u. 

4 



~ASE NO. C-6 ENERGIZING INTO SINGLE LINE TO GROUND FAULT 

BREAKER 

40 GVA ~I 
CABLE 

>I 
OVERHEAD LINE 

I < 
XO ~: 1.0 
XI Vt v2 50 MILES 

~ 
50 MILES v4 ~<f =-

BREAKER RESISTORS R1• 5oo R2• 1oo 
RESISTOR INSERTION TIMES 6 MSEC 6 MSEC 

MAXIMUM POLE SPAN 5 MSEC 

PRE -SWITCHED VOLTAGE 1.0 p.u. 

M 1.0 p . u. 1.3 p.u. 1.3 p.u. 1.6 p.u. 

2 3 4 



CASE 

40 GVA 

XO = I.O 
XI 

NO. C-7 FAULT INITIATED JVERVGLTAGES 

BREAKER 

~I 
CABLE 

>I 
OVERHEAD 

< 
50 MILES 

VI v2 50 MILES 
~ 

BREAKER RESISTORS · R1 a -

RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 

LINE 

PRE -SWITCHED VOLTAGE 1.0 p.u. 

1.15 p.u. 1.15 p .u. 

2 3 

I 
~ v4 ~f) 

;;::-· 

1.3 p.u. 

4 



CASE NO. C-8 HIGE SPEED RECLOSING INTO SINGLE LINE TO GROUND FAJLT 

BREAKER 

40 GVA ~ I 
CABLE 

>I 
OVERHEAD LINE 

L,17f < 
xo = 1.0 
XI vl v2 50 MILES 

~ 
50 MILES v4 - ·· ---· 

BREAKER RESISTORS R1• 5oo R2-= 1oo 
R.ESISTOR INSERTION TIMES 6 MSEC 6 MSEC 

MAXIMUM POLE SPAN 5 MSE-: 

PRE- SWITCHED VOLTAGE 1.0 p.u. 

2.0 p.u. 1.2 p.u. 1.2 p.u. 1.3 p.u. 

2 3 4 



.:ASE NO. C-9 HIGH SPE3D RECLOSING INTO SINGLE LINE TO GROUND FAULTS 

BREAKER 

40 GVA ~I 
CABLE 

>I 
OVERHEAD LINE l < 

XO c I.O :Hrl XI VI v2 50 MILES Y3 100 MILES v4 -

BREAKER RESISTORS R1• 2oo R2c 5o 
RESISTOR INSERTION TIMES 6 MSEC 6 MSEC 

MAXIMUM POLE SPAN 5 MSEC 

PRE -SWITCHED VOLTAGE 1.0 p.u. 

2.0 p.u. 1.3 p.u. 1.3 p.u. 1.5 p.u. 

2 3 4 



CASE NO. _c-_1_0 ENEEGIZING INTO SINGLE LINE TO GROUND FAULT 

40 GVA 

XO c: I.O 
XI 

BREAKER 
CABLE OVERHEAD LINE 

50 NILES 100 MILES 

BREAKER RESISTORS R1r 200 R2• 5o 

RESISTOR INSERTION TIMES 6 MSEC 6 MSEC 

MAXIMUM POLE SPAN 5 MSEC 

PRE -SWITCHED VOLTAGE 1.o p.u. 

1.0 p.u. 1.2 p.u. 1.2 p.u. 

2 3 
1.4 p.u. 

4 



CASE NO. c-1-1 

BREAKER 

FAULT INITIATED OVE~VOLTAGES 

40 GVA 

XO c: I.O 
XI 

CABLE 
v. 

OVERHEADr LINE 

50 MILES 100 MILES _t: c .. f 

BREAKER RESISTORS R1• - R2c -
RESISTOR ' INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE -SWITCHED VOLTAGE 1.0 p.u. 

1.4 p.u. 1.2 p.u. 1.2 p.u. 

2 3 
1. 7 p.u. 

4. 



CASE NO. _c-_1_2 ENERGIZING I~TO SINGLE LINE TO GROTJND FAULT 

40 GVA 

XO c 1.0 
XI 

BREAKER 
CABLE OVERHEAD LINE 

50 1-CLES 150 MILES 

BREAKER RESISTORS R1• 2oo R2a 5o 
RESISTOR INSERTION TIMES 6 MSEC 6 MSEC 

MAXIMUM POLE SPAN 5 MSEC 

PRE- SWITCHED VOLTAGE ~.o p.u. 

1.0 p.u. 1.2 p.u. 1.2 p.u. 

2 3 
1. 7 p.u. 

4 



~AS E NO. C-l3 HIGH SPEED RECLOSING INTO SINGLE LINE TO GROUND FAULT 

40 GVA 

xo t: 1.0 
XI 

BREAKER 
CABLE OVERHEAD LINE 

50 MILES 150 MILES 

BREAKER RESISTORS 
RESISTOR INSERTiON TIMES 
MAXlMUM POLE SPAN 

Rl• 2oo- R2• 5o 
6 !1SEC 6 MSEC 

5 MSEC 

PRE -SWITCHED VOLTAGE 1.0 p.u. 

2.0 p.u. 1.3 p.u. 1.3 p.u. 

2 3 
1.7 P-U• 

4 



CASE 

40 GVA 

xo c: 1~0 
XI 

NO. C-14 FAULT INITIATED OVERVOLTAGES 

BREAKER Vr 

~I 
CABLE 

>I 
OVERHEAD 

< I 
50 :MILES 150 MILES 

Vt v2 ~ 

BREAKER RESISTORS R1• -
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 

LINE 

_}v!.f 
r · 

PRE -SWITCHED VOLTAGE 1.0 p.u. 

1.4 p.u. 1.2 p.u. 1.2 p.u. 

2 3 

I 
v4 

1.7 p.u. 

4 



CASE NO. C-15 HIGH SPEED RECLOSING INTO SINGLE Li NE TO GROUND FAULT 

40 GVA 

xo 1: 1.0 
XI 

BREAKER 
CABLE OVERHEAD LINE 

_ 10 MILES _00 MILES 

BREAKER RESISTORS R1• 2so R2c 1oo 
RESISTOR INSERTION TIMES 6 MSEC 6 MSEC 

MAXIMUM POLE SPAN 5 MSEC 

PRE -SWITCHED VOLTAGE 1.0 p.u. 

2.0 p.u. 1.2 p.u. 1.2 p.u. 

2 3 

1.5 p.u. 

4 



CASE NO. c-1 6 ENERGIZING I~~O SINGLE LINE TO GROUND FAJLT 

40 GVA 

XO = 1.0 
XI 

BREAKER 
CABLE OVERHEAD L1NE 

10 HILES HJO MILES 

BREAKER RESISTORS R1• 25o R2= 1oo 
RESISTOR INSERTION TIMES 6 MSEC 6 MSEC 

MAXIMUM POLE SPAN 5 MSEC 

PRE -SWITCHED VOLTAGE 1.0 p.u. 

!l. O p.u. 1.1 p.u. 1.1 p.u. 

2 3 
1.5 p.u. 

4 



CASE 

40 GVA 

xo = 1.0 
XI 

NO. C-17 FAULT INITIATED OVERVOL~AGES 

BREAKER 

~I 
CABLE 

>I 
OVERHEAD LINE 

< I v 
100 MILES ~ C cf VI v2 10 MILES 'J.3 

BREAKER RESISTORS R1• -
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 

PRE- SWITCHED VOLTAGE 

1.3 p.u. 

2 

1.0 p.u. 

1.3 p.u. 

3 

v4 

1.5 p.-1. 

4 



CASE NO. C-18 HIGH SPEED RECLOSING INTO SINGLE LIKE TO GROUND FAULT 

BREAKER 

40 GVA ~I 
CABLE 

>I 
OVERHEAD LINE 

I ~f1f < 
XO = I.O 10 KILES 150 MILES 
XI VI v2 'J.3 v4 ~ 

BREAKER RESISTORS R1• 5oo R2-= 1oo 
RESISTOR INSERTION TIMES 6 MSEC 6 MSEC 

MAXIMUM POLE SPAN 5 MSEC 

PRE- SWITCHED VOLTAGE 1.o p.u. 

2.0 p.u. 1.2 p.u. 1.2 p.u. 1. 7 p.u. 

2 3 4 



C-19 ~ASE NO. __ ENEF.GIZING INTO SINGLE LHE TO GROUND PAUL'::' 

BREAKER 

40 GVA 

xo = 1.0 
XI 

CABLE OVERHEAD LINE 

10 MILES 150 MILE::: 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 

R1• 5oo. 
6 l1SEC 

5 MSEC 

PRE- SWITCHED VOLTAGE 1.0 p.u. 

1.0 p.u. 1.2 p.u. 

2 
1.2 p.L. 



CASE 

40 GVA 

XO = 1~.0 
XI 

NO. C- 20 ?AULT INITIATED OVERVOLTAGES 

BREAKER 

6)t®l CABLE 

>I < 

VI v2 lC MILES 
~ 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE- SWITCHED VOLTAGE 

Vr 
OVERHEiO LINE 

f/. ~ 150 HILES ' c.. , ·-

1.0 p.u. 

1.5 p . u. 1. 35 p . u. 

3 

v4 

1.8 p.u. 



CASE 

40 GVA 

XO = I.O 
XI 

NO. C-21 HIGH SPEEJ REGLOSING 

BREAKER 

~I 
CABLE 

>I < 

v, v2 :.. 0 MILES 'J.3 

I BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 

PRE- SWITCHED VOLTAGE 

2.0 "J.u. 

OVERHEAD LINE 

0. 0 MILES 

R1 = 15oo R2c zoo 
6 MSi':C : HSEC 

5 MSEC 

1.0 p.u. 

1.2 p.u. 1.2 ?•U• 

2 3 

~ 
v4 

4 



CASE NO. C-22 ENERGIZATION - WITH NO OVERHEAD SYSTEM 

BREAKER 
40 GVA ~I 

CABLE 

>I 
OVERHEAD LINE 

< 
XO = 1.0 10 ~'fiLES 0.0 MILES 
XI VI v2 ~ v4 

BREAKER RESISTORS R1 = 15oo R2= 2oo 
RESISTOR INSERTION TIMES 6 MSEC 6 MSEC 

MAXIMUM POLE SPAN 5 MSEC 

PRE- SWITCHED VOLTAGE 1.0 r:.u. 

1.0 p.u. 1.2 p.u. 1.2 p.u. 

2 3 4 



CASE 

40 GVA 

xo = 1.0 
XI 

NO. C-23 ENERGIZATION - NO BREAKE~ RESISTORS 

NO 0'/ERHEAD LINE 
BREAKER 

@f-® I CABLE 

>I 
OVERHEAD 

< 

VI v2 2 MILES '1.3 

BREAKER RESISTORS R1• o.o 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 

0.0 MILES 

5 MSEC 

LINE 

PRE- SWITCHED VOLTAGE 1.0 p. u . 

2.2 "J.U. 2.2 ::>.u. 

2 3 

v4 

4 



CASE 

40 GVA 

xo = 1.0 
XI 

NO. C-24 ENEF:GIZATION - ONE STEP RESISTOR - NO OVERHEAD 

BREAKER 

~ I 
CABLE 1 OVERHEAD LINE 

< 
0.0 MILES 2 MILES 

VI v2 ~ 

BREAKER RESISTORS 
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE- SWITCHED VOLTAGE 

Rt= lOOOQ R2c 0.0 
6 MSEC 

5 HSEC 

1.0 p.u. 

1.0 p . u. 1.2 p.u. 1.2 p.u. 

2 3 

v4 

4 



CASE NO. C-25 Et~E3.GIZATION L'i/10 SINGLE LINE TO GROUND FAULT 

BREAKER 

40 GVA ~ I 
CABLE 1 OVERHEAD LINE 

~ < 
xo 1: 1.0 
XI VI v2 50 MILES 

~ 
0.0 MILES v4 

BREAKER RESfSTORS R1= 1so•) R2= 1oo 
RESISTOR INSERTION TIMES 6 Iv:s~c 6 MSEC 

MAXIMUM POLE SPAN 5 MSEC 

PRE- SWITCHED VOLTAGE 1.0 p.u. 

1.0 p.u. 1.2 p.u. 1.2 p.u . 

2 3 4 



CASE NO. C-26 HIGH SPEED RECLOSING INTO SINGLE :.. INE TO GROUt\D FAULT 

BRfAKER 

40 GVA ~I 
CABLE 

>I 
OVERHEAD LINE 

~ < 
xo = 1.0 50 MILES 0.0 MILES XI v, v2 'J.3 v4 

BREAKER RESISTORS R1 = 1soJ 
RESISTOR INSERTION TIMES 6 MSEC 

MAXIMUM POLE SPAN 5 MSEC 

PRE- SWITCHED VOLTAGE 1.0 p.u. 

2.0 p.u. 1.2 p.u. 1.2 p.u. 

2 3 4 
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e 
CASE NO. D-1 

BREAKER 
40GVA 

~NERGI.ZE LINE 

CABLE OVERHEAD LINE CABLE 

50 MILES 1 0 HILES 

XO/XI• 1.0 

BREAKER RESISTORS R1 • soo R2 • 1oo 
RESISTOR INSERTION TIMES E MSEC 6 M~EC 

MAXIMUM POLE SPAN !; MSEC 

PRE-SWITCHEO .VOLT.AGE 1.o p.u. 

1.0 p.u. 1.2 p.u. 1.2 l=•U• 

v1-2 · 

V5 

1.35 p.u. 



CASE NO. D-2 

BREAKER 
40GVA 

HIGH SPE~D RECLOSING OF LINE 

XO/XI= 1.0 

2.0 ? •U• 

CABLE OVERHEAD LINE 

V2 10 MILES 5.0 ~'1ILES 

BREAKER RESISTORS Rr = 5oo 
RESISTOR INSERTION TIMES 6 MSEC 

MAXIMUM POLE SPAN 
PRE-SWITCHED VOLTAGE 

1. 2 p.u. 1. 2 p .u. 

5 MSEC 

CABLE 

10 MILES 

R2 = 1 00 
6 MSEC 

1.0 p.u. 

1.45 p.u. 

V5 

1.45 p .u. 



CASE NO. D-) 

BREAKER 
40GVA 

CABLE 

V2 1C MILES 

XO/XIc 1.0 

Fh.tLT INITIATED OVERVOLTAGES 

. vb 
OVERHEAD LINE 

50 MILES -t-' '= ~ 

CABLE 

10 HILES 

BREAKER RESISTORS R1 c: - R2 c -

RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE-SWITCHED VOLTAGE 1.o p.u. 

1.25 p.u. 1.4: -:.u. l. 5 j:: .u. 

v_s, 
l. 5 j::. u. 



CASE NO. D-4 

BREAKER 
40GVA 

HIGH SPEED RECLOSING INTO SINGLE LINE TO GROUND FAULT 

CABLE OVERHEAD LINE CABLE 

V2 10 MILES 5•) NILES 10 MILES 

XO/XI• 1.0 

BREAKER RESISTORS R1 • 5oo R2 • 100 
RESISTOR INSERTION TIMES 6 NSEC 6 MSEC 

MAX I MUM POLE SPAN 5 MSEC 

PRE-SWITCHED VOLTAGf 1.o p.u. 

2.0 p.u. 1.2 p.u. 1.2 p.u. 1.3 p.u. 

v.1-2 
1.3 p.u. 



·CASE 41o. n-s 

BREAKER 
40GVA 

ENERGIZING INTO SINGLE LINE =o GROUND FAULT 

XO/X I• 1.0 

1.0 p.u. 

CABLE · OVERHEAD LINE CABLE 

~====*-----------------~======~At 
V2 10 MILES V3 so MILES Y4 10 MILES Y~_--, 

BREAKER RESISTORS . R1 • soo R2 • l)o 
RESISTOR lNSERTION TIMES 6 MSEC 6 MS3C 

MAXIMUM POLE SPAN 5 MSEC 

PRE-SWITCHED VOLTAGE 1.o p.u. 

1.25 p.u. ],L5 p.u. 1.45 p.u. 



CASE NO. D-6 

BREAKER 
40GVA 

EIGH SPEED RECLOSI:~G INTO SINGLE LINE TO GROUND FAULT 

CABLE OVERHEAD LINE CABLE 

100 MILES 50 MILES 

XO/XI• 1.0 

BREAKER .RESISTORS R1 • 2oo R2 1: 5o 
RESISTOR INSERTION TIMES 6 MSEC 6 MSEC 

MAXIMUM POLE SPAN 5 MSEC 

PRE-SWITCHED VOLTAGE 1.o p.u. 

1.] p.u. 1.6 p.u. 1.6 p.u. 



CASE NO. D-? 

BREAKER 
40GVA 

ESE::<.GIZI!NG INTO SINGLE l I$ TO GROU~D FAULT 

CABLE OVERHEAD LINE CABLE 

100 HILES 50 HILES 

XO/XI= 1.0 

BREAKER RESISTORS R 1 1: 2oo R2 1: so 
RESISTOR INSERTION TIMES 6 HSEC 6 MSEC 

MAXIMUM POLE SPAN 5 HSEC 

PRE-SWlTCHED VOLTAG_E ::...o p.u. 

1. 1 5 . u. ::._.}_: "J.U. 1.45 .u. 



CASE NO. D-B 

BREAKER 
40GVA 

•· 

iENERGIZE LINE 

CABLE OVERHEAD L'INE 

XO/XI c 1.0 

1.0 p •. u. 

100 ~ILES 

BREAKER RESISTORS.. R1 c 5oo 
RESISTOR INSERTION TIMES 6 MSEC 

MAX11 MUM POLE SPAN 
PRE-SWITCHED VOLTAGE 

1.25 p.u. 1.25 p.u. 

CABLE 

10 MILES 

R2 c 1oo 
6 MSEC 

5 MSEC 

1.0 p.u. 

1.4 .u. 

V5 



CASE. NO. D-9 

BREAKER 
40GVA 

FAULT INIT=:J.TED CIERYJL-=-AGES 

CABLE 
V& 

OVERHEAD LINE 

XO/XI• 1.0 

1.5 p.u. 

BREAKER RESISTORS R1 1: -

· RESISTOR INSERTION TIMES 
' MAXIMUM POLE SPAN . 
PRE-SW·ITCHED VOLTAGE 

1.25 p.u. 1.~: p.t:.. 

1.0 p.u. 

CABLE 

1.6 p.u. 1.6 f:.U. 



:CASE . NO. D-1o HIGH SPEED RECLOSING O:F LI:N'E 

BREMER 
I4IO GVA 

. OABUE OVERrH EAD LINE 

lCO/XI• 1..0 

100 t-'.:ILES 

BREAKER RESISTORS Rt • 5oo 
RESISTOR INSERTION TIMES 6 MSEC 

MAXIMUM POLE SPAN 
PRE.;.SWITCHED VOLTAGE 

1.3 p.u. 1.3 p.u. 

5 HSEC 

CABLE 

10 MILES 

R2 • 1oo 
6 MSEC 

1.0 p.u. 

1.4 p.u. 

• 

V5 

1.4 p.u. 



CASE NO. D-::..l 

BREAKER 
40GVA 

::IIGH SPEED REGLOSING ItUO 3:::NGLE 1 WE TO GROUND FAU=..-=-

CABLE OVERHEAD LINE CABLE 

100 MILES 10 HUES 

XO/)C I• 1.0 

BREAKER RESISTORS R1 c: soo R2 • 10:: 

RESISTOR INSERTION TIMES 6 MSE·= 6 MSE•: 

MAXIMUM POLE SPAN 5 HSEC 

PRE-SWITCHED VOLTAGE L ·) p.u. 

~.0 p.u. 1.2 J:.U. 1.2p.t:. 1.5 p.u. 1.5 p.u. 



CASE NO. D-12 

BREAKER 
40GVA 

t.NE::<.GIZING INTO SINGLE . LINE TO GROUND FAULT 

CABLE OVERHEAD LINE CABLE 

V2 10 MILES 100 NLES 10 MI LES 

XO/XI• 1.0 

BREAKER RESISTORS _RI • 5oo R2 -= 1oo 
RESISTOR INSERTION TiMES 6 MSEC 6 MSEC 

MAXIMUM POLE SPAN 5 MSEC 

PRE-SWITCHED VOLTAGE 1.o p .u. 

1.0 p.u. l. 3 :J. U . 1.5 p. u . 

V5 _ 

1.5 p.u. 



CASE NO. D-!3 

BREAKER 
40GVA 

ENERGIZE LINE 

CABLE OVERHEAD LINE 

XO/XI ·• 1.0 

1.0 p.u. 

150 MILES 

BREAKER RESISTORS R1 • 5oo 
RESISTOR INSERTION TIMES 6 MSEC 

MAXIMUM POLE SPAN 
PRE-SWITCHED VOLTAGE 

1.25 ?•U• 1. 25 p .u. 

CABLE 

10 MILES 

R2 • 1oo 
6 MSEC 

5 MSEC 

1.0 p.u. 

1.45 p. -_1. 1.~5 p.u. 



CASE NO. D-14 

BREAKER 
40GVA 

FAULT INITIATED OVERVOLTAGES 

CABLE 
vlJ 

OVERHEAD LINE 

XO/XI• 1.0 

1.6 p.u. 

150 ~1IlES _j;! t:Yf 
-----

BREAKER RESISTORS Rt • -
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE-SWITCHED VOLTAGE 

1.2 -:.u. 1.2 p.u. 

1.0 p.u. 

CABLE 

10 MILES 

1. 7 p.u. 



CAS _ NO. D-15 

BREAKER 
40GVA 

XO/XI-= 1.0 

2.0 p.u. 

HIGH SPEED RECLO~:NG OF LUE 

OVERHEAD LINE 

150 MILES 

BREAKER RESISTORS R1 c 5oo 
RESISTOR INSERTION TIMES 6 MSEC 

MAXfMUM POLE SPAN 
PRE~SWITCHED VOLTAGE 

1. 35 p .u. 1.35 p.u. 

CABLE 

10 MILES 

R2 -= 1oo 
6 MSEC 

.: MSEC 

1.0 p.u. 

1. 65 I=. u. 

vs 

1.65 p.u. 



CASE NO. D-16 

BREAKER 
40GVA 

HIGH SPEED RECL::>SING IN SINGLE LINE TO GI<.OUND FAULT 

XO/XI• 1.0 

2.0 p.u. 

CABLE OVERHEAD LINE 

150 MILES 

BREAKER RESISTORS R1 c 5oo 
RESISTOR INSERTION TIMES 6 MSEC 

MAXIMUM POLE SPAN 
PRE-SWITCHED VOLTAGE 

l.J p.u. 1.3 p.u. 

CABLE 

10 MILES 

R2 c 1oo 
6 MSEC 

5 MSEC 

1.0 p.u. 

1.75 p.u. 1. 75 p.u. 



CAS NO. D-17 

BREAKER 
40GVA 

E~ERGIZE INTO SINGLE Ll~E TO GROU~W FAULT 

CABLE OVERHEAD LINE CABLE 

v2 10 MI LEs , V3 150 MILES 10 HIL:~S 

XO/XI• 1.0 

BREAKER RESISTORS R1 c soo R2 c 1oo 
RESISTOR INSERTION TIMES 6 MSEC 6 MSEC 

MAXIMUM POLE SPAN 5 MSEC 

PRE-SWITCHED VOLTAGE 1. o p . u. 

1.0 p . u. 1.35 ? •U· 1.35 p.u . 1.85 p . u. 1.85 p . u . 



CASE NO. D-18 

BREAKER 
40GVA 

ENERGIZATION INTO SINGLE LINE TO GROUND FAULT 

(CON:='ROLLED B3.EAKER CLOSING) 

CABLE OVERHEAD LINE CABLE 

V2 10 MILES 150 ~ILES 10 MI:::...ES 

XO/XI• 1.0 

BREAKER RESISTORS R1 c 5oo R2 c 1o J 

RESISTOR INSERTION TIMES 6 MSEC 6 Hs ::c 

MAXIMUM POLE SPAN 5 MSEC 

PRE-SWITCHED VOLTAGE 1.0 p .u. 

1.0 p.u. 1.1 p.u. 1.1 p . u. 1. : p.u. 

V 
.. A~ 

5 ·-=--

1.5 p.u. 



HIGH SPEED RECLOSING u;TO .SIN:;LE LINE TO GROUND FAULT 

(CONTROLLED BREA1~R CLOSING) 

OVERHEAD LINE CABLE 

150 MILES 10 t'~ILES 

XO/XI• 1.0 

BREAKER RESISTORS R1 -= 5oo R2 • 1oc, 
RESISTOR INSERTION TIMES 6 MSEC 6 MSEC 

MAXf'MUM POLE SPAN 5 MSEC 

PRE-SWITCHED VOLTAGE 1. o p.u. 

2.0 J:.u. 1.2 p.u. 1.2 "J.U. 1.5 p . u. l.S p.u 



CASE NO. D-ZO 

BREAKER 
40GVA 

FAULT INITIATED OVERVOLTAGES 

CABLE OVERHEAD LINE 

XO/XI• 1.0 

BREAKER RESISTORS R1 • -
RESISTOR INSERTION T~MES 
MAXIMUM POLE SPAN 
PRE-SWITCHED VOLTAGE 

1.3 p.u. 1.3 p.u. 

1.0 p.u. 

1.5 p.u. 1.5 p.u. 



CASE NO. n-21 

BREAKER 
40GVA 

HIGH SPEEJ RECLOSING INTO A SINGLE LINE TO GROUND FAULT 

CABLE OVERHEAD LINE CABLE 

V2 50 MIL ES 50 MILES 50 MI:...ES 

XO/ XI• 1.0 

BREAKER RESISTORS R1 • 2oo R2 • 5o 
RESISTOR INSERTION TIMES 6 MSEC 6 MSE: 

MAXIMUM POLE SPAN 5 MSEC 

PRE-SWITCHED VOLTAGE 2- .o p.u. 

2.0 :: .u. 1. 2 p.J. 1.2 p.u. 1. 6 p u. 



CASE NO. D-22 

BREAKER 
40GVA 

Et--~RGIZATION INTO A SINGLE LINE TO GROUND FAULT 

CABLE OVERHEAD LINE CABLE 

50 MILES SO MILES 50 MILES 

XO/XI• 1.0 

BREAKER RESISTORS R1 c: zoo R2 • so 
RESISTOR INSERTION TIMES 6 MSEC 6 MSEC 

MAXIMUM POLE SPAN 5 MSEC 

PRE-SWITCHED VOLTAGE 1.o p.u. 

1.0 p.u. 1.2: p.u. 1. 7 .u. 



CASE to. D-23 

BREAKER 
40GVA 

EN~::!.GIZATION INTO A SING:..E LE-lE TO GROUND FAl"LT 

(CONTROLLE:J BREAK3R CLOSING) 

CABLE OVERHEAD LINE CABLE 

SO MILES 50 MILES 50 MILES 

XO/X[ • 1.0 

BREAKER RESfSTORS R1 • 2oo R2 c so 
RESISTOR INSERTION TIMES 6 MS3c .:; :iSEc 

MAXIMUM POLE SPAN 5 MSEC 

PRE-SWITCHED VOLTAGE r.o p.u. 

1.0 p.u. 1.1 p.u. 



CASE NO. D- 24 

BREAKER 
40GVA 

-,-

HIGH SPEED RECLOSING INTO SINGLE LINE TO GROU:ID FAULT 
(CONTRO:LEJ BREAKER CLOSING) 

CABLE OVERHEAD LINE CABLE 

5( MILES 50 MILES 

XO/XI-= 1.0 

BREAKER RESISTORS R1 c: 2oo R2 -= 5o 
RESISTOR INSERTION TIMES 6 MS EC 6 HSEC 

MAX I MUM POLE SPAN- 5 MSEC 

PRE-SWITCHED VOLTAGE 1.o p.u. 

1.0 p.u. 1.1 p.u. 1.1 p.u. 1.4 p.u. 

v1-2 

A..~-, 
Y5 --- ·· 't' 

"J;='"" 

I 

1.4 p.u. 



c~~ NO. n-25 

BREAKER 
40GVA 

ENERGIZE LINE 

CABLE OVERHEAD LINE CABLE 

100 MILES 50 MILES 

XO/XI• 1.0 

BREAKER RESISTORS R1 • 2oo Rz • 5o 

RESISTOR INSERTION TIMES 6 MSEC 6 MS2 C 

MAXIMUM POLE SPAN .: MSEC 

PRE-SWITCHED VOLTAGE 1.o p.u. 

1.1 p.u. 1.1 p.u. 1. 25 p .u. 1. 25 p. u. 



CASE NO. D- 26 

BREAKER 
410GVA 

HIGH SPEED RECLOSING OF LINE 

CABLE OVERHEAD LINE CABLE 

lOC MILES SC MILES 

XO/XI• 1.0 

BREAKER RESISTORS R1 • 2oo R2 • so 
RESISTOR INSERTION TIMES 6 MSEC 6 tlSEC 

MAXIMUM POLE SPAN 5 MSEC 

PRE-SWITCHED VOLTAGE 1.o p. u . 

1.:;: p.u. 1.2 p.u. 1.4 p.u. 1.4 p.u. 



CAS- NO. D- 2 7 

BREAKER 
40GVA 

FAULT INITIATEJ OVERVOLTAGES 

CABLE OVERHE D LINE 

XO/XI• 1.0 

BREAKER RESISTORS R1 1: -

RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE-SWITCHED VOLTAGE 

1.15 p.u. 

1.0 p.u. 

CABLE 

50 MI ES 

1.45 p.u. .u. 



ENERGIZATION I~TO 3INGLE LINE TO GR,OUND FAULT 

CABLE 

CASE NO. D- 28 

BREAKER 
40GVA 
~CABLE 

~\'2 50MILES 

XO/XI• 1.0 

j OVERHEAD LINE l 
1~V-3---------l-50--~I-L-ES-------------~~r==5=0=M=IL=~=S==~~5--.~~~A# 

BREAKER RESISTORS R1 • 12s R2 c so 
RESISTOR INSERTION T~MES 6 MSEC 6 MSEC 
MAXIMUM POLE SPAN 5 MSEC 
PRE-SWITCHED VOLTAGE 1.o p.u. 

1.0 p.u. 1.2 p.u. l. 2 • u. 1. 7 .u. 



CAS.. NO. D-29 HIGH SPEED RECLOSING SINGLE LHIE TO GROUND FAULT 

BREAKER 
40GVA 

XO/XI• 1.0 

1.0 p.u. 

CABLE 
~====~------------------~====~~A~ 
V2 50 MILES V3 150 ~ILES "4 50 HLES \15 ·r-

CABLE OVERHEAD LINE 

BREAKER RESISTORS R1 1: 125 R2 • 5o 

RESISTOR INSERTION TIMES 6 MSEC 6 MSEC 

MAXIMUM POLE SPAN 5 MSEC 

PRE~SWITCHED VOLTAGE _.o p.u. 

1.3 p.u. 1. 8 p.u. 



CASE NO. D- 30 

BREAKER 
40GVA 

HIGE SFEED RECLOSING OF LI~E 

XO/XI• 1.0 

CABLE OVERHEAD LINE 

150 MILES 

BREAKER RESISTORS R1 -= 12s 

RESISTOR INSERTION TIMES 6 MSEC 

MAXIMUM POLE SPAN 
PRE..;.SWITCHED VOLTAGE 

1.5 p.u. 1.5 p.u. 

CABLE 

SO MILES 

R2 c so 
6 MS~C 

5 MSEC 

1.0 p.u. 

1.75 p.u. 1.7~ p.u. 



' I I 

CASt. NO. D-31 

BREAKER 
40GVA 

E}"ER,GIZE LINE 

CABLE OVERHEAD LINE CABLE 

150 MEES 50 MILES V5 

XO/XI• 1.0 

BREAKER RESISTORS R1-= 125 R2 11: 5o 

RESISTOR INSERTION TIMES 6 MSEC 6 MSEC 

MAXIMUM POLE SPAN 5 MSEC 

PRE~SWITCHED VOLTAGE. 1.o p.u. 

1.2 p.u. 1.2 p.u. 1.45 p.u. 1.45 p.u. 



CASE NO. D-32 

BREAKER 
40GVA 

FAULT INITIATED OVERVOLTAGES 

CABLE 
v" 

OVERHEAD LINE 

XO/XI• 1.0 

1. 45 . u. 

/ c 1 
150 NILES -f.. 

BREAKER RESISTORS R1 -= -
RESISTOR INSERTION TIMES 
MAXIMUM POLE SPAN 
PRE..;."SWITCHED VOLTAGE 

1.1 p.u. 

1.0 p.u. 

CABLE 

50 MILES 

1.55 p.u. 1.55 p.u. 

l 
. J 



CASt:. NO. D-33 HIGH SPEED RE:::LOSING INTO SIN:;LE LINE TO GROUND FAULT 
(CONTROLLED BR3AKER CLOSING) 

BREAKER 
40GVA 
~CABLE 
rv v, ~ so MILES 

1•v_

3 

__ o_v_E_R_H_E_A_D_L_I_NE __ ...___v...--tek_CA_B_LE _ __.t5:;0.-f' 

150 MILES ~~ 50 MILES 

XO/XI• tO 

BREAKER RESISTORS R1 • 125 R2 • 5o 

RESISTOR INSERTtON TIMES 6 HSEC 6 MSEC 

MAXIMUM POLE SPAN 5 MSEC 

PRE-SWITCHED VOLTAGE 1.0 p.u. 

1.5 p.u. 1.2 p.u. 1.2 p.u. 1. 6 p.t:.' 1.6 p.u. 




