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Abstract:

In this project we designed and analyzed a simple power system from scratch
using Positive Sequence Load Flow (PSLF) and Computer Aided Protection
Engineering (CAPE). PSLF is used to solve the balance transmission system. The
simulation results from PSLF prove the proposed methodology numerical accuracy.
Short circuit duty is simulated using CAPE to find the fault current each bus can have
on the system, so engineers can protect the system with the appropriate protection
scheme. This project totals two major loads with a combine MW intake of 450 MW.
In order to supply multiple loads with constant power, the system would need

multiple generators and transformers.



Introduction:

The modern electric power system is perhaps one of the largest and complex
network of machines ever built by man. These electric power systems are made up of
essentially four elements: generation, transmission, distribution, and load. The
generator is the source of electrical power to the system. The generator converts
different types of energy resources to electrical power. The transmission system is
tasked to deliver the electrical power, created at the generation site, to the distribution
centers located more commonly near the loads. Since generators are practically
limited to a medium voltage level due to AC machine theory, the voltage must be
stepped up very high to prevent losses over the long transmission lines. Finally, the
transmission lines terminate into distribution substations which then bring the voltage
back down and deliver the electricity at utilization voltages. To create a basic system
as described above, we need to make the proper assumptions and then analyze the
system accounting for contingences that might occur on the system during normal
operation. We then can mitigate the problems (i.e. faults) using different methods and

tools.



Background:

The requirements of the modern electric power system are to maintain a safe
and continuous flow of power to customers. One role of the electrical protection
system is to detect abnormal conditions and initiate actions to isolate and mitigate the
abnormal conditions. For this project, the abnormal conditions that are implemented
are short circuit faults on the power system. However, there are other conditions such
as high/low voltage, over/under frequency or equipment failures. Not only will faults
cost the power company money due to customer complaints, but it may also cause
damage to properties and may lead to death. It is imperative for a utility company to
supply safe and reliable power.

Safety and reliability in an electrical system means few or no black outs and a
dependable source of power continuously being delivered to the loads. But what does
it take to keep the lights on? It takes more than building generators, transformers or
putting up power lines. Safety and reliability are needed along with careful
calculation, planning and lots of questions, such as: What if a tree hits your power
line and shorts the line? What if wind blows one line into another? What if a
generator shuts down? Can other generators supply enough power to handle the load?
To account for these problems, engineers today use programs and hand calculations
to help them quickly calculate every problem that can happen to the system. When
new generators or substations are added to the system, new studies like short circuit

faults results need to be re-calculated to assure reliability.



Requirements:

Positive Sequence Load Flow (PSLF) and Computer Aided Protection
Engineering (CAPE) are essential for this project. PSLF is used to run load flow
simulations and CAPE is used to run short circuit duty simulations.

The results of the Power Flow analysis will be used to ensure that the proper
paths of power flow exists and that the loads are receiving their specified power at
rated voltage and current. Power Flow analysis will also give you the power angle for
each bus in the system (view Appendix G) when the initial information, like the ones
shown in Appendix F, are exported into PSLF. The larger the power angle differences
between two buses, the more power will flow between the buses. The short circuit
analysis will aid in the design of the protection system by calculating the contribution
of fault current from each generator. The short circuit duty values can help engineers
determine the types of relays or breakers they will need to install in case of a fault.
Project layout:

# of buses: 19

# of loads: 2

# of transformers: 15

# of transmission lines: 8

# of generators: 8



Design and Construction:

When designing the project, the bus names and numbers are chosen at random
but with consistence and no overlap. However, the type of bus is chosen based on the
purpose of the bus. In PSLF, swing bus (type 0) would have a fixed voltage
magnitude and phase. Therefore, allowing the generation connected to mitigate itself
due to any power loss or gain to the system. A load bus (type 1) or unconstrained bus
is used to connect transmission line and to serve loads. A generator bus (type 2) is
used to help supply generation to the system. Table | shows the bus type and bus

characteristics mentioned above.

Table | - BUS TYPE AND CHARACTERISTICS

Bus Bus Characteristics
Type
0 swing bus; fixed voltage
magnitude and phase
unconstrained bus; magnitude
1 and phase angle of voltage may

vary
Generator bus; a synchronous or
induction machine may be

2 connected to the bus to control
either its own voltage or the
voltage of another

All of the generators in the system shown in Appendix A and B go through
two different voltage levels before reaching the transmission voltage level of 115 kV.
The mid-voltage levels like Bus 8004, 8005, 8006 and 8007 are needed because most
power plants require a small amount of power to operate its facilities. The mid-

voltage level bus gives them the desired voltage level to supply themselves with the



necessary load even though most facility loads are small enough to neglect. When the
power reaches the transmission voltage level, the generator’s dispatch is then
delivered to a common substation modeled as TAPBus1 or Bus 9006. The power is
then distributed from Bus 9006 to a distribution level voltage of 66 kV to serve the
distribution load. TAPBus3 or Bus 9008 is different from all the other buses on the
system because it loops the SubBus4 (9004) to TapBusl (9006) line so more
generation or load can be added later on in that area. Southern California Edison
Transmission Planning Criteria 4.4.3.2 dictates that only one tap shall be connected to
a transmission line. Therefore, if TAPBus3 is not available, only one future power
plant or load can be connected to that line, instead of two. Due to the amount of
renewable energy and proposed projects in that area, TAPBus3 was added.

When designing components in a transmission system, future cost of upgrade
IS a necessary factor to consider. It is often better discretion to buy a higher rated line
or transformer at the time of new work installation then to buy a lightly rated line or
transformer and have to perform major rework to the substation to install another
transformer in the future. Three scenarios were applied to the system. For the
renewable solar and wind generation on Bus 8004, scenario one is practiced. Since
renewable generators such as solar and wind cannot supply VARs to the system, they
are normally supported by shunt capacitors like the one shown in Appendix B. In
scenario one, the transformers and the lines are rated similar to each other. The
advantage of this configuration is that either components would not have to be

upgraded for a long period of time. However, the disadvantage is that when the



components do need to be upgraded, everything would have to be upgraded. We used
this configuration for generators on Bus 8004 because by California law, 20% of all
utilities’ total power consumption needs to come from renewable energy by the end
of 2010 and 33% by the end of 2020. Therefore, we expect a greater contribution of
generation from the 8004 bus generators in the future. The last two scenarios are
highly dependent on the size of the substation and the length of the line. It is easier,
cheaper, and faster to add/upgrade a 10 mile line than it is for a 15 or 20 mile line. If
the substation is small, it is then wise to have a higher rated transformer because of its
future value to the entire system. However, if the substation is large and has space to
expand, you would not need to invest in a highly rated transformer. For the generator
on Bus 8002, scenario 2 is practiced and for the generator on Bus 8001, scenario 3 is

practiced (see Table I1).

Table Il - SCENARIO APPLIED TO THE SYSTEM

Transformer Rating Transmission Line Rating Transmission Line Length
(MVA) (MVA) (Miles)
Scenario 1 100 =100 10
Scenario 2 250 120 10
Scenario 3 250 394 15

There are a total of six generators supplying the transmission system.
Appendix E shows a typical generator data form provided by the power plant.
Appendix A shows two of the six generators are on the swing bus (8003), meaning
those two generators will supply more generation if there is any power loss to the

other generators. The generators on the swing bus will also generate less power if it



decides to increase the generation on the other generators in the future. All
transformers data adjacent to the generator are given by the customer. An example of
transformer data given to Southern California Edison by a customer is shown in
Appendix D. The four transformers attached to the swing bus 8003 have two
transformers stepping up from 6kV to 34kV and another two stepping it up from
34kV to 115kV. All four transformers are rated at 380MVA, but only energized at
25%, as shown in the load flow results on page 20. At first look, it may seem like the
transformers are not used efficiently because we are only using one fourth of their
capacity. However, the swing bus’ generators do not have a set output; it might have
to generate 100 MW one moment and 300 MW the next depending on the
characteristics of the system. The same applies to the 230 kV 1590 ACSR line; it
needs to have enough reserve capability to deliver the power supplied by the swing
bus. Due to the 20 mile difference between bus 9003 and 9007, the 230 kV line was
chosen instead of the 115 kV line to supply this generation. A 115 kV line in this
situation would give us more losses due to its larger impedance in comparison to the
230 kV line.

Even with the ratings set on the transformers, there are still many types of
transformer configurations to choose from; each transformer has its own advantages
and disadvantages. The four most popular types of configuration are: Wye-Wye,
Delta-Delta, Wye-Delta and Delta-Wye. For Wye-Wye connection, the neutral
connections provide grounding and ground fault relay protection. They also need less

insulation at the neutral ends of the coil because of reduced voltages. However, a



disadvantage is that it does not trap third harmonics or block zero sequence currents.
For Delta-Delta connections, it traps the third harmonics but there is no common
grounding point. In this project we used only Wye-Delta and Delta-Wye connections
due to the high voltage level of our system. Wye-Delta connections are usually used
for high voltage transmissions as a Wye-Delta step down transformer. Delta-Wye
connections are also best for high voltage transmissions as a Delta ~Wye step up
transformer. This is due to the inherent sqrt(3) voltage gain factor associated with the
configuration .

Picking the type of conductor is also very important. You have to always take
into account how each line is going to affect your circuit. The lines that are most
critical to the system should have a higher rating in order to handle any increase of
power to that line. There are hundreds of different types of transmission lines which
ensure the proper choice for the desired application. The type of transmission line
picked by the engineers is based on the importance of the line and the cost that comes
with it. Consider the line that is supplying power to a Nuclear Power Plant and the
Transmission line going to your home. If the line that is supplying the nuclear power
plant fails, critical plant systems and safety related equipment will be in danger, as
opposed to the inability to watch TV if the transmission line near your house goes
down.

In a transmission system, the transmission line has a capacitance between the
line and the ground. Due to this, the transmission line in a system will give your

system a constant VAR. The surge impedance loading or SIL is simply the MW



loading at which the line’s MVVAR usage is equal to the line’s MVVAR production.
Different conductors will have a different SIL and different length conductors with
the same conductor will also have a different SIL. When operating under the SIL,
where the VAR support (B or B/2) on the conductor can no longer give enough VAR,
shunt capacitors are switched online to supply more VAR to counteract the inductive
lines and whatever lagging load is applied. However, when operating above the SIL
(too much VAR), shunt capacitors are turned off and if needed a reactor such as the
tertiary winding in a transformer comes online to counter the leading VAR supplied
by the transmission line.

On the south side of the system shown in Figure 1, the 12 mile 115 kV line
from bus 9006 to 9010 is supplying the 250 MW load. The 2156 ACSR line was
chosen because the other available 115 kV transmission lines were either rated too
high > 80% and not future planning friendly, or rated too low < 40% and not
economically friendly (see Table II1). The 2156 ACSR has a normal line rating of
1975A and it is currently energized at 66% (see Figure 1 & 2). Usually when a big
load such as this is presented to us, an additional line to help supply the load would be
added to avoid overloads and faults. In this case, the reliability you gain from adding
an additional 12 mile line would be minimal in comparison to the substantial cost.
Other lines and generators can be added when the 66% load increases due to the
growth of cities and residential communities. Once the 115 kV reaches the bus 9010,
the voltage steps down from 115 kV to 66 kV with a 400 MVA transformer. The

transformer was chosen based on the 2156 ACSR line rating for reliability demand to
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the load. When the 12 mile line reaches the load, it steps down to a distribution

voltage level.
Table 111 - LOAD CONDUCTOR RATINGS
p.u./mi ampacity | rating
N-0

Conductor R X B N-0 (A) (MVA)
1/0 CU (115 kV) | 0.004600 | 0.006500 | 0.000660 350.0 69.7
4/0 CU (115 kV) | 0.002300 | 0.006000 | 0.000700 540.0 102.0
336 ACSR (115 kV) | 0.002300 | 0.005700 | 0.000740 605.0 120.5
1250 UG (115 kV) | 0.000410 | 0.002220 | 0.015420 670.0 133.5
1750 UG (115 kV) | 0.000550 | 0.002390 | 0.017360 800.0 159.3
653 ACSR (115 kV) | 0.001200 | 0.005400 | 0.000780 920.0 183.3
954 SAC (115 kV) | 0.000900 | 0.005400 | 0.000800 1090.0 2171
1033 ACSR (115 kV) | 0.000800 | 0.005200 | 0.000820 1240.0 247.0
2156 ACSR (115 kV) | 0.000400 | 0.004700 | 0.000860 1975.0 393.4
2B-2156 (115 kV) | 0.000011 | 0.000238 | 0.017520 3950.0 | 3421.0

11
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Figure 1 — south side line/load in Amp/% rated

E pu 0.004800
* X pu 0.056400
B pu 0.010320
Rating MVA [ 1] 3935.3959994

Figure 2 — 9006 to 9010 line data from Transmission Criteria

On the north side of the system, shown in Figure 3, there is a smaller load
with the same line and transformer used on the south side. Therefore, the line and

transformer is only energized around 50% each due to the 1975A rating (see Figure 3
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& 4). We keep the same line due to forecast load increase on the north side. Right
now the north side load is absorbing 200 MWs and giving 10 MVARs. View pages

20 - 21 for complete load flow results.
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Figure 3 — North side line/load in Amp/% rated

B pu 0.004800
* X pu 0.036400
B pu 0.010320
Rating MVA [ 1] 353.3999594

Figure 4 — 9006 to 9009 line data from Transmission Criteria
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SCD Test Results:

In this project we looked at: three-phase faults and phase-to-ground faults.
Three-phase faults are the worst case scenario that involves a fault across all three
phases, as shown in Figure 5. Phase-to-ground faults are results of an energized
conductor contacting the ground, as shown in Figure 6. To ensure the short circuit
current is accurate, we used hand calculations to validate the results of the simulation.
Once we see one or two of the hand calculation(s) match the value of the short circuit
duty program, we can be sure the circuit we built was being simulated correctly. View

pages 22 — 33 for fault calculations and simulations.

A
B
OR
Figure 5: three-phase fault to ground or three-phase fault
A
B

Rt
Figure 6: phase-to-ground fault
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Protection Development:

The loss of major loads in the system will lead to excessive generator
production of MW and MVVAR, which will cause both over-voltage on our buses and
over-speed problems for the generators. The loss of load may be due to the loss of
transmission line or due to a load shedding scheme set up to maintain system
stability. In order to keep the system balanced, generation plants that are supplying
the power to the load will be turned off by the operator. The loss of VAR sources
other than generators, such as shunt capacitor banks, also can change the voltage.

Transmission engineers work closely with substation and protection engineers
when creating or changing a transmission system. However in this design, we assume
all protection devices will be taken care of by the substation and protection engineers.
To ensure safety and reliability, reclosing relays, disconnects, fuses, circuit breakers
(CB), current transformers (CT), and many other devices are used. These devices are
there to ensure a local fault or power loss does not affect neighboring circuits. To
accomplish this, protective devices isolate the problems by isolating the problem area.
Different relays are designed to detect different types of faults. It is not unusual to
find two relays installed together because neither relay is able to respond adequately
to every type of fault. Also, a backup relay is always used on any feeder with
significant safety and reliability concern. Fuses are designed pieces of wire which
vaporize when a fault or overload condition occurs. The size and type of the metal
determines how much current is required to melt. The cost for fuses is minimal when

compared to CBs and relay systems, and are very easy to maintain. However, every
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time they are blown, linemen must travel to the location to replace it. It also creates
operational problems for switching and maintenance since they are not remotely
controlled. Replacing fuses with remotely controlled CBs being supervised by
protective relays can eliminate the disadvantages associated with the use of fuses.

One example of where breakers will be put into service is the transformers
near our two major loads. The Mitsubishi 200-SFMT-40SE breaker shown in table IV
is used for the protection of these two lines and transformers. Because of the rated
2000A continuous current (amount of current the breakers are able to handle without
faulting) was chosen for the 9006 to 9010 line due to the 1300A continuous current
loaded on the South line (Figure 1), the 1200A would be too small and the 3000A
continuous would be too expensive. Because the 1200A continuous current rating was
chosen for the 9006 to 9009 line due to the 1050A continuous current loaded on the
North line (Figure 3), both the 2000A and the 3000A continuous rating would be too
expensive. The interrupting current in Table IV shows the amount of current this
breaker can handle in the given amount of interrupting time. The interrupting time on
a breaker is usually given in cycles (60 cycles = 1 seconds). If either the interrupting
current or interrupting time exceeds the rated amount, the breaker will open itself to
protect the system until the problem is resolved. The breakers will be placed between
the transformer and the buses adjacent to the transformer. This configuration will
protect the system as well as the customer and prevent the damage of expensive

equipment.
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Table IV. MITSUBISHI 200 SFMT-40SE BREAKER RATING

Type 200-SFMT-40SE
Voltage (max kV) 245

Continuous Current (A) 1200/2000/3000
Interrupting Current (KA) | 40

Interrupting Time 3

17



Conclusion:

Every element in the transmission system helps one another to ensure safe and
reliable electricity for us to use. To construct such a system requires continuous re-
simulations and calculations. The objective of this project was to first construct a
safe, balanced and reliable system using PSLF. Second, to expose the system to some
conceivable faults and calculate the fault current’s effect on the transmission system.
Third, to investigate in any protection schemes the system may need now or in the

future.

Future Work:

In the future, we can add more load to the system. We can also adjust
the system to the amount of load added, by adjusting MW and MVAR output.
Replacing small generators with bigger generators is another option to clean up the
system if needed. The protection system can be expanded and developed in future
projects to provide a comprehensive analysis and solution to faults in order to
improve the stability criterion as well as the general reliability and safety of the entire

system.

18



Bibliography:

Southern California Edison. Transmission Planning Criteria and Guidelines.
8/2004.

“Muitsubishi Electric Power Products, INC.”
<http://www.meppi.com/Products/PowerCircuitBreakers/HVGCB/Synchrono
us%20Breaker%20Brochures/3page200SFMT50SE.pdf>.

19



T = Buryey

map-(308foad) Jeuny

1lo 1lo

[mwo

1lo
10mwo

dvW1As]
1Imwwo 1

mwLo 09n1-01A1[0

83ed %/MN 10mwo

MmwLvAo
dnyaim)/ jeurg\waisAs s,umeys\dolaxsap\Tsbuem\sbui31las pue SUBWNI0P\:D:JNYN ISV

ao o

NO wvllo N39 0

J9HOX 0S¥  avoTl 30S

Buep umeys :asauibuz

Aes- (3oafoad)greury\walsAs s,umeys\dopisop\1sbuem\sbui3las pue sJuawndop\:d O0T0Z SS:S0:0T 9T JAeW anl  weabouad 47Sd -dU| “jeuolleudalu] d14103]3 Jedauss
=]
N
\>//
]
°e 8008 7008
€TL psngueal  TTL  psSnguag
2960 ——————— 1106
©11a@ :BuIpuIp X :papunoao-sAi :BuIpuIM d VAN 00F @ %9 :oduepadul VAN 00 VAW Pa3ey AN STT/0€Z :oBe1ljoA paley - STL  67°€9 A 8sngdv.l I 1¢ frs 15 0- /o
e11ag :Burpurpm X fpapunoa9-aAm BulpulfM d VAW 00V © %9 :eouepadul VAN 00V VAN Paxey :AM 99/STT :abeljop pejey - ¢TL 2 m S 0S< |~ 0S g 05~ om/ww
e11aq Burpuim X papunoag-aAm Buipuim d VAN 00T @ %9 :@douepadwl VAN 00T VAN Paley IAY vE/STT :9beljoA padey - €TL ‘ZTL
papunoa9-aAp Burpuip X papunod9-aAl Burpuim d VAN 00T @ %9 :oouepadwl VAN 00T VAN PaIey A 9/v€ :aberjop paley - TTL “OTL @%m yTL - -
'118Q :Burpuipm X papunoio-oAl Bulpuim d fvAN 08€ O %9 :eouepadwl VAN 08E VAN PeIRY AY vE/0EZ :obeljoA parey - 6L ‘8L N < ﬁm = wm S WMT mm QU
> ==
papunoi9-aAN Burpurp X tpapunoag-aAm :BurpuIm d VAW 08€ ® %9 :eouepadul VAN 08E VAW PeIRY AN 9/vE :9beljoA peley - L1 ‘oL ala S 0 S -
'118Q :Burpuipm X papunodo-oAl Bulpulm d VAN 00y © %9 :eouepadwl VAW 00v VAN PeIey AY 99/STT :ebeijopn parey - Gl t u ‘omm,,, T
eyag Burpup X fpapunoa9g-aAm :Burpuim d VAN 0SZ © %9 :dduepadul VAW 0SZ VAW PaIey AN ve/STT :obeijop paley - pL ‘€l Mwwww ) mmWwa<F ¢l 50071 0oTL 0T0°T
papunoa9-aAn :Burpum X :papunoao-akm :BuIpuIM d VAN 0SZ ® %9 :9ouepadwl VAN 0SZ VAN Paled A pI/vE :96erjoA padey - zL ‘TL H oTve 09079
ojun
. SV1va 43WHO4SNVHL (@
@ )
Mg Mg 5 gla
9006 000°T ¢ ¢ ) 006
B TSngdvl 0°§TT ) ) ysngans
0TO0 T ¢ €008 M ol wls
09079 ' f €snguag Ll N
Nlo Nlo
w|Nn wiin
99
L
ot oopr ° £006 €5
Zsnadvl — NM
Nlo No 8006
& H, o H. esngdvl
£00°T 2008 :
£2°VE ' f esngued ) ~ Mw wa = Mw
olb nle €006 :
u|N sngqn:
esnaans £66°0
2 TYIT
-~ VL
26> STL ol
62 62 - Nl
6L o V8T €8T~ || Ly ! 9y 900°T t 2006
000" T o = €81 S €8T > 9°GTT p zsngans
6> U 9z zs gl
400 T 68670 66 || > coc
< 6°0€Z §7Lee u 0qo €1
¥86°0 v
C7ETT @l
x
= 1008 S008 1006 800°T _HA.H_ 9008
o TSngu9 Tsnguea L s 92 vE Zsngues |
c Tsngans
e [ -
o )32 : 47 12 ST 9z N
o = 00T S 00T—>[|= 00T . g 00T |[> 00T 4
A 2L 0,670 HW_ 6006
010°T S00°T vL T00°T 9°T1T | ¥Sngdv.L .
VI YT LT V€ T°GTT B mwo#w [ — waﬂwwm:mo
3l
(39SJJ0 Jed11Jan 198) G9) 00ZLL :-48m03 AMOEZ opr Sl
(395440 ED1345A 3934 G¥) 9TLL ISA8mol AMSTT
N
f8YTE00 = @ ‘ZSE60°0 = X ‘TSZTO0 = ¥ <- bds ,0. ¥2650°0 = 8 “Z¥8Z0°0 = X ‘TEZ00°0 = ¥ <- bas ,-. B .+, Iseylw OZ :.006 SNg 03 €006 Sng als
1G2€00°0 = @ ‘TEBST'0 = X “8EEE0°0 = ¥ <- bds ,0. !5¥S00°0 = g “Z¥0S0°0 = X L99T0°0 = ¥ <- bss ,-. B .+, !sojlw g8 :9006 SnNg 03 8006 SNg |
£/9900°0 = @ ‘0€E€8Z°0 = X ‘€/9€0°0 = ¥ <- bds ,0. !GETTO°0 = g ‘9TTB0°0 = X ‘TYS00°0 = ¥ <~ bss ,-. B .+, IsJIW ST :9006 SNg 03 TO06 SNg M%mm —— wﬁ%muﬁ
f¥ES00°0 = @ ‘9992270 = X ‘662070 = ¥ <- bds ,0. 19560070 = § ‘€6¥90°0 = X ‘€E¥00°0 = ¥ <- bdS ,-. B .+, ISOJIW ZT :9006 SNg 01 OTO6 SNg
fyES00°0 = @ ‘9992270 = X ‘662070 = ¥ <- bds ,0. 19560070 = § ‘€6¥90°0 = X ‘€E¥00°0 = ¥ <- bdS ,-. B .+, ISOIIW ZT 19006 SNg 01 6006 SNg LN
12070070 = @ “88L6T°0 = X “ZLIFO°0 = ¥ <- bds ,0. 11890070 = g “60£90°0 = X ‘¥80Z0°0 = ¥ <- bes .-, » .+. 0T 9006 Sng 031 2006 Sng °P
£/0700°0 = @ “88L6T°0 = X “ZLI¥0°0 = ¥ <- bds ,0. 11890070 = g “60£90°0 = X ‘¥8020°0 = ¥ <- bes .-, » .+, 0T 9006 Sng 031 006 Sng \ /
£€0200°0 = @ ‘S6860°0 = X ‘2802070 = ¥ <- bds ,0. 10VE00"0 = § “SSTE00 = X ‘OVOTO°0 = ¥ <- bes .-, ® .+, S 18006 Sng 01 y006 Sng N/
N\ /
-v1va anNI1 M

T



wangs1
Typewritten Text
20

wangs1
Typewritten Text
Appendix A


T = Buryey
map-(308foad) Jeuny

HYAN/MA

Aes- (3o0afoad)greury\walsAs s,umeys\dopisap\1sbuem\sbuillas pue s3uawndop\:od

©eyag :Burpulp X fpapunoao-aAl Burpuim d VAN 00 @ %9 :edouepadw)
e11ag :Burpurpm X fpapunoao-aAm BulpuIm d VAW 00v © %9 :@ouepaduj
UIM X 1papunolo-aAm Burpuli d VAN 00T @ %9 :8ouepadul
papunoa9-aAl -Burpurn X pepunoag-akn :Burpuin 4
e1gag :burpury X :papunoa9-aln :Burpuim d
papunoa9-akm Burpurm X fpapunoao-aky Bulpuim d VAN 08 @ %9 :edouepadwj
UIM X 1papunol9-akm Bulpuim d VAN 00V ® %9 :oouepadu]

eyjaq :b6

eyjaq :6Hi

©118Q BuIpuIf X 1papunoa9-aAn BuIpUIM d VAN 0SZ @ %9 :edouepadup
papunol9-aAl BulpuIp X *papunoa9-aAm BuIpuIl d VAN 0SZ © %9 :eouepadul VAN 0SZ VAN PoleY AM pT/pE :oberjon parey - zL ‘TL

@ O
rfe mfs
It at
OTO T ¢ €008
09079 «e @ k gsnguag
N|o Nl
>3 (5] HIN
L - A\ N 9L
0go-T oop'T
38 3|8
L00°T Wi Hy 1008
€2°ve ee «e gsnguea |
lo sle £006
o €sngans
26—
[T
oopp°T
6T >
26—
00" T
B 6°0€C
X
]
c
[}
[oX
<
8YTE00 = 9 “2SE60°0 = X ‘TSCTO°0 =
1620070 = 9 ‘TEBST 0 = X “8EEE0°0 =
22990070 = 9 “0€€82°0 = X “€/9€0°0 = ¥
“PES00°0 = 9 “99922°0 = X “6£620°0 =
“PES00°0 = 9 ‘9992270 = X “6£620°0 =
©/0¥00°0 = 9 “88/6T°0 = X “2/T¥0°0 = ¥
©/0¥00°0 = 9 “88/6T°0 = X “2/T¥0°0 = ¥
Z€0200°0 = 9 “S6860°0 = X ‘2802070 =

MmwLvAo ao WO NO wvllo N39 0 J9HOX 0S¥  avoTl 30S
mvlo 1o 1o 1o o09on1-01Al[0  uvwiAs] dnyaIM) 2 JRUII\WSLSAS S, UMeYS\d0IXSIP\TSOUBM\SBUIILaS pue SIUBWNDOP\:D:JAYN ISVD
[mwo 10mwo 10mwo 10mwo 1 Buey umeys :asaurbug
0TOZ 2€£:/0-0T 9T J4eW anl  weaboad 47Sd  "Oul ‘Jeuoileudslu] 214309]3 Jedaus
—
N
\>//
[\
- N
sl 8008 7008
N €TL pysngueal TTL ysngus
2960 —————— 1106
VAW 00 VAN Peley AY GTT/0€Z :96e1JOA peley - STL  6p €9 W 8snadvl I 8 « |lg = 0T ~ 0 7
SYAW 00F VAW Poley A 99/STT :obeljoA paiey - pTL mm S 0S< |~ 0S g 05~ <« 0S5 &/
VAW 00T VAN Pe3ey ‘AY ve/STT :9beijop perey - €TL “ZIL
VAW 00T ® %9 :eouepadwl VAW 00T VAN P33Ry AM 9/v€ :aberjop peiey - TTL ‘OTL i yTL " -
SYAN 08€ ® %9 :eouepadul VAW 08E VAN PoIeY AM vE/0ET :oBeljoA peley - 6L ‘8L oo 8|8 o Ol S \H/
. - . - . 5 S < 0S5<|[< 05 o 05~ «— o0s\b/
VAN 08E VAN peley :AY 9/v€ :eberjon parey - LL ‘oL ol ] 3 <
VAW 00 VAN Peley AY 99/STT :ebeijop parey - SL 1t il -~ WN g
VAN 0SZ VAN po1ed ‘AJ vE/STT :oberjop perey - v ‘el 1960 ——————— 0T06 ¢l go0°T OTL 010" T e
S°0TT gsSngdvL . :
; 9T ve 090°9
5
SV1va 43WHO4SNVHL °l°
o i
~N|o ~|o
9006 000°T ¢ i il 006
TSnadv.L 0°STT e « e e tsngans
n o1 3
<[R <fe
LE <
£006 oz~
Zsnadvl <9
< 0s 8006
esngdvl
9 9 T:T 9
—s8v v :T 6V
£66°0
P TYIT
-~ VL
STL -
LE €€ > - ﬂﬂ
78T €8T~ || > g€ ! 82 .
900" T —————— 2006
— €8T W €8T 9°GTT » » zsngqgns
u T[> 61 |5
68670 56> > z0Z
g /l2e U odo't €1
¥86°0 v
2ETT <
w|un
it
T008 S008 1006 800°T —————— 9008
Tsnguag Tsnguea ) Tsnggns 9z Ve » » zsnguea]
ol
- -
— 2z : 02 —»||>0z - LT »||l>uiT N o000 T TL
— 001 ] 00T—~]/=00T g 00T—>|[= 00T NS v
. Y ml3
L ) ) 046°0 —————— 6006 Ll o
010°T S00°T v T00°T 9°T1T an pSnadv.l I
. - - 010°T 2008
YT PT LTV 1°GTT _VW ot ——— R o
(39SJJ0 Jed11Jan 198) G9) 00ZLL :-48m03 AMOEZ odo't SL i
(395440 JeOI143A 393} G¥) 9TLL SJ9MOL AMSTT 3
bas ,0. ¥/650°0 = @ “/¥820°0 = X ‘TE2Z00°0 = ¥ <- bas .-. ® .+. S9IIW O0Z 1,006 SNg O} £006 SNg mm
bas ,0. S¥S00°0 = 8 “/¥0SO°0 = X 2Z99T0°0 = ¥ <- bas .-. ® .+. S9|IW 8 19006 SNg 01 8006 SNg 1l
bas .0. 1G6TT0°0 = 9 “9TT80°0 = X “I¥S00°0 = ¥ <- bes .-, ® .+. solIw ST :9006 Sng O3 TO06 Sng Mmmmm —— N%,mmuﬁ
bas ,0. 9560070 = 8 “€6¥90°0 = X ‘€EF00°0 = ¥ <- bas .-, ® .+. SellW ZT 19006 Sng 01 0T06 Sng )
bas ,0. 9560070 = 8 ‘€6¥90°0 = X ‘€EF00°0 = ¥ <- bas .-, B .+. Sellw ZT 19006 Sng 01 6006 Sng N
bas .0. 11890070 = @ “60£90°0 = X ‘¥8020°0 = ¥ <- bas .-, % .+. OT :9006 Sng 01 Z006 Snd °re
bas ,0. 1890070 = 8 ‘60€90°0 = X ‘802070 = ¥ <- bes .-. ® .+, 0T 9006 Sng 031 006 Sng \ /
bas ,0. 0rE00°0 = 8 ‘SSTE070 = X ‘OVOTO°0 = ¥ <- bes .-, ® .+, S 18006 Sng 01 y006 Sng N/
N/
-v1va anNI1 M

-



wangs1
Typewritten Text
21

wangs1
Typewritten Text
Appendix B

wangs1
Typewritten Text

wangs1
Typewritten Text


Appendix C

Bus 9001/9002 SCD (three phase to ground)

TRANSFORMER DATA:
Impedance: 6% at 250 MVA

GENERATOR DATA.
Impedance: 6% at 200 MVA

100MVA

Transformer 2: 6% x——— =0.024
250MVA
Transformer 4: 6% x 100MVA 0024
250MVA
Generator 1:
69 x SOMVA _ 4 3
200MVA
SCDmva): 100MVA =1282.05MVA
0.024 +0.024 +0.03
Fault Current: w =6436A
/3(115kV)

* All generator & transformer data are provide by the customer (see Appendix D&E)
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Bus 9003 SCD (three phase to ground)

TRANSFORMER DATA:
Impedance: 6% at 380 MVA

GENERATOR DATA.
Impedance: 6% at 300 MVA

Transformer 6: 6% x M =0.01579
380MVA
Transformer 8: 6% x 100MVA — 0.01579
380MVA
Generators:
6% x 2OMVA _ 4 1
300MVA
SCDmvay: 100MVA =1938.74MVA
0.01579 + 0.01579 + 0.02
Fault Current: w = 4866.66A
J3(230kV)

* All generator & transformer data are provide by the customer (see Appendix D&E)
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Bus 9004 SCD (three phase to ground)

TRANSFORMER DATA:
Impedance: 6% at 100 MVA

GENERATOR DATA.
Impedance: 6% at 100 MVA

SCDmvay: 100MVA = 555.555MVA
0.06 + 0.06 + 0.06
Fault Current: w =2788.9A
/3(115kV)

* All generator & transformer data are provide by the customer (see Appendix D&E)
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Bus 9001/9002 SCD (single line to ground)

TRANSFORMER DATA:
Impedance: 6% at 250 MVA

GENERATOR DATA.
Impedance: 6% at 200 MVA

Transformer 2: 6% x w =0.024

MVA
Transformer 4: 6% x 100MVA 0024

MVA
Generator 1:

6% x SCOMVA _ 3
200MVA

SCDmvay: 300MVA =1666.67 MVA

2(0.024 +0.024 +0.03) + 0.24

Fault Current: w =8367.4A

/3(115kV)

* All generator & transformer data are provide by the customer (see Appendix D&E)
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Bus 9003 SCD (single line to ground)

TRANSFORMER DATA:
Impedance: 6% at 380 MVA

GENERATOR DATA.
Impedance: 6% at 300 MVA

Transformer 6: 6% x 100MVA =0.01579

380MVA
Transformer 8: 6% x 100MVA _ 0.01579

380MVA
Generators:

% x 100MVA - 0.02

300MVA

SCDmva): 300MVA =2522.07MVA

2(0.01579 + 0.01579 + 0.02) + 0.01579

Fault Current: w =6330.9A

J3(230kV)

* All generator & transformer data are provide by the customer (see Appendix D&E)
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Bus 9004 SCD (single line to ground)

TRANSFORMER DATA:
Impedance: 6% at 100 MVA

GENERATOR DATA.
Impedance: 6% at 100 MVA

300MVA

SCD(MVA): =714.286 MVA
2(0.06 + 0.06 + 0.06) + 0.06
Fault Current: W =3586.03A
/3(115kV)

* All generator & transformer data are provide by the customer (see Appendix D&E)
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Appendix D

SAMPLE TRANSFORMER DATA

Step-up Tranformers

NUMBER OF TRANSFORMERS 2 (1 for each unit) PHASE 3-phase

RATED KVA H Winding X Winding Y Winding
Connection
(Delta, Wye, Gnd.) Wye-Gnd Wye-Gnd
55 C Rise
65 C Rise
RATED VOLTAGE 34kV 14kV
BIL
AVAILABLE TAPS None None None
(planned or existing)
LOAD TAP CHANGER?
TAP SETTINGS
COOLING TYPE: OA OA/FA _X OA/FA/FA OA/FOA
IMPEDANCE H-X H-Y X-Y
Percent 6 % N/A N/A
MVA Base 100 N/A N/A

Tested Taps
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Appendix E

Sample Generating Facility Information

XReTIEMMOO®Y

Total Generating Facility rated output (kW): 75000kwW
Generating Facility auxiliary Load (kW): N/A
Project net capacity (kW): 75000kwW

Standby Load when Generating Facility is off-line (kW): N/A
Number of Generating Units: 1

Individual generator rated output (kW for each unit): 75000KW
Manufacturer: Siemens

Year Manufactured: 2008

Nominal Terminal Voltage: N/A kV

Type (Induction, Synchronous, D.C. with Inverter): Synchronous
Phase (3 phase or single phase): 3 ph

Sample Generator Short Circuit Data
For each generator, provide the following reactances expressed in p.u. on the
generator base:

X1 — positive sequence subtransient reactance: 6.0 %0
X"2 — negative sequence subtransient reactance: 6.0 %
X0 — zero sequence subtransient reactance: 10.0 %
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Appendix F

Initial Bus data from user:

Bus Data Type V-sched volt angle vmax vmin
8001 | GenBus1 14.00 2 1.01 1.01 0.00 0.00 0.00
8002 | GenBus2 14.00 2 1.01 1.01 0.00 0.00 0.00
8003 | GenBus3 6.00 0 1.01 1.01 0.00 0.00 0.00
8004 | GenBus4 6.00 2 1.01 1.01 0.00 0.00 0.00
8005 | TranBus1 34.00 1 1.01 1.01 0.00 0.00 0.00
8006 | TranBus2 34.00 1 1.01 1.01 0.00 0.00 0.00
8007 | TranBus3 34.00 1 1.01 1.01 0.00 0.00 0.00
8008 | TranBus4 34.00 1 1.01 1.01 0.00 0.00 0.00
9001 SubBus1 115.00 1 1.01 1.01 0.00 0.00 0.00
9002 | SubBus2 115.00 1 1.01 1.01 0.00 0.00 0.00
9003 | SubBus3 230.00 1 1.01 1.01 0.00 0.00 0.00
9004 | SubBus4 115.00 1 1.01 1.01 0.00 0.00 0.00
9006 | TAPBus1 115.00 1 1.01 1.01 0.00 0.00 0.00
9007 | TAPBus2 | 230.00 1 1.01 1.01 0.00 0.00 0.00
9008 | TAPBus3 115.00 1 1.01 1.01 0.00 0.00 0.00
9009 | TAPBus4 115.00 1 1.01 1.01 0.00 0.00 0.00
9010 | TAPBus5 115.00 1 1.01 1.01 0.00 0.00 0.00
9011 | TAPBus6 66.00 1 1.01 1.01 0.00 0.00 0.00
9012 | TAPBus7 66.00 1 1.01 1.01 0.00 0.00 0.00
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Appendix G

Output Bus data from PSLF:

Bus VOLT VOLT-

BUS-NO NAME KV SCHED PU DEG
8001 GenBus1 14.00 1.01 1.01 0.56
8002 GenBus2 14.00 1.01 1.01 -1.81
8003 GenBus3 6.00 1.01 1.01 0.00
8004 GenBus4 6.00 1.01 1.01 -1.21
8005 TranBus1 34.00 1.01 1.01 -0.80
8006 TranBus2 34.00 1.01 1.01 -2.82
8007 TranBus3 34.00 1.01 1.01 -0.82
8008 TranBus4 34.00 1.01 1.00 -2.90
9001 SubBus1 115.00 1.01 1.00 -2.16
9002 SubBus2 115.00 1.01 1.01 -3.84
9003 SubBus3 230.00 1.01 1.00 -1.64
9004 SubBus4 115.00 1.01 1.00 -4.61
9006 TAPBus1 115.00 1.01 0.98 -6.21
9007 TAPBus2 230.00 1.01 0.99 -4.59
9008 TAPBus3 115.00 1.01 0.99 -5.36
9009 TAPBus4 115.00 1.01 0.97 -13.00
9010 TAPBus5 115.00 1.01 0.96 -14.78
9011 TAPBus8 66.00 1.01 0.96 -17.10
9012 TAPBus7 66.00 1.01 0.97 -14.83
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