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PURPOSE

The purpose of this study is to perform all electrical
distribution system analyses for BSEP Units 1 and 2
necessary to demonstrate the adequacy of the 4160V and
480VAC Systems to supply safety loads during normal and
emergency conditions in accordance with NRC guidelines in
reference 7. This is achieved by:

1. Identification of the voltage requirements of the
auxiliary electrical distribution system and equipment
under various plant operating conditions. From the
voltage requirements, establish distribution system
voltage criteria which will assure adequate voltage
at all loads.

2. Definition of the modes (cases) of plant operation
requiring analysis in order to demonstrate electrical
distribution system adequacy per NRC Guidelines.

3 Modeling and completing an analysis for the above
cases. For each case, a source voltage (switchyard
or generator) limit was determined. The expected
source voltage must be within the limits established
by analysis to meet the distribution system voltage
criteria.

4. Comparison of the source voltage limits with the
expected values of the source voltage. Examine in
greater detail those cases where the criteria are
not met to determine if the voltages at the lr .us
are adequate. If voltages are not adequate, identify
the changes necessary to provide adequate voltage at
the loads.

SUMMARY OF RESULTS

Voltage drop studies have shown that the existing BSEP
Electrical Distribution System can support all 4160V and

48NVAC safety loads in accordance with present NRC guidelines
for determining the aueyuacy of station electrical distribution
system voltage.

A tap change from -2.5% to -5% is recommended on Unit
Substation Common C to maintain adequate voltage on the
nonsafety system.



METHOD CF ANAYSIS

Computer Programs

Voltage-drop stuu es for the BSEP auxiliary electrical
distribution system were done using ASDOP (Auxiliary

System Design Optimizatiou Program). Aggrega'e load

models were developed to represent the Unit Nos. 1 and 2
auxiliary systems under various postulated plant conditions.
The plant conditions modeled include normal and accident
plant conditions. For a detailed description of each of
the models used, see Section 3.4. A CP&L procedu e
en”itled "CP&L Benchmark Procedure for Auxiliary System
Design Optiminization Program (ASDOP)" dated 04/05/84

compared actual field test datz with ASDOP calculated
values.

The Transmission Planning Unit of the Transmission Depart-
ment supplied the expected or actual 230 KV switchyard
voltage values in addition to study results of how transmis-
sion grid conditions can be controlled to provide optimum
switchyard voltage levels. These studies were run using

the POWERFLO computer program.

Equipment Voltage Criteria

The operating voltage requirements of all equipment fed

from the auxiliary electrical distribution system collectively
impose restrictions on the allowable voltage range of the
auxiliary system source-of-feed. The auxiliary svstem

voltage criteria, therefore, must conform to the equipment
operating requirements but also be broad enough to allow

for expected voltage fluctuations at the source - either

the generator bus or the 230 KV switchyard bus.

A major consideration is to ensure that motors have
sufficient terminal voltage to start and continue running.
Since 4000-volt motors can, without stalling, ride through
a transient voltage dip that is less than the minimum
starting voltage, the limiting condition is to maintain
sufficient voltage to start the motors. For Class lE
motors, the minimum starting voltage is 0.75 p.u. (3000
volts) for motors specified by UE&C and 0.70 p.u. (2800
volts) for motors specified by General Electric. The
primary concern relative to the starting of large BOP
(Balance of Plant) motors is that the voltage drop resulting
from the motor start does not prevent safety loads from
starting and running as designed. A secondary consideration
is that the BOP wotor maintain sufficient terminal voltage
to start and run. The minimum terminal voltage required

for starting will vary from motor to motor, depending
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upon individual torque characteristics of the motor and
load. For purposes of this study, the minimum starting
voltage for BOP motors is assumed to be 0.85 p.u. for

botk "0 and 460V motors (Reference 9). If in individual
cases motor terminal voltage drops below .85 p.u., those
cases are examined to determine if adequate starting
voltage is applied at the motor terminals. A tabulation
of all motor starting and running voltage criteria can be
found in Appendix C.

In addition to the 391 volts (0.85 p.u. on 460 volt
base), minimum required for 460 volt nmotor starting, a
minimum of 408 volts (0.85 p.u. on 480-volt base) is
required at the MCC in order to pick up the motor
contactors. In addition to motor starting considerations,
sufficient voltage must be maintained (at the 480-volt
level) to ensure that 460-volt motors will continue
running during a transient voltage drop caused by the
startirg of a large 4000-volt motor. The voltage at the
MCC must not drop below 336 volts (0.70 p.u. on 480 V
base), which is the voltage required t¢ ensure the motor
contactor will not drop out.

It is also important to consider motor running voltage limita-
tions necessary to prevent overheating and the resultant
reduction in motor life. To maximize motor life, the terminzl
voltage needs to be maintained between 0.90 p.u. and 1.10 p.u.
of rated voltage. This applies to both 4000 volt and 460 volt
motors. The reduction in motor life that occurs when operating
at voltages outside of tuis range becomes significant only if
the over or undervoltage is maintained for an extended period.
Therefore, only for those plant operating conditions that are
expected to occur for a substantial portion of the forty-year
plant life, is the 0.90 p.u. to 1.10 p.u. motor terminal
voltage range considered in determining source voltage limits.
For accident-related conditions, the running voltage limitation
at MCC buses is 0.85 p.u. to 1.10 p.u.

Another consideration is the set point of undervoltage relays.
Relay settings must be examined relative to the steady state
and transient voltages expected to occur on the auxiliary
system. When the voltage dips below the relay set point
during motor starting, voltages must recover above the relay
reset point in time to prevent the relay from tripping. Thus
relevant relay settings are included in the voltage criteria
in Appendix (. Appendix D also lists the undervoltage relays
on the auxiliary system, relay settings and relay function.

Plant Operating Condit.ons

In evaluating the ability of the electrical distribution
system to support auxiliary system safety loads, the equipment
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voltage criteria must be examined relative to the operating
conditions expected to occur. By imposing the equipment
voltage criteria to a particular operating condition, a
source "voltage limit" is established. By selecting a

set of operating conditions that establish the most
restrictive voltage limits a "worst case'" source voltage
limit is defined. By comparison of the worst case minimum
and maximum voltage limits with the expected values, the
adequacy of the source voltage can be determined.

In this study, four operating conditions were selected
for analysis. They are: Normal Power Operation, LOCA
Start, LOCA Run and Light Load. Expected source voltages
and source voltage limits will be different for each
condition, and examination of all four is required to
verify the adequacy of the dstribution system's voltage
regulation performance. For each of the four conditions,
power may be supplied from the 230KV Switchyard, via the
Startup Auxiliary Transformer (SAT). Power can be supplied
from the generator bus via the Unit Auxiliary Transformer
(UAT) only for the Normal Power Operation and the Light
Load (during power operation) conditions.

The accident scenario used in this analysis considers NRC
guidelines and actual conditions which are likely to
occur at the plant. A scenario based solely on NRC
guidelines would consider a LOCA on one unit with the
cther unit (Also Operating) proceeding to an orderly
shutdown. At BSEP "worse case" voltage levels would
occur if a LOCA occurred on one unit with the other unit
shutdown. Thus the latter scenario is used in this
analysis. The accident scenario is discussed in greater
detail in Appendix A.

Development Of Auxiliary System Models

Load models for the BSEP Unit Nos. 1 & 2 auxiliary electrical
distribution system were developed to represent each of

the plant conditions described in Section 3.3. These

load models were integrated into ASDOP, and voltage-drop
cases were run, which provided the information necessary

to analyze the adequacy of the electrical distribution
system.

With the exception of the ligat-load cases ('SAT Shutdown"
and "UAT Light Load"), each of the models were developed
to represent the auxiliary system with the tie breaker
between 4160V buses Common A and Common B closed. This
tie breaker is not under administrative clearance, and if
closed, would increase the auxiliary system load, which
would cause an increased voltage drop. Thus, using a
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load model that represents the Common A-Common B tie
breaker closed provides "worst-case'" voltage=-drop
information. The tie¢ breaker is open for the light load
cases to represent the minimum load on the auxiliary
system. The Common Buses are always fed from the SAT, so
those buses and the loads they feed are not included in
the UAT models.

Basis for Model Development

All of the motor-start . ng models and the accident models
were derived from a basic full-load model ("SAT Full
Load"). This full load model was developed by identifying
all of the 4160-volt loads that would normally be running
when the unit is operating at full power.

The 480-volt loads were modeled as an aggregate at each

Motor Control Center except for those motors being started.

For the 460-volt motors, the KVA supplied was assumed to
be equal to the rated horsepower where motor full load
current was not known. This assumption has proved to be
accurate for motors rated at 250 horse, ower or less.
Since all 480-volt loads would not be running at any one
time, load factors were used to approximate the running
load at each 480-volt bus. The load factor applied to
each load was based upon the load being classified as one
of the following:

Operation Load Factor
Back=-up 0.00
Battery Charger 0.50
Continuous Loads 1.00
Fans 1.00
Heater Load 0.50
Intermittent Loads 0.50
Lighting Transformer 0.75
Power Panelboard 0.50
Rotated Variable*
Shutdown or Startup Only 0.00
Valve Motor 0.10
Welding Feeders 0.00

* For 2 out of 3 rotation, the minimum load factor shall be
2/3=0.67.

If the load is large enough to s gnificantly affect bus
loading, a load factor of 1.00 vas assigned.
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3.4.2.1

System Conditions and Cases Modeled

One lines of the auxiliary system models described in the
following sections may be found ian Appendix E.

Full-Load Model

Cases were developed for normal unit operation with the

auxiliary system operating under normal full load conditions.

The models were developed for both the Startup Auxiliary
Transformer (SAT) and Unit Auxiliary Transformer (UAT)
aligned to supply the Auxiliary System. Transient conditions
are analyzed using the normal unit operation model by
starting various distinctly modeled motors on the 4160V
and 480V Systems. The steady state and motor start cases
were developed to demonstrate that adequate voltages are
maintained on the safety system during normal plant
operation. The SAT alignment cases are used along with
the voltage criteria to establish a minimum switchyard
voltage limit during normal operations. The UAT cases
were used along with the auxiliary system voltage criteria
to establish a minimum generator voltage limit during
normal operation. The SAT and UAT alignment cases are
described below:

A. Startup Auxiliary Transformer Supplying the Load
CASE SAT1: SAT FULL LOAD

This case was modeled to represent auxiliary system
with full auxiliary load fed from the SAT and the
tie breaker between 4160V buses Common A and Common
B closed.

CASE SAT3: SAT - 3rd CWP MOTOR START

This case was modeled to represent the auxiliary
system load when starting a third 2500 hp CWP motor
(2 CWP motors running) with full auxiliary load fed
from the SAT and the breaker between buses Common A
and Common B closed. The CWP with the longest
feeder cable was started.

CASE SAT4: SAT - 4th CWP MOTOR START

This case was modeled to represent the auxiliary
system load when starting a fourth 2500 hp Circulating
Water Pump motcr (3 CWP motors running) with full
auxiliary load fed f om the SAT and the tie breaker
between buses Common A and Common B closed. The CWP
with the longest feeder cable was started.
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CASE SATS:
@ 1XG (2XG)

SAT - FUEL POOL COOLING PUMP MOTOR START

This case was modeled to represent the auxiliary
system load when starting a Fuel Pool Cooling Pump
Motor on MCC 1XG for the Unit 1 analysis and on MCC
2XG for the Unit 2 analysis. Auxiliary load is fed
from the SAT and tb= _ie breaker between Common A
and C~mmon B 's clused

CASE SAT6: SAT - FUEL POOL COOLING PUMP MOTOR START
@ 1X1 (2XH)

This case was modeled to represent the auxiliary
system lcad when starting a Fuel Pool Cooling Pump
Motor on !CC 1XH for the Unit 1 analysis and on MCC
2XH for the Unit 2 analysis. The Auxiliary load is
fed from the SAT and the tie breaker between Common
A and Common B is closed.

CASE SAT7: SAT - REACTOR RECTRC PUMP MOTOR START

This case was modeled to represent the auxiliary
system load when starting a Reactor Recirc Pump
Motor. The auxiliary load is fed irom the SAT and
the tie breaker between Common A and B are closed.

CASE SAT8: SAT - RBCCW PUMP MOTOR START @ 1XE (2XE)

This case was modeled to represent the auxiliary
load when starting a Reactor Building Closed Cooling
Water Pump motor on MCC 1XE for Unit 1 and MCC 2XE
for Unit 2. The auxiliary load is fed from the SAT

and the tie breaker between Common A and B is closed.

CASE SAT18: SAT - SCREEN WASH PUMP MOTOR START @
1SA (25A)

This case was modeled to represent the auxiliary
system load when starting a Screen Wash Pump Motor
on MCC 1SA for the Unit 1 analysis and on MCC 2SA
for the Unit 2 analysis. The auxiliary load is fed
from the SAT and the tie breaker between Common A
and B buses is closed.

CASE SAT19: SAT - TBCCW PUMP MOTOR START @ 1TM
(2™)

This case was modeled to represent the auxiliary
system load when starting a Turbine Building Closed
Cooling Water Pump Motor on MCC 1TM for the Unit 1
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analysis and 2TM for the Unit 2 analysis. The
auxiliary load is fed from the SAT and the tie
breaker between Common A and B buses is closed.

B. UAT Supplying the Load

The UAT cases are identical to the SAT cases described
above except the UAT is supplying the load. The
Common A and Common B buses are not included in the
UAT model since they are aliways supplied from the

SAT. The UAT cases are:

Case UAT1: UAT Full Load

Case UAT3: UAT

3rd CWP Start

Case UAT4: UAT

4th CWP Start

Case UAT5: UAT - Reactor Recirc. Pump Start
Case UAT6: UAT - Fuel Pool Cooling Pump Motor
Start @ 1XG (2XG)

Case UAT7: UAT - Fuel Pool Cooling Pump Motor
Start @ 1XH (2XH)

Case UAT8: UAT - RBCCW Pump Motor Start @ 1XE (2XE)

3.8.2.2 LOCA Start

The "LOCA Start" cases were modeled by adding the LOCA
starting load to the system at a full-load operation.
Loads that are automatically shed from a LOCA signal were
removed from the full-load model for the "LOCA Start" and
"LOCA Run' cases.

The LOCA Start cases were developed to demonstrate the
capability to start the LOCA loads when connected to the
off-site source with the grid at the minimum expected
voltage. The LOCA start cases are used along with the
auxiliary system voltage criteria to establish a minimum
switchyard voltage limit upon receipt of a LOCA. This
would be the minimum transient post turbine trip switchyard
voltage vhen the LOCA loads are starting. The LOCA start
cases are:

CASE SAT9: SAT - LOCA START (BLOCKED STARTING)

This case was modeled to represent the auxiliary system
immediately after a turbine trip from a LOCA with all
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loads fed from the SAT. Two (2) Core Spray pumps and two
(2) RHR pumps are simultaneously started.

CASE SAT10: LOCA STAKRT (SEQUENTIAL STARTING)

In addition to the "LOCA Start" model that represented
block starting of the Core Spray and RHR pumps, a "LOCA
Start" model was also developed to represent sequential
starting of the Core Spray and RHR pumps. This model
represents the starting of two Core Spray pump motorc,
five seconds after the RHR pumps have been started. The
starting sequence and timing are the same as that used
for starting the ECCS loads from the diesel generators.
Because the starting power requirements of the ECCS
loa? are imposed on the distribution system in smaller
increments, sequential starting reduces the potential
degredation of the auxiliary system voltage from a
LOCA.

NOTE: LOCA logic at BSEP is presently configured for
blocked starting of the ECCS loads. The sequential
starting cases were run to determine the additional
margin of voltage regulation performance which
can be achieved by making such a modification.

3.4.2.3 LOCA RUN

The "LOCA Run'" cases were modeled by addiung the LOCA Run
loads to the system at full-load operation. Loads that
are automatically shed by a LOCA signal were removed from
the full load model. In addition to a steady state LOCA
Run case, several LOCA Run motor start cases were developed.
These cases were developed to demonstrate the capability
of the auxiliary system to start laree non-safety loads
with minimum expected grid voltage foilowing a LOCA
without adversely impacting the operation of the safety
related loads. The LOCA Run cases are used along with
the auxiliary system voltage criteria to establish a
steady state switchyard voltage limit following a LOCA.

The LOCA Run cases are:
Case SAT11: SAT-LOCA Run

This case was modeled to represent the steady state
condition after a LOCA with 2 Cor» Spray pumps and 2 RHR
pumps running.

Case SAT12: SAT-LOCA Run, 3rd CWP Start

This case was modeled to represent the steady state
condition after a LOCA except a 3rd CWP Motor (2 CWP
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motors running) is starting. The CwP with the longest
feeder cable was started.

Case SAT13: SAT-LOCA Run, 4th CWP Motor Start

This case was modeled to represent the steady state
condition after a LOCA except a 4th CWP motor (3 CWP

running) is starting. The CWP with the longest feeder
cable was started.

Czse SAT14: SAT-LOCA Run Stator Coolant Pump Motor Start
@ 1TD (2TD)

This case is identical to the steady state case (SATI1)
except the Stator Coolant motor is starting on MCC 1TD
for Unit 1 and 2TD for Unit 2.

@ 1XG (2XG)

This case is identical to Case SAT11, except the Fuel
Pool Cooling Motor on MCC 1XG is starting for the Unit 1
analysis and the Fuel Pool Cooling Motor on MCC 2XG is
started for the Unit 2 analysis.

Case SAT16: SAT-LOCA Run, Fuel Pool Cooling Motor Start
@ 1XH (2XH)

This case is identical to Case SAT11, except the Fuel
Pool Cooling Motor on MCC 1XH is started for the Unit 1
Analysis and the motor on MCC 2XH is started for the Unit
2 analysis.

Case SAT17: SAT-LOCA Run, TBCCW Pump Motor Start @ 1TM
(2m™)

This case is identical to SAT11, except the Turbine
Building Closed Cooling Water Pump Motor is starting on
MCC 1TM for Uanit 1 and MCC 2TM for Unit 2.

Light Load Models

Case SAT2: SAT-Shutdown

This case models the auxiliary system during unit shutdown
with the minimum expected auxiliary load. This case was
developed to demonstrate that auxiliary system voltage
would be within equipment ratings with the grid voltage

at the masimum expected value. This case along with
equipment voltage limits is used to establish a switchyard
maximum voltage limit when the unit is shutdown.

|
|
Case SAT15: SAT-LOCA Run, Fuel Pool Cooling Motor Start
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Case UAT2: UAT-Light Load

This case models the auxiliary system during unit operation
with the Unit Auxiliary Transformer supplying the load.

The auxiliary system load is at the minimum value expected
for power operatiou. This case was developed to demonstrate
that the auxiliary system voltage would be within equipment
ratings at the maximum expected generator voltage. This

case along with the equipment voltage criteria is used to
establish a generator maximum voltage limit for normal

unit operation.

STUDY RESULTS

Source Voltage Limits

For each of the plant operating conditions and cases
listed in section 3.4.2, ASDOP runs were made with the
expected source voltage and at other selected voltages to
determine a source voltage limit. The establishment of
source limits and expected source voltage ranges is
discussed in Appendix G. The source voltage limits,

which were based on the equipment voltage criteria, were
compared to the actual source voltage range expected for
that plant operating condition. For Normal Operation,
LOCA Start and LOCA Run Cases, if the source voltage

limit is below the minimum expected voltage range, it can
be concluded that the distribution system voltage regulation
is adequate for that plant operating condition. For
shutdown and light load cases, if the source voltage

limit is above the maximum expected voltage range, it can
be concluded that the distribution system voltage regulation
is adequate for that operating condition. If the expected
source voltage is outside the source voltage limits
established by the ASDOP Analysis, then further study is
required to establish auxiliary system adequacy. Table 1
summarizes the result for each case analvzed for Unit 1.
Table 2 summarizes the results for Urit 2. Listed is the
source voltage limit, expected source voltage and the
condition which established the source limit.

The source voltage for the SAT cases is the 230KV Switch=-
yard. The source voltage for the UAT cases is the unit's
generator. Using Table 1, the Unit 1 switchyard and
generator voltage limits can be compared to the expected
source voltage values. The expected voltages are within
the calculated limits except for cases SAT9, SATI13,
SAT17, SATI8 and SAT19. For these cases, the limiting
condition was established by some non-safety MCCs and
loads. The nonsafety MCCs and loads were examined in
greater detail for these cases and the voltage at the
loads were determined to be adequate (See section 4.4,

11




paragrapks 1, 2, 3). In all cases (including cases SAT9,
SAT13, SAT17, SAT18 and SAT19), the voltage meets the
criteria on the safety buses. Thus, adequate voltage is
maintained on the Unit 1 safety systems. Table 1 assumes

a tap change (which has no impact on safety system voltage)
is made on the transformer serving Unit Substation Common
C. The purpose of the tap change is discussed in Section
4.4 Paragraph 4.

Using Table 2, the Unit 2 switchyard and generator voltage
limits can be compared to the expected source voltage
values. The expected voltages are within calculated
limits except for cares SAT2, SAT17, SAT18 and SAT19.

For case SAT2, the expected source voltage (1.017 pu) is
only slightly greater (.007 pu) than the source voltage
limit (1.010 pu). The voltage limit was set by non-safety
MCC bus voltages and is discussed further in Section 4.4,
Paragraph 5. The voltage is within limits on the safety
buses and at safety loads.

For cases SAT17, SAT18 aad SAT19 the limiting condition
was established by some non-safety MCC and loads. The
non-safety MCC and loads were examined in greater detail
for these cases and determined to be adequate (See Section
4.4, paragraphs 1, 2, 3). In all cases (including SAT17,
SAT18 and SAT19), the voltage meets the criteria for Unit
2 safety buses and loads. Thus adequate voltage is
maintained on the Unit 2 safety system for all conditions
analyzed.

12



TABLE 1 - SUMMARY OF RESULTS OF ASDOP ANALYSIS BSEP #1

SOURCE
SOURCE VOLTAGE LIMITING
CASE VOLTAGE (PV) LIMIT CONDITIONS

Full Load SAT1 -~ Full Load 1.009 007 460V Mtr Term. Volt.
SAT3 -~ 3rd OWP Start 1.009 984 CwP-1D Terminal Volt.
SAT4 - 4th CwWP Start 1.009 .993 CWP-1D Terminal Volt.
SATS =~ Fuel Pool Cool Pump Start @ 1.009 .963 FPCP-1A Term. Volit.
SAT6 - Fuel Pool Cool Pump Start @ 1.00% . 968 FPCP-1B Term. Volt.
SAT7 - Reac Recirc Pump Mtr 1.009 .978 RRP-18 Terminal Volt.
SATS - RBCCW Pump Mtr Start 1.009 .974 RBCCW Mtr Term. Vult.
SAT18 - Screen Wash Pump 1.009* 1.046 SWP Terminal Voltage
SAT19 - TBCCW Pump Start 1.009* 1.055 TBCCW Terminal Voltage
UAT 1 - Full Load 1.009 1.000 460V Mtr Terminal Volt.
UAT 3 - 3rd CWP Start 1.009 .977 CWP-1D Mtr Term. Volt.
UAT 4 - 4th CWP Start 1.009 . 986 CWP-1D Mtr Term. Volt.
UAT 5 - Reac Recirc Pump Mtr Start @ 1.00% .981 RRP-1B Terminal Volt.
UAT 6 - Fuel Pool cool Pump Start 1.009 .958 FPCP-1A Terminal Volt.
UAT 7 - Fuel Pool cool Pump Start 1.009 .963 FPCP-18 Terminal Volt.
UAT 8 - RBCCW Pump Mtr Start @ 1XE 1.009 .972 RBCCW-1A Terminal Volt.
SAT 9 - LOCA, Blocked Starting . 965* .966 480V Contactor Drop-out
SAT 10 - LOCA, Sequential Starting . 965 .924 480Y Contactor Drop-out
SAT 11 - LOCA Run .989 .979 480V Contactor Pickup
SAT 12 - 3rd CWP Start .989 .983 CwP-1D Terminal Volt.
SAT 13 -~ 4th CWP Start .989* .993 CwP-1D Terminal Volt.
SAT 14 - Scator Cint Mtr Start @ 17D . 989 .952 SCP 138 Terminal Volt.
SAT 15 - Fuel Poei Cool Start @ 1XG .989 .936 FPCP 1A Terminal Volt,
SAT 16 - Fuel Pool Cool Pump Start @ 1XH .989 .950 FPCP 1B Terminal Volt.
SAT 17 - TBCCW Pump Motor Start @ 1TM .989* 1.055 TBCCW Terminal Voltage

LIGHT LOAD SAT 2 - SAT, Shutdown 1.017 460V Mtr Terminal Volt.
UAT 2 - UAT, Light Load 1.095 460V Mtr Terminal Volt.

*These cases are examined further in Section 4.4 to deteraine if load characteristics are such that the nonsafety loads impacted will operate
satisfactorily at the expected source voltage.



TABLE 2 - SUMMARY OF RESULTS OF ASDOP ANALYSIS BSEP #2

EXPECTED SOURCE

PLANT SOURCE VOLTAGE LIMITING

MODE CASE VOLTAGE (PU) LIMIT CONDITIONS

Full load SAT1 - Full Load 1.009 1.000 460V Mtr Term. Volt.
SAT3 - 3rd CWP Start 1.009 .987 CwP-2D Terminal Volt.
SAT4 - 4th CWP Start 1.009 .995 CWP-2D Terminal Volt.
SATS - Fuel Pool Cool Pump Start @ 2XG 1.009 .960 FPCP-2A Terminal Volt.
SAT6 - Fuel Pool Cool Pump Start @ 2XH 1.009 .982 FPCP-28 Terminal Volt.
SAT7 - Reac Recirc Pump Mtr Start @ 28 1.009 .981 RRP-2B Terminal Volt.
SAT8 - RBCCW Pump Motor Start @ 2XE 1.009 .972 RBCCW Mtr Term. Volt.
SAT18 - Screen Wash Pump Mtr Start @ 2SA 1.009* 1.056 SWP Terminal Voltage
SAT19 - TBCCW Pump Start @ 2TM 1.009* 1.063 TBCCW Terminal Voltage

Full Load UAT 1 - Full Load 1.009 .997 460V Mtr Term. Volt.
UAT 3 - 3rd CWP Start 1.009 .979 CWP-2D Terminal Volt.
UAT 4 - 4th CWP Start 1.009 .989 CWP-2D Terminal Volt.
UAT 5 - Reac Recirc Pump Mtr Start @ 28 1.009 .983 RRP-2B Terminal Volt.
UAT 6 - Fuel Pool cool Pump Start @ 2XG 1.008 .954 FPCP-2A Terminal Volt.
UAT 7 - Fuel Pool Cool Pump Start @ 2XH 1.009 .97 FPCP-2B Terminal Volt.
¥AT 8 - RBCCW Pump Mtr Start @ 2XE 1.009 .967 RBCCW-2A Terminal Volt.

LOCA START SATS - LOCA, Blocked Starting . 965 . 926 480V Contactor Drop-out
SAT10 - LOCA, Sequential Starting .965 .884 480V Conta.tor Drop-out

LOCA Run SAT11 - LOCA Run .991 964 270V Relay Setting
SAT12 - 3rd CWP Start .991 .978 CwWP-2D0 Terminal Volt.
SAT13 - 4th CWP Start 991 .989 CwWP-2D Terminal Volt.
€AT14 - Stator Clnt Pump Mtr Start @ 27D .991 944 SCP-2B Terminal Volt.
SAT1S - Fuel Pool cool Start @ 2XH .991 .944 FPCP-2A Terminal Volt.
SAT16 - Fuel Pool cool Pump Start @ 2XG .991 .927 FPCP-28 Terminal Volt.
SAT17 - TBCCW Pump Mtr Start @ 2TM .991* 1.059 TBCCW Terminal Voltage

LIGHT LOAD SAT 2 - SAT, Shutdown (1.017)* 1.010 460V Mtr Terminal Vo .l
UAT 2 - UAT, Light Load (1.038) 1.058 460V Mtr Terminal Volt.

EL401171

*These cases are examined further in Section 4.4 to determine if load characteristic are such that the nonsafety loads affected will operate

satisfactorily at the expected source voltage.
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Safety Bus Voltages with Expected Source Voltage

Talle 3 and 4 summarize for Units 1 and 2 respectively
the Auxilia.y System safety bus voltages with the expected
source voltage cor the Full Load, LOCA Start, LOCA Run,
and Light Load Conditions. The transient values listed
for each mode of operation are the minimum transient
voltages on the buses for the motor start cases analyzed
for the particular mode of operation. In each case, the
minimum transient voltage is caused by the start of a
fourth CWP motor. For each case analyzed, ASDOP outputs
which give bus voltages and selected motor terminal
voltages may be found in Appendix H.

Comparison of Undervoltage Relay Setting with Steady State and
Transient Voltage

Steady state and motor starting transient voltages were
examined relative to the appropriate undervoltage relay
set points. A 3rd CWP start (Cases UAT3, SAT3, SAT12),
a 4th CWP start (Cases UAT4, SAT4, SAT13) and a LOCA
Blocked Start (Case SAT9) result in a transient voltage
dip below the safety bus undervoltage relay pickup
voltage. Motor acceleration calculations were performed
in these instances which verified the motors would
accelerate and voltage would recover in time to prevent
an undervoltage trip. The calculations, relay charac~
teristics, and plots illustrating the results can be
found in Appendix F. The calculations computed the
motor acceleration time at several voltage values. The
acceleration time was determined for the minimum expected
motor terminal voltage. Additionally, the minimum
terminal voltage at which the motor will start without
tripping the undervoltage relay was detzrmined.

Non-Safety Auxiliary System Voltages

The auxiliary system voltage criteria were developed to
address all operating conditions at the plant including
non-safety system loads. As discussed in the previous
sections, voltages are adequate for safety-related loads
for any condition or case analyzed. Additionally no
case was identified where non-safety loads adversely
affected safety loads.

Some non-safety loads (as described in Section 4.1) set
source voltage limits which were outside the range of
expected source voltages. The loads were analyzed in
greater detail to determine if load characteristics

15
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would permit the loads to operate with the source voltage
at the expected value. The following paragraphs summarize
the results of this analysis:

1.

TERMINAL VOLTAGE AT THE TBCCW PUMP AND SCREEN WASH
PUMP (CASES SAT17, SAT19, SAT18): When starting the
TBCCW pump during a LOCA (Case SAT17), the motor
terminal voltage drops to .783 (460V base) for the
Unit 1 analysis and to .7828 (460V base) for the
Unit 7 analysis. During SAT-Full Load Operation
(SAT19) starting the TBCCW pump drops the motor
terminal voltage to .8037 (460V base) for the Unit 1
analysis and to .7957 pu for the Unit 2 analysis.
During SAT-Full Load Operation (SAT18), starting the
Screen Wash Pump causes tne motor terminal voltage
to drop to .8064 (460V base) in the Unit 1 analysis
and to .7995 pu for the Unit 2 analysis. The motor
terminal voltages are below the 85% starting criteria.
Calculations were performed (see Appendix F) to
determine if the motors would start at the ASDOP
computed values. In all cases, the motors will

start and accelerate at the expected terminal voltage
values.

TERMINAL VOLTALE AT CWP-1D WHEN STARTING A 4TH CWP
DURING LOCA RUN (CASE - SAT13): When starting the
fourth CWP during a LOCA on Unit 1, the CWP-1D motor
terminal voltage dips to 0.8452 (4000V base). Although
this voltage is below the .85 (4000V base) voltage
criteria, the CWP is not a safety-related load and
does not jeopardize the safety of the plant. Ad-
ditionally, there is no problem with motor accelera-
tion at the minimum expected terminal voltage.

VOLTAGE AT NON-SAFETY MCC CTO DURING LOCA BLOCK-START
(CASE SAT9): When block starting the RHR pumps and
Core Spray pumps on Unit i during a LOCA, MCC CTO

bus voltage dips to 0.6980 (480V base). This voltage
is below the 0.70 (480V base) voltage criteria for
contactor drop-out. No safety-related loads are fed
from CTO, therefore the possibility of contactor
drop~out is not a safety concern and is not considered
a problem. The MCC CTO voltage recovers to .B674
(480V base) after the motors accelerate. Therefore
any loads which drop out due to low voltage can
restart.

VOLTAGES ON LOADS FED FROM UNIT SUBSTATION COMMON C:
With Unit Substation Common C t)ansformer tapped at

16
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the present setting (-2.5%), the Unit 1 analysis
computed low voltages at the following loads fed
from the unit substation:

a. Low motor termina voltage at loads fed from
MCC RWC during SAT-Full Load (SAT1).

b. Low bus voltage at MCC RWC during LOCA Plock
Start (SAT9).

€. Low bus voltage at MCC RWC during LOCA Run
(SAT11).

The low voltages can be corrected by changing the
substation transformer taps from -2.5% to =-5%.

5. VOLTAGE ON NON-SAFETY MCC ON UNIT 2: As discusscd
in Section 4.2 a slight overvoltage on some aon-safety
motor control centers may occur for the shutdown
case (SAT2) with the 230KV system voltage at the
maximum expected value. The voltage at the non-safety
MCC buses only slightly exceeds (.68% max. on MCC
2TE) the maximum allowable voltage at the load
terminals. There will be some additional voltage
drop between the motor control center and the load.
Also, the time the source voltage will be maximum
with the unit shutdown should be small. Therefore,
the slight overvoltage calculated in the ASDOP
computer studies is not considered significant.

CONCLUSIONS AND RECOMMENDATIONS

Based on our interpretation of NRC requireme and the
results of voltage~cdrop studies, the electrical distribution
system can supply power to the safety system within the
equipment voltage limits. This is based on a "worst

case" accident scenario of a LOCA on one unit with the
other unit shutdown, as opposed to the accident scenario

of a LOCA on one unit and simultaneous false LOCA on the
other unit. The latter scenario was used in past voltage-
drop studies, and subsequent NRC submittals were based on
results of these studies; however, this scenario goes
beyond the intent of any applicable regulatory requirements.
A detailed discussion of the basis for the revised accident
scenario can be found in Appendix A.

Specific instances were found in the analysis where
non-safety loads required individual analysis. The
actual voltages in these instances were demonstrated to
be adequate and/or the non-safety system would operate
satisfactory in all cases provided one change is made. A

17
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tap change from -2.5% to -5% is recommended on the trans~
former supplying Unit Substaiton Common C. The tap
change will assure adequate voltage is maintained for all
the non-safety loads fed from the unit substation.

to Results and Conclusio

The voltage drops covered in this report were conducted
with the understanding that the Screen Wash Pump Motors
(fed from nonsafety MCCs 1SA and 28A) were automatically
tripped upon initiation of a LOCA signal. Since completion
of this analysis, it has been discovered that this load
shedding feature has been removed. This impacts the load
model used for analysis in that under worst case loading,
the Screen Wash Pumps could be running during a LOCA. As

a result, the affected cases have been reexaminaed, ard

it was determined that the impact on the voltage regulation
of the safety-related bases is insignificant and the

conclusions and recommendations will not change in any
'.'l

Relative to the nonsafety loads, two (2) additional MCCs
(1SA and RWC) do not meet the minimum criteria of 0.70 pu
for a LOCA Start. This condition has been evaluated as
haviu; no adverse impact on safety-related systems in
Section 4.4, Item 3.



TABLE 3
WNIT 1 SAFETY SYSTEM BUS VOLTAGES AT THE EXPECTED SOURCE VOLTAGE
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START
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.
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MTE:  voltages are in per enitl Dased on Dus nominal woltage.
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TABLE 4

UNIT 2 SAFETY SYSTEM BUS VOLTAGES AT THE EXPECTED SOURCE VOLTAGE LIMIT

L. F Pm LOCA LIGHT LOAD
UAT SUPPLYING LOAD SAT SUPPLYING LOAD START LOCA RUN
%us Steady Transient Steady Transion Blocked Start [~ Steady Transient | UAT Swﬂ{fng Shutdown
State (UAT1) {UATA) State (SAT1) (SAT4) (SATS) State (SAT11)| (SAT13) j Load (UAT2) (SAT2)
1
KVBus . 9407 8724 .9386 .8680 L7795 . 9257 .8537 . 9640 1.0250
Bus .9325 .8547 .9301 . 8497 L7707 .9339 .8541 . 9627 1.0373
Bus E8 .9336 .8562 .9312 .8512 L1732 .9355 .8561 . 9597 1.0395
V MCC  2XC .9316 .8537 .9291 .8487 . 1695 .9330 .8530 .9617 1.0367
MCC 1N .9198 .8409 L9174 .8358 L1672 .9311 .8510 . 9504 1.0314
MCC  2XE .9192 .8402 .9168 .8351 . 7580 .9235 .8427 . 9499 1.0282
MCC  2PA .9294 8514 .9270 .8464 . 7669 .9308 . 8507 . 9597 1.0346
MCC  2XL .9218 .8430 .9193 .8380 . 7649 .9292 . 8489 . 9523 1.0281
MCC  DGC . 9306 .8527 . 9282 .B477 . 7675 .9313 .8512 . 9608 1.0363
MCC  2CA .9149 .8355 .9125 .8304 . 7492 .9164 .8348 . 9509 1.0273
MCC  2XA .9287 .8506 .9262 . 8456 . 7661 .9301 .8499 . 9590 1.0350
MCC  2XG .9164 .8370 .9139 .8319 . 7637 .9281 .8478 .9470 1.0230
MCC  2XD Z* .5324 .8548 .9299 .8498 1717 .9342 .8547 . 9585 1.0385
MCC  1XB- .9326 .8551 . 9302 .8501 .7720 .9345 .8550 . 9587 1.0395
MCC  DGD .9320 .8544 . 9296 . 8495 L7708 .9335 .8539 . 9581 1.0386
MCC  2XB .9279 .8499 .9254 . 8449 . 7663 .9298 .8499 . 9541 1.0366
MCC  1XK .9220 .8434 .9195 .8384 1726 .9350 . 8555 . 9484 1.0291
MCC  2XF .9160 .8369 L9135 .8318 L1517 L9179 . 8368 . 9425 1.0256
MCC  2PB .9315 .8539 .9291 .8489 L1707 .9334 .8538 .9577 1.0377
MCC  2XM .9237 .8453 .9212 .8403 . 7693 .9322 .8525 . 9500 1.0297
MCC  2XH .9042 .8239 .9017 .8187 . 7600 . 9246 . 8442 .9311 1.0188
MCC  2CB .9088 .8290 .9063 .8238 . 7429 .9107 .8289 . 9356 1.0263
NOTE: Voltages are in PU based on bus nominal voltage.
EL401171 20
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ACCIDENT SCENARIO CONSIDERATIONS

Previous BSEP Electrical Division System voltage-drop
studies considered a postulated worst-case accident of a
LOCA on one unit and a simultaneous false LOCA on the
other unit (See "UE&C Report on Voltage-Drop Study for
BSEP Unit 2", Revision 2, dated December 15, 1980.). The
UE&C report indicated that the '2XLOCA' condition could
cause the emergency bus voltage to degrade to unacceptable
levels when the tie breaker between 4160-volt buses
Common A and Common B is closed. A solution offered by
UE&C to ensure sufficient emergency bus voltage for the
"2XLOCA" scenario was to increase the normal 230 KV
switchyard voltage from 1.00C p.u. to 1.012 p.u. when the
tie breaker is closed.

The solution offered is based upon the incorrect assumption
that after a turbine generator trip, the switchyard
vcltage would degrade a constant amount from its pre-trip
voltage, regardless of whether the pre-trip voltage is at
1.000 p.u. or 1.012 p.u. This analysis does not take
into consideration that the generating units supply a
major portion of the VAR support that serves to hold the
switchyard voltage at the required level. Upon a unit
trip, this system VAR support is lost, and the drop in
switchyard voltage is determined by the transmission
system conditions, which dictate how much and from where
the lost VAR support is made up. From Transmission
System loadflow studies, it has been demonstrated that
the actual drop in switchyard voltage caused by the loss
of both units and the starting of the ECCS loads would be
much greater than indicated in the UE&C report.

Based on an evaluation of NRC requirements relative to
the adequacy of station electrical distribution system
veltage, the "2XLOCA" accident scenario is more conservative
than required. In the NRC's Guidelines for Voltage-Drop
Calculations found in their letter to all power reactor
licensees, dated August 8, 1979, Guideline No. 2 states
"For multi-plant stations, a separate analysis should be
performed for each unit, assuming (1) an accident in the
unit being analyzed and simultaneous shutdown of all
other units at that station, or; (2) an anticipated
transient in the unit being analyzed (e.g., unit trip)
and simultaneous shutdown of all other units at that
station, whichever presents the largest load demand
situation."

In the "2XLOCA" scenario, the simultaneous shutdown
referred tc in the above guideline is caused by simultaneous
false accident signals that cause the automatic starting
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of the ECCS equipment. Regulatory Guide 1.81 states that
because of the low probabil.ty of a major reactor accident,
a suitable basis for multi-unit nuclear power plants is
the assumption that the accident occurs in only one of
the units at a time, with all remaining units proceeding
to an orderly shutdown. Since an "orderly shutdown of
the other unit" is clearly not the loss of the unit from
spurious accident signals, the Regulatory Guide supports
the basis for consideriug a LOCA on one unit only. This
scenario is further supported by IEEE 308-1971, Paragraph
8.1.4 which states in part: "A multiunit station may
share preferred power supply capacity between units. In
such a case, as a minimum the total preferred capacity
must be sufficient to operate the engineered safety
features for a design basis accident on one unit and
those systems required for a concurrent safe shutdown of
the remaining units."

The NRC also provides guidelines for establishing the

source voltage that is to be used for the station electrical
distribution system voltage-drop studies. The same

August 8, 1979, NRC letter referenced above states that

the voltage at the terminals of each safety load should

be calculated based on the assumption that the grid

voltage is at its "minimum expected value". The minimum
expected value should be based on the least of the following:

a. Tie minimum steady-state voltage experienc=d at the
conuection to the off-site circuit.

b. The minimum voltage expected at the connection to
the off-site circuit due to contingency plans which
may result in reduced voltage from the grid.

C. The minimum predicted grid voltage from grid stability
analysis (e.g., load flow studies®

For all of the voltage~-drop studies covered in this
report, the minimum expected grid voltage was based on
transmission system load flow studies ('"c¢" above). For
the "LOCA Start" cases, the load flow studies yielded the
lowest voltage of the three methods covered in the NRC
guidelines; however, for the "LOCA Run" cases the voltages
from load flow studies were higher than the minimum
steady-state voltage experienced at the connection to the
off-site circuit ("a" above). A review of plant computer
logs has revealed that the lowest steady-state voltage at
the 230 KV switchyard of 222.7 KV (0.967 p.u.) occurred
on August 25, 1975. This value was not used for the
"LOCA Run” cases, however, for two reasons:

T, The steady-state grid voltage cannot be used to
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predict the post-turbine trip grid voltage after a
LOCA. As mentioned previously in this appendix, the
generator serves to maintain the switchyard voltage
at the required level, and, therefore, the voltage
drop from an unanticipated loss of a generating unit
cannot be controlled by maintaining the grid voltage
with the generator.

3 Many changes have been made in the transmission
system since 1975 when the lowest switchyard voltage
occurred. These changes have impacted how the
transmission system affects switchyard voltages.

Revised Accident Scenario

Based on an interpretation of NRC guidelines for degraded
voltage analyses, the following accident scenario would
apply to BSEP:

1. Both Brunswick units are operating with auxiliary
electrical loads to support full-load operation.

2. The Common A to Common B bus tie breaker is closed.

3. There is a LOCA on BSEP Unit 2 (1); switchyard
voltage degrades to the "minimum expected value".

4. The Unit 1 (2) operators simultaneously commence the
process that will lead to a safe, orderly shutdown
and cool-down condition.

The above accident scenario based on NRC Guidelines
considers the LOCA occurring at a time when both units

are operating. In the case of BSEP, an accident on a

unit with the other unit shutdown results in the "worst
case" voltage condition. The probability of an accident
occurring on a unit with the other unit shutdowa is
approximately the same as when the other unit is operating.
Therefore, it is reasonable the above scenario should be
changed to consider the worse case condition. Therefore,
the scenario used in this analysis is as follows:

1. One Brunswick Unit is operating at full load. The
other is shutdown.

&5 The Common A to Common B tie breaker is closed with

the load supplied from the operating unit's Startup
Auxiliary Transformer.

A4
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. A There is a LOCA on the operating unit; switchyard
voltage degrades to the "minimum expected value'.

4, Plant safety systems respond t> the accident con-
dition.
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8.0 APPENDIX B

SOURCE VOLTAGE CONSIDERATIONS
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8.0 SOURCE VOLTAGE CONSIDERATIONS

An important consideration for maintaining adequate
electrical distribu-tion system vcliages is to take the
necessary steps to control the source voltage during

normal plant operations and to ensure that the transmission
system is operated in such a way as to minimize the loss

of voltage from an uncontrolled unit trip.

Under normal operating conditions, the 230 KV switchyard
voltage level is maintained in accordance with the BSEP
Generation Voltage Schedule (GVS). The present GVS calls
for the 230 KV switchyard voltage to be maintained between
232 KV and 234 KV. The desired switchyard voltage level
is achieved through a coordinated effort between the

plant op‘'ra-tors and the System Operations Load Dispatchers
at the Skaale Energy Control Center. In the voltage-drop
analyses covered in this report, the GVS was used as the
expected source voltage range fur non-accident operating
conditions. The expected voltage was compared to the
calculated voltage limit to determine whether adequate
source voltage could be expected for the condition modeled.
It should be pointed out that the GVS is subject to
change, which could change the results of the voltage-drop
studies themselves. The GVS is based on a combimation of
interdependent plant and grid operating conditions and
requirements. Th~ considerations involved in making
changes to the GVS are somewhat complex, and it is not
intended in this report to cover them in detail; however,
it should be pointed out that before any change in the

GVS is made, the impact on plant operations would be
carefully considered.

Since the desired switchyard voltage is maintained primarily
by making adjustments to the power factor of the generator
unit, the GVS cannot be applied for determining the
expected source voltage for accident conditions resulting
in a unit trip. In the case of a unit trip from a LOCA,
the switchyard voltage is degraded as a result of the

loss of generation, as well as the inrush current required
to start the ECCS loads. The greatest difficulty in
maintaining sufficient switchyard voltage comes at the
instant the upit trips and the ECCS loads are required to
start. After the motor inrush current has tapered off

and the transmission system has had time to make the
necessary adjustment, the switchyard vecltage can be
maintained at a higher level.

The minimum expected switchyard voltages for the accident

conditions in this report were based on transmission
system load flow studies that modeled transmission facilities

B2
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planned for service by the 1984 summer period. Since
adequate switchyard voltage becomes more difficult to
maintain as the system load increases, the desired con-
servatism is achieved by representing the forecasted
summer peak load in the trans-mission system model. L.
V. Sutton Steam Electric Plant Unit 3 helps support
transmission voltage in the area. To develop the "worst
case" transmission system conditions, all the studies
except shutdown (SAT2) were run representing Sutton Unit
No. 3, out of service. For the Shutdown Case (SAT2),
Suttor Unit 3 was considered operating to develup the
"worst case'" maximum switchyard voltage.
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9.0 APPENDIX C
VOLTAGE CRITERIA
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Equipment
Nonclass 1E Motors

Nonclass 1E GE Motors
Class 1E UE&C Mo..rs

All Motors

Motor Control Centers

F-Buses

BOP Buses

EL401171

Name Plate
Rating

4000V
4000V

460V

480V

4160V

4160V

9.0 BSEP EQUIPMENT VOLTAGE CRITERIA
VOLTAGE CONSTRAINTS

Continuous

¥10% (3600 to
4400 volts)

F10% (3600 to
4400 volts)

¥10% (3600 to
4400 volts)

F10% (414 to
506 volts)

-15% (408 velts)

89.5% (270V relay
setting) (3727.5
volts on E-bus)

@ 10 sec.

N/A

Transient

-15% starting
(3400 volts)

-30% starting
(2800 volts)

-25% starting
(3000 volts)

-15% starting
(391 volts)

-30% (336
volts)

82.5% (27/59E
relay pick up
setting)

69% (27 relay
setting) 2870
volts on BOP
bus.

Remarks

Applies to RHR and core
spray pump motors only.

Applies to all 460 Volt
motors. This criterion
relaxed for accident
conditions.

85% required for contactor
pickup. 70% required for
contactor hold in.

270V relay setting is
106.5V/10 sec. 27/59E
inverse time relay settin
is 105v/98V (5 secs. @ 752
V. 1.5 secs. @ 0% V)

27 relay setting is 827
1/2 L (2 secs. @ 0% V)

Reference

1

3,45



Name Plate

Equipment Rating Continuous Transient Remarks Reference
BOP Buses 4160V N/A 69.8% (27/59S 27/59S setting is 105V/83V 28,9

relay setting (5.5 sec. @ 0 v)
(2905 volts on
BOP Bus)
BOP Buses 4160V N/A 69.8% (27/590 27/59U setting is 105/83V 3.4, 5
relay setting) (5.5 sec. @ 0 V)

(2905 volts con
BOP Bus)

NOTES:

A. Limits established for motors are voltages at the motor terminals. A 3% running drop between motor control center
and motor will be assumed to account for cable voltage drop.

B. A1l percentages are in 4160 Volt base, and PT ratio for all relays is 4200/120.
REFERENCES:

1. ANSI C50.41-1982.

2. UE&C voltage drop study, Rev. 2, December 15, 1980.

3. CP&L lettaer to NRC dated November 23, 1982 with Enclosure 1, BSEP Units 1 and 2 Adequacy of Station Electric
Distribution System Voltages.

4. UC-24428 dated September 1, 1976 on “Relay Coordination Settings and Curves."
5. UC-29677 dated June 30, 1980 "Adequacy of Staticn Electrical Distribution System Voltages."
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10.0 APPENDIX D
AUXILIARY SYSTEM RELAYS
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AUXILIARY SYSTEM RELAYS
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The NRC guidelines for voltage drop calculations, item 8, states that
"The analysis should dccument the voltage setpoint and any inherent or
adjustable (with nominal setting) time delay for relays which initiate
or execute (1) automatic transfer of loads from one source to another;
(2) automatic load shedding; or (3) automatic load sequencing." The
relays, settings and functions are listed below.
relays are also included in voltage criteria, Appendix C (Section 9.0).

Setting

Relay Catalog No.
27/59S 12IAV53K1A
(BOP-Bus)
27/59U 12IAV53K1A
(BOP-Bus)
27 (BOP-Bus)  12IAVS54F1A
27-1 12HFA650M69H
(BOP-Bus)

EL401171

sec when volt-
age drops to

zero. b.
105v/83V (5.5 a.
sec when
voltage drops
to zero b.
82T %L a.
(2 sec @ 0%)

b.
Instantanaous a.
b.

D2

The appropriate

Function

105v/83 (5.5 a.

Load sheds all breakers
on its associated bus.

Trips its associated
Feeder to Emergency Bus.

Starts Diesel Generators

Load sheds all breakers
on its associated bus

Trips its associated
Feeder to Emergency Bus

Starts Diesel Generators

Opens master-slave
breakers to associated
Emergency Bus.

Sheds all BOP bus loads

Permits sequential load-
ing of RHR and Core Spray
Pumps during DBA

Permits bypass of seque-
ntial loading circuits if
off-site power is avail-
able

Permits operation of
Conventional Service
Water Pumps if off-site
power is available




Relay

e. 27/59E
(E-bus)

v 590 (E-bus)

g. 27-1

27-2
(E-bus)

27HS
(E-bus)

27 DV
(E-bus)

EL40117I

Catalog No. Setting
12IAV53K1A 105v/98vV

(5 sec @ 70% V.

(1.5 secs @ 0% V)
12IAV51A1A 55V/1L

(.25 sec @

100% V.)
12HFA65D69H Instantaneous
12HFA65D69H Instantaneous
12HGA17C63 Instantaneous
ITE - 27D 106.5V/10 sec

03

Rev. 0

Function

a. Permits closure of
diesel generator breaker

. Load sheds all breakers
on its associated bus

c. Trips tie breakers

a. Permits closure of die-
sel generator breaker

a. Starts sequential loading

b. Permits bypass of seque-
ntial loading circuits if
off-site power is avail-
able.

a. Starts its associated
diesel generator

a. Isolates i1ts associated
emergency bus from off-
site distribution system
when voltage is below
89.5%
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1 2 3 4 S

@ SWYD. (230KV)

be ]

SAT uwlu 230/4,.16KV
mmn mm
@3
iadbin A G
@ } Z= 0.0006018+;0.0045288
ety W ¢ |
g 1
E e S =11,489
8 § P =0.89
g <
o
@u:. 1D, €Y, €2, COMMON B, COMMON A N {4160V BUSS
WD
"ﬂ’v"“' uwly uJ.u Ul uly ul i uwly udw
mm M M Mmm mm M m mm
O D O O o @ @ @
8 &
2 2 8 3 I} A
< < - -
4 o N g » 8 b 7
o mael ST Sge (SR R SR
P B E B B E : E
SAT FULL LOAD
I [
NOTES: 0 ”'.. ISSUE FOR NT-124 % "% o éo“
1. IMPEDANCES ARE IN OHMS [ SESERIFTIon 1% om | w
- LSADS (S) ARE IN MVA o ) 1< IC pnnadd >
Se REFERENCES COMPUTER MODEL BUS # PROPESE I ONAL £40 1 HEER s, 4.
NUCLEAR SAFETY RELATED
CAROLINA POWER & LIGHT COMPANY
MUCLEAR FLANT ENGINEERING DEPARTMENT - RALEIOM, N.C.
At BSEP UNIT 1
"R o) ECTRICAL DISTRIBUTION
SYSTEM STUDY
e - LOAD MODEL
/; 2% T124-E-3002 L

1 1 2 | R 4 { S




1 2 3 & 5
<:>QML¢amw
H ‘
SAT uwlu 230/4,16KV
A nTn
9 ® |

i @ v- e } 2= 0.0006016+,0.0045208 2

X |8

|8 Bl

@cc, 10, Ef, E2, COMMON B, COMMON A N (4160V BUS)

=16.573 ! g
= 0.87 oo
W @)\,

pacal o S LR oy

:
@

-

=
@

QF

i
P "‘f@ 13
R .}_@ 3f
s 3t

SEE SHEET 30
SEE SHEET 3¢
SEE SHEET 35
SEE SHEET 34
SEE SHEET 33

SAT FULL LOAD
WITH 4TH CIR. WAT. PUMP START c

s [ [
NOTES: 0 | *%| ISSUE FOR NT 124 [“L 4 &
1. IMPEDANCES ARE IN OHMS L] I 4
2. §ADS (S) ARE IN MVA o~ (K R
4.

REFERENCES COMPUTER MODEL BUS # PROPESS I OMAL EM01MEER s, wo.
IS IN DESIGN BRAKE HORSEPOWER

NUCLEAR SAFETY RELATED

CAROLINA POWER & LIGHT COMPANY
NUCLEAR PLANT ENOINEZRING DEPARTMENT - RALEIGM, N.C.

Ay BEEP UNIT 1

"™ ELECTRICAL CISTRIBUTION
SYSTEM STUDY
LOAD MODEL

B T124-E-3002




SAT uwlu 230/4.16KV
mm mm
@ | ® |
@ b } Z= 0.0006018+0.0045789
g § rles
@nc. 10, €1, E2, COMMON B, COMMON A 1 4160V BUS)
S =14.457
¥ = 0.88
o160/ mov uJ.u uj.u uwlw uwdw uwlw uwlu
< M M mm M mm M
T LYy

SEE SHEET 19 & 20 ..I,Q
SEE SHEET 23 & 24 ‘_L@ 3%

SEE SHEET 27 4 28 ...{.9 3§

SEE SHEET 30

NOTES:

{. IMPEDANCES ARE IN OHMS
2 ARE IN MVA

4.

5 8 3 R

e my RS

ﬂ E % §
SAT FULL LOAD
WITH 3RD CIR. WAT. PUMP START

LOADS (S)
é REFERENCES COMPUTER MODEL BUS #
IS IN DESIGN BRAKE HORSEPOWER

e

o |"! 1ssuE FOR NT-124 Vgl Rt
O -~

e WE K yant) = s B

PROFESS 1ONAL  ENG TNEER RES, MO,

NUCLEAR SAFETY RELATED

CAROLINA POWER & LIGHT COMPANY
MUCLEAR PLANT ENGINEERING DEPARTMENT - RALEIGM, N.C.

net BSEP UNIT 1
"™ ELECTRICAL DISTRIBUTION
SYSTEM STUDY
Lo LOAD MODEL
L N 1
; & T124-E-3002 . = 0
1 2 3 4 -




1 2 3 - 8
@ SWYD. (230KV)
SAT i, 230/4.16KV

Z= 0.0002127+
10.00215

Z= 0.0008018+,0.0045288

2= 0.002278+,0.003381

@u:. 1D, €1, E2, COMMON B, COMMON A (4160V BUS)
gl g !
0'%0-V UL UL U UL UL UL UL UL
* ym mm wym mm oam mm mm mm
% @‘F @[w @lm_ 1w @_3._ @__ 18Y
R e Sy L
& ~ ]
< ] -
e 4 K 3 A 2 3 2
ir B SRR R SONE AR
B B ] E B B B
SAT FULL LOAD
WITH REACTOR RECIRC. PUMP START
NOTES: 0 ‘;.. 1SSUE FOR NT-126  |'% k&iﬂy&@‘e
. IMPEDANCE S, 0 - il
é. E ADS (S)SMAQEED&NHVMS o (K R anrid] uA"‘ -

4,

A
REF S COMPUTER MODE. BUS #
IS IN DESIGN BRAKE HORSEPOWER

NUCLEAR SAFETY RELATED

CAROLINA POWER & LIGHT COMPANY

NUCLEAR PLANT ENOINEERING DEPARTMENT - NMALEIGN, N.C.
AT BSEP UNIT 1
"M& ELECTRICAL DISTRIBUTION

SYSTEM STUDY
- LOAD MODEL
1 f WAL NONE
e T124-E-3002 =0
' 2 3 . 5




1 2 3 B 5
@ SWYD, (Z30KV)
‘ H
SAT wlw 230/4.16KV
mm mm
@3
@ } 2= 0.0006018+,0.0045288
18 e
k|8 s =0.00
& |8
¢ |s
o
Occ. 10, €1, €2, COMMON B, COMMON A 1 4160V BUS)
B
«%c.v WAL UL UL UL UL UL U
- M mm m m mm mm
% @l @t' @Im | @la ¢
b4 & g 3
L - -
O -
S |
SAT-LOCA START b al®
c
AR-1D @ CSP=1A
S % B
NOTES: 0 | M| 1ssue For NT-12¢ %2l Q|
1. IMPEDANCES ARE IN OHMS — o | -
2. LDADS (S) ARE IN MVA we WK K il > el &
. REFERENCES COMPUTER MODEL BUS # ROPESSIONAL £M01NEER s, 0.
4. IS IN DESIGN BRAKE HORSEPOWER -
NUCLEAR SAFETY RELATED
CAROLINA POWER & LIGHT COMPANY
MUCLEAR PLANT ENGINEERING DEPARTMENT - RALEIOM, N.C.
Aawe BSEP UNIT 1
— "M ELECTRICAL LISTRIBUTION
A SYSTEM STUDY A
- LOAD MODEL
2 T124-E-3002




© swve.

-

IS IN DESIGN BRAKE HORSEPOWER

(Z30KV)
SAT ulw 230/4.16KV
mm mm
@ | ® |
2= 0.0006018+,0.0045280
@ .t ’
* - '
N g $ =0.00
g |2
e |s
@oc. 10, €1, E2, COMMON B, COMMON A N 4180V BUS)
| A
s =15.3570 g s
P = 0,87 e|s
A -
wsazseoy UdL wly ulu wly wly wlu wl G
M mm TN mm mm mm mm ~|csp-18
@‘*&' @*& @lw @ com-C "w x C"”
) ] f
g 2 b}
2 g - - - a
1~ 4 N ] A E
s 8 )
B H B H B
SAT-LOCA RUN HE
O,
NOTES: o ||| 1ssue For NT-124 [ \,Q&'\
1. IMPEDANC OHMS o o |
. Aos‘:s?SASEE ngNHVA o () /<K unnedd o el -
REFERENCES COMPUTER MODEL BUS # PROPESS 10MAL £ 1NEER s, N0,

NUCLEAR SAFETY RELATED

CAROLINA POWER & LIGHT COMPANY
NUCLEAR PLANT ENOINEERING DEPARTMENT - RALEIOGM, N.C.

AwT BSEP UNIT ¢
M® ELECTRICAL DISTRIBUTION
SYSTEM STUDY
- - o LOAD MODEL
777 @ T124-£-3002 St _oe = 0
' 2 3 4 B




| 1 2 3 4 5
© swo._ o
'“
SAT " 230/4.16KV
mm mm
@ | e
@ } 2= 0.0006018+)0,0045268
' ——————————— 8
E g S =0.00
8 |38
8 |e
°- -
@qc. 10, €1, E2, COMMON B, COMMON A N {4160V BUS)
< oh |
'
sagzseev UL wlw ulw wlu w wlw ul
. mm mm m mmm m mm m
@I ®__'I @iw @Im w @
b4 b4 8
£l < o u
e R K 2 A
; e S S ; :
SAT-LOCA RUN WITH 4TH 1B
o CIRC. WATER PUMP - START
CWP-10
® ® @
s ]
NOTES: 0 | ®| ISSUE FOR NT-124 | gﬂﬂ o«
1. IMPEDANCES ARE IN OHMS £ m___.- V4 P
3. REFERENCES COMPUTER MODEL BUS # —— s, 10
4, 1S IN DESIGN BRAKE HORSEPOWER
NUCLEAR SAFETY RELATED
CAROLINA POWER & LIGHT COMPANY
NUCLEAR PLANT ENGINEERING DEPARTMENT - RALEIGM, N.C.
s BSEP UNIT 1
"ME el ECTRICAL DISTFRIBUTION
A SYSTEM STUDY
LOAD MODEL
Y - STRUC | N ELECT
8% T124-E-3002 s= = 0

PRI -




1 2 3 4 S

D s, @0

SAT uki; 230/4.16KV

®

} 2= 0.0006018+,0.0045208
—

S =0.00

Z= 0.0002127+«
30.002151

@.c, 1D, Ei, E2, COMMON B, COMMON A (4160V BUS)

5%

—-f5=
S) 3
¢
O
~2
10 3¢
Iz
© 3¢

SEE SHEET 27 4 28
SEE SHEET 30
SEE SHEET 3t

SAT-LOCA_RUN WITH 3RD s -
CIRC. WATER PUMP - START @ @
CWP-10

NOTES: .| ISSUE FOR NT-124

0
1. IMPEDANCES ARE IN OHMS (v | on )
2. LéAOS (S) ARE IN MVA e

» REFERENCES COMPUTER MODEL BUS # PROPESS 10N 901 NEER s, 0,
4, 1S IN DESIGN BRAKE HORSEPOWER -
NUCLEAR SAFETY RELATED

CAROLINA POWER & LIGHT COMPANY

NUCLEAR PLANT ENGINEERING DEPARTMENT - RALEIGM, N.C.
Aam BSEP UNIT 1

"ME  ELECTRICAL DISTRIBUTION
SYSTEM STUDY
I LOAD MODEL
a® T124-E-3002 sat o =0

1 2 3 4 5




230/4.16KV

UL
mm mm
@ | ® |
@ } 2= 0.0008018+;0.0045280
L 18
g g. .-'0.00
@m. 10, Et, E2, COMMON B, COMMON A ; (4160V BUS)
{
Sor a0
R MR R MR MR R R uw
@F @b_ @&m # @la %
8 ~ R ° 2 -
-« - -
e R K 3 5 E E E
e e Gune SR S TN R
i I F W 5

SAT-SHUTDOWN

NOTES:

ISSUE FOR NT-124

1. IMPEDANCES ARE IN OHMS

2. DS (S) ARE IN MVA
REFERENCES COMPUTER MODEL BUS #

NUCLEAR SAFETY RELATED

CAROLINA POWER & LIGHT COMPANY
NUCLEAR PLANT ENOINEERING DEPARTMENT - RALEIGM, N.C.

Awt. BSEP UNIT |
e ELECTRICAL DISTRIBUTION
SYSTEM STUDY
LLOAD MODEL

2 T124-E-3002

“




1 2 3 4 5
@ GEN (23.5KV)
UAT wlu 23.5/4.16KV
mm mm
@ | @ |
@ i 5 } 2= 0,0004838+0.,003641
I
s

Z= 0.0001518+
)0.001533

@m 0, €. €2

(4160\ BUS)

S =141
P -‘.fﬂ

“

J

S
£
S

SEE SHEET 27 THRU 26

e w3 0 3
>

—rem D3

om0

UAT FULL LOAD

MPEDANCES ARE IN OHMS
L (S) ARE IN MVA
REFERENCES COMPUTER MODEL BUS ¢

NUCLEAR SAFETY RELATED

CAROLINA POWER & LIGHT COMPANY
MUCLEAR PLANT ENOINEERING DEPARTVONT - RALEIOM, N.C.

Mty BSEP

UNIT 1

LOAD MODEL

"M& ELECTRICAL DISTRIBUTION
SYSTEM STUDY

2 T124-E-3002

3 4

e o |




2 3 ‘ s
| @ e @.aw
n
UAT uli) 23.5/4.,16KV
mm mm
Jr @ @
w @ u } 2= 0.0004838+,0.003641
] . 18
2 a -'n 70
- P n0l0e
- g |s
o
C.)uc. 0, €, €2 o 4160V BUS)
T
L—1 .".': :m } 220,03684+)0.034456
R R R R e
t %! 3 3
—— 4
H 2 R
- - -
»
E s 1))
X ¥ B §
—
UAT FULL LOAD WITH 4TH
¢ CIRC. WATER PUMP START
bT ! 9
NOTES: 0 ISSUE FOR NT-124  |%< %8 0 o
1, IMPEDANCES ARE IN OHMS
e L O 77 el -
4. HP ARE IN DESIGN BRAKE HORSEPOWER B =2
NUCLEAR SAFETY RELATED
- CAROLINA FOWER & LIGHT COMPANY
PUCLEAR PLANT ENOTNEERING DEPARTMENT - RALEIGM, N.C.
At BSEP UNIT |
,, "™ ELECTRICAL DISTRIBUTION
A : SYSTEM STUDY
LOAD MODEL
& T124-€-3002 o "0 |
' 2 3 ‘ -




1 2 3 “ -1
@ eon @90
H H
UAT ud 23.5/74.16KV
mm mm
el ® |
@ } 2= 0.0004838+)0,003641
e 1B <]
® E o L } 2= 0.0022784;0.005391
2l AU &) mae e
S |s e
o
@m, 10, E1, E2 ~ (4160V BUS) @
F f F
Wl
u%c.v (VO §Y) U U UL
- M mm M mm
@F o‘ . ‘
& M &
‘o £ -
o
UAT FULL LOAD WITH
c REACTOR RECIRC. PUMP START c
PAIPT)
NOTES: o M| 1ssue Fon niot2e g e
1. IMPEDANCES ARE IN OHMS il R ol o
8 i §ADS (S) ARE IN MVA o x B
= A REFERENCES COMPUTER MCDEL BUS # PROPESS 1ML P IMEER e, 0.
4. IS IN DESIGN BRAKE HORSEPOWER
NUCLEAR SAFETY RELATED
CAROLINA POWER & LIGHT COMPANY
NUCLEAR PLANT ENOINGERING DEPARTMENT - RALEIGM, N.C.
e BSEP UNIT ¢
TM& £l ECTRICAL DISTRIBUTION
A SYSTEM STUDY A
TR L.OAD MODEL
[ mev | @ sTRK | Mx 75
l; 2 T124-E-3002 e = o
1 2 3 * 5 '




3

O oo cz.am

UAT = 23.5/4.16KV
mm mm
® | ® |
@ } 2= 0,0004838+40.003641
. et B
s g '
& 1% S =11.470
L PF =0.89
S e
@1:. 10, €1, E2 ) (4160V BUS)
S 29 2e0.03854+ 0. 034458
u1%pw AL UL U U
. wm mym mm mm CwP-10
N & 8
- - -
b N & -
- i | W
UAT FULL LOAD WITH 3RD
CIRCULATING WATER PUMP START
NOTES: o |=.| 1ssue FOR NT-124 % \,_Q“(\\"
1. IMPEDANCES ARE IN OHMS S— i s 1w T 1 =
o CV

2. ngos (S) ARE IN MVA

REFERENCES COMPUTER MODEL BUS #
IS IN DESIGN BRAKE HORSEPOWER

NUCLEAR SAFETY RELATED

CAROLINA POWER & LIGHT COMPANY
MUCLEAR PLANT EMOINEERING ULPANTMENT - RALEIGM, N.C.

PLANT

BSEP

UNIT 1

TITLE:

i

ELECTRICAL DISTRIBUTION

SYSTEM STUDY
LOAD MODEL

o T124-E-3002

-

=0




1 2 3 4 - |
@O o 8w
UAT B 23.5/4.16KV
mm nm
- @ e } 2= 0.0004838+)0.003641
18
g 5 S tl. 17
o
g ls
@m. 10, €1, €2 N (4180V BUS)
WU
u%&.v UL U UL U
TN mm mm M
F c%,, @|.. @I.,
- M 8
- - o
e R N 2
| § B i
UAT LIGHT LOAD
C (]
NOTES: o | %] 1ssuE For NT-124 [/ 48 s
1. IMPEDANCES ARE IN OHMS CACLE ] e -_/'[,,. &
2. LOADS (S; ARE IN MVA [
s REFERENCES COMPUTER MODEL BUS # PROPESS IONAL ENOINEER

NUCLEAR SAFETY RELATED

CAROLINA PCWER & LIGHT COMPANY
MUCLEAR PLANT ENGINEERING DEPARTMENT - RALEIGM, N.C.

mwT BSEP UNIT 9
"M ELECTRICAL DISTRIBUTION
SYSTEM STUDY
b LOAD MODEL
[ [ e feme | e
& T124-£-3002 o oe = 0
' 2 3 - 5




‘ 3 4 5
@ 480V UNIT SUBSTATION ES CONT INUED
ON
SHEET
P 5 i : ; L
& s s s >
s s s, S s,
. . : :
PRt 50 < 2 i 3 2
(STATIC LOAD) _ 3 @:, @§ @; @!
o o (-3 o .
(-]
__|Mec-2xA2__ |MCC-1xC __|MCC-2xJ MCC -1 XE MCC-1PA
! ' ' 3 f
S1=10.80 S1=30.49 S1=100.45 S1=89.99 | S1=34.49
PF=0.85 PF=0.85 PF=0.85 PF=0.85 |PF=0.85
]
‘s
a .
RBCCM-1A
480V UNIT SUBSTATION "ES” LOADS
RBCCW-1A PUMP START
[] ]
NOTES: o |®,| 1ssUE FOR NT-124 % [ : u\‘“‘
R o
S - CONDS AT PO L LBAD IN KVA = = ol B
2 REFERENCES COMPUTER MODEL BUS # X e
4, HP IS DESIGN BRAKE HORSEPOWER

NUCLEAR SAFETY RELATED

CAROLINA POWER & LIGHT COMPANY

ALEAR PLANT ENGINEERING DEPARTMENT - RALEIGM, N.C.

PLANT ¢

BSEP UNIT 1

I

ELECTRICAL DISTRIBUTION
SYSTEM STUDY

o i LOAD MODEL
LT ca
2 T124-E£-3002 :r.m::n = 0
1 3 . =




5 Lt

1 2 3 “ 5
cm;nx&m @ 480V UNIT SUBSTATION ES
SHEET
15 ] g
H 3
i : : ; 3
: : :
&° &)s
__'ﬁ_c-‘ﬂ HE:_C-DGA MCC-1CA MCC-10G MCC-1XG MCC-1XA
v l ;
€1=138.23 S1=159.02 S1=444,43 S1=203.93 S1=464.14 S1=36.97
PF=0.85 PF=0.85 PF=0.85 PF=0.85 PF=0.85 PF=0.85
480V UNIT SUBSTATION "ES"™ LOADS
RBCCW-1A PUMP START
NOTES:

1. IMPEDANCES ARE IN OHMS
2. S1_= LOADS AT FULL LOAD IN KVA
3. ERENCE

O REF

S COMPUTER MODEL BUS #

a

o | ™| 1ssue FOR NT-124 | 2
O L

P o | e ™|

PACPESNI .40 1MEER s, w0,
NUCLEAR SAFETY RELATED

CAROLINA POWER & LIGHT COMPANY

NUCLEAR PLANT ENGINEERING DEPARTMENT - RALEIOH, N.C.

At BSEP UNIT 1
"™ ELECTRICAL DISTRIBUTION
SYSTEM STUDY
4 e LOAD MODEL
; 3 ,: 2 T124-E-3002 e w0 |

4 S




1 3 4 5
@ 480V UNIT SUBSTATION ES CONTOINMED
SHEET
4 ; i : g e
§ a a s :
e < e L e
AR : : i ; 3
(STATIC LOAD) _ & @§ @; s g
o o o o -
MCC- —__|mMcc-1xc | MCC-2XJ MCC -1 XE MCC-1PA
| v | v
S1=10.80 =30.49 S1=100.45 S1=160.10 S1=34.49
S2=10.80 =33.45 S2=1.65 S2=126.41 S2=44.48
PF=0.85 =0.85 PF=0.85 PF=0.85 PF=0.85
480V UNIT SUBSTATION "ES" LOADS
. ,
aTES 0 = ISSUE FOR NT-124 (Y 4§e
i S ALz P
ts 3 ANCES ARE IN OHMS L =
2. REFERENCES COMPUTER MODEL BUS # rcrussTo - as . 0
3. S1 = LOADS AT FULL LOAD IN KVA

S2 = LOADS AT LOCA IN KVA

NUCLEAR SAFETY RELATED

CAROLINA POWER & LIGHT COMPANY

NUCLEAR PLANT ENOINEERING DEPARTMENT - RALEIGM, N.C.

T BGEP UNIT |
"M& ELECTRICAL DISTRIBUTION
SYSTEM STUDY
LOAD MODEL
. 86
7/
/|8 T124-E-3002 e = o
1 3 ¢ 5




NOTES:
1 1

2. REFERENCES

®

480V UNIT SUBSTATION ES

0.01319+0.01083

PF=0.85

mcaxL®'mcw@Lam€zimc-wo@ MCC-1XG
| l |

€1=139.23 S1=159.02 S1=444.43 S1=203.93 S1=401.14
PF=g4é%2 S2=226.27 $2=444,43 S2=203.93 S2=59,37

PF=0.85

0.01423+,0.01372

PF=0.85 PF=0.85

;
:
&)

480V UNIT SUBSTATION "ES" LOADS
FUEL POOL COOLING PUMP-1A PUMP START

NCES OR I

N _OHMS
COMPUTER MODEL BUS #

3. S! = LOADS AT FULL LOAD IN KVA
S2 = LOADS AT LOCA IN KVA

4.

HP IS IN DESIGN BRAKE HORSEPOWER

ISSUE FOR NT

o T ¥ '
‘12‘ » “‘ 4 “\\

s

o [B

NUCLEAR SAFETY

RELATED

CAROLINA POWER
NUCLEAR PLANT ENOINEERING

& LIGHT COMPANY

DEPARTMENT - RALEIOGM, N.C.

nwts BGEP UNIT 1
ME  ELECTRICAL DISTRIBUTION
SYSTEM STUDY
LOAD MODEL

o T124-E-3002

[

=0

“

4




480V UNIT SUBSTATION ES

0.01745+,0.017324

00
(STATIC LOAD)

0.C1277+,0.01232

0.01216+30.01173
0.04965+,0.01804

©

&

MCC-2XA2 __ |MCC-1XC __ |MCC-2XJ

' I ! ! !

S1=10.80 S1=30.49 S1=100.45 S1=160.10 S1=34.49
S2=10.80 S2=33.45 S2=1.65 S2=126.41 S2=44.48
S3=0.0 $3=30.11 S3=50.90 S3=124.60 S3=33.35
PF=0.85 PF=0.85 PF=0.85 PF=0.85 PF=0.85

@ .

3
)
480V UNIT SUBSTATION "ES" LOADS
c
] ?
o |™.| 1ssue For NT-124 | 2
NOTES: T AT IO o | e
. (- oree e .
1. IMPEDANCES ARE IN OHMS o Ul K caial
2. REFERENCES COMPUTER MODEL BUS # | oremiow. ownem . 0.
o B0 . DR A% Tk LA 1N KVA NUCLEAR SAFETY RELATED
$3 = LOADS AT SHUTDOWN IN KVA CAROLINA POWER & LIGHT COMPANY
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NOTES g =
Ny NCES ARE IN OHMS = (702" teed
; REFERENCES COMPUTER MODEL BUS # | moressiow. pe e -,

e

3. S1 = LOADS AT FULL LOAD IN KVA
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NUCLEAR SAFETY RELATED

CAROLINA POWER & LICHT COMPANY

NUCLEAR PLANT ENGINEERING DEPARTMENT - RALEIGM, N.C.

meT AGEP UNIT 2
. ELECTRICAL oxsrmaunor«
SYSTEM S
LOAD HODEL
MY | @ STAC | MK (BecT] e
j Z 2 T124-E-3001 e L
' 2 3 4 5




1 2 3 . 5
® 480V UNIT SUBSTATION E7 | CONTINUED
1 j ) seET
- b+ * N e
s ; 8 3 8
s S % S %
L2
A ! ! : !
PF=0.85<55 : N Gis 2
~_|MCC-DGC __ [MCC-2XC __ |MCC-2XA __ |MCC-1XJ _ | MCC-2XE
v $ $ v v
S1=153.37 S1=32.95 S!=35.32 S1=103.28 S1=159.85
S2=213.37 S2=32.95 S2=35.32 S2=23.28 S2=159.85
§3=96.16 S3=23.80 S$3=23.58 S3=53.9 S3=123.61
PF=0.85 PF=0.85 PF=0.85 PF=0.85 PF=0.85
480V UNIT SUBSTATION "E7" LOADS
o u ¢
NOTES: 0 | 5| ISSUE FOR NT-124 e &
ALL S1, S2, S3 ARE _IN KVA AT o — L — g [ M R
S1 = LOADS AT _FULL LOAD, o z
2 = Dhncs Y BUCCSROHIY [mmem—— =
S3 = LOADS AT SAT-SHUTDOWN MUICLEAR SAFETY RELATED

CONDITION (LIGHT LOAD) CAROLINA POWER & LIGHT COMPANY
NUCLEAR PLANT ENGINEERING DEPARTMENT - RALEIGM, N.C.
mem BSEP UNIT 2
TME ELECTRICAL DISTRIBUTION
SYSTEM STUDY
_OAD MODEL
A > STRC | X s
_/- 2 T124-E-3001 - T




—
1 2 3 4 5
!
CONTINUED ® 480V UNIT SUBSTATION E7
SHEET ¥ = p
f § 3 3
< = 3
s + S
i g i
o o !
__|MCC-2PA — [MCC-2XL __ | MCC-2CA MCC-2XG
i f ] I
S1=42.86 S1=144.31 S1=331.59 S1=501.06
S2=42.86 S2=64.31 S52=331.59 S2=181.06
S3=42.75 S3=138.48 S3=213.67 S3=495.95
PF=0.85 PF=0.85 PF=0.85 PF=0.85
480V UNIT SUBSTATION "E7" LOADS
c
Iy 3 . v
NOTES: o |®| 1ssue Fom nT-124 MRS \'p‘q\‘ﬂ
ALL S1, S2, S3 ARE IN KVA & [ = ILiE) —Jow TR T
S1”="LOADS AT FULL LOAD, > ol ol
sz - Uonoe' S BACCEROHIgY s -
33 = LOADS AT SAT-SHUTDOWN NUCLEAR SAFETY RELATED
CONDITION (LIGHT LOAD) CAROLINA PONER & LI1OWT COMPANY
NUCLEAR PLANT ENGINEERING DEPARTMENT - RALEIGH, N.C.
e ASEP UNIT 2
"M ELECTRICAL DISTRIBUTION
SYSTEM STUDY
LOAD MODEL
SCALE:  NONE
2 T124-E-3001 T

4 S




480V UNIT SUBSTATION EB

NOTES:

ALL S1,

S1

S2
S3

S1=46.14
S2=46.14
S3=70.03
PF=0.85

S2,

MCC-2PB

0.006571 q...g;*

0.01417+;0.01072

€ €

__|nec-2xn

i f

S1=119.34 S1=29.61
$2=39.34 S2=29.61
S3=130.88 S3=25.77
PF=0.85

PF=0.85

480V UNIT SUBSTATION

S3 ARE IN KVA
LOADS AT FULL LOAD,

UAT-LIGHT LOAD CONDITION

LOADS AT LOCA CONDITION
LOADS AT SAT-SHUTDOWN
CONDITION

(LIGHT LOAD)

MCC-2XD

0.00153+0.00148

MCC -DGD

J

S1=313.29 S1=161.86
S2=313.28 S2=202.66
S3=116.4 S3=102.99
PF=0.85 PF=0.85

"EB" LOADS

B ]
2. ISSUE FOR NT-124  [% <78 o;

0

e RPN
Fw e
o

NUCLEAR SAFETY RELATED

CAROLINA POWER & LIGHT COMPANY

NUCLEAR PLANT ENGINEERING DEPARTMENT - RALEIGH, N.C.

PLANT

BSEP UNIT 2°

TITLE

ELECTRICAL DISTRIBUTION

A

SYSTEM STUDY
LOAD MODEL

& T124-E-3001

4 S




1 2 3 4 5
m;m 480V UNIT SUBSTATION EB
FROM
SHEET) ®
, i y $ i ;
Y ; o
5 : i : §
> B : . s
O @
~_|MCC-2xH _ |MCC-1XB-2_ |MCC-2XB __ |MCC-1XK _ | MCC-2XF
f f ' ' Y
$1=515.0 S1=10.32 S1=47.57 S1=103.28 S1=140.28
$2=195.0 S2=10.32 S2=47.57 S2=4.5 S$2=140.28
=410.0 $3=0.0 §3=27.33 S3=103.3 S3=123.94
PF=0.85 PF=0.85 PF=0.85 PF=0.85 PF=0.85
480V UNIT SUBSTATION "EB" LOADS
r} 3 3
NOTES: 0 ]20.‘ ISSUE FOR NT-124 e { \p’q *\‘
ALL S1, S2, S3 ARE IN KVA Il‘fﬂ SESGRTPTION o |
S1°="LOADS AT FULL LOAD, o YR Benasid = e B
o2 - DALaE 'Sy SRRy ==t ==
S3 = LOADS AT SAT-SHUTDOWN NUCLEAR SAFETY RELATED
CONDITION (LIGHT LOAD) CAROLINA POWER & LIGHT COMPANY
NUCLEAR PLANT ENGINEERING DEPARTMENT - RALEIGH, N.C.
mers BSEP UNIT 2
— ELEL.TRICAL DISTRIBUTION
SYSTEM STUDY
AR WL O B 3TN LOAD MODEL
2 T124-E-3001 =0
1 2 3 4 5




® 480V UNIT SUBSTATION 2E CONTINUED
s ) SHEET
: g g § ! "
e < < % H
15,0KVA ; - §
PF=0,85 ] ! ! i 2
@ _ & ° s
~_|mcc-2TA __ |mMcc-21B MCC-2TC ___|MCC-2TF _ | MCC-2TK
f ! f f $
S1=116.25 S1=148.4 S1=195.31 S1=189.37 S1=237.64
S2=116.25 GS2=148.4 52=195,31 S2=189.37 S2=237.64
§3=57.0 53=66.91 S3=151.91 S3=67.0 S53=240.73
PF=0.85 PF=0.85 PF=0.85 PF=0.85 PF=0.85
480V UNIT SUBSTATION "2E" LOADS
0 |%,| 1ssue For Rl ~
NOTES: 5 NT-124 AR IPA S
ALL S1, S2, S3 ARE_IN KVA AU o cumm—— ..} o w7 T
51’ = LOADS AT FULL LOAD, (e I Bt d =
o . PAIGEIRN SO0 GO TN [emmn ene ==
=L A -
S3 = LOADS AT SAT-SHUTDOWN NUCLEAR SAFETY RELATED
CONDITION (LIGHT LOAD) SAROLINA PONER & LIGHT COMPANY
NUCLEAR PLANT ENGINEERING DEPARTMENT - RALEIOGM, N.C.
[ BSEP UNIT 2
TME ELECTRICAL DISTRIBUTION
SYSTEM STUDY
LOAD MODEL
z » mPu
; 7 2 T124-E-3001 o T




1 2 3 4 5
CONT INUED @ 480V UNIT SUBSTATION 2E
FROM
SHEET }
¥ ] ]
i E
@i_ [MCC-2TL MCC-2TJ
V 1
S$1=237.64 S1=187.93
S2=237.64 S2=187.93
§3=240.72 S3=27.61
PF=0.85 =0,85
480V UNIT SUBSTATION "2E" LOADS
[
NOTES* 0 .".. ISSUE FOR NT-124 '\Kﬂfﬂ&\
ALL S2, S3 ARE IN KVA A SRR on /1w T T
= LOADS AT FULL LOAD, W > | ol

St,
St
S2
S3

UAT-LIGHT LCAD CONDITION

CONDITION (LIGHT LOAD)

LOADS AT LOCA CONDITION
LOADS AT SAT-SHUTDOWN

NUCLEAR SAFETY RELATED

CAROLINA POWER & LIGHT COMPANY

NUCLEAR PLANT ENGINEERING DEPARTMENT - RALEIGH, N.C.

neTi BSEP UNIT 2
TM&  ELECTRICAL DISTRIBUTION
SYSTEM STUDY
. LOAD MODEL
L M | Oe 18C
; 2 T124-E-3001 . T
1 2 3 4 5




@

480V UNIT SUBSTATICON 2F

l s s s s s
15, 0KVA H 2
15:9K A : i. . :
e @o @o e o
~_|mec-2Tn T |mMcc-276 MCC-2TH __ |MCC-2TD _ | MCC-2TE
S1=51.82 S1=413.06 S1=282.74 S1=229.65 S1=292.55
S2=51.82 S2=413.06 S2=282.74 S2=229.65 S2=292.55
S3=50.24 S3=283.06 S3=92.14 S3=72.91 S3=29.88
PF=0.85 PF=0.85 PF=0.85 PF=0.85 PF=0.85
480V UNIT SUBSTATION "2F" LOADS
% v . \ 3
NOTES: 0 8 ISSUE FOR NT-124 /| *¢
ALL S1, S2, S3 ARE IN KVA L 0 o o T T 1
S1 = LOADS AT FULL LOAD, o~ =
€2 = LOADS AT LOCA CONDITION | ovmsemm =
= LO. TION
S3 = LOADS AT SAT-SHUTDOWN SRIELIIT TFREY ST
CONDITION (LIGHT LOAD) CAROL INA POWER & LIGHT COMPANY
NUCLEAR PLANT ENGINEERING DEPARTMENT - RALEIGH, N.C.
et BSEP UNIT 2
YM& o ECTRICAL DISTRIBUTION
SYSTEM STUDY
LOAD MODEL
=
2 T124-E-3001 eI 0
1 2 3 4 5




' 2 3 “
®) 480V UNIT SUBSTATION COMMON D
g i .
S < a
2l .‘ .ﬁ
52, 0KVA ; ! )
PF=0.85 _ & 5
@o e °
~_|Mcc-Rue MCC-2SA __|MCC-RWD
f f i
S1=251.92 S1=357.64 S1=179.37
=251.92 G2=127.0 S2=179.37
§3=251.97 G3=115.25 S3=178.04
PF=0.85 PF=0.85 PF=0.85
480V UNIT SUBSTATION "COMMON D" LOADS
4 9
NOTES 0 [ ™| 1sSUE FOR NT-124 % A M‘o‘“
ALL S1, S2, S3 ARE IN KVA S— i ST
a S1”= LOADS AT FULL LOAD, e =
o - ot Lo SRy (Emm e =
S3 = LOADS AT SAT-SHUTDOWN NUCLEAR SAFETY RELATED
CONDITION (LIGHT LOAD) CAROLINA POWER & LIGHT COMPANY
NUCLEAR PLANT ENGINEERING DEPARTMENT - RALEIGM, N.C.
Tt BSEP UNIT 2
"mE ELECTRICAL DISTRIBUTION
a2 SYSTEM STUDY
4 LAAD MODEL
2% T124-E-3001 o ey -0
Rl - " o 2 3 4 -




480V UNIT SUBSTATION COMMON D

NOTES:
1. S

___|MCC-RWB MCC-2SA
4 v

251.92 S1=128.94

0.85 PF=0.85

0.0119+,0.0118

MCC -RWD

T= 0.00981

480V UNIT SUBSTATION "COMMON D" LCADS
AT SCREEN WASH PUMP START

= LOADS AT FULL LOAD IN KVA

2. HP IS IN BRAKE HORSEPOWER

ISSUE FOR NT-124 (¥

AT

o O

CRTI<IR

e

NUCLEAR SAFETY RELATED

CAROLINA POWER & LIGHT COMPANY
NUCLEAR PLANT ENGINEERING DEPARTMENT - RALEIGH, N.C.

Aans BSEP UNIT 2
ELECTRICAL DISTRIBUTION
SYSTEM STUD
LOAD HODEL

2 T124-E-3001

(=]

N

4




<:> 480V UNIT SUBSTATION 2SY

NOTES:

ALL S1, S2, S3 ARE IN KVA

0.00436+ 0. 00568
2.003827+,0.00698

®

@

—_|Mcc-sve MCC-CTO
! !
$1=152.29 S1=105.41
S2=152.29 S2=105. 41
S3=152.29 S3=105.41
PF=0.8S FF=0.85

480V UNIT SUBSTATION "2SY"™ LOADS

S1 LOADS AT FULL LOAD,
UAT-LIGHT LOAD CONDITION

BATE | CReoRIPTION o |

4 a
0 | *%| ISSUE FOR NT-124 YA b R ﬁée
ore > "in

S2 = LOADS AT LOCA CONDITION
S3 = LOADS AT SAT-SHUTDOWN

——————

NUCLEAR SAFETY RELATED

CONDITION (LIGHT LOAD)

CAROLINA POWER & LIGHT COMPANY

NUCLEAR PLANT ENGINEERING DEPARTMENT - RALEIGM, N.C.

sy ASEP UNIT 2

TInLE

ELECTRICAL DISTRIBUTION
SYSTEM STUDY
LOAD MODEL

2 T124-E-3001 e 0

4 S




1 2 3 . 5
H
@ 480V UNIT SUBSTATION 2L 2
! $
797.73KVA §
PF=1.0 @;
__PI:C-ZTH o
r
S1=139.73
S2=139.73
S3=4.5
PF=0.85
E
D
480V UNIT SUBSTATION "2L" LOADS
c
P E, A3
NGTES: 0 | *%| 1SSUE FOR NT-124  [%A] ;JM &
ALL S1, S2, S3 ARE IN KVA 7. ENE o b P
S1 = LOADS AT FULL LOAD, (o (1)K B AL = °
2 - DALk ST SOOI [ -
= ! A A N N
S3 = LOADS AT SAT-SHUTDOWN FRELENN SAFETY RELATED
CONDITION (LIGHT LOAD) CAROLINA POWER & LIGHT COMPANY
NUCLEAR PLANT ENGINEERING DEPARTMENT - RALEIGH, N.C.
AN BSEP UNIT 2
™E ELECTRICAL DISTRIBUTION
: SYSTEM STUOY A
— LOAD MODEL
___ﬂ - STRUC | auC O 1
7 2 T124-E-3001 Ty 1
3 & s




@ 480V UNIT SUBSTATION E7 ‘C(NTOI‘MED
g . "N ) SHEET
‘ § : : : :

S s S g L
n
s | | ; : !
PF=0.85 @ @.- . o .
MCC-DGC MCC-2XC __ |MCC-2XA __ |MCC-1XJ MCC-2XE
i i ! i !
$1=153.37 S1=32.95 S1=35.32 S1=103.28 S1=89.70
$2=213.37 S2=32.95 S2=35.32 S2=23.28 S52=55.50
PF=0.85 PF=0.85 PF=0.85 PF=0.85 PF=0.85
i
al® B
)
75
w
LRA=528.0
480V UNIT SUBSTATION "E7" LOADS LRPF=0,25
AT RBCCW-2A MOTOR START
0 D ISSUE FOR NT-124 '.ﬂ‘ &
NOTES: [ i % »
ALL St, S2 ARE IN KVA (& (e ] saewieTion o =l
S1 = LOADS AT FULL LCAD o (K Lioasd I >
S2 = LOADS AT LOCA CONDITION PROPESS 1ONAL £M01NEER s, 0.
Z = IMPEDANCE (IN OHMS) NUCLEAR SAFETY RELATED
AT BSEP UNIT 2
"™ ELECTRICAL CISTRIBUTION
| 1 SYSTEM STUDY
- - - LOAD MODEL
2 T124-E-3001




CONT INUED
ROM

®

480V UNIT SUBSTATION E7

NOTES:
ALL St
S1

S1=144,31 S1=331.59 S1=438.10
S2=331.5¢ S2=118.10

s b

H E

s :

i ;

s s

__|mec-2pa |

S1=42.86
S2=42.86  52=64.31
PF=0.85 PF=0.8S

480V UNIT SUBSTATION

@

mec-2x.

0.008216+,0 00782

MCC-2CA MCC-2XG

§
o
|

%

PF=0.85 PF=0.85
i
sls
a -
@ FPCP-2A
LRA=4744
LRPF=0.25
"E7" LOADS

AT FUEL POOL CLEANING PUMP MOTOR 2A START

» S2 ARE IN KVA
= LOADS AT FULL LOAD
S2 = LOADS AT LOCA CONDITICN

4 ]
0 "..I ISSUE FOR NT-124 %4l \p&‘\\’"
(o SERATFT TN e
EX7p4mTs CIVAC. Rt B
PROPES $10NAL  ENBTNEER NED. NO.

Z = IMPEDANCE (IN OHMS) LEAR SAFETY RELATED
CAROLINA POWER & LIGHT COMPANY
NUCLEAR PLANT ENGINEERING DEPARTMENT - RALEIGH, N.C.
mwTi BSEP UNIT 2
MY ELECTRICAL DiSTRIBUTION
1 SYSTEM STUDY
i) LOAD MODEL
_ﬂ - FTRC 168
j 2 T124-E-3001 T
| 2 3 4 <




CE) 480V UNIT SUBSTATION 2F

15
.85

0.00402+,0. 00290
0.0041850.00345

]
!
OKVA g
o »
o

MCC-2TN __ |McC-2T6

MCC-2TH

0.00446+,0.0033
0.00446+,0.0033

MCC-2TD MCC-2TE

S2=51,.82
PF=0.85

J i f

f ]

S2=413.06 S2=282.74 S2=154.70| S2=292.55
PF=0.85 PF=0.8S PF=0.8S PF=0.85

+30.0541

@ Z= 0.0200

SCP-8

LRA=564.8
() s

480V UNIT SUBSTATION "2F"™ LOADS
AT STATOR COOLANT PUMP 2B MOTOR START

NOTES:
ALL S2 ARE IN KVA
S2 = LOADS AT LOCA CONDITION
Z = IMPEDANCE (IN OHMS)

4 G K @
0 | %] ISSUE FOR NT-124 |¥ 1> ¥ Q;\"
_'_5__31‘: CESCATPTION o |

. < = e o ¥ 3

NUCLEAR SAFETY RELATED

CAROLINA POWER & LIGHT COMPANY

NUCLEAR PLANT ENGINEERING DEPARTMENT - RALEIGM, N.C.

~wT BSEP UNIT 2
™% ELECTRICAL DISTRIBUTION
1 SYSTEM STUDY
B LOAD MODEL
[hev_ | oA (ST | M | woe
& T124-E-3001 v
i 2 3 4 5




L
@ 480V UNIT SUBSTATION 2L F
l S
797.73kvA §
PF=1.0 3
@-
‘ncc-zm ¥
S1=49.70
S2=49,70
PF=0.85
3
c|8
B .
., e
@ LRA = 1450.0
LRPF = 0.20 o
480V UNIT SUBSTATION "2L" LOADS
AT TBCCW-2B MOTOR START
c
|
% WAL SR
NOTES: 0 8s| ISSUE FOR NT-124 '\»‘.i Q\\ |
ALL S1, S2 ARE IN KVA (& (o | i o 7T T T |
S1 = LOADS AT FULL LOAD E307d /ML LI 8
S2 = LOADS AT LOCA CONDITION [merewre ownam . .
Z = IMPEDANCE (IN OHMS) NCLLEAR SAFETY RELATED
CAROLINA POWER & LIGHT COMPANY
NUCLEAR PLANT ENGINEERING DEPARTMENT - RALEIGH, N.C.
meTi BSEP UNIT 2
& g _ECTRICAL DISTRIBUTION
SYSTEM STUDY A
= LOAD MODEL
j 2 T124-E-3001 e T 0 ‘
L____z_____s_‘a___‘____’—J




A |
1 2 3 4 ! s
caﬂ!u.fn 480V UNIT SUBSTATION EB
mmr
9 l 3 2 ' 5
; ] s s §
g < S < S
Fy ; s
E. : i 5 §
®| & & : ;
MCC-2XH __ |MCC-1XB-2__|MCC-2XB [MCC-1XK | MCC-2XF
; v v ; ;
S1=515.0 S1=10.32 S1=47.57 S1=103.28 S1=140.28
S2=195.0 S2=10.32 S2=47.57 S2=4.5 S2=140.28
PF=0.85 PF=0.85 PF=0.85 PF=0.85 PF=0.85
sls
‘ Ll
m FPCP-20
@ LRA=474.4
LRPF=0.25
480V UNIT SUBSTATION "EB8"™ LOADS
AT FUEL POOL CLEANING PUMP MOTOR 2B START
4 (]
NOTES: 0 20“ ISSUE FOR NT-124 "’]“ k‘ # mve \"“
ALL S1, S2 ARE IN KVA L AL o e—— ] on 1@ T =T o
) S1 = LOADS AT FULL LOAD X > | e
S2 = LOADS AT LOCA CONDITION PROFESS 1AL D9 INEER . wo.
Z = IMPEDANCE (IN OHMS) NUCLEAR SAFETY RELATED
CAROL INA POWER & LIGHT COMPANY
NUCLEAR PLANT ENGINEERING DEPARTMENT - RALEIGM, N.C.
AT BSEP UNIT 2
"M% ELECTRICAL DISTRIBUTION
A R SYSTEM STUDY
o LOAD MODEL
r
/— ; ; 2 T124-E-3001 T
' 2 3 . .
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ed by: Date: :
st e T v CAROLINA POWER & LIGHT COMPANY EZZ.?;Z;?E k... £
Chegked hy: ,j%;fgu NUCLEAR PLANT ENGINEERING DEPARTMENT |po | of 9 | Rev.p
- | CALCULATION SHEET
TAR No.:” \\T- 124 File: RAN/7-124 - AN -S5473

Project Title: BSEF ELgericor DT BOTiON SysTam Smo\/
Calculation Title:

MoToz AccerezATions Time CALCIATI/IONS
Status: Prelim. E Final  Void ﬁ

A grapuicar peTHop Foe PREDICTING  INDUETIoN MOTOR ACLELERA )
TIME 5 Pe:seurso IN &r‘é’zwce No. /. [#i% METHAL itk

yzat-o THEE AccELE&ERARTION  TTImE, AN SECoMNLS , IF THE fa.ww/ue,
UNITS RBRE Js&D!

Vaz AsLE LN T
Moror “Jozeue /7—> : MNewron ~ Merez
omMenT oF INERTIA Nﬁ2> ' Kiogzam = meTeR 2
MoTDQ S}Z(D ’ &D/wvs/S&cauD

/@Fe‘zehace No. 2 ADpLIES A FAcToR T 7HE AfoVeE mrMeETHaL
FOR USE wIiTe THE US Cu.s?‘bmme/ Sf;?!m A Foiltowl s
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AvVa/LeéLe Foik ALLELE @T/OA/

ANC BAtED onN THE focoxmiindd UNITE!
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MomeuwT oz Juezra \WEZ) . Puwno - Feer? (La- gr2)
oToR T€SD y /zva.u‘noué Mmurs ( 2,3.M>

kbrerence Mo. 3 pemonsTrares A TAGULAL METHOD
FOR CALCLLATING THE RCELEZATION TIME. JHE EPUA T
USaLD 1 /108TICal wIiTIY  THAT BELD 1nd ,&;Ecsuc.: Ab. :
UNTH THE EXCEION THGT THE ([ONSTANT VELLvE oF D.001T8
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Calculation ID:
CAROLINA POWER & LIGHT COMPANY 34%3'4_2_2 F

Dace: | NUCLEAR PLANT ENGINEERING DEPARTMENT Zof 9| Rev.O
CALCULATION SHEET

File: BNT-124-AN-S5543
ILl’r:ojm::t: Title: (3-5;(27 ELEcTR AL DieR 2uT™onN Sys‘am S'TJO\/

Calculation Ticle:

V\o*roe /-\cug&A‘ou Time Cmuc.um*.-;ous
Status: Prelim. D Final a Void E

A\
EQ#Z 18 TwE 59)(.14770:\/ UVSED N 7E ELEC.TQOA//C

Spread sneers ' pevelopep FaR pREDTING MOTOR
AECCELERARTION TIMES, In ADDI/TiN, THE SKREADSHEETS

CLOSELY fouow THE METHOD LOESCR/EED N fErerene 73

The vainges' T "(Mma Tocaue) USED M THE ABOVE
ECUATION S /B THE AVERAGE NET AVAILABLE TORPUE oveER A
GrEN SPEED RANGE. R —THis REmocN, THE EED - TO2VE
61/41/5 'S DuioEd INTD /8O ,Q/OM 0% oF syNcHEoreUS
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;;M SEGMENTS Fom |20 To 180 RPM (g0 - /ao/)
#z.SE AVERAGE MOTOR —TDRPUE AT A Giuen) SPEED , €58 TMHE

ALRAGE (LAD JTORPUE &7 T SANE SPEEO /S TR AVSRAGE
NET TOROUE AURANLABLE.

— X zﬂ(
JHE AR E WK MOMENT o= /A/EET/A) 1S THE SUM O THE
MOMENTS oF INERTIA oF THE MOTER RKROTOR AnND (osD.
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Computed by: ~ Date:

Calculation 1D:
A Kowaenecc

CAROLINA POWER & LIGHT COMPANY NTI2A-E-I2-F

NUCLEAR PLANT ENGINEERING DEPARMMENT [po 2 of 9 | Rev. o

TAR No.: \JT- |24 SV P File: aNT-124 -AN-S5473

Project Title: %EPrE\.gcrmuxg DismRiguTion S,./:,-.'em S'ND\/

Calculation Title: Worpe Accerer amon Time CALcuLaT ioNS

Status: Prelim. [J Final {) Void [J

DA’\'A PEQUIREMENTS # EQUATIONT JSED WITH l!lo-r-o';
: SLECAT L.cuuﬂ':oui—Dﬂh Feom \:'!guc.as
(=ee Fiquee |

@ % @f \/An_uas F2oM MOoTOR DATA SHEETS
@ %’ @: VALUSS EeoM LOAD DATA SHEETS
@)@)@; %QLE»JT' oF NOMINAL MOToLl VJOSTAGE AT

WHICH SPEED-TORQUE JULJ/EL ARE SUPPLIED.

@‘ PE'QC-E'JT oF MAX 1M UNM LOAD TOQQ\)E)@
(Ava‘za.zae VALJE oveaR CoRREsPonDING

SpP==D 2anGE,)

@)@)@3 @-ZL&J'T oF FULL-LAD MOTDR —;-oc;m)s;@

(AVEE%E VALUVE OVER CoRREcPonC (SR
Spe=D RANGE.)

@)@)@: NET —\-OQQ)E AAILLLBLE FoR ALLe=RATION
OvER CORRESPOND NG spaao RANG =
ANDC MOTOR VOLTAGE.

esr @F":[E% @-[® x ©+co e

F4



CAROLINA POMER § LIGHT CO.
NUCLEAR ENGINEERING & LICENSING DEPT,
MOTOR ACCELERATION TIME CALCULATIONS

INPUT BY: DATE!

CHECKED BY: DATE!
PROJECT TITLE:
TAR NUMBER:
NOTOR NAME:

NOTOR ROTOF. INERTIA:

MOTOR FULL-LOAD TORQUE: FT,-LBS,
LBS,-FT,A2

MOTOR
(4]

0-10
10-20
20-30
30-40
40-50
50-60
50-70
70-80
80-9¢
90-95

95-100

WAXINUN LOND TORQUE: (C) —  FT.-LES,
©) us.+1m

LOAD INERTIA:

iRy = () L @ r wmv: G 1

2 3 4 [ 7 8 9 10 11

LDAD MOTOR NET ELAPSED  MOTOR NET ELAPSED  MOTOR NET ELAPSED
TORQUE  TORQUE  TORQUE  TIME TORQUE  TORGUE  TIME TORQUE  TORQUE  TIME
X ()  (FT.-LBS.) (SEC) (Z)  (FT.-LBS.) (SEC) (X) (FT,-LBS,) (SEC)

D> > ‘—'

S o™

& 0 & T @ & G
5 & @
o e = Koo tomtme s (oo romuime s (300
- ac® |

.—b[ HMD S e ™



ilatd 3
CAROLINA POWER & LIGHT COMPANY vy ey B P

NUCLEAR PLANT ENGINEERING DEPARTMENT |[po 4 of 9 Rev. O

CALCULATION SHEET

File: BNT-I124-AN-55473

Project Title: RSefP ELECTRICAL DeRIBUTION sysTem E;:-JO/

Calculation Title: MotoR AccearzRarionr) T1Me CALLULAT ONS

Status: Prelim. (J Final {) Void (J

@/@)@: Eu—\pﬁeo ||Mt= FOR AccELeRAT ON oveR

CORRESPONDING SpEED RANGE AND MoToZ
VOUTAGE

\
eq.: P= 107 CIQJORPM) speeD sTeps CO‘ao, 1- o 7- 80-90>

(% [

) [180><@+Q]] [goe xd]

r—

ror 5% <CIOTZPM> speeD e (51 IS, 45-100)

@m[ q0 x[@ QJ [ 208 x @“”’”"] Bie.

@)@)@ : _TB"'A\_ TIME FOR ALCELES2AaTON AT

CORRES PoNDING MOTOR VOLTAGE,

@ 4 @o—no+ @0-201- o+ @4045 @5 lOO=.TC‘

N

Mofe.'— \/At—L)E-S FOR @ THRZoOUVG W Cq‘ ‘ @1?@5

@y The UsER. Vawes rFor e
ARE calLcLoLATED b\./ THE SOCEADSHEET
peroazam,

Fé



Computed by:  Date: Calculation 1D:
JA Kownuneec 3ialeq CAROLINA POWER & LIGHT COMPANY NTI24-E-12-F

Chenrt

by: .

Date:| NUCLEAR PLANT ENGINEERING DEPARDMENT |po = of 9
CALCULATION SHEET

Rev.oO

TAR No.: UT- 4 File: ANT-124-AN -S5473

Project Title: BPAHEP ElLecmRican Dis™i 2uTion SysmEm S’ruov

| ==
Calculation Title: V| orpe Acceela—iond [ime CALULA TIONS
Status: Prelim. E Final BB Voidﬁ

D‘\‘A REQULIREMENTS }— EQUATONDS VSED W Ti- Mo*o@

-~
14

Acczrezarion I_n_Ma CaLcuwaTions = aTa m=om (acc-
YaTon (se2 Flauee 2).

@ # @.’ VALUES f2om MOToR DATA SeeETs,
@ # @ : \/Au.ues FRom LOAD DATA SHEETS.

@: EECEL\‘T OF NOMINAL. MOTOE VOTAGE AT
W e spaaa--roza.)e INFo2Ma™iosd 1S
AVAILABLE .

@ é‘- @ : %24507 o= NOMINAL MOTOR VoTAeE Folk

WritH SOEED - TORGUE TATA 1S CALLJULATED,

@ . 224507' oF MAXIMIM LoalD TORRJIE ,(@
(AJEQA&E VONLDE oNvER corRespPoND I NG
SPEED ZANGE )

@ . %w oF FUWs WOAD MoK MJE;@
(AVME VALUE OVER CoRRESLoNDING
SpEsC RANGE.)

@ ¢ @ : @mm‘ of FULL~LOAD MOTOoR To&NE;@
Avezace VALLE ove=z corRRESOONDNMG
=peED PhniaE ). LA LLIAT o~ |5 BASED
o THE "\NversE sauare” eFFeeT onN
MOTOR TORAQUE.

33.; F‘OZ MOoTo SPEED FRom O o Q5% oF BuLL WAD 5,:&1')

G O+CI <G

T R R L P P S P



CAROLINA PONER & LIGHT CD,
NUCLEAR ENGINCERING & LICENSING DEPT,
MOTOR ACCELERATION TIME CALCULATIONS

INPUT BY! DATE!

CHECKED BY: DATE!
PROJECT TITLE:
TAR NUMBER:
MOTOR NAME:

MOTOR FULL-LOAD TORQUE: FT.-LBS.

NOTOR ROTOR INERTIA! @ LBS,~F 1,42
NAXINUN LOAD TORDIE: @ FT.-LBS.
LOAD INERTIA: @ LBS, FT,A2

MOTOR V = @ T MOTOR Y = @ T MRV = @ 1
7 8

1 2 3 4 3 6 9 10 1
MOTOR 0AD NOTOR NET ELAPSED  MOTOR NET ELAPSED  MOTOR NET ELAPSED

SPEED TORQUE  TORQUE  TORGUE  TIME TORQUE  TOROUE  TIME TORGUE  TORQUE  TIME

(X) ($4] (X)  (FT,-LBS,) (SED) (X) (FT.~-LBS,) (SEC) () (FT,-LBS,) (SEC)
-9 =10 o-10 o o-10 10 -0 -0 10 =1

w @ @ O @ FTTFTT

10-20 ; ; : . |

20-30 ’ '

0o | ¢
50-60
80-70

90-95
95-100

o= @)oo rometme s @oo o= (6.0

>=>o|e—

EFo o™

F\L—;uae#z.

-—l 2o reo > o
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Computed by: Date: Calculation ID:
#_)A'\Z Jhondk 5144 CAROLINA POWER & LIGHT COMPANY ,_.?-rc,'fzfal-;fn-;
Fhecked hv: Date:| NUCLEAR PLANT ENGINEERING DEPARTMENI |
) €/30)3 Pg. o of 9 Rev. /)
1 3 I
TAR No.! QIT-\24 P File: BNT- 124-AN-55432

Project Title: PEEF E EeTRecAL DPermiduTion Sy sTen Gm)oj

Calculation Title: Moror Acce esimor  [IMe CALEULATIONS
Status: Prelim. E Final Voidﬁ

Foz wvomor spEaD FRoMm C]S To 100% of FuL-AD
SPEES, THE AZOVE BQUATION RESILTS N an ErCcELt Vel
oW VALUE OF MO ™TRAQUE A MOTOR VOLUTAGES
BELOW NOMINAL.  [HIS S BECAULE THE MOTOZ WL
Rebc- &0 EQILIZ22i0M poinT <\2.~ stoo DCL-El.EZDﬁ'm)(;,\)
AT e PONT LIHERE —HE AVAILAZLE MO™R TORQRUE
EQUALE THE REQUIRED oaD —oR@UE (see Faore #2)

A 200 l’ 2000 FTL35.
§ IBO * /-\ 1300
.j | 0 / g OO
@ |40 / 1400
/
" e
Y, 100 WIAGES NOMINAL o 00O BT L%
W 8O - ) \ CURVE
g b0 /6 % boo
1 ‘
}’ A‘O b 4 ® \ 430
20 1 200
) A 4 4 -
7/ » a

8S F0 95 00 °/o
Meoroz Spesc("/o oF SyNGHTONOUS)

Fireuge #3

For EXAMPLE IN THE HYPOTHETI (AL <CASE SwWorun] 1M
FigURE *3) AN AVEQLLGQE MOTORZ ToRAQUE oF ABoJT ;-’-r’i‘?:
15 aROSEN FOR THE RANGE oF 95 w0 1007 speEp a
FULL vouTaae, L7 Tue sauAToN APove 1s AppLieD N
THIS SITUATION THE CALLIILATED MUOTOR ToRQuE A
B0% vorase would z& :

- (c_ou-.uus:>




Co-pu ed by: Date: Calculation ID:

aewees. 514]84 CAROLINA POWER & LIGHT COMPANY NTI24-E-IT=F
NUCLEAR PLANT ENGINEERING DEPARTMENT |po 7 of 9 | Rev.O
TION
CALCULA SHEET File: BNT- 24-An- 5543

Project Title: PecP ELecmical. s puTon) Sysrem S*ruc\/

Calculation Title: Mot AcceaireRariornd TiME CALLULATIONS

Status: Prelim. D Final a Void G

GO ~ g

2[80 IOO] X 143%

- (=]
= 9.5 %

'Hls ?o'\ﬂ" 1S SHOWKN ond THE &,/o VOLTAGLE <NV E
e N Fcc:.uz; #32. OTE ), HOWEVIE T THAT W T s 2 O\ T

COMCIDET WITH TrHE POIRT AT wonicd ™E LOAD cd=EVE
CROSHES THE MOTOR TORDUE CUVRVE. L= Twie ponNT 1L
ALSO cHo%eY TFoR —THE AJUSRAGE (oAD TERAUE, Fok ™wE
4 = 100 /= :.pe:‘e:x_, B GE, ZE%(O) NET T U=
WoLD G2 AAaI LABLE Toc A.cccuaq:ﬂ'ou Ty ovee
WORLES W THS CcAsE WE wpudD NOT gxpzc:‘ —He MOTOZ
To AdceEleERsTE  BayonND S Y speeD AD woud NOT
B2Ach A poinT oF SREILTY oN TH= SPEEDTORQVE CORVE,

TN orceEr COMPBNI< T FOR THE ARBOVE S TUATN)
A AlTERNETE EQAUATION 1 USE™ Fo CALAULAT ING
THE AVERAGE MOTOR TORAQUE W THE 4S5 ™ |00% spzsD
RoNGE. 6\/ TARKIN G THE VD POINT ZE&TWesn THE oL eI waso
MOToR —ReeE o 90 vo A5 Y%, AND THE LoD TORIIIE

AT 943 o 100%, AN APPROX I MATE VIOTOZ “TORQUE ToOT TWE
95 TO \OOC% AN PE LaLcOQLATED. KEPEFORE | 1 THIG ZASES

G) = O“* Ex[©+ @jj 17
IOE +[C?2>< [ g5 = looJ] -2

%. L%

( COMT 1MUED)
FIO



So’:p ted by: - Date: Calculation ID°

A CAROLINA POWER & LIGHT COMPANY NTIZ4-8-11-F
Ch.»bv, by: Date: | NUCLEAR PL/NT ENGINEERING DEPARTMENT |po 2 of 9 Rev. O
- CALCULATION SHEET o
TAR No.: - 124 File: BNT-124 ~AN -5S473

Project Title: peccp g, EcRicAL. DismriesuTion) gjs-n-z-m S-ruo\i
Calculation utl"_‘*_/\omﬁ Acceeenmon Time CALCULATIONS

Statue: Prelim. [J Finalﬁ void [

-‘_\T-(»cs VALVUE 1% SHOWN AS FO'QT @ o) Fu-,,urzg#z,
B\{ \d:sPE¢To~lC—., F.llauQE #3, 1T Can) BE sSEBN) THAT ™IS
METHOD STiLe CRODKES. A CONVERVATVE VALVE Fok
Avonsg e MOTOR —TBRAVE AT 95 To 1I00°% SpEe0.

@1@/@ : MET TTORGUVE AVAILABLE FOR AccelE=ecAa™on]
ovER  CeRRRsLoN0ING SPEED RANGE  AND
MOTOR VOLTAGE,

eo: @ =@ x@®]-[E x @]-iloo are.

@;@,@: E\-AP‘JED TIME TOR ALE LEQRQATTION oveER
CoRRE=PAMDING Speel RANGE AND MOTOA
VOLTAGE,

eq.’ For 0% (l&OZPM\)spa:o STEps,(O-IO,\O'ZO,-.-SO'QO>
Q) = [1@0 x [@) + ]] — [305 % @Ow]en_

e 5% CQO\ZDNO spEeD sTEpS <510-95, “5‘!00>

QD%-'“_’._[ 90 ¥ [@ + C@H 2 [308 X @%"Djac

Ho’?ei \’:Oa VALUVES ofF @éo N/A whihe BS
NTED W THE BELApsED TIME  owoma] T
INTHEAT WG TWEST ™E MOTOR Wil rooT
FL)L-L..\/ hLELER AE THE LOAD.

(C_Or)‘i‘ wiJ ED>
Fl



Computed by: Date: Calculation ID:
_,‘7\9_ KQNALC.N&& 51,4,[ CAROLINA POWER & LIGHT COMPANY NTIZ4-E- 12~ F

Date:| NUCLEAR PLANT ENGINEERING DEPARTMENT [po. G of 9 | ev.(

7 ‘ CALCULATION SHEET File: RNT-124-AN- 5543

Project Title: RSEP SiL=cTRicAL D.s—xz.smou Sy sTem ST\)C\/

Calculation Title: Mome Acceieramon Time CALCULATI ONS

Status: Prelim. [J Final Voidﬁ

@@@ TeTaL Time FOR AllL=zeraToN AT
CORRESLCOND iING MOTOR VOLTAQGE

- O 10-20 F0-95 7S-700
eq.: @'—'@ +@ +,>_+® +@ ETC.

Neore \/Ax_ues FOR @ THZoU gH ) BN @ ALE

P"‘ r_7;7' T™E SER, \/A\..u:?b Fol @/
a/ p @Qk- @ ARz cAcu\ ATeED 37/

THE SpReaADsHEET pRogcam.

Fiz



omputed by: Date: alculation ID:

L it o S/i4/ed| ~ CAROLINA POWER & LIGHT COMPANY NTIZ4-E-13-F
Chstcm by: D.‘!E‘.‘ NUCLEAR PLANT ENGINEERING DEPARTMENT |po | of | Rev. O
I | CULATION S .
TAR No.: ()= |24 G =t File: BNT-/24 - AN- 5547

Project Title: P ElLecricac DemriSurion '5\/3‘1‘5\/\ ‘.‘:':UD\/

Calculation uu"_h:\onﬁ Accermt oo Time (ALculamions = Sceen WhasH Homps

Status: Prelim. [J Final § Void (]

M\mmom ExpecreD swn-rc.uypfz.o voLTAge = |L.ooq p- Y.
Corgesponbing Momk Teeminar Vouraame

1. S2ces Woen Hmpe 28 = 0.7‘3?&?&). (4-(00 V. Bbée\)

2. Scacen Wasi Rwmp IA = 0.7826pu. (460 . Base)

T ‘,/$€E \:uauﬁé>>
_ém_c,uum-e_p AccerLeraTion | IMES | ¥ g2

MeToz AccerLezaTion

VO “TAGE T e

P.u.<°/o sZconN S

\.0o( 1667 0.7%

.80 ( 80%) . bl

,70  70%) 4. bl

684 68.4%) 32. (O

,@65( (8. 5%) FalLuge <o AcceLcca~<e,

_C_:.O'\‘C;'—U‘HO'J" SWCE THE ALLUWTED AccEERATING
TiME AT J0% MoToR TERMINAL Voumaas
5 WEss Tew) DaeSc., NO PRoBam 1D
ANTICIpomED LR STARRTIIG AT 18.26%
MOTOR —TERMINAL VOLTAGE.

2

Rererznces. Byaou JAcson Deawiug No. PC 24276-5T
Gevezar Eec@ic Drawiug No. 49ZHA 1L

Generar Ezera e Deawing No. 49ZHAZ47
AsToP cAseE # 15AaTI18,

F13




CAROLINA PONER & LIGHT CO.
NUCLEAR ENGINEERING § LICENSING DEPT.
MOTOR ACCELERATION TINE CALCULATIONS

INPUT BY!JOHN A, KOWALCHECK

CHECKED BY: DATE!

DATE:05/07/84

PROJECT TITLE!BSEP ELECTRICAL DISTRIBUTION SYSTEM

TAR NUMBER:INT-124
MOTOR NAME:SCREEN WASH PUMP(S)

MOTOR FULL-LOAD TORQUE:
MOTOR ROTOR INERTIA:
MAXINUM LOAD TORQUE:

740 FT.-LBS.
52.“ m.‘FTth
705.22 FT,-LBS.

LOAD INERTIA: 29,53 LBS,~FT.A2
Pom V= 100 2 {MOTOR V = 80

1 2 3 4 b ) 7
MOTOR LOAD MOTOR NET ELAPSED | MOTOR NET
SPEED TORQUE | TORGUE  TORGUE  TIME TORGUE  TORQUE

(X) (2) (X) (FT,-LBS.) (SEC) (X)  (FT.,-LBS.)

0-10 b 100 704,74 07 64,00 438,34
10-20 2 100 725,90 07 64,00 459,50
20-30 é 100 697,49 07 64,00 431,29
30-40 12 102 670.17 W07 65,28 398,45
40-50 20 104 628,56 08 66,56 351,50
50-60 30 106 572,83 08 67,84 290,45
60-70 42 110 517.81 09 70,40 220,77
70-80 56 126 537.48 09 80,64  201.81
80-90 n 160 676,24 071 102,80 250,00
90-95 85 194 836,16 O3 124016 319,35
95-100 95 142 380,84 061 107,35 124,41

TOTAL TINE = 78 TOTAL TINE =

Fieure # |

Fl

i
8
ELAPSED
TIME
(SEC)

o1l
10
vl
12
14
17
vai
24
19
08
19

1166

MOTOR V = 70
9 10
KOTOR NET
TORQUE  TORGUE

(2} (FT,-LBS))
9,00 327,34
49,00 348,50
49,00 320,29
49.98 285,23
0.96 236,06
51,94 172,79
3.9 102,47
61,74 61,95
78,40 72,40
95,06 104,01
92,80 16.74

TOTAL TIME =

11

ELAPSED

TINE
(SEC)

W15
14
WS
17
20
28
W7
78
184
23
1,43

4,66

> - >poo

EFoX™ ™M

Z O —->rocOOmro>o



CAROLINA POMER & LIGHT CO.
NUCLEAR ENGINEERING % LICENSING DEPT.
MOTOR ACCELERATION TIME CALCULATIONS

INPUT BY:JOHN A, KOWALCHECK DATE}05/07/84
CHECKED BY: DATE:
PROJECT TITLE:BSEP ELECTRICAL DISTRIBUTION SYSTEM
TAR NUMBER :NT-124
NOTOR NAWE:SCREEN WASH PUNP(S)
MOTOR FULL-LOAD TORQUE: 740 FT.-LBS.
MOTOR ROTOR INERTIA! 52,66 LBS,-FT.*2
MAXINUM LOAD TORQUE: 705,22 FT,-LBS,
LOAD INERTIA: 29,53 LBS,FT.%2
MOTOR ¥ = 100 % [MTORV= 8.4
i 2 3 4 5 8 ?
WOTOR LOAD | MTOR  NET  ELAPSED | MOTOR  NET
SPEED  TORGUE | TORGUE TORQUE TIME | TORQUE  TORQUE
(0 (2) (1) (FT.-LBS.) (SEC) | (D (FT.-3S.)
0-10 5 100 704,74 071 e 310,95
10-20 2 100 725,90 071 4679 33201
20-30 6 100 497,69 0 79 3089
30-40 12 102 670,17 071 a2 268,51
40-50 20 104 628,56 08| 8.8 219,02
50-60 30 106 57283 08 4959 155.42
40-70 ) 110 517,81 09 5146 8484
70-80 56 126 537,48 09 58,95  AL31
80-90 n 160 676,24 Ol M8 w18
90-95 85 194 836,16 03 s 7222
95-100 95 142 380,84 i 90,45 85
TOTAL TINE = g TOTAL TINE =
Fiavre 2

4
8
ELAPSED
TIME
(SEC)

W15
14
16
18
22
W1
57
116
1,04
33
28,34

32,80

FI6

MOTOR V =
9
KOTOR
TORQUE
¥4

4,65
46,65
4,65
47,58
48,51
49.45
Ll
58,78
74,64
90.50
90,52

8.3 1%
10 1
NET ELAPSED
TORQUE  TIME
(FT,-LBS,)  (SED)
309,94 W15
331,10 W15
302,89 16
267,48 +18
217,97 22
154,35 31
83,53 98
40,03 1,20
44,56 1,08
70,25 34
'.ﬂ“/h

TOTAL TINE = N/A

> —-2> o

EFOoO>D™ ™M

O™ 4aDrcCcaooro>oe



NUCLEAR PLANT ENGINEERING DEPARTMENT
CALCULATION SHEET

Calculation ID:

CAROLT™NA POWER & LIGHT COMPANY NTI24-E- 14-F

Pg. | of | Rev. O

File: BNT-/24-AN-55473

Project Title: Pl E gctRicAlL [Die 2, gUumon ‘:y:,.—em S‘.—uo\/

Calculation Title: Morr Acczcramons Tue o TP ,QH/Q /;;mﬂs

Status: Prelim. [J Final @ Void [J

M i imom EXPECTED SwW I TanyARD VOLUTBGE = O'qfo‘5p.u.

M1imom ExXPECTEL MOTOR VOLTAGE -

41OV Pase

O. 775 pu.

4000 V. Baez
0.778Z p.u.

CAL.LJ.JL.A:rg_Q Acc,e! E2ATIoN —r—lMEséﬁa Fovee: T #2 #1:5)

Moroz AccerLcszar )
\/oc.'r‘A.an_ Ts M
pu.(%\ STLonDS
1,00 (1oo) 2. 14
B0 ( 20%) 4. 74

K& m«ese{ 748 ( 748%)

VALOE S , 747 (74,7%)
™ e 139 ( 73.9%)
wusesuamie” |, 732 ( 73.8%)

.70 ( 70%)

84’5 }0\\.{.0\...?\9% A8 oN VICTOR TORaJE
8.5

A, 39 LUATONS BHbe( on) MOTDR TORRE
7.5 | |uwes givew AT 80% vourage

VALLES Givew AT 107 vouTaus,

89.41

C}%Lusrou: EJ<P€::TED ACCELERNTING TTIME AT MOTDR “TEEMINAL
VoLTAGE of O.7987 (4000V EA%é) 1S APPLCGMATELY
4.9 seconps (Bﬁmr’oucrao ge™weend 0.20pu. anp
0. 748 pu.). MiMUM VOTAGE AT WHICH THE MOTOR
WL ACCELERATE N LEss Than 8.5 szwnos 19 0.748p4,
B.5 zeconns 14 BasED on HE MINIMUM Twe R DESRACED
VOLTAGE TQ_.P AT PosT TURRINE- TQ;p c_oucv.—:or.)s>

1 T3 - 27 - - Y -
Kerezences Eyzou Jnckson Deawna No. 72 72800- 7. FPaz17-5

7

(Genene Erecric Doawmg Mo, %BHA?Z"]»%/, I (F  9507-507l)
ASDOP (ASE

| SAT 9




CAROLINA POVER & LIGHT CO.
NUC'EAR ENGINEERING & LICENSING DEPT,
MOTUR ACCELERATION TIME CALCULATIONS

INPUT BYIJOHN A, KOWALCHECK
CHECKED BY!

DATE!04/24/84

DATE!

PROJECT TITLE!BSEP ELECTRICAL DISTRIBUTION SYSTEM STUDY

TAR NUMBER(NT-124
MOTOR NAWERESIDUML HEAT RENOVAL
MOTOR FULL-LOAD TORQUE: 2954 FT,-LBS,
NOTOR ROTOR DNERTIA: 820 LBS,-FT.,A2
NAXINON LOAD TORQUE: 2950 FT,-LBS,
LOAD INERTIA: 95 LBS, 1,22
MTORV= 100 I [WTRV: )
1 2 3 [ s ! 7
NOTOR  LOAD | MOTOR  NET  ELAPSED | MOTOR  MET
SPEED  TORQUE | TORQUE TORGUE  TINE | TORQUE  TORQUE
@ @ | @ FLABS) (D | @ (FT.LBS)
0-10 o 10 BB00 19 017725
10-20 2| 100 29500 .18 64 183156
20-30 s 100 200 .19 8 1713,56
30-40 12| 102 208 .20] 64 153656
20-50 0 105 B0 2 85 1330,10
50-80 0| 10 2k 23| &7 109418
80-70 2| us 22 2 5 9%
70-80 s6| 132 208 4 85 85890
80-90 n| 1w w2 w0 80,0
%0-95 86| 192 338 .09 122 106688
95-100 95| 150 16850 6] 112 50598
TOALTINE = 2040 TOTAL TINE =
Fiauee ¥ !

Fi7

1
8
ELAPSED
TINE
(SEC)

30
29
3l
35
0
A9
55
62
64
25
33

WA

MOTOR V = 70
9 10

HOTOR NET
TORQUE  TORQUE

(X)  (FT.-LBS.)

132946
1388.46
1270, 46
1093.46
887,00
392,00
356,18
120,40
81,96
210,22
3,80

49
49
49
49
50
50
b1
&0
L]
93
95

TOTAL TIXE =

1
11
ELAPSED
TIME
(SEC)

40
39
42
49
160
90
1,50
4,44
8,63
1.27
70,36

89.41

= oo m™m > - >

UMD D™



CAROLINA POMER & LIGHT CO.
NUCLEAR ENGINEERING & LICENSING DEPT,
MOTOR ACCELERATION TIME CALCULATIONS

INPUT BYIJOHN A, KOWALCHECK DATE:05/07/84
CHECKED BY: DATE:
PROJECT TITLE!BSEP ELECTRICAL DISTRIBUTION STUDY
TAR NUMBER:INT-124
MOTOR NAME:RESIDUAL HEAT REMOVAL
MOTOR FULL-LOAD TORGUE: 2954 FT.-LBS,
NOTOR ROTOR INERTIA: 820 LBS.-FT.A2
NAXINUM LOAD TORQUE: 2950 FT.-LBS,
LOAD INERTIA: 95 LBS.-FT.A2
MOTOR V = n MOTOR V = 74.8
1 2 3 4 5 [} 7
NOTOR LOAD KOTOR NET ELAPSED | MOTOR NET
SPEED TORQUE | TORQUE  TORGUE  TIME TORGUE  TORGUE
(2 (2) (X)  (FT,-LBS,) (SEC) (2)  (FT.-LBS.)
0-10 J 49 1329.4 40 55,95 1577
10-20 2 49 1388.46 39 95,95 1593.77
20-30 ) 49 1270.46 42 35,95 145.77
30-40 12 49 1093.46 49 55,95 1298.77
40-50 20 % 887,00 160 57,09 1096.50
50-60 30 50 592,00 90 57,09 80150
§0-70 2 9 35616 1,50 61,66 582,43
70-80 56 60 120,40 444 68,51 371,81
80-90 7 7 61,96 8,63 8.5 2.0
90-95 86 93 20.22 1,27 106,19  599.90
95-100 95 s 3,80 70,36 100,53 167,20
TOTAL TIME = 87.41 TOTAL TIME =

Fiauee ¥2Z

ELAPSED
TIME
(SEC)

38
34
36
Al
A9
67

1,44
L

A5
1,60

8,45

MOTOR V = 74,7
) 10

HOTOR
TORQUE

94]

NET
TORQUE
(FT,-LBS.)

35,80
55,80
535.80
55.80
56,94
56,94
61,49
68.33
84,27
105.91
100,39

1530, 36
1589.36
1471,36
1294.36
1092,.00
797,00
577,56
366,40
345,36
391,52
163,01

TOTAL TINE =

11

TINE
(SEC)

+35
v 34

41
9
67
93
1,46
1,46
A5
1164

8.3

> - o

=o oM

EOm—-ud>rocoOOr>om



CAROLINA PONER & LIGHT CO.

NUCLEAR ENGINEERING & LICENSING DEPT,
MOTOR ACCELERATION TIME CALCULATIONS

INPUT BYIJOHN A, KOWALCHECK
CHECKED BY:

DATE?05/07/84

DATE!

PROJECT TITLEIBSEP ELECTRICAL DISTRIBUTION STUDY

TAR NUMBERINT-124
MOTOR NAME:RESIDUAL HEAT REMOVAL
MOTOR FULL-LOAD TORGUE: 2954 FT,-LBS,
MOTOR ROTOR [NERTIA: 820 LBS,-FT.*2
MAXINUN LOAD TORMUE: 2950 FT.-LBS,
LOAD INERTIA: 95 LBS.-FT.*2
MOTOR V = 8 2 MOTOR V = 73.9

1 2 3 4 3 ) 7
MOTOR LOAD NOTOR NET ELAPSED | MOTOR NET
SPEED TORQUE | TOROUE  TORQUE  TIME TORQUE  TORQUE

(%) $3) (X)  (FT,-LBS.)  (SEC) (X)  (FT.-LBS,)

°'l° 4 b4 lmo“ o“ s‘o‘l 1.”02‘
10-20 2 64 1831.56 29 54,61  1554.24
20-30 ) 84 1713.56 3 461 14362
-4 12 64  1336.56 35 54,61 1259.24
40-50 20 65 1330.10 40 55.47  1048,45
50-60 30 67 1094.18 A9 57,17  B803.86
50-70 L 75 9.9 '35 64,00 451,52
70-80 56 85 856,90 62 72,53 490,59
80-90 n 100 830,00 64 85.33 396,489
90-95 86 122 1066.88 25 104,10 538.24
95-100 9 112 505,98 33 9.4 13,3

TOTAL TINE = LI TOTAL TINE =
Fiauee #3

Fi19

ELAPSED
TINE
(SEC)

38
34
W37
42
WSl
67
82
1,09
1.3
30
1,96

8.3

MOTOR V =
9 10
MOTOR
TORQUE  TORQUE

73.8

NET

(1) (FT.-LBS))

4
2

1490.88
1549.88
1431.88
1254, 88
104,02
799.29
646,40
484,79
389.87
529.92
132,21

S

—

-

32aNBYURLY
a8z¢eSu2 2

-

TOTAL TIME =

1

ELAPSED

TINE
(SEC)

36
+35
037
A3
w9l
67
83
1,10
1,37
50
2,02

8,51

OISO >»D O




Calculation ID:
CAROLINA POWER & LICHT COMPANY | HI!E!"E" -F

NUCLEAR PLANT ENGINEERING DEPARTMENT [po | of | Rev. »
TION S
CALCULA HEET File: NT-124-AN . SSA3

Project Title: R24eP Elzcraicac DetziauTion System $--uc\/

Calculation Title: \formp Acccicoaron TIME CALLULATION - : s Sokay oM

Status:

Prelim. tj Final Void

-

MMMM axpecre.o 5...4.1-4»4\/;:410 voLTaaE = 0.96% P.u.

Minimoum EXPECTED MOTOR  VoLTadsE

4\ OV. Base 400C V. BASE
0. 724 P O. 7929 pu.

Caceu ) LATED Acce ersron ng:_{sei Flaces ¥ S# 2)

Mo-rom Acce zzaTion
Vour Time
o /- SEcon DS
Lo (1co%) .52
80 ( 80%) Z.92
‘ ¢ 70./03 5.45
/%7< %'7%) 844
bl ( Lob?) 5.58

:Oslc,u..usnou' przc.—’zo ACLCLERAT NG TIME AT N\O“Df\
TERM NAL JOLTAGE oFf 0 7329 w@ap\/
6 Approximatery 2. | seconts Miumom
VOLTBGE AT whuicHd MOTDE wil'e ACLE BRATTZ
N LEss men 8.5 sgconos s 0.66T pu
(8.‘5 SELENDS 15 BASEIL OO0 T™ME MINIMUM TIME  FOR
Fol. DeaRALEL VooThGe —m\p AT posT TuekLJe =
T2 P Coulimons,)

e2)

&F’—GZ&:NC&, 6\,\20@ —Sbaﬂ;o'J D&wuuq No PC. ZCHCTI é‘ ‘i‘Z? 5075(>O
P 4527 =419

Geveass Eaczic Deaninicy No., 288 HA4 (F
ASDOP CASE No. |8ATH




CAROLINA PONER & LIGHT CO.

NUCLEAR ENGINEERING & LICENSING DEPT,
MOTOR ACCELERATION TIME CALCULATIONS

INPUT BYIJOHN A, KOWALCHECK

DATE:04/24/84
DATE:

PROJECT TITLE!BSEP ELECTRICAL DISTRIBUTION STUDY

TAR NUNBER:NT-124
MOTOR NAMESCORE SPRAY
NOTOR FULL-LOAD TORGUE: 3678 FT.-LBS,
HOTOR ROTOR INERTIA! 750 LBS, 7,42
MAXIMUN LOAD TOROUE: 2950 FT.-LBS.
LOAD INERTIA! 120 LBS, 1,42
HOTOR = 0 r |Mtmvs
i 2 3 5 8 7
WTOR  LE4D | MOTOR  MET  ELAPSED | MOTOR NET
SEED  (CRGUE | TOROUE TORGUE TINE | TORGUE  TORGUE
P by @ (FT.ABS) (SE0 | @  (F1.-BS)
0-10 sl 100 353050 .4 M 206,42
10-20 2 100 341900 .14 s 294,92
20-30 s 100 350100 .15 M A7%.9
30-40 122l W01 3078 .S S 199,92
0-50 2 105 2% .6 &5 1800,70
50-60 | 10 36080 .16 68 1616.04
80-70 g oue Wm0 7% 1490.00
70-80 55 132 33246 16 84 1467,02
80-90 7 157 450,46 4 100 1554.00
90-95 g5l 190 w8070 08| 123 20164
95-100 sl 1w 2w . 105 1059.40
TOTAL TINE = 1.52]  TOTAL TINE =
Fiauee ¥ |

Fz/

:
8
ELAPSED
TINE
(SEC)

23
22
23
25
28
31
1]
35
33
A3
.u:‘

29

NOTOR ¥ =

9
NOTOR
TORQUE

x)

"
93
9

0
10
NET
TORQUE
(FT.-LBS.)

1654, 72
1743.22
1625,22
1448.22
1249, 00
954.00
690,84
584.30
9.2
913.04
907,70

TOTAL TINE =

i
1
ELAPSED
TINE
(SEC)

Wl
29
31
33
4l
33
75
87
8
.28
150

5.45

o™ ™M D> >

UMD D -



CAROLINA POWER & LIGHT CO.

NUCLEAR ENGINEERING & LICENSING DEPT,
MOTOR ACCELERATION TIME CALCULATIONS

INPUT BY!JOHN A. KOMALCHECK

CHECKED BY:

DATE}05/07/84
DATE!

PROJECT TITLE:BSEP ELECTRICAL DISTRIBUTION STUDY

TAS NUMBER:NT-124
MOTOx NAME CORE SPRAY
MOTOR FULL -LOAD TCROUE: 3678 FT.-LB5,
AOTOR ROTOR INERTIA: 750 LBS,-FT.*2
FAXINUM LOAD TORQUE: 2950 FT.-LBS.
LOAD INERTIA! 120 LBS.-FT.A2
MOTOR V = n [MOTOR V = 66,7
1 2 3 4 5 é 7
MITOR LOAD HOTOR NET ELAPSED | MOTOR NET
SPEED TORQUE | TORQIF  TORQUE  TIME TORQUE  TORQUE
(% (X (X)  (FT.-LBS,) (SED) (X)  (FT.-LBS.)
e-10 b 49 1654.72 W3l M4 1488,80
10-20 2 49 1743.22 29 44,49 1577.30
Jo-40 12 49 1448,22 '35 44,49 1282,30
40-50 20 W0 1249,00 4l 5.4 107970
50-60 30 50 954.00 33 45,40 784,70
80-70 LX) 53 680,84 73 4,12 501,38
70-80 55 60 584,30 87 54,48 381,13
80-90 n n smn /85 67,19 340,15
90-95 95 93 913.04 28 84.44 598,13
95-100 95 % 507,70 30 80.32 151,57
TOTAL TIME = 945 TOTAL TIME =
Fraure #2

Fzz

ELAPSED
TIME
(SEC)

34
32
35
40
A7
165
1,01
1,33
146
A3
1,48

L)

MOTOR V =
9 10
40T0R NET
TORQUE  TORQUE
() (FT.-LBS,)

86,46

44,36
44,36
M, 36
4,36
5.2
45.26
47,98
54,31
8.99
84.19
80,19

1483,90
1572,40
1454, 40
1277.40
1074, 69
779,69
496,07
375.13
339.75
588,83
146,91

TOTAL TIKE =

11

TINE
(SEC)

34
32
W35
40
47
163
1,02
1,36
1,50
43
1L.73

8.58

>-D> o

O™ ™M

2O —-uDraecoor>o



Computed by: Date: Calculation m:F

CAROLINA POWER & LIGHT COMPANY NTIZG-E -7 -
Checked by: Date:| NUCLEAR PLANT ENGINEERING DEP
%A’AMW 3‘.24,;1 . DEPARTMENT Pg- \ of Z Rev. o
AL e File: BNT-124-AN-SS43

TAR No.: NT-124 |
Project Title: BSET ELECTRICAL DISTRIBUTION SYSTEM STUDY
Calculation Title: CIRCULATING WATER PUMP MOTOR ACCELERATION IME

Status: Prelim. LJ Final @ Void (J

PURPOSE

THE PUEPOSE OF THIS CALCULATION 1S 7O DETERMINE T7THE
APPROXIMATE ACCELERATION TIME OF THE RBSEP CIRCVLATING WATER
PUMP MOTORS AT THEIR MINIMUM EXPECTED TERMINAL VOLTAGE

LIST OF REFERENCES

I, = MCARAW EDISON COMPANY , LOCKED g ACCELERATION TIME
VS CURRENT CUBVE FOR ZS00 HT CwP MOTURS

Z. ASDOP CASES:

) SAT4 2 SAT4

| SAT I3 Z SATI3

) UAT 4 Z UAT 4
BODY OF CALCULATION.

FEOM THME ABOVE REFERENCED ASDOP CASES , THE MINIMUM M OTOR
TERMINAL VOLTRHE AT STARTING is 0.845) pu. (ASDOP CASE | SAT |3)

FROM REFERENCE NO |\ ACCELERATING TIMES ARE AVAILATALE FOR
BO7e AND 100 70 NOMINAL VOLTAGE. THEREFORE TO PBE CONSERVATIVE
THE B0%7¢ CURVE ¢ L T3E USED TO DETERMINE THE MAXIMUM

ACLELERATING TIME.
ACCELERATING TIME @ BO% TERMINAL VOLTAGE = 5§ seconDds

FZ3




Computed, by: Date: Calculation ID:
CARCLINA POWER & LIGHT COMPANY NTRe-= - 73 - F
Checked by: Date: .
: y byt NUCLEAR PLANT ENGINEERING DEPARTMENT Pg. 2 of Z Rev. ¢)
_M-“M y . CALCULATION S
TAR No.:A/T-124 - — File: ZNT-1ZA-AN- S543

Project Title: BSEP ELECTRICAL DISTRIBUTION SYSTEM <TUDY

Calcularion Title: CIRCULATING WATER PUMP MOTOR ACCELERATION TIME
Status: Prelim. [J Final ) Voidﬁ

CONCLUSIONS
FOR THE PLANT CONDITIONS ANALYZED T CAN RE REASONARIUTY

ASSUMED THAT THE AKELERATION TIME OF THE CIRLULATING WATER
PUMP MOTORS WiLL TRE LESS THAN € SECONDS.

FROM THE ABOVG REFERENCED ASDOP CASES THE MINIMUM
4160 VOLT RUS VOLTAGE FOR A CWP MOTOR START 1S O.7910 P.u.
( CASE |SATI3). FROM CALCULATION ID NTI24-£-08-F REV.O,
THE ALLOWABLE ACCELERATION TIME TBASED ON THE <Z7/5%F
YOLTAGE RELAY SETTING IS APPROXIMATELY || SECONDS.
THEREFORE THE STARTING OF A CWPP MOTOR DoOES NOT DEGRADE
THE ELECTRICAL DISTRIBUTION SYSTEM VOLTALE TO A LEVEL THAT

Wit. ADVERSELY IMPALT THE OPERATION OF 4160 VOLT SAFETY
PELATED LOAVDS.

F24
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ompu t Date: 1 tion ID:
M CAROLINA POWER & LIGHT COMPANY A OB-F

cmi, by: Date:| NUCLEAR PLANT ENGINEERING DEFARTMENT |po  |of 4 | Rev.p

[TAR No.:NT- 124 VR — File: BNT=124-AN-S 543

Projact Title: BSEP ELECT DIST €YS STUPY

Calculation Title: 27/59€ RELAY CHARACTERISTICS UNIT NO. |

Status: Prelim. 5 Final E Votm:

PURPOSE
THE PURPOSE OF THIS CALCULATION 15 TO ESTABLISH EMERGENCY

RUS VOLTAGE RELAY CHARACTERISTICS WHICH WILL TBE USED 70
EVALUATE TRANSIENT VOLTAGE CONPRITIONS ON THE 4160 V EMERGENCY

BUsES .

LIST OF REFERENCES

— GENERAL ELECTRIC INSTRUCTION BOOK AEH-IBIAE (IAV RELAYS)

— UELC LETTER uUC 29677, TUNE 30, 1980

.~ DESIGN BASIS DOCUWMENT DBD-9527-041-1 REV. |, 2/14/78,
"DEANADED VOLTALE ON EMER&GENCY RBus”

BODY OF CALCULATION

FROM LOCA START ANALYE:!S (ASDOP CASE |SATY) !
MINIMUM VOLTAGE AT E-BUS = 0.774G pu. (A160 v BASE)
s 3222V

SETTING OF 27/69E RELAY:
RIGHT CONTACT 98 vours
LEFT CONTACT 106 yoL TS

PT RATIO = 4200/120 = 3S/)
RIGHT CONTACT CLOSUVLE / LEFT CONTACT Prekup Rario
» IBX3BS/I105XBF = BABW/B675
= 0BLSpu/088%3p
s 093



aarcuI‘tIon 5:
CAROLINA POWER & LIGHT COMPANY NT 28~ E ~0B-F
NUCLEAR PLANT ENGINEERING DEPARTMENT [pe o of 4 | Rev. O
TAR No.: NT - 124 CALCULATION SHEET File: BNT-1Z4-AN-S5473

Project Title: BSEP ELECT DIST Svs STubYy
Calculation Title: 27/69E RELAY CHARACTERISTICS UNIT NO |

Status: Prelim. u Final E Vcidﬁ

PER UNIT E-RUS VOLTAGE AS MULTIPLE OF LEFT CONTACLT
PICKUP!

-Q;l'm = 0.88
0883

THUS, FROM TIME-VOLTAGE CURVE FOR IAV S3 RELAY (937 CURVE)

TRIP TIME AT 0.7749pu. & 10 SECONDS

70 ESTABLISH TRIP ZONE OF 27/S9E RELAY, THE FOLLOWING POINTS
ARE TAKEN FROM THE JAV S3 TIME-VOLTASE CURVE

PU E-BUS mi-ﬂut YOLTAGLE AS
vO £ TIPLE OF LEFTCONTALT
LTAG reig s ey e TRIP TIME (SEC)
0.50 0.87 2.7
0.60 0.69 3.4
0.70 0.7 6.2
0.75 0.86 7.5
0. 7749 0 B8 10
©.80 091 2.5
CONCLUSION

ASSUMING CONSERVATIVELY THAT THE VOLTALE ON THE E-BuS REMAINS
AT O 7749 DURING ACLELERATION OF THE LOCA START" LOADS, 27/69E
RELAY Wil ALLOW TENC(I0) SECONDS FOR ACLELERATION.
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omputed by: “Date: ,
W s CAROLINA POWER & LIGHT COMPANY ‘: 1‘“1|‘_‘f=f“ If-F

Checked by: [D‘t.: NUCLEAR PLANT ENGINEERING DEPARTMENT

tg. 4 of 4 Rev. 9
TAR No.: n/1.124 CALCTLATION Swmn2 Flle: ppT-124 -AN-5S43

Project Title: Bcgp £LECT DIST SYs STUDY
Calculation Title: 27/59F RELAV CHARACTERISTES WA NO .|

Status: Prelim. Final [ Void (J

TIME (s&c)
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ompu y: ate:

c by: Date:

Tﬂ '0. : NT- \7-4

CAROLINA POWER & LIGHT COMPANY
NUCLEAR PLANT ENGINEERING DEPARTMENT
CALCULATION SHEET

alculation

| NTI24-E-03-F

Pg. | of 4 Rev. O

File: ANT-124 -AN-SBA3

Project Title: BSEP ELECT DIST SYS STUDY

Calculation Title: 1,7,693’ RELAY CHARACTERISTILS UNIT NO. 2

Status: Prelim. ﬁ

Final  Vold [J

PURPOS

THE PURPOSE OF THIS CALCULATION

IS 70 ESTABLIGH EMERGENLY

BUS V" TALE RELAY "HARACTERI\STILS WHICH Wil BE USED 10
EVE. Liic TRANSIENT VOLTAGE CONDITIONS ON THE 4160 V EMERSENLCY

BUsES

LIST OF REFERENCES

— HENERAL ELECTRIC |NETRUCTON BOOK GEH-IBIKE (IAV RELAYS)
- UE {C LETTER UC 29677, JUNE 30 1980

= DESIGN BASIS DOCUMENT DBP-95:7-041-1, REV |, 2/14/18,

"DE&ARADED

VOLTAGE ON EMERGENCY BuS”

BoRY OF CALCULATION

FROM LOCA START ANALYS'S (A<DoP CAGE ZSATY):

MINIMUM VOLTAGE AT E BRUS =

= 3243v

SETTING OF 27/69E RELAY:
RVGUT CONTACT 98 VoLTS
LEFT CONTRLTY 106 VoLT S

PTRATIO = §200/120 = 35/|

R1GHT CONTACT CLOSURE [/ LEFT CONTACT P/cie Up RATIO
- 98x35/105x36 = 3430/4%75

= 0B8ZSpu/0883 pu
= 093

0, 779% pu. (4160 v BASE)




Q_Fﬁy i’ - Date: Calculation ID:

CAROLINA POWER & LIGHT COMPANY NTI2Z4-E-O3-F
NUCLEAR PLANT ENGINEERING DEPARTMENT Pg. 2 of 4 Rev. O
CALCULATION SHEET

File: BNT-124-AN-S$543

Project Title: BSEP ELECT. DIST S¥YS. STUDY
Calculation Title: 27/595 RELAY CHARACTERISTILS uNITNO.-Z

Status: Prelim. ﬁ Final u Voidﬁ
e

PER UNIT E-BUS VOLTAGE AS MULTPHLE OF LEFT CONTACT
PI1CKUP:

0179 . ©0.88

0.883
THUS, FROM TIME-VOLTAGE CURVE FOR LAV S3 RELAY (937 CuRVE)
TRIP TIME @ 0.779Spu. & |0 SECONDS

70 ESTABLISH TRIP ZONE OF 2Z9/59 RELAY, THE FOLLOWING POINTS
ARE TAKEN FROM THE JAVSS T/IME-VOLTAGE CURVE

Pu. - PU. E-RUS VOLTAGE AS ‘

vo‘:-u‘tgu‘ MULTIPLE OF I..LIF‘Y CONTACT TRIP ME (SEc)

PICKUP VOLTALE |

080 0.57 7

0- 75 (+2 66 7 5 |
LONCLUSION

ASSUMING CONSERVATIVELY THAT THE VOLTAGE ON THE E -BuS REMAINS
AT 07795 DURING ACCELERATION OF THE “LOCA START" LOADS, 27/59E

KELAY WL ALLOW |10 SECONDS FOR ACCELERKTION.
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13.0 APPENDIX G
DETERMINATION OF SOURCE VOLTAGE LIMITS
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13.0

Rev. 0

DETERMINATION OF SOURCE VULTAGE LIMITS

The source voltage limits were determined by defining the
mathematical relationship between the source voltage and
the auxiliary system bus voltage in question. Once the
voltage limit was determined, a computer run wus made at
that source voltage limit to verify the calculated results.

For an explanation of the method of establishing source
voltage limits, Case 2SAT4, (Fourth 2500 hp CWP Motor
Start), is used as an example. To establish a relationship
between the motor terminal voltage and the switchyard
voltage, computer runs were made at two switchyard voltages:
.986 p.u., 1.009 p.u.. As can be seen from the graph on
Page G-65, a plot of the motor terminal voltages to each
corresponding switchyard voltage defines a straight line.
Once defined, this linear relationship provides the
capability ol dclerwining the svurce voltage corresponding
to any selected motor terminal voltage and vice versa.

It can be seen from the graph that the minimum motor
starting voltage of 3400V corresponds to a switchyard
voltage of 228.62 KV (0.994 p.u.). The 228.62 KV is the
minimum required switchyard voltage (i.e., voltage limit)
for a CWP motor start under the operating conditions
specified.

Plots for each of the cases covered in the report follow.
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