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1.0 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 pl.'nt 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 loads
are adequate. If voltages are not adequate, identify ~
.the changes necessary to provide adequate voltage at
the loads.

2.0 SUMMARY OF RESULTS

Voltage drop studies have shown that the existing BSEP
Electrical Distribution System can support all 4160V and
480VAC safety loads in accordance with present NRC guidelines
for determining the adequacy 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.

I
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- 3.0 : METHOD OF ANAYSIS
.

3.1 Computer Programs

Voltage-drop studies for the BSEP auxiliary electrical
distribution system were done using ASDOP (Auxiliary
System Design Optimization Program). Aggregate load
models were developed to represent the Unit Nos. I 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 procedure

' - entitled "CP&L Benchmark Procedure for Auxiliary System
Design Optiminization Program (ASDOP)" dated 04/05/84
compared actual _ field test data 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.

,

3.2 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 system
voltage. criteria, therefore, must conform to the equipment
operating requirements but also be br'oad enough to allow
for expected voltage fluctuationslat 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 notors. For Class 1E
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 motor maintain sufficient terminal voltage
to start and run. The minimum terminal. voltage required
for starting will vary from motor to motor, depending

2
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upon individual torque characteristics of the motor and-
. load. tFor purposes of this study, the minimum starting
voltage for BOP motors is assumed to be 0.85 p.u.-for,

. g* .both 4000 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 motor 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
starting ~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 to 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 terminal
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 this - range becomes- significant only if '

"n 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'l.10 p.u'. motor terminal
voltage range considered in determining source voltage: limits.'
For accident-related condi'. ions, -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 C. . Appendix D also lists the undervoltage relays
? -on the auxiliary system, relay settings and relay function.

n- '3 . 3 Plant Operating Conditions

In evaluating the ability of the electrical distribution
system to support auxiliary system safety loads, the equipment

3
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voltage ' criteria must be examined relative to the. operating:

conditions expected to occur. By imposing the equipment
voltagef eriteria 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 operatingLeonditions 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.

other unit'(Also Operating) procee' ding 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.

. 3.4 Development Of Auxiliary System Models-

P

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

4 - 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 necessary4

a to analyze the adequacy of the electrical distribution
system.

~

With the exception of the light-load cases (" SAT Shutdown"
. and "UAT Light Load"), each of the models_were developed
to represent the auxiliary system with the tie treaker

p between 4160V buses Common A and Common B closed. This
'

tie breaker is not under administrative clearance, and if
[U closed, would increase the auxiliary system load, which

, would cause an increased voltage drop. Thus, using a

4
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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.
7 ,

3.4.1 Basis for Model Development

All of the mot'r-starting models and the accident modelso

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 horsepower 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' O.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 significantly affect bus

y loading, a load factor of 1.00 was assigned.

5
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3.4.2 ' Systes' Conditions and Cases Modeled
~

,

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

13.412.1 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 ' Aaxiliary
Transformer (SAT) and Unit Auxiliary Transformer (UAT)
aligned 'to supply _ the Auxiliary System. Transient conditions
ar'e analyzed using the normal unit operation model by
starting various distinctly modeled motors on the-4160V'

a'ad 480V Systems. -The steady state and motor start cases _.

were_developedfto 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 SAT 1: . SAT FULL LOAD

~

This case was modeled to represent auxiliary system/

with full | auxiliary load fed from the SAT and the
'

tle breaker between 4160V buses Common A and Common,

" B closed.

CASE SAT 3: SAT - 3rd CWP MOTOR START

This ca~se 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
fros'the SAT and the breaker between' buses Common A
and Common B closed. The CWP with the longest
feeder cable was started.

- - CASE SAT 4: SAT - 4th CWP MOTOR START

This case was modeled to. represent the auxiliary
- system load when starting a fourth 2500 hp Circulating,

Water Pump motor (3 CWP motors running) with full
auxiliary load fed from the SAT and the tie breaker

between buses Common A and Common B closed. The CWP
wit'h the longest feeder cable was started.

J

6
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CASE SAT 5: SAT - FUEL POOL COOLING PUMP MOTOR START
@ IXG (2XG)

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

CASE SAT 6: SAT - FUEL POOL COOLING PUMP MOTOR START
@ IXH (2XH)

This case wt- modeled to repres it the auxiliary
system load when starting a Fuel Pool Cooling Pump
Motor on MCC IXH for the Unit I 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 SAT 7: SAT - REACTOR RECIRC PUMP MOTOR START

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

CASE SAT 8: SAT - RBCCW PUMP MOTOR START @ IXE (2XE)

This case was modeled to represent the auxiliary
load when starting a Reactor Building Closed Cooling
Water Pump motor on MCC IXE for Unit I 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 SAT 18: SAT - SCREEN WASH PUMP MOTOR START @
ISA (2SA)

This case was modeled to represent the auxiliary
system load when starting a Screen Wash Pump Motor
on MCC ISA for the Unit I 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 SAT 19: SAT - TBCCW PUMP MOTOR START @ ITM
(2TH)

This case was modeled to represent the auxiliary
system load when starting a Turbine Building Closed
Cooling Water Pump Motor on MCC ITM for the Unit 1

4
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. analysis and 2TM for tb Unit 2 analysis. The --
~

auxiliary load is fed from the SAT and the tie 25
breaker between Common A and B buses is closed. 7

B. UAT Supplying the Load 7;
_-._

The UAT cases are identical to the SAT cases described ;si

above except the UAT is supplying the load. The kpi
Common A and Common B buses are not included in the KE-UAT model since they are always supplied from the 21-

SAT. The UAT cases are: *MF

.ks
Case UAT1: UAT - Full Load t_,

--E
Case UAT3: UAT - 3rd CWP Start __$.

-

Tr
Case UAT4: UAT - 4th CWP Start ?-

w
Case UATS: UAT - Reactor Recire. Pump Start [2[

Case UAT6: UAT - Fuel Pool Cooling Pump Motor di

Start @ IXG (2XG) JF

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

4
Case UAT8: UAT - RBCCW Pump Motor Start @ IXE (2XE) ??-

3.4.2.2 LOCA Start #"
-

-

|Ta
The "LOCA Start" cases were modeled by adding the LOCA gy7
starting load to the system at a full-load operation. __._

Loads that are automatically shed from a LOCA signal were j-
removed from the full-load model for the "LOCA Start" and
"LOCA Run" cases.

1-
The LOCA Start cases were developed to demonstrate the

_,

capability to start the LOCA loads when connected to'the }soff-site source with the grid at the minimum expected j},
voltage. The LOCA start cases are used along with the }_:'iauxiliary system voltage criteria to establish a minimum
switchyard voltage limit upon receipt of a LOCA. This 27:
would be the minimum transient post turbine trip switchyard qy
voltage when the LOCA loads are starting. The LOCA start img
cases are: SEL

CAS6 SAT 9: SAT - LOCA START (BLOCKED STARTING) )i
f_

This case was modeled to represent the auxiliary system ,g-
immediately after a turbine trip from a LOCA with all gg

-

-@
'N?
L2
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loads fed from the SAT. Two (2) Core Spray pumps and two
(2) RHR pumps are simultaneously started.

CASE SAT 10: LOCA START (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 motors,
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
load 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 adding the LOCA Run
loads to the system at full-load operation. Loads that
are automatically shed by a LOLA 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 large non-safety loads
with minimum expected grid voltage following 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 SAT 11: . SAT-LOCA Run

This case was modeled to represent the steady state
condition after a LOCA with 2 Core Spray pumps and 2 F001
pumps running.

Case SAT 12: 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

9

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

_

Case SAT 13: 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.

_

Case SAT 14: SAT-LOCA Run Stator Coolant Pump Motor Start
@ ITD (2TD)

-

This case is identical to the steady state case (SAT 11)
except the Stator Coolant notor is starting on MCC ITD _

for Unit I and 2TD for Unit 2. ;

Case SATIS: SAT-LOCA Run, Fuel Pool Cooling Motor Start
@ IXG (2XG)

This case is identical to Case SAT 11, except the Fuel
Pool Cooling Motor on MCC IXG is starting for the Unit I
analysis and the Fuel Pool Cooling Motor on MCC 2XG is
started for the Unit 2 analysis.

_

Case SAT 16: SAT-LOCA Run, Fuel Pool Cooling Motor Start -

@ IXH (2XH)

This case is identical to Case SAT 11, except the Fuel
Pool Cooling Motor on MCC IXH is started for the Unit 1 =

Analysis and the motor on MCC 2XH is started for the Unit
2 analysis.

Case SAT 17: SAT-LOCA Run, TBCCW Pump Motor Start @ ITM e

(2TM) ;

This case is identical to SAT 11, except the Turbine
Building Closed Cooling Water Pump Motor is starting on >

MCC ITM for Unit I and MCC 2TM for Unit 2. -

3.4.2.4 Light Load Models

Case SAT 2: SAT-Shutdown
e

This case models the auxiliary system during unit shutdown r
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 E

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

10
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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 operation. 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.

4.0 STkJDY RESULTS
s

54.1 Source Voltage Limits
,,

m

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 vo).tage
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 analyzed for Unit 1.
Table 2 summarizes the results for Unit 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 cr'es is the unit's
gene ra to r. Using Table 1, the Unit I switchyard and :
generator voltage limits can be compared to the expected i

source voltage values. The expected voltages are within
the calculated limits except for cases SAT 9, SAT 13,
SAT 17, SAT 18 and SAT 19. For these cases, the limiting 2

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, -

a

11 i
!
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paragraphs 1, 2, 3). In all cases (including cases SAT 9,
SAT 13, SAT 17, SAT 18 and SAT 19), the voltage meets the
criteria on the safety buses. Thus, adequate voltage is
maintained on the Unit I safety systems. Table I 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 cases SAT 2, SAT 17, SAT 18 and SAT 19.
For case SAT 2, 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 SAT 17, SAT 18 and SAT 19 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 SAT 17,
SAT 18 and SAT 19), the voltage meets the criteria for Unit
2 safety buses and loads. Thus adequate voltage is
maintained on **_ Unit 2 safety system for all conditions
analyzed.

12
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TABLE 1 - SLM1ARY OF RESULTS OF ASDOP ANALYSIS BSEP #1

MIN (MAX)*

EXPECTED SOURCE
PLANT SOURCE VOLTAGE LIMITING |
MODE CASE VOLTAGE (PU) LIMIT CONDITIONS

'

Full Load SATI - Full Load 1.009 1.007 460V Mtr Ters. Volt.
SAT 3 - 3rd CWP Start 1.009 .984 CWP-ID Terminal Volt.
SAT 4 - 4th CWP Start 1.009 .993 CWP-ID Terminal Volt.
SATS - Fuel Pool cool Pump Start @ IXG 1.009 .963 FPCP-1A Term. Volt.
SAT 6 - Fuel Pool cool Pump Start @ IXH 1.009 .968 FPCP-18 Ters. Volt. '

SAT 7 - Reac Recire Pump Mtr Start 0 IB 1.009 .978 RRP-1B Terminal Volt.
SAT 8 - RBCCW Pump Mtr Start 9 IXE 1.009 .974 RBCCW Mtr Ters. Volt.

iSAT 18 - Screen Wash Pump Mtr Start @ ISA 1.009*' 1.046 SWP Terminal Voltage |

SAT 19 - TBCCW Pump Start 9 ITM 1.009* 1.055 TBCCW Terminal Voltage

Full Load UAT I - Full Load 1.009 1.000 460V Mtr Terminal Volt.
DAT 3 - 3rd CWP Start 1.009 .977 'CWP-1D Mtr Ters. Volt.
UAT 4 - 4th CWP Start 1.009 .986 CWP-10 Mtr Ters. Volt.
UAT 5 - Reac Recirc Pump Mtr Start 9 1B 1.009 .981 RRP-1B Terminal Volt.
UAT 6 - Fuel Pool cool Pump Start 0 1XG 1.009 .958 FPCP-IA Terminal Volt.
UAT 7 - Fuel Pool cool Pump Start @ IXH 1.009 .963 FPCP-1B Terminal Volt.
UAT 8 - RBCCW Pump Mtr Start @ IXE 1.009 .972 RBCCW-1A Terminal Volt.

LOCA START SAT 9 - LOCA, Blocked Starting .965* .966 480V Contactor Drop-out
SAT 10 - LOCA, Sequential Starting .965 .924 480V Contactor Drop-out

LOCA Run SAT 11 - LOCA Run .989 .979 480V Contactor Pickup
SAT 12 - 3rd CWP Start .989 .983 CWP-10 Terminal Volt.
SAT 13 - 4th CWP Start .989* .993 CWP-10 Terminal Volt. I
SAT 14 - Stator Cint Pump Mtr Start @ ITD .989 .952 SCP IB Terminal Volt. |

SAT 15 - Fuel Pool cool Pump Start 0 IXG .989 .936 FPCP 1A Terminal Volt.
SAT 16 - Fuel Pool cool Pump Start @ IXH .989 .950 FPCP IB Terminal Volt.
SAT 17 - TBCCW Pump Motor Start 0 ITM .989* 1.055 TBCCW Terminal Voltage

|

LIGHT LOAD SAT 2 - SAT, Shutdown (1.017) 1.017 460V Mtr Terminal Volt.
DAT 2 - UAT, Light Load (1.038) 1.095 460V Mtr Terminal Volt.

*These cases are examined further in Section 4.4 to determine if load characteristics are such that the nonsafety loads impacted will operate
satisfactorily at the expected source voltage.
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TABLE 2 - SU R RY OF RESULTS OF ASD0P ANALYSIS BSEP #2

MIN (MAX) |

EXPECTED SOURCE !

PLANT SOURCE VOLTAGE LIMITING |

MODE CASE VOLTAGE (PU) LIMIT CONDITIONS

Full Load SATI - Full Load 1.009 1.000 460V Mtr Ters. Volt. I

SAT 3 - 3rd CWP Start 1.009 .987 CWP-2D Terminal Volt.
SAT 4 - 4th CWP Start 1.009 .994 CWP-2D Terminal Volt.
SAT 5 - Fuel Pool cool Pump Start 9 2XG 1.009 .960 FPCP-2A Terminal Volt.
SAT 6 - Fuel Pool coct Pump Start 9 2XH 1.009 .982 FPCP-28 Terminal Volt.
SAT 7 - Reac Recirc Pump Mtr Start @ 2B 1.009 .981 RRP-28 Terminal Volt.
5%T8 - RBCCW Pump Motor Start @ 2XE 1.009 .972 RBCCW Mtr Ters. Volt.
SAT 18 - Screen Wash Pump Mtr Start @ 25A 1.009* 1.056 SWP Terminal Voltage

,

SAT 19 - TBCCW Pump Start 0 2TM 1.009* 1.063 TBCCW Terminal Voltage'

Full Load UAT 1 - Full Load 1.009 .997 460V Mtr Ters. Volt.
UAT 3 - 3rd CWP Start 1.009 .979 CWP-2D Terminal Volt.
VAT 4 - 4th CWP Start 1.009 .989 CWP-2D Terminal Volt.
UAT 5 - Reac Recirc Pump Mtr Start @ 28 1.009 .983 RRP-28 Terminal Volt.
DAT 6 - Fuel Pool cool Pump Start @ 2XG 1.009 .954 FPCP-2A Terminal Volt.
UAT 7 - Fuel Pool cool Pump Start @ 2XH 1.009 .977 FPCP-28 Terminal Volt.
UAT 8 - RBCCW Pump Mtr Start 0 2XE 1.009 .967 RBCCW-2A Terminal Volt.

LOCA START SAT 9 - LOCA, Blocked Starting .965 .926 480V Contactor Drop-out
SAT 10 - LOCA, Sequential Starting .965 .884 480V Contactor Drop-out

LOCA Run SAT 11 - LOCA Run .991 .964 27DV Relay Setting
SAT 12 - 3rd CWP Start .991 .978 CWP-2D Terminal Volt.
SAT 13 - 4th CWP Start .991 .989 CWP-20 Terminal Volt.
SAT 14 - Stator C1nt Pump Mtr Start @ 2TD .991 .944 SCP-2B Terminal Volt.
SATIS - Fuel Pool cool Pump Start 0 2XH .991 .944 FPCP-2A Terminal Volt.
SAT 16 - Fuel Pool cool Pump Start @ 2XG .991 .927 FPCP-28 Terminal Volt.
SAT 17 - TBCCW Pump Mtr Start @ 2TM .991* 1.059 TBCCW Terminal Voltage

LIGHT LOAD SAT 2 - SAT, Shutdown (1.017)* 1.010 460V Mtr Terminal Volt.
UAT 2 - UAT, Light Load (1,038) 1.058 460V Mtr Terminal Volt.

*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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4.2 Safety Bus Voltages with Expected Source Voltage

Table 3 and 4 summarize for Units 1 and 2 respectively -

the Auxiliary System safety bus voltages with the expected __

source voltage for 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.
._

4.3 Comparison of Uadervoltage 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, SAT 3, SAT 12),
a 4th CWP start (Cases UAT4, SAT 4, SAT 13) and a LOCA
Blocked Start (Case SAT 9) 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 e

accelerate and voltage would recover in time to prevent Ei
an undervoltage trip. The calculations, relay charac- E
teristics, and plots illustrating the results can be fE
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 determined.

4.4 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

1

_
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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 SAT 17, SAT 19, SAT 18): When starting the
TBCCW pump during a LOCA (Case SAT 17), the motor
terminal voltage drops to .783 (460V base) for the
Unit I analysis and to .7828 (460V base) for the
Unit 2 analysis. During SAT-Full Load Operation
(SAT 19) starting the TBCCW pump drops the motor

. terminal voltage to .8037 (460V base) for the Unit I
analysis and to .7957 pu for the Unit 2 analysis.
During SAT-Full Load Operation (SAT 18), starting the
Screen Wash Pump causes the motor terminal voltage
to drop to .8064 (460V base) in the Unit I 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.

2. TERMINAL VOLTAGE AT CWP-ID WHEN STARTING A 4TH CWP
DURING LOCA RUN (CASE - SAT 13): When starting the
fourth CWP during a LOCA on Unit 1, the CWP-ID 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.

3. VOLTAGE AT NON-SAFETY MCC CTO DURING LOCA BLOCK-START
(CASE SAT 9): When block starting the RHR pumps and
Core Spray pumps on Unit I daring 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 .8674

(480V base) after the motors accelerate. Therefore
any loads which drop out due to low voltage can
restart.

4. VOL1 AGES ON 10 ADS FED FROM UNIT SUBSTATION COMMON C:
With Unit Substation Common C transformer tapped at

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

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

b. Low bus voltage at MCC RWC during LOCA Block
Start (SAT 9).

c. Low bus voltage at MCC RWC during LOCA Run
(SAT 11).,

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 discussed
in Section 4.2 a slight overvoltage on some non-safety
motor control centers may occur for the shutdown
case (SAT 2) 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 v31tage will be maximum
with the unit shutdown should be small. Therefore,
the slight overvoltage calculated in the ASDOP
computer studies is not considered significant.

5.0 CONCLUSIONS AND RECOMMENDATIONS

Based on our interpretation of NRC requirements and the
results of voltage-drop 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.

i

5.1 Addendum to Results and Conclusions

The voltage drops covered in this report were conducted
with the understanding that the Screen Wash Pump Motors
(fed from nonsafety MCCs ISA and 2SA) 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, and
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
way.

.

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

,
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TABLE 3

UNIT 1 SAFETY SYSTEM BUS VOLTAGES AT THE EXPECTED SOURCE VOLTAGE

LIGHT LOADFULL LOAD LOCA '

UAT SUPPLYING LOAD SAT SUPPLYING LOAD START LOCA RUN

Bus Steady Iransient steady Iransient Blocked Start steady Transient UAT Supplying Shutdown
State (UATI) (UAT4) State (SATI) (SAT 4) (SAT 9) State (SAT 11) (54T13) Load (UAT2) (SAT 2)

4KV .9438 .8758 .9426 .8702 .7747 .9187 .8473 .9794 1.0207
480V Bus ES .9259 .8474 .9246 .8408 .7559 .9188 .6387 .9665 1.0266
430V Bus E6 .9309 .8530 .9296 .8466 .7527 .9163 .8359 .9712 1.0276
480V MCC IXC .9235 .8448 .9222 .8382 .7527 .9162 .8358 .9642 1.0245

2XJ .9131 .8334 .9118 .8268 .7556 .9186 .8384 .9543 1.0208
IXE .9127 .8329 .9114 .8263 .7430 .9083 .8272 .9538 1.0174
IPA .9240 .8454 .9228 .8388 .7529 .9164 .8361 .9647 1.0250
1XL .9147 .8351 .9134 .8285 .7535 .9169 .8365 .9558 1.0169
DGA .9241 .8454 .9228 .8389 .7527 .9162 .8358 .9647 1.0256
1CA .9017 .8208 .9004 .8140 .7258 .8944 .8118 .9433 1.0105
1DG .9141 .8344 .9128 .8278 .7413 .9069 .8256 .9552 1.0200
IXG .9104 .8304 .9091 .8238 .7509 .9148 .8342 .9517 1.0126
IXA .9225 .8437 .9212 .8371 .7517 .9154 .8350 .9632 1.0247
IXD .9298 .8519 .9285 .8454 .7513 .9152 .8347 .9702 1.0268
2XB-2 .9275 .8494 .9263 .8429 .7486 .9129 .8322 .9680 1.0276
DG8 .9256 .8473 .9243 .8408 .7426 .9080 .8268 .9661 1.0245
2XK .9144 .8350 .9131 .8284 .7524 .9160 .8356 .9554 1.0127
IXF .9220 .8433 .9207 .8368 .7374 .9038 .8221 .9627 1.0196
IP8 .9293 .8514 .9280 .8449 .7508 .9148 .8342 .9697 1.0262
1kM .9220 .8433 .9207 .8368 .7504 .9144 .8338 .9626 1.0200
IXH .9137 .8343 9125 .8277 .7429 .9083 .8271 .9548 1.0120
108 .9139 .8344 .9126 .8278 .7315 .8991 .8169 .9549 1.0171
20G .9159 .8367 .9146 .8301 .7340 .9011 .8191 .9569 1.0189
IXB .9275 .8493 .9262 .8428 .7485 .9129 .8321 .9679 1.0260
2XA-2 .9246 .8460 .9234 .8395 .7544 .9176 .8373 .9653 1.0266

NOTE: Voltages are in per unit based on bus nominal voltage.
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TABLE 4

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

FULL LOAD LOCA LIGHT LOAD
UAT SUPPLYING LOAD SAT SUPPLYING LOAD START LOCA RUN

Bus 5teady Iransient Steady Transient 81ocked Start Steady Iransient UAT Supplying Shutdown
State (UATI) (UAT4) State (SATI) (SAT 4) (SAT 9) State (SAT 11) (SAT 13) Load (UAT2) (SAT 2)

4KVEus .9407 .8724 .9386 .8680 .7795 .9257 .8537 .9640 1.0250
480V Bus E7 .9325 .8547 .9301 .8497 .7707 .9339 .8541 .9627 1.0373
480V Bus E8 .9336 .8562 .9312 .8512 .7732 .9355 .8561 .9597 1.0395

480V MCC 2XC .9316 .8537 .9291 .8487 .7695 .9330 .8530 .9617 1.0367
MCC IXJ .9198 .8409 .9174 .8358 .7672 .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 .9292 .8477 .7675 .9313 .8512 .9608 1.0363
MCC 2CA .9149 .8355 .9125 .8304 .7492 .9164 .8348 .9509 1.0273
HCC 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 .9324 .8548 .9299 .8498 .7717 .9342 .8547 .9585 1.0385
MCC IXB-2 .9326 .8551 .9302 .8501 .7720 .9345 .8550 .9587 1.0395
MCC DGD .9320 .8544 .9296 .8495 .7708 .9335 .8539 .9581 1.0386
MCC 2X8 .9279 .8499 .9254 .8449 .7663 .9298 .8499 .9541 1.0366
MCC IXK .9220 .8434 .9195 .8384 .7726 .9350 .8555 .9484 1.0291
MCC 2XF .9160 .8369 .9135 .8318 .7517 .9179 .8368 .9425 1.0256
MCC 2P8 .9315 .8539 .9291 .8489 .7707 .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 2C8 .9088 .8290 .9063 .8238 .7429 .9107 .8289 .9356 1.0263

NOTE: Voltages are in PU based on bus nominal voltage.
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7.0- 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 1.000 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
voltage 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

L ~into consideration that the generating units supply a
" major portion of- the VAR support .that aerves 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.
.

I
j. Based on an evaluation of NRC requirements relative to
| the adequacy of station electrical. distribution system
| vcitage, 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
L referred to 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 probability 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 considering 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. The minimum steady-state voltage experienced at the
connection 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., loa'd flow studies).

For all of the voltage-drop studies covgged 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:

1. 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, Land, therefore, the voltage
_. drop from an unanticipated loss of a generating unit
cannot be controlled by maintaining the' grid voltage
-with the generator.

2. 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

f 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
j 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 shutdown 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.

2. The Common A to Common B tie breaker is closed with
the load supplied from the. operating unit's Startup,

. , Auxiliary Transformer.

[
L
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-3. There is a LOCA on.the operating unit;. switchyard'

-

voltage-degrades to the " minimum expected value".

4. Plant safety systems respond to the accident con-
dition.

O
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8.0 SOURCE VOLTAGE CONSIDERATIONS

: An important ' consideration for maintaining adequate
;s electrical distribu-tion system voltages is to take the

necessary steps to control the source voltage during i

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

cGeneration Voltage Schedule (GVS). The present GVS calls
for the 230_ KV switchyard voltage to be maintained between t

232 KV and 234 KV.- The desired switchyard voltage level
is achieved through a coordinated effort between the -

plant opera-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 for non-accident operating
,' conditions. The expected voltage was compared to_the

| calculated voltage limit to determine whether adequate
L ' 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 combination of
interdependent plant and grid-operating conditions and
requirements. The 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,
L it should be pointed out that before any change in the
. GVS'is made, the impact on plant operations would be
|~ carefully considered,
u

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

L 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
L maintaining sufficient switchyard voltage comes at the
( _ instant the unit trips and the ECCS loads are required to
! start. Af ter the motor inrush current has tapered of f ,

and the transmission system has had time to make the ;

L necessary adjustment, the switchyard ~ voltage 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

i
.
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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 (SAT 2) were run representing Sutton Unit

.No. 3, out of service. For the Shutdown Case (SAT 2),
Sutton Unit 3 was considered operating to develop the
" worst case" maximum switchyard voltage.

.

|

|

|--

I

l

|

-.

>

e

B3



, _ _ .

Rev. 0

9.0 APPENDIX C

VOLTAGE CRITERIA _

I

EL40117I et



. . - - _ - - - . ._

9.0 BSEP EQUIPMENT-VOLTAGE CRITERIA.
' VOLTAGE CONSTRAINTS- s

Name Plate.
'

Equipment Rating . Continuous Transient- Remarks - Reference-

Nonclass'1E Motors 4000V 40%-(3600 to -15% starting- 1 |
.4400 volts) .(3400~ volts)

Nonclass 1E GE Motors .4000V T10% (3600 to -30% starting . Applies to RHR and core 2
4400 volts)- .(2800-volts) spray pump' motors only.

Class IE UE&C Motors 4000V 710%.(3600 to -25% starting 2-
4400 volts) (3000 volts) -

All Motors 460V T10% (414 to -15% starting ' Applies to all 460 Volt 1
-506 volts) (391' volts) motors. This criterion

. relaxed for accident' "t
.

conditions. 4

Motor Control Centers 480V. -15% (408 volts) -30%-(336 85% required for contactor
volts) pickup. 70% required for 4

contactor hold in. -

E-Buses 4160V -89.5% (27DV relay 82.5%'(27/59E 27DV relay setting is . 3, 4, 5 - '

| setting) (3727.5 relay pick up 106.5V/10 sec. 27/59E
volts'on E-bus) setting) inverse time relay setting-
9 10 sec. is 105V/98V (5 secs. 9 75%. !

'
. V. 1.5 secs. 9 0% V)

BOP Buses 4160V N/A 69% (27 relay 27 relay setting is 82T 3,4,5 [setting) 2870 1/2 L (2 secs. 9 0% V) ;
. volts on BOP M
bus.

.

i
;
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Name Plate
Equipment Rating Continuous Transient Remarks ~ LReference

BOP Buses' .4160V~ N/A 69.8% (27/595 27/595 setting is:105V/83V: 3, 4,_.5.
relay setting (5.5 sec. 9 0 v). .
(2905 volts on-
BOP Bus) _

.J
:.

. .

BOP Buses 4160V N/A 69.8%-(27/59U .27/590 setting is 105/83V 3,4,5
'

relay setting) (5.5 sec. 9 0 V)

(2905 volts on
.

BOP Bus)
-

NOTES:

,

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

B. All percentages are in 4160 Volt base, and PT ratio for all' relays is 4200/120.

I REFERENCES:

1. ANSI C50.41-1982.

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

3. CP&L letter 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-2%77 dated June 30, 1980 " Adequacy of Station Electrical Distribution System Voltages."

,
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$10;0. AUXILIARY SYSTEM RELAYS
~

~

'The NRC guidelines for voltage drop calculations, item 8, states that
"The analysis should document'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. The appropriate
relays are also included in voltage criteria, Appendix C (Section 9.0).

' Relay- Catalog No. Setting Function

a. 27/595 12IAV53K1A 105V/83 (5.5 a. Load sheds all breakers--,

(BOP-Bus) sec when volt- on its associated bus.
age drops to -

zero. b. . Trips its associated,

'

Feeder to Emergency Bus,

c. Starts Diesel Generators

b.. 27/59U 12IAV53K1A 105V/83V (5.5 a. Load sheds all breakers
(BOP-Bus) 'sec when on its associated bus

voltage drops
to zero b. Trips its associated

|.. Feeder to Emergency Bus
1
'

c. Starts Diesel Generators

c. .27 (BOP-Bus) .12IAV54F1A 82T L a. Opens master-slave
(2 sec 9 0%) breakers to associated

Emergency Bus.,

|

|- b. Sheds all 80P bus loads

d., 27-1 12HFA65D69H ' Instantaneous .a. Permits sequential load-'
(BOP-Bus) ing of RHR and Core Spray

L Pumps during DBA

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

able

c. Permits operation of
L Conventional' Service

Water Pumps if off-site!

power.is available,

E

l
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Relay Catalog No. Setting Function

e. 27/59E 12IAV53K1A 105V/98V a. Permits closure of'

(E-bus) (5 sec 9 70% V. diesel generator breaker
(1.5 secs @ 0% V) b. Load sheds all breakers

on its associated bus

c. Trips tie breakers

f. . 590 (E-bus) 12IAV51A1A 55V/1L a. Permits closure of die-
(.25 sec @ sel generator breaker
100% V.)

'

.g. 27-1 12t!FA65D69H Instantaneous a. Starts sequential loading

27-2 12HFA65D69H Instantaneous b. Permits bypass of seque-
(E-bus) ntial loading circuits'if

off-site power is avail-
able.

27HS 12HGA17C63 Instantaneous a. Starts its associated
(E-bus) diesel generator
;27 DV ITE - 270 106.5V/10 sec a. Isolates its associated
(E-bus) emergency bus from off-

site distribution system
when voltage is below
89.5%

.
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-
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F

y o y y

St=42.8G St=144.31 St=331.59 S1=438.10__.

S2=42.86 S2=G4.31 S2=331.59 S2=118.10
_

PF=0.85 PF=0.85 PF=0.85 PF=0.85

G E

5 i
A

*

-

@ , . .
.
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.

480V UNIT SUBSTATION "E7" LOADS-~
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_
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-
-
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1 2 3 4 5

6%



rc

1 2 3 4 0
.

Q H
4

'

480V UNIT SUBSTATION 2F
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CAROLINA PO E R 8 LIGHT CO.,

NUCLEAR E WIE ERING I LICENSING MPT.

MOTOR ACCELERATION TIE CRCULATIONS.

-IIPUT BY: JOHN A. K0UALCHECK BATE:05/07/84

CECKED BY:- DATE:

PROJECT TITLE BSEP ELECTRICR DISTRIBUTION SYSTEM

TAR NUMBER:NT-124

MOTOR NAME: SCREEN WASH PUMP (S)

MOTOR FEL-LOAD TORGE: 740 FT.-LBS.

NOTOR ROTOR IERTIA:- 52.66 LBS.-FT.^2
MAXIMUM LDAB TOROUE: 705.22FT.-LBS.

LOAD IERTIA: 29.53LBS.-FT.^2
D

MOTOR V = ' 100 %- MOTOR V = 80 % MOTOR V = 70 I . A
1 2 3 4 5 6 7 8 9 10 11 i

MOTOR LOAD MOTOR NET ELAPSED MOTOR ET ELAPSED MOTOR ET ELAPSED A

SPEED TOROUE TOROUE TO' ale TIME TOROUE TOROUE TIME. TOROUE TOROUE TIME
- (I) (%) (%) (FT.-LBS.) (SEC) (1) (FT.-LIS.) (SEC) (I) (FT.-LBS.) (SEC) F

R

0-10- 5 100 704.74 .07 64.00 438.34 .11 49.00 327.34 .15 0
10-20 2 100 725.90 .07 64.00 459.50 .10 49.00 348.50 .14 M

-20-30 6 100 497.69 .07 64.00 431.29- .11 49.00 320.29 .15
30-40 12 102 670.17 .07 45.28 398.45 - .12 49.98 285.23 .17 ' C
40-50> 20 104 628.56 .08 66.56 351.50 .14 50.96 236.06 .20 A '

50-60 30 106 572.83 .08 67.84 290.45 .17 51.94 172.79 4 .28 L
60-70 42 110 517.81 .09 70.40 224.77 .21 53.90 102.67 .47 C
70-80 56 126 537.48 .09 80.64' 201.81 .24 .61.74 61.95 '.78 U

80-90 72 160 676.24 .07 102.40 250.00 .19 78.40 72.40 .66 L
90-95: 85 -194 836.16 .03 124.16 319.35 .08 95.06 104.01 .23 A

.95-100. 95 142 380.84 .06 107.35 124.41 .19 92.80 16.74 1 43 T
I

TOTE TIME = .78 TOTAL TIME = 1.66 TOTAL TIME = 4.64 0
N

4 iF1(=UT2.6.# |
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CAROLINA PO E R I LI6HT CO.

IluCLEAR EN6INEERING t LICENSING DEPT. '

MOTOR ACCELERATI0ll TIME CALCULATIONS

IlFUT BY:J0181 A. K0in.CHEt'K DATE:05/07/84

DECKED BY: DATE:

PROJECT TITLE:BSEP ELECTRICAL DISTRIBUTION SYSTLM

TAR NUMBERINT-124

GTORllAME:SCREENllASHPUMP(S)

- MOTOR FEL-LOAB TORGE: 740 FT.-LBS.
MOTOR ROTOR IllERTIA: 52.66 LBS.-FT.^2
MAXIlluM LOAD TORGE: 705.22 FT.-LBS,

LOAD IllERTIA: 29.53 LBS.-FT.*2
D

MOTOR Y = 100 % N0 TOR Y = 68.4 % MOTOR V = 68.3 % A

1 2 3 4 5 6 7 8 9 10 11 T-
. MOTOR LOAB MOTOR NET ELAPSED MOTOR NET ELAPSED MOTOR NET ELAP5ED A

SPEED TORGE TOROUE TOROUE TIME TOROUE TOROUE TIME TOROUE TOROUE TIME

(8) (%) (1) (FT.-LBS.) (SEC) (I) (FT.-LBS.) (SEC) (I) (FT.-LBS.) (SEC) F

R

'0-10 5 100 704.74 .07 44.79 310.95 .15 46.65 309.94 .15 0

10-30 2 100 725.90 .07 46.79 332.11 .14 46.65 331.10 .15 M
20-30 6 100 497.69 .07 46.79 303.90 .14 46.65 302.89 .16

430-40 12 102 670.17 .07 47.72 268.51 .18 47.58 267.48 .18 C
'40-50 20 104~ 628.56 .08 48.66 219.02 -.22 48.51 217.97 .22 A
50-60 30 '106 572.83 .08 49.59 '155.42 '.31 49.45 154.35 .31 L

:60-70 42 110 517.81 .09 51.44 84.64 .57 51.31 83.53 .58 C
70-80 56 126 537.48 .09 58.95 41.31 1.16 58.78 40.03 1.20 U
80-90 72 160 476.24 .07 74.86 46.18 1.04 74.64 44.56 1.08 L
90-95 B5 194 836.16 .03 90.76 72.22 .33 90.50 70.25 .34 4

95-100 95 142 380.84 .06 90.65 .85 28.34 90.52 .13N/A T

I
TOTAL TIME = .78 TOTAL TIME = 32.40 TOTAL TIME = N/A 0

.N
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CAROLINA PO K R 8 LIGHT CO. ,

NUCLEAR ENGINEERING 8 LICENSIN6 DEPT. |

MOTOR ACCELERATION TIME CALCULATIONS

IIPUT BY JOHN A. K0WALCHECK DATE:04/24/84

- CECKED BY: - DATE:

% PROK CT TITLE:ISEP ELECTRIC E DISTRIBUTION SYSTEM STUDY

TAR NINIIER NT-124 ,

MOTOR MAME RESIDUAL E AT REM 0YAL ,

MOTOR FEL-LOAI TROE 2954 FT.-LBS.
MOTOR ROTOR IE RTIA: 820LBS.-FT.^2

. MAXIMUM LOAD TORGUE: 2950FT.-LBS.
LOAD INERTIA:. 95 LBS.-FT.^2

MOTOR V = 100 I MOTOR Y = 80 I MOTOR V = 70 I

1 2 3 4 5 6 7 8 9 10 11 . D
"

MOTOR LOAD MOTOR NET ELAPSED MOTOR NET ELAPSED MOTOR NET ELAPSED A

SPEED TOROUE TOROUE TORGUE TIME- TOROUE TOROUE TIME TOROUE TOROUE . TIME T

(I) (!) (I) (FT.-LBS.) (SEC) (Z) (FT.-LBS.) (SEC) (%) (FT.-LBS.) (SEC) A

0-10 4 100 2836.00 .19 44 1772.56 .30 49 1329.46 .40 F

10-20 2 100 2895.00 .18 64 1831.56 .29 49 1388.46 .39 R
20-30 6 100 2777.00 .19 64 1713.56 ~.31 49 1270.46 .42 0

30-40 12 102 2659.08 .20 64 1534.56 .35 49 1093.44 .49 M
40-50 20 105 2511.70 .21 45 1330.10 .40 50 887.00 .60
50-60 30 110 2364.40 .23 67 1094.18 .49 50 592.00 .90 F

-60-70 42 113 2244.72 .24 75 974.50 .55 54 356.16 1.50 I-
70-80 56 132 2247.28 .24 85 858.90 .62 60 120.40 4.44 6-
80-90 72 157 2513.78 .21 100 830.00 .64 74 41.96 8.43 U
90-95 . 84 192 3134.48 .09 122 1066.88 .25 93 210.22 1.27 R

_ 95-100 95 150 1628.50 .16 112 505.98 .53 95 3.80 70.36 E
S

. TOTE TIME = 2.14 TOTE TIME = 4.74 TOTE TIME = 89.41

s.

$

'

.
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CAROLI M POWER I LIGHT CO.

NUCLEAR EMIE ERING 8 LICENSING DEPT.

MOTOR ACCELERATION TIME CALCULATIONS

I)FUT BY:J0ml A. KOMLCHECK DATE:05/07/84 -

CHECKED BYi DATE:

PROKCT TITLE:37EP ELECTRICAL DISTRIBUTION STUDY

TAR NUMBER:NT-124

MOTOR llAME RESIDUAL EAT REMOYAL

'
MOTOR FEL-LOAB T30E: 2954 FT.-LBS.

MOTOR ROTOR INERTIA: 820LBS.-FT.^2
MXIMUM LOAD TORGE: 2950 FT.-LBS.

LOAD INERTIA: 95 LBS.-FT.^2
D

MOTOR Y = 70 I MOTOR V = 74.8- I MOTOR V = 74.7 I A

1 2 3 4 5 6 7 8 9 10 11 T

MOTOR LOAD MOTOR NET ELAPSED MOTOR NET ELAPSED MOTOR NET ELAPSED A

SPEED TOROUE TOROUE' TOROUE TIME TOROUE TOROUE TIME TOROUE TOROUE TIME.

(1) (Z) (I) (FT.-LBS.) (SEC) (I) (FT.-LBS.) (SEC) (I) (FT.-LBS.) (SEC) F
R

0-10 4 49 - 1329.44 .40 55.95 1534.77 .35 55.80 1530.36 .35 0
10-20 2 49 1388.46 .39 55.95 1593.77 .34 55.80 1589.36 .34 M

20-30 6 49 1270.46 .42 55.95 1475.77 .36 . 55.M 1471.34 .34

-30-40 12 49 1093.46 .49 55.95 1298.77 .41 55.80 1294.34 .41 C

M-50 20 50 887.00 .60 57.09 1096.50 .49 56.94 1092.00 .49 A
50-60 30 50 ~ 592.M .90 57.09 801.50 .67 56.94 797.00 .47 L
60-70 42 54 356.16 1.50 61.66 582.43 .92 41.49 577.56 .93 C
70-80 56 60 120.40 4.44 68.51 371.81' 1.44 68.33 366.40 1.46 U
80-90 72 74 61.96 8.63 84.50 372.03 1.44 84.27 365.36 1.44 L
90-95 86 93 210.22 1.27 106.19 599.90 .45 105.91 591.52 .45 A

95-100 95 95- 3.80 70.36 100.53 167.20 1.60 100.39 163.01 1.44 T
'

I
TOTAL TIME = '89.41 TOTAL TIME = 8.45 TOTAL TIE = 8.56. O

N

Nt /.mO I2.E

,

.

&
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CAROLINA POWER & LIGHT CD.

NUCLEAR EN6IEERING t LICENSING KPT.

MOTOR ACCELERATION TIE CALCULATIONS

l

' IWUT BY: JOHN A. K0WALCHECK ' BATE 05/07/84 i

CECKED BY: : DATE:

PROJECT TITLE!BSEP ELECTRICE DISTRIBUTION STUDY

TARNUMBERINT-124

MOTOR NAME RESIDUAL E AT REMOV E

MOTOR FULL-LOAB T(IIGE: - 2954 FT.-LBS.
. MOTOR ROTOR IERTIA: - 820 LBS.-FT.^2
. MAXIMUM LDAD TORGE: 2950 FT.-LBS.

LOAD IKRTIA - 95 LBS.-FT.^2'

.

D

MOTOR V = 80 %
'

MOTOR V = 73.9 % MOTOR V = 73.8 % A

1 '2 .3 4 5 6 7 8 9 10 11 - T

MOTOR LOAD MOTOR NET. ELAPSED MOTOR NET ELAPSED MOTOR NET ELAPSED A

SPEED TORGE TOROUE TORGE TIME TOROUE TOROUE TIME TOROUE TOROUE TIME ,

(2) (%) (I) (FT.-LBS.) (SEC) (I) (FT.-LBS.) (SEC) (I) (FT.-LBS.) (SEC) F

R

0-10 4 64 - 1772.56 .30 54.41 1495.24 .36 54.46 1490.88 .34 0
'

10-20 2 64 1831.56 .29 54.61 1554.24 .34 54.46 1549.88 .35 M
. 20-30 6 64 1713.56 .31 54.41 1436.24 .37 54.M 1431.88 .37
I 30-40 12 64 1536.54 .35 54.61 1259.24 .42 54.46 1254.88 .43 C

40-50 20 65 1330.10 .40 55.47 1048.45 .51 55.32 1044.02 .51 A *

;

50-60 30 67 1094.18 .49 57.17 803.86 - .67 57.02 799.29 .67 L
60-70 42 75 976.50 .55 64.00 451.52 .82 43.83 64.40 .83 C
70-80 56 85 858.90 . 62 72.53 490.59 1.09 72 34 484.79' 1.10 0-

80-90 72 100 830.00 .64 85.33 396.69 1 35 85.10 389.87 1.37 L
90-95 86 122 1066.88 .25 104.10 538.24 .50 103.82 529.92 .50 A

95-100 95 112 505.98 .53 99.49 136.37 1.96 99.35 132.21 2.02 T*

I
TOTE TIME = 4.74 . TOTAL TIME = 8.39 TOTE TIME = 8.51 0

N

,
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CAROLINA Pi1ER 1 LIGHT CD.
NUCLEAR ENGINEERING t LICENSING DEPT.
MOTOR ACCELERATION TIME CALCULATIONS

IlFUT BY:J0ltl A. KOWALCHECK BATE:04/24/84
CECKED BY: DATE!

PROJECT TITLE BSEP ELECTRICAL DISTRIBUTION STUDY

TAR N M ERINT-124

MOTOR MAME CORE SPRAT

MOTOR FILL-LOAB TORGE: 3678FT.-LBS.
MOTOR ROTOR IERTIA: 750LBS.-FT.^2
MAXIMUM LDAD TORGE: 2950 FT.-LBS.

LOAD IllERTIA: 120 LBS.-FT.^2

MOTOR V = 100 2 MOTOR V = 80 I MOTOR V = 70 1
1 2 3 4 5 6 7 8 9 10 11 D
MOTOR LOAD MOTOR ET ELAPSED MOTOR ET ELAPSED 110 TOR ET ELAPSED A

SPEED TOROUE TOROUE TOROUE TIME TOROUE TOROUE TIME TOROUE- TOROUE TIME T

(Z) (I) (Z) (FT.-LBS.) (SEC) (Z) (FT.-LBS.) (SEC) (Z) (FT.-LBS.) (SEC) A

0-10 5 100 3530.50 .14 44 2206.42 .23 49 1654.72 .31 F
~10-20 2 100 3619.00 .14 64 2294.92 .22 49 1743.22 .27 R

20-30 4 100 3501.00 .15 64 2176.92 .23 49 1625.22 .31 0
30-40 12 101 3360.78 .15 64 1999.92 .25 49 1448.22 .35 M
M-50 20 105 3271.90 .16 45 1800.70 .29 50 1249.00 .41
50-60 .30 110_ 3160.80 .16 68 1614.04 .31 .50 954.00 .53 F
40-70 43 118 3071.54 .17 75 1490.00 .34 53 680.84 .75 I
70-80 55 132 3232.46 .16 84 1467.02 .35 60 584.30 .87 6
80-90 72 157 3650.46 .14 100 1554.00 .33 74 597.72 .85 U
90-95 85 190 4480.70 .06 123 2016.44 .13 93 913.04 .28 R

95-100 ' 95 140 2346.70 .11 105 1059.40 .24 90 507.70 .50 E
S

TOTAL TIE = 1.52 TOTAL TIME = 2.92 TOIAL TIME = 5.45

.a.
Fieues -1

Ft1
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CAROLI M POE R 5 LIGHT CO.

NUCLEAR EM IE ERING 1 LICENSIN6 DEPT.

MOTOR ACCELERATION TIME CALCULATIONS

IIPUT BY:J05 A. KONLCHECK DATE:05/07/84

CECKED BY1 DATE! !

PROJECT TITLE:BSEP ELECTRICE DISTRIBUTION STUDY

TAR N WIERINT-124

[ MOTOR NAE:COE SPRAY i

MOTOR FEL-LOAI T30E: 3478 FT.-LBS.
MOTOR ROTOR INERTIA: 750LDS.'-FT.^2
MAXIMUM LOAD TORGE: 2950FT.-LBS.-

LOAD IE RTIA:- 120 LBS.-FT.^2

D

MOTOR V = 70 I MOTOR Y = 66.7 I MOTOR Y = 66.6 I A

1 2 3 4 5 6- 7 8 9 10 11 . T
MOTOR -LOAD MOTOR NET ELAPSED MOTOR NET ELAPSED MOTOR NET ELAPSED A

,
'

$ PEE 3 : TORGE TOROUE TORGE TIME TORNE TOROUE TIE TOROUE TOROUE TIME
'

(Z) (Z) (2) (FT.-LIS.). (SEC) (Z) (FT.-LIS.) (SEC) (2) (FT.-LBS.) (SEC) F

R

-0-10 5 49 1654.72 .31 44.49 1488.80 .34 44.36. 1483.90 .34 0
10-20. 2 49 1743.22 .29 44.49 1577.30 .32 44.36 1572.40 .32 M

'20-30 6 49 1625.22 .31 44.49 1459.30 .35 44.36 1454.40 .35
30-40 12 49 1448.22 .35 44.49 1282.30 .40 44.36 1277.40 .40 C

~ #-50 .20 50 1249.00 .41 45.# 1079.70 .47 45.26 ' 1074.69 .47 A
50-60 30 50 954,00 .53 45.40 784.70 .45 45.26 779.69 .65 L
60-70 - 43 53 680.84 .75 48.12 501.38 1.01 41.98 496.07 1.02 C
70-80 55 60 584.30 .87 54.48 381.13 1.33 54.31 375.13- 1.36 U
80-90 72 74 597.72 .85 67.19 347.15 1.46 66.99 339.75 1.50 L
90-95 85 93 913.04 .28 84.44 598.13 .43 84.19 588.83 .43 A

95-100 95 90 507.70 .50 80.32- 151.57 1.68 80.19 146.91 1.73 T
I

TOTE TIME = 5.45 TOTE TIME = 8.44 TOTE TIME = 8.58 0
N

Fi e urz e # 2

,

9

FZZ
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T
! TAR No'.: NT-ly i File: TsNT-ly-Arj -SS43

Project Title: BSEP ELECTFicAL pisTElBufl0M GY6 TEM GTUDY

Cniculation Title: CIFCULATIN6 WATER PUMP MOTOR ACCELERATn0W TIME
Status: Prelim. O Final Q Void C

PURPOGE

1HE PO2 POSE OF THIG CALCULATIOA IS -r0 DETERMINE THE
APP 12bXIMATE ACCELEgATiod 11ME OF THE G5E? clltcuLATIN6 WATER

PUMP MOTOKs AT THEIF MINIMUM EXPECTED TERMiM AL VOLTA 6E

LlGT OF" REFEREh)CES
1. - Mc6EAW EDICOP4 COMPANY, LOCKED ( ACCELE12ATION TlME

VG CURRENT CutvE Folt 2500 HP cu)P MOTORS
" *

,

t. ASDoP CASES:
1 SAT 4 7. SAT 4
i SAT 13 2 SATIS
1 U AT4 14 AT 4

BODV OF CALCULArf0M

FEoM THE ABoVE EGFERENCEp AsDoP CASES , 7#E MlNIMuM MoroR.
-TERMINAL VOLTA 6E AT STARTIN6 is O.8451 p.u. (ASDOP CASE I SAT 13)

FRoM REFERENCE NO 1 AccELERATIM6 TIMES AltG AVAILAT5LE FOR
Bo7e AND 100 To NOMINAL VOLTA 6E. THEREFDRE TO T3E CONTERVAT1UE
THE 807o CORve WILL 756 uset To DETERMINE 7#6 Maximum
ACCELERATIN6 TAME.
ACCELERATW6 TIME @ 80'70 T57MINAL VOLTA 6G E F secoMDs

i

F23

>
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TAR No.:[ 12f '
'

File: W-124-AN-sTA'3
Project Title: BSEP ELECTRICAL DISTitlBUflCN SY6 TEM sTup/
Calculation Title:

OEcomT>N6 WATER MP FA0 Tait AccE85Pafl0M WAEr

Status: Prelim. O Final g Void C
.

CoNCLUSIC AIS

FOR THE PLANT CONDIT1046 AtVALYZED iT CAN SE REA50MADid7Y
AssurAED TgAT 7pg AccELERAT80M TIME OF THE CIRC.vLATIN6 WATER
PvMP MOTOPs WILL 135 LEss THAM S 56coNDS.

FEOM THE ABOVG REFEREMCED ASDOP CASES TWE MINIMtAM
'

41GO VOLT EUS VOLTA 4E FOR A CWP MOTOR START 15 0 7910 P 4-
( CAGE ISAT13). FROM cal.cutAT 0N IP NT124-E-06-F REV. O,
rNE ALLOWABLE ACCELERATION -rtME BASED ON THE -37/595
VOLTA 66 FELAY TET71N6 15 APPRoXlMATEl# || seconds.

~

7HEREFovE THE STARTIN6 OF A CWP MCTTOR DOGS Nor DE6RADE
-THE ELECTRicN Ul5'TRIBUTroN SWTE/W Vol5A66 TO A LEVFL THAT '

WILL AMF.SELY IMPACT- THE o?ERATION OF 4160 VCE,T ' SAFETY
12 ELATED LOADG,

.

A.
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PURPOS2
^

\

-THE PURPOSE OF THIS cat-CULATION 15 TO ESTABLISH EMEF.6ENCV
GuS VOL-TA6E RELAY CHARACTERISTICG WHICH WILL BE UGE'D TO

EVALUATE TRANSIENT YOLfA6E CONDITIONS OM -THE 4160 V EMER6ENCY
SuGES.

L tsT OF REFEREhlCES

-6ENERAL ELECTRIC INSTRUCTION SOOK DEN-lOIAE (IAV REl AYM
- '?E(d LerTER uC 29677, svNE so,1980
- DEGl64 GASIS DOcWAENT DSD-95Z7-041-1 PEV I, 2/14/78,

"DE6RADEP VOI fA6E ON EMER6ENCY f3US"
.

.

BODY OF CAC CULATIOPO

FROAA LOcA START ANALYSI5 [ASPOP CASE ISAT9):
MINIMUM V01 fA6E AT E-BUS = 0.774 6 P:U. (4160 V SAGE)

= az22 v

GETTIM6 OF 27/69E RELAY:
R16HT CONTACT 98 VOL:fS
LEFT C.ONTACT 106 VOLTS

PT RATIO = 4200/120 = 35/)
RienT CONTAC-T Closure _/ LE.FT CONTAC_T P/CDUP RATID

i 98X'35'/loEx'37 S4'30/s&75-=

0.825 pu./ o.8 83p. u.=

i
, o.93

F 7.7
_ _ _ . . . _ . _ . . __ _ _ _ - . . _ _ . _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ , _ . _ . _ _ _ _ . . _ . . _ _ _ _ _ . _ _ . , _ ___ _ ___ _ -__
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Project Title: 85EP ELEcf DIST SYS ST14PY
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Status: Prelim. O Final @ Void O

l

PER uh)TT E-IIUG VOLTA 6E' AS MUL rlPLE OF LEFT CONTAcr
FICK'UP:

P 7749 0.60::::
o.883

TMus, FROM TIME-VoL-TA6E C(ARVE FOR IAV 53 RELAY (93*/o CURVE)

-TRIP TIME AT O.7749 P44 E 10 SECONDS

-fo ESTAFJLisH TRIP ZONE OF k7/Ff E REl.AY, THE FOLLowth)6 PosNTS
ARE -rAKEN FROM THE JAV E3 -rjME-VOL-TA6E CURVE

R M. E- 5 H S RW. E-bus VOcrA6E AS '

VOLTA 6E M%TlPLE OF LEFTCONTACT ,fggp yj g g ( g g c)
PlcKVP VOLTA 6E

O 50 0.67 c.7
O. G O o.(o9 34
0 70 c.79 5.2.
o.75 o.06 75-
o.7749 o.68 1,o

o.00 o.91 12.F

_C O N C L u 5 10 M

AGSuMIN6 CONSERVATit/ELY -TNAT tWE VOL-rA6E ON 7NE E-bus TUEMAING
AT cx7749 t7uElN6, ACCELERATION OF THE "LOCA srA2r" LoAPS, 77/59E
gE1.AY WILL Alloy / TEtJClO) SECOPJD6 FOE ACCEt.EEAT10h).
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POEPOGE:

TdE PURPOSE OF THis CALCULAT/0N is 10 ESTABLICM EMER6ENCY
Gus VOLTA 6E RELAY CMARACTER151sc.S WHICH Wit.t BE USED -fD

EVALuhTS 1RANSIEN1' VOLTA &E CoNQlTIOdS 08 TH5 AIGO V EMER6ENCY
suses.

LlST OF REFERENCES :

- 6eNERAL ELECTRIC J74GTRUC%o4 Book 6EH-1814E (IAV IWLAYS)
- MG $C LETTER UC 29fs27, ~ TUNE Sc} 1990
- DE516N BASIS DOCUMEMf D89-9527-041-l REVli f//4/78,j

"DE6RADED VOLTA 6E ON EMER6EP4CY Bus"

BODY OF CAL COLATiod

FT20M LocA SfART ANALYSIS [Aspor' CASE tSAT9) *
MlAIMum voL4A6E AT E BUS = 0. 7795 p a- (As6ov BASE)

3243 Y=

SETTlH6 OF 27/595 RELAY *
R16HT CDr4 TACT 98 Vol.TS

3cot DCT los VOLTSLEFT

PT EATio 4 200/17.o = ~35//
gl6wr CONTAc-r CLo cure. / LE.F7 CDN7AC.7 P/CK UP @T!o
.- 98 x 35/ losx ss 343o/.475=

0 835pw/0 883 p.a=

0.93=

F31
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PER uMIT E-BUS VOLTA 66 AS Mut-riFMLE OF LEFT GOMfACT
PICKUP:

O. 7 79E , O.68
0.663

-TMMS, FRotA flAE-VOL-TA6E CURVE FOR IAV S3 EE. LAY (9370 CURVE)

TRIP 71ME @ O.779Epu. E JO SECONDS

-TO ESTASLISH TRIP zone OF 17/59 RELAY, THE FOLLowiN6 PotMf5
ARE -rAKEN FROM THE JAV63 f/ME-VOLTA 6E GURVE

P.tA. E4us; W.E-TM VOL96E AS yggp TIME (56C.)
y o L-TA 6 E MULTIPLE OFLEFT CONTACT

PACKUT' VOLTA 6e

0.50 0 57 2s7
0 60 0.48 5A

~

O.70 C. 7 9 S. 2.

o. 7 S' O.66 76
O.779 5 o.88 10

0. 0.0 c. 9 I I25

CONCLU $lOM

AssumlM6 CONCeRVATVELY THAT THE VourA6E od -rHE E-6uS REMAIN 5'
AT O.7795 DURIN6 ACCELERATION OF -fgE "LOCA GTAM LOADS, T7/69E
RELAY WILL ALLOW |0 SEECONDS FOR AccELERAT1CN.
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13.0 _ DETERMINATION OF SOURCE VOLTAGE LIMITS,

^

LThe: source voltage' limits were determined by defining the~
mathematical relationship between the source voltage and-

3,_ the auxiliary system bustvoltage in question. Once the,

voltage, limit was. determined, a computer run:was made at
'that source voltage limit to verify the calculated results.

For an' explanation of the method of establishing source
voltage' limits, Case 2 SAT 4, (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.
LOnce defined,.this linear relationship provides the

- < capability of. determining the source 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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(CtJ O I Tiot> ; Vot,TA C,6 PJEE0E0 To irqAltoTArrJ 46Cv Acro (2 TERMivALLir4triu/4
VOLTAC G t- r2.0/ E noi ou A- 9(oO \/ BAq W [uSE wo,tsr casr p.tcc:GTC)3

%YO 9ffoo V 905 IAcc CTc '16LTA6 C 4 6 0 V tt u TE 4 fl9fL W <i

votrAc,c cege vetry g 460 V r3Acc 4 [ o v (3A c E 40 V IME 460 V EAIF
'

O,q 7 - c . Bt (4 - 0,075 7 - 0.6392.- 0.0994 - d. 8140 -,

I.co'I- o . Ul26 - 0.92.9 6- o . Bei t | - 0,9019 - o,8643 -

Y ASSUAE A 3% VoLTFC6 Decf ord A 440 \/ GASE FiccM THE Acc TO3

TFE ttcTc4 TEFN irvALs
e10 % ric1Cf TE4M itud L v 0L TM C C @ A %BCV BAS,E : C. 0 626 -f

3

% )i r r t4 y M _ o u nt y A e; c : Y, .Y , r, ( -f
c.o39

1.009- o.} 7 = M ( O.0643 - o.O}d6) rn :- o.oso?, * O 775

Y: w b p t. con sw ircnync o votrug :

1 oo i = 0.77 5 ( 0.0445) + b b = 0. 33 9 'c

o.775(o,6675) + 0. 339 ' I . co '? 'swi rem /Ano OctTnc,e wilr =

y , . y , ,= - ( y ,., ,, y , ,m )= a e ns cce m r y,c -
,

O . 0%s
O,#I b ' d /09 Iefe ('. ( 0.6(,43 - O. C~l40)

'~
r' o. o5ob ' O.915 -

y , n x e 62 o .~n c. cw vctm c, e ( i.w, s.~ ,rc,wo vartc,c,

| 0.142/e : 0. li5 ( o. 244 [j x b h: 0,152.-

ccu c.x voise,q. umr = o qis(o.e,as) * O.isz = o.941 -
33
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LIMirv% exotris LtMir THC 460 V McTolt- TELnivAL VotrA66
TO 110% (4f O V GATE) *

wo. uumcp g;soV sos coe vacrecp sso v ea- Irr va.msc
O.990 - 0. 9cl 2_3 t ,o7A l ,-

I. O S % -t , o l '7 - 6 0'Ld1 t-

+ A%v/4r No VOLTA 9 E o/cf FRCM Mcc M McTct TIEllMINA LS
Ito % MoTrtL TEit/WJA L VOLT %;E OJ 460 V 13 % E- * 1,054 '

sa tre wwa.o votrAct - y - Y,,, m ( Y,,, - X,,q )
0.027

i.on - o.99 = 4 i.os% - i.oun) m=o.ows= o. eas -
,

s m a Q l.on w wcw eo vourac,e :

o,ees( t.oss) + b b: o,oe+-I.o n :

o,085 ( l.os4 ) + 0.otA :| wircny4g.o votr44r un ei = 1. 016 8
<

N NO Y 0Ub (0h Y [*} E *. b*

% eMOM o ''N"E 3

0. ot 2Q
l,07.07- 0.Ti13 M ( t,6546 - t ,o7At) A: ~o.ov5 " 0.9 31.
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Lisi nac, cos oiriora 5 MAINTAlr3 cop- tD Morce TELMINA L AfMC
86'd 6TAETiM6 VOLTAC,E (CidcC) sf GACE) ,

$wyo. 416o V sos c.tv9- to Morc4 1E4MINAL- VOLmt,E
VOLTF[n( cCEA 40LTAG,6 GCCO M GA%E Ocffo G d 5 % $ C

o.9 7 < o,0369 - o.e348- o,eo27 -

t .oc9 - c . 8601 - O. 87 l'1 ' o.8441 -

96% HorcL TELatoAl @crAc,c cu 4tso e rWE =- 0. 617 '
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